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Preface

The need for excellence in radio engineering management has never been more
important than it is today. The difficult managerial and technical problems
which have compounded as a result of the application of highly advanced tech-
nology to major projects and operational facilities involving high cost, profitable
operation, tight schedules, rigid specifications, high power, stringent safety pro-
cedures, extreme complexity and environmental considerations focus attention
on the man most responsible for their-solution—the radio engineering manager.

For decades the engineer accepted the role of technical expert whereby he
analysed the technical problem assigned to him and prepared a functional design
for solution of the problem. However, in more recent times he has become
closely involved in the management decision making processes. The require-
ments of most new works projects or system operations offer a choice as to the
action to be taken and economic comparison studies, cost benefit studies and
evaluation of the alternatives form an important responsibility of the engineer.
He has to take these into account in recommending to management the course
of action which should be followed.

The practice of radio engineering has reached a high standard throughout the
world and the rapid development of many newly formed nations has been due in
no small measure to the skill of radio engineers in establishing internal and exter-
nal communications employing such facilities as broadcasting, television and
radio communications particularly in the case of the latter of broadband micro-
wave radio relay links and earth station satellite systems. The design and econo-
mic provisioning and operation of these facilities requires the application of
efficient management techniques and many engineers have expressed the need
for a book which might serve the dual purpose of a practical reference handbook
for practicing radio engineers and a textbook for students.

In preparing this Handbook the author makes no claim to originality of the
subject matter in the text. It has been drawn partly from published and unpub-
lished records of many major organisations, partly from the experiences of
others and partly from the author’s own records and experiences in radio engin-
eering spanning more than forty years. No attempt has been made to deal with
the technical aspects of design and measurement or the theoretical side of
management and organisation as these are already well covered in a multitude of
excellent publications.

The content and arrangement of the subject matter has been chosen after
considerable thought, discussion and correspondence with colleagues but the
main task has been the selection of essential information which is not readily
available to the average engineer, the extensive use of examples, photographs and
case studies taken from real situations and the compression of these into a single
volume. It has been divided into six Sections, each Section being complete within
itself.

The First Section covering Management and Organisation deals with project
management, project control, project programming, design programmes, planning
and tender schedule stages, external and internal plant programmes, site installa-
tion and construction, PERT/Cost techniques, trend analysis, productivity and
efficiency, engineering budgets, costing and organisation.
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Engineering Economy, the second Section, is concerned primarily with
economic choice and in particular with economic studies, capital costs, main-
tenance and operating costs, retirement, depreciation and includes worked
examples prepared for economic comparison purposes.

Safety Practice, a subject of considerable importance to the radio engineering
manager, comprises the third Section. The main topics are philosophy and plans,
staff responsibilities, aids and facilities, electrical and radio equipment, mechani-
cal plant, radiation hazards, maintenance of masts and towers, designing for
safety, installation of equipment and plant, protection, and installation and
construction hazards.

The fourth Section deals with Fires in Radio Installations covering fire hazards,
organisation, equipment and buildings, detection and facilities, electric shock
hazards, the transformer problem, lightning hazards, lightning protection and
includes case studies of fires at transmitting stations and studios.

The important features of Environmental Aspects in Radio Engineering are
outlined in Section 5. Features covered include reliability, performance of
materials and equipment, corrosion, failures of structures, environmental obliga-
tions in mast and tower design and radio frequency spectrum management.

The final Section covering Specifications and Contract Administration covers
specifications, including examples of typical radio engineering specifications,
inspection and acceptance tests and contract administration.

Although many of the practices mentioned throughout the book were deve-
loped for large or medium size projects or stations the methods are, when sen-
sibly applied, equally valuable for other smaller works and for small stations
with only a few technical people. The control and management of a project for
adding a new studio or an additional low power transmitter for example, has all
the operational features—and most of the difficulties—of building a multimillion
pound long haul radiocommunication relay network, high power international
broadcasting station complex, earth station satellite system etc. Also the loss by
fire due to inadequate protection of a low power commercial broadcast or
television transmitter can be just as crippling to a small business as the loss of a
strategic radiocommunications post may be to a military group. Safety prac-
tices, t0o, are just as important at a small station as at a large station where some
hundreds may be employed.
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Introduction

No major radio engineering project can be properly initiated, or carried to a
successful completion, without adequate consideration of its technical and
economic ramifications. The emergence of engineering management as a necessary
feature of present day broadcasting, television, radiocommunication and radar
planning, installation, maintenance and operational projects, and the adoption
of the systems approach in place of the former unit approach to problems,
reflects the rapid development of management science as a necessary radio
engineering discipline.

The initial stages of any project entail research, feasibility study and economic
evaluation, and these must be carried out in depth before a decision to proceed
is reached. In this Section, it is assumed that the project has been proved to be
viable and that positive steps are to be taken towards its implementation.

Project management from this point onwards will be concerned with initiation
of the planning and design stages, establishment of controls, staffing supervision
of the contract or installation work and other fringe activities, planning for
commissioning and ultimate handover to operating and maintenance staff.

All activities associated with a project must follow a logical sequence.
Decisions must be reached at the appropriate time and competent management
during the early stages will establish a sound basis for all subsequent steps. Many
difficult decisions may have to be made during the early phases and the temp-
tation to proceed with some fragments of the project at the expense of the
development and application of managerial concepts should be resisted.

Programming of all detail planning, design, construction, installation and
commissioning activities, especially the necessary co-ordination between building,
civil, mechanical, electrical and radio requirements of many projects, is becoming
ever more important with increasing size, complexity and the demanding time
schedules applicable to large multi-discipline radio engineering projects. On such
jobs it may be necessary to have staff fully devoted to programming and asso-
ciated resource scheduling of engineering, manpower and plant resources.

Sound financial control is necessary for successful project management. The
organisation must provide an appropriate cost control system to provide
accurate, up to date cost information. This system needs to highlight financial
problems as soon as possible for management attention. Regular realistic esti-
mates of the cost to complete the works are also necessary to provide the
overall financial control required.

A sound organisation is fundamental to the success of any project whether
it be new work, maintenance or operations. A soundly based organisation plan
enables changes in staff and technology to be made as the need arises, particu-
larly those changes associated with expansion. The organisation must have
stability and cohesion in order to ensure corporate working, so that all efforts
are directed towards a common objective.



Chapter 1

Project Management

We are living in an age of increasing specialisation in all engineering disciplines
and this trend is likely to continue and to intensify. The radio engineer chal-
lenged by larger and more complex project tasks is confronted with a continuing
stream of potentially difficult problems and there is a paramount need for the
application of sound methods in engineering management. Without the use of
modern radio engineering management techniques the engineer will almost
certainly be faced with shortfall between achievement and programme. The old
traditional intuitive practices which placed heavy reliance on experience must
give way to calculated reason and logic. Furthermore, with rapidly advancing
technology, and with increasing size and complexity of many radio engineering
projects, this relevant experience is seldom available.

Project management embraces planning, programming, progress control,
installation, commissioning and operation of the station, system or facility and
in order to carry out a programme of work efficiently, economically and to a
tight schedule, management must be provided with a means of assembling high
quality information based upon measurement rather than estimate and facilities
for speedily analysing this information. This is necessary in order to provide a
realistic programme in the first place and to provide accurate information on
the progress or status of the work to enable quick effective action to be taken
if deviation occurs.

FUNDAMENTALS OF PROGRAMME MANAGEMENT

When decision has been made to proceed with a project, it is necessary to ensure
that the work will be carried out in the way contemplated when the estimate,
schedule or tender was made out, and that all the items and processes will be
completed within the time allowed and within the expenditure provided for, in
the budget. A programme is therefore required to ensure that the various pro-
cesses are followed through as planned and the rate of progress, as budgeted, is
being achieved.

The conditions of contract for most large radio engineering projects require
that the tenderer submits a programme with the tender. The programme and
tender should be compiled together;indeed it is difficult to understand how it is
possible for the tenderer to build up a competitive price without a programme.
The object of the programme is to show simply and clearly the expected position
of the work at fixed times from the time the contractor takes possession of the
site, to the time the system is commissioned and handed over. If the programme
as submitted with the tender is. not acceptable, the parties should confer to
enable agreements to be reached on a programme, with final acceptance of the

4



PROJECT MANAGEMENT

tender being dependent on the tenderer’s willingness and ability to meet the
conditions of the contract. A prospective contractor who is unsympathetic or
unco-operative at this important stage would probably be yet more so, after
the contract has been placed.

The adoption of programme management techniques provides a valuable
method of setting down the logical sequence of activities and of showing their
inter-relationship in a form suitable for monitoring. The fundamental meaning
of programme management is the communication of facts, problems, ideas,
processes, time elements and resources. In this communication, quantity is no
substitute for quality, and proper communication is established only when a
response is evoked; in other words, monitoring is valueless unless corrective
action results from it.

All the parties concerned with the project must be committed to the one
programme. It will often be in broad outline form during the early stages of the
project and will be developed and expanded within this framework as progress
is made. Certain schedule dates will have to be revised during the development
of a programme and this must be done in a controlled manner. The project
master programme will become too large and too complex to be used by every
organisation and person associated with the project. The master programme
should therefore be broken down into simplified forms for different levels of
management, and also for specialised operations in the various project phases.
In order to produce simplified programmes, the schedule dates should be analysed
in relative order of importance, introducing the concept of first order, second
order and third order schedule dates.

The following fundamental points of project management are of particular
importance:

(a) Programme management procedures require a high degree of discipline by
all parties in decision making. General acceptance of the need for effective
programming and monitoring throughout the life of the project will impose
a discipline upon management and engineering decisions, and should ensure
the proper integration of the various sectional interests.

(b) Pre-project planning and studies must be performed in sufficient depth and
in adequate time if the master programme is to be reasonably realistic.

{c) Adequate flexibility must be built into the master programme so that the
most effective use is made of the resources available to the principal and
the contractors.

{d) Standard engineering programmes have limited value in view of the import-
ance of the non-standard aspects of many radio projects.

(e) The procedures for monitoring work progress and expenditure should be
simplified in order that management at all levels can be supplied with the
appropriate amount of detail.

DESIRABLE ATTRIBUTES OF A PROGRAMME

Any programme may have to be modified during its life because of unforeseen
problems, and the use of modern programme management techniques may not
always help to obviate these problems. Nevertheless, these management tech-
niques should be of value in deciding the best course of action to be taken, if
and when such problems arise, and this strengthens the justification for their use.

5
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In any event, a programme to be of much use to management must have the
following attributes:

(a)

(b)

()

(d)

(e)

[t must provide one master plan and schedule for the entire project whether
the nature of the work be design, installation, construction or maintenance.
The presentation should be such that every person associated with the
project can clearly ascertain his role in the programme. The master plan
should be capable of condensation for top management and be capable of
providing a lift-out of information for the various sections of work for the
information of the resident engineer, foreman etc. The extent of detail
reported should be appropriate to the manager or supervisor to whom the
report is directed.

It must indicate, whether time schedules of the programme are being met,
whether costs incurred at the time of reporting are within the budget or
contract cost, and whether the specifications of the work are being met.
Management echelons are primarily concerned with whether time schedules,
costs and the technical specifications are being met, since a successful
engineering project must satisfy all these three objectives.

The programme must disclose those critical activities which may cause
problems. For example, it should point out when a change in the delivery
or manufacturing schedule, even for a small activity, may have a major
impact on the project as a whole. One pre-requisite for any control system is
the provision of adequate means of measuring the effect of any commands
given. The information so derived can be fed back to the sender, in order
that errors may be corrected.

It must reveal whether there are trends which indicate that time schedules,
costs and specifications will not be met, and also the extent of such devia-
tions. Once the project programme hasbeen approved, management decisions
should be required only to correct departures from the accepted plan and
schedule. It must facilitate management by exception, i.e. it must report to
management only those items or activities which require action to correct
a deviation. At the same time the system must assure management that the
unreported items or activities are proceeding according to plan.

It must permit ready modification of schedules to keep up-to-date with
changed conditions or the introduction of amendments.

Data must be stored in such a way that easy access is provided to all who
require information.

It must be economical to operate.

Economy is one of the basic reasons for employing control systems but it is
not an easy matter to place a money value on all system benefits as many
are intangibles and difficult to evaluate. The economic aspects can only be
properly assessed particularly when dealing with operation and maintenance
activities, by comparing the cost of operation in times when no formal
system of control was used, against the cost when a control system is used.

SCHEDULING

Upon completion of the plan, it is necessary to affix times on which individual
parts of the plan will take place. This dating or scheduling, consists of the
assignment of specific jobs to the resources (manpower, machinery, etc.) and the
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assignment of specific starting and finishing times to these jobs. To do this,
account must be taken of all the inter-relationships between operations or
activities.

The proper scheduling of project work is both an art and a science and con-
siderable experience is necessary to become skilled in the work. One of the
objects of network techniques is predicting problems, and many factors enter
into the associated time estimates. These include:

(a) The complexity and nature of the work.

(b) The skill and number of engineering personnel involved.

(c) The ability of outside sources to meet their obligations.

(d) Consideration of technical side effects due to new or modified designs.
(e) Pressures from political, and other areas to meet certain in-service dates.
(f) Special factors unique to a particular situation.

The engineer must be sufficiently experienced to take into account all of
these considerations and to come up with realistic and reasonably accurate end
dates.

If activities are subdivided into short, controllable elements and one activity
gets out of hand because of faulty estimating or any other reason, management
will generally be in a position to act before the condition spreads and endangers
the complete project. Bad estimates on small works or sections of a work, are
often not as dangerous as bad estimates on which jobs extend over a long period
of time because the problem may not be apparent until the project falls into
serious difficulty.

Scheduling has often been confused with planning which is an entirely dif-
ferent and separate function. Planning is the process of setting down the separate
activities which must be carried out in order to fulful the objectives of a project
and the establishment of the sequential relationships between these activities.
The planning operations must be performed before the project can be properly
scheduled. Scheduling on the other hand is the determination of the time
requirements of each activity. The scheduling function is a process for formalising
the planning functions and for some projects, a certain amount of re-scheduling
is often required during the progress of the work.

PROJECT ACTIVITIES

Each project must be handled as a separate entity having its own technical
objectives, schedules, method of achievement and of course its own cost struc-
ture, For large radio engineering projects, many organisations generally select
one of their staff as the Project Engineer or Project Manager with the responsibility
and necessary authority to carry out the programme of work to conclusion.

Because of the complexity and size of many of today’s radio engineering
projects, many different kinds of professionally trained people may have to be
organised to carry out the work. For example, for a long haul broadband radio-
communication relay link througha dry inland region there may be requirements
for experts in the fields of air conditioning, structural, civil, electrical and radio
engineering. This may introduce interface problems in some situations but
basically the work involved in carrying out one project is very little different
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from another. For a typical large project, activities involved may be as follows:

(@)

(b)

©

(d

(e)

O

(8)

(h)

Establishment of the organisation arrangements to allow the programme of
work to be carried out.

An organisation is necessary in order to establish a basis on which to carry
out the work, and also to clarify responsibilities of individuals in the group,
delegations and authority.

Preparation of specifications for the project.

Specifications vary from documents defining the required project system in
detail, to performance documents which merely describe the end use of the
system without defining the method, means or design concepts to be used.
If the tender documents do not detail the technical specifications, these
must be prepared by the project group.

Formulation of the parameters for the technical performance, characteristics
and configuration of the station, system or facility and the development
of control systems to monitor these parameters throughout the life of the
project.

The accomplishment of the objective involves communication of the proper
instructions to the responsible parties, communication of corrective instruc-
tions and information among all parties concerned with the project, and a
follow-up system of developments and proposed changes.

Development of reliability requirements for the system.

The project group must be cognizant of the reliability requirements of the
system, or facility, and implement an adequate programme to achieve the
reliability objectives. The implementation of reliability is usually accom-
plished by a special reliability and quality control group where a large project
is involved.

Preparation of design programme.

The programme should set down the design objectives at particular stages of
the programme, the detailed activities which should be achieved by each
group, section, department, or contractor, and what aspects of the design
are to be considered or require approval at each stage.

Preparation of the project master programme network.

The network should cover the essential requirements of the whole of the
project from the period commencing with its allocation to the project
group, to the completion of the work, and should include all activities
related to the development and execution of the project within the influence
of the group.

Preparation of installation and commissioning programme.

Where the contract involves installation or site establishiment of the system,
this should be properly planned and programmed. In some cases subsequent
operation and maintenance of the system may also form part of the con-
tract, and these matters would require appropriate consideration during
formulation of the plan.

Manufacture and evaluation of prototype units.

The manufacture of prototype units which may be the result of a develop-
ment and engineering effort, involves special planning. The programme
schedule, which is usually critical|, may require that manufacture be accom-
plished piecemeal us the required information and drawing are released for
manufacture.
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Evaluation begins with the completion of the prototype. This may be a
series of tests that determine the ultimate capability of the system, or the
prototype may be placed as a pilot model in an operational situation, and
observing the performance. Recent prototypes have included solar cell
power systems for broadband radio relay systems, automatic monitoring
equipment for unattended television and sound broadcast transmitters,
remote control and tuning of programme receivers and automatic production
line testing of television receivers.

The project group has the task of setting the objectives for these tests,
the organisation of them, participating, and finally evaluating the outcome.
Development of control systems for the project management processes.
The systems are to be used for maintaining surveillance of the expenditure,
time scheduling, profitability and technical performance of the work
throughout the life of the project. They are also to provide the basis for the
preparation of regular management reports and discussions with the principal
or customer. The smooth conduct of a project depends to a large extent on
how effective the links with management and the customer are monitored.
Scheduling tasks and subcontracting for system items which have to be
procured.

When the organisation for the project and the schedule for the accomplish-
ment of various tasks have been established, tasks are assigned to the various
groups. Factors which influence decisions regarding sub-contracting for
items are, contractors capability, relative cost, scheduling, experience and
the principal or customer preference.

Preparation of handbooks and drawings.

The preparation of handbooks detailing the system installation, operation
and maintenance is a specialised task, and in some cases has represented the
largest single side item of the contract. The amount of detail, drawings,
photographs etc. will be dictated by the system specification.

Provision of operational support equipment items.

The selection of spare parts, test equipment and other support equipment
would be made after joint discussion between the contractor and the
principal following system design completion. The guide to what items or
units should be provided as spares or test units would depend to a large
extent on life expectancy, costs, long term availability and availability of
alternatives.

(m) Provision of support for system installation, maintenance, operation and

staff training.

For a turnkey project the contract may require that the system be fully
installed and commissioned, and that the contractor provide a training
programme to enable the principal’s staff to become fully conversant with
the equipment.

Even after the system has been delivered and installed there is often a
continuing role for the project group for a considerable time. Many matters
requiring attention from time to time include settiement of claims, guarantees,
maintenance liaison with the principal and analysis of field reports. Field
reports may indicate shortcomings in the design of units or inadequate
components, and if a maintenance guarantee period forms part of the
contract, a redesign and field replacement may be involved.
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MANAGEMENT INFORMATION

Whatever his level in the organisation, the manager is faced with both strategic
decision making tasks and those which involve organising and controlling the
implementation of those decisions. Each level of management requires certain
basic information in order to make a correct decision. Network techniques
and computers play an important role in this regard.

A common objection raised by many managers to network techniques such
as PERT, Critical Path Method (CPM), Line-of-Balance (LOB) and others, is
that the process of assembling information, constructing a network diagram,
and the breakdown of the work into packages etc: tends to become too complex
and involves excessive administrative manpower effort. It is agreed by many
people that this is a difficult part of the network approach in management, but
it is through this very process of assembling the information and constructing
the network diagram that the greatest advantages of these methods are realised.
In the preparation of the network diagram, the planner must be thoroughly
conversant with the work required. Unless he is, he cannot break down the work
into the packages or operations required for the network compilation. This can
be construed as an analysis of the estimating and planning procedures, as
inadequate attention to details, errors etc. will be shown up by inconsistencies
and incompleteness in the network diagram. The significant aspect of a network
analysis system is the planning and control it makes possible, and not the
methods used in collecting and processing information.

In conjunction with network techniques, computer systems provide top and
-middle management with far better means of directing large scale complex
projects. Management can measure cost, time and technical performance on an
integrated basis, and better assess the tradeoffs involved in putting an ‘off-
target’ back on line. An examination of many large radio engineering projects
which overran cost and schedule targets, revealed that many were plagued by a
common problem, namely, inadequate management information. The informa-
tion was inadequate, not in the sense of there not being enough, but in terms
of relevancy for setting objectives, for shaping alternative strategies for making
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Figure 1.1 Typical management information flow diagram
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decisions and for measuring results against planned goals.

However, it has to be recognised that none of the network analysis tech-
niques is universally applicable. Too many organisations have looked upon CPM,
PERT and others as techniques which could be installed without adaptation to
the particular working method and requirements of the organisation. Very few
organisations are identical in character, and a particular system used by one
organisation would not necessarily be suitable for another without some change.
Modification of the system will often be necessary in order to be integrated into
existing management information systems and the requirements of the organisa-
tion. For the system to be successful it is important that it be a practical and
meaningful tool for the management environment and suited to the problems
of the particular organisation.

The chart of Figure 1.1 illustrates diagramatically the information flow and
control information needed by various levels of management for the proper

Table 1.1 MANAGEMENT INFORMATION REQUIRED FOR DECISION MAKING

Level of control Area of delay Information required for
decision making

Group or Section of the installation Detailed installation or contractor’s
Resident Engineer work programme
Analysis of the progress to date
Site resources
Analysis of the project position
Project Engineer Contract delay in either Report from Resident Engineer
design or installation
Detailed design or installation
programmes
Contract programmes
Analysis of contractor’s progress
Analysis of project position
Resources of contractor
Project programme
Works programme delay Report from Resident Engineer
Project programme
Analysis of progress of project
Contractors’ programmes which are
in difficulty
Contractors’ resources which are
in difficulty
Financial situation
Project resources
Section Head Specified project Report from Project Engineer
Project programme
Analysis of progress of the project
Contractors’ programmes which are
in difficulty
Contractors’ resources which are
in difficulty”
Financial situation
Project Engineers’ resources and
commitments
Section annual works Section commitments
Section resources
Programmed completion dates for all
projects, of the Section
Financial situation of the section
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Table 1.1 (continued)

Level of control Area of delay Information required for
decision making
Branch Head Specific major project Report from Section Head

Branch annual works
programme delay

Engineering Dept Major project delay
Head

Engineering Branch annual
works programme delay

General delay in the
Engineering Dept annual
works programme

Organisation Head Major project delay
(Principal)

Engineering Dept annual
works programme delay

Programmed completion date
Situation of critical contracts
Trends and performances of
manufacturers in difficulty
Financial situation of the project
Section resources

Report from Section Head

Section commitments

Section resources

Completion date of all Section
projects

Financial situation

Report from Branch Head
Estimated completion date

Progress analysis giving position of
critical contracts

Financial situation of the project
Branch resources

Report from Branch Head

Branch commitments

Branch resources

Target dates for all Branch projects
Branch financial situation

Report from Branch Head
Estimated works completion dates
Branch trends

Installation trends

Manufacturing trends

Overall financial situation

Report from Engineering Dept Head
Estimated work completion date
Progress analysis of critical contracts
Project financial situation
Engineering Dept resources

Report from Engineering Dept Head
Estimated completion dates
Engineering Dept commitments
Engineering Dept resources
Installation trends

Engineering Dept financial situation

control and co-ordination of & number of projects. Table 1.1 shows the basic
information required for decision making purposes, by various levels of manage-
ment from the Resident or Group Engineer through the Project Engineer,
Section Head, Branch Head, Engineering Department Head to the appropriate

Vice President or Head of the organisation.

RELEASE OF INFORMATION

The control of any contract by the principal is substantially weakened once the
contractor is able to claim fairly that he is held up for information. It is therefore
first of all necessary to negotiate or, if submitted with the tender, agree on an
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overall contract programme based on the schedule dates showing a phased issue
of information to the contractor, If the design planning has been done properly
and provided that work is on programme, it will then be possible to release
working drawings as required. A control system should be set up to ensure
that details required are provided when required. This should be in the form of
a periodic, usually monthly, scheduling of areas for which information isrequired,
the schedules being prepared at an agreed period in advance of the requirement,
and they should show the detail and extent of the information required.

CONTRACT PAYMENTS

Many large radio engineering projects involve considerable investment of con-
tractor’s capital and by the time the project is completed, profits may be
considerably reduced or even nullified by interest payments on the capital,
particularly if the work over-runs the original schedule. Because of this, many
contracts allow for progress payment clauses in order that the contractor is not
required to have the whole capital cost of the work invested before payment is
made by the principal.

Progress payments for the project may be made on the basis of specific work
being accomplished, for example, completion of tower foundations, or it may
be on the basis of the delivery of specific equipment or plant, for example,
tower steelwork. Another arrangement which is sometimes agreed to, between
principal and contractor, is for the progress payments to be made at regular
intervals with the amounts paid being governed by the actual work accom-
plished.

A third contract payment arrangement which is sometimes used involves a
straight line budgetary control curve. This method increases the project engineer’s
financial control during the site phase of the project. In some cases a high
proportion of the contract price is related to the cost of manufacturing and
materials, leaving only a relatively small proportion of the total to cover a long
period of site construction and installation activities. A straight line curve
simplifies payment procedure as it is understood from the outset of the contract,
that payments are to be made in accordance with this principle providing the
contract progresses in accordance with the programme. Also it is far simpler to
adjust the straight line curve than an ‘S’ type curve.

Some contract administrators object to the straight line curve on the basis
that it is not necessary under a system of retention of money, and that payments
in the early stages of the work for more work than has been carried out, is
contrary to the principles of budgetary control. They also believe that timing of
payments does not condition the rate of progress by the contractor, that is, it
does not provide an incentive to better and faster work.

Contracts associated with radio engineering construction works differ some-
what from those concerned with material or equipment supplies. The main
difference is that no product is to be delivered but rather the product has to be
constructed on site in accordance with plans and specifications to meet a require-
ment. Because of particular site and job requirements each construction work
may differ considerably from any other, even though the end products may be
the same. For example, it would be most unusual for a contract involved in the
construction of a large broadcast station at Site A to be identical in every

13



PROJECT MANAGEMENT

respect with that for Site B. Some differences may on the surface appear to be
minor but the differences may be of importance as far as payments are con-
cerned, and a tenderer may require a change in previous payment arrangements.

COMMERCIAL CONSIDERATIONS

Programming should not be considered only from an engineering point of view.
Economic and commercial considerations should also be borne in mind. When
minimum and optimum programmes based on engineering capability are pre-
pared, they should be adjusted to become also the commercial optimum. This
may involve changes in the time scale to improve competition among prospective
tenderers.

The cost of delay in commissioning of a microwave radio relay system on a
high traffic telephone route might be enormous in some cases, and if the delay
could be minimised or eradicated by steps taken in the early stages, the com-
mercial gain might be great, and would vindicate the earlier sacrifices. Experience
has shown that large projects for which inadequate preparations had been made
in the early stages, tended to require substantially longer periods to commission
than programmed. In one project, a capital investment of several million pounds
laid idle for one year before being placed into service because of delays in site
clearance and building construction. The over-riding consideration in developing
project programmes is to construct plant so that it is commissioned and is
capable of full commercial output by the programmed date. This applies particu-
larly to broadband radiocommunication links which are required to meet
increased telephony traffic.

ENGINEERING RESOURCES

One of the major limiting resources for major projects is engineering personnel.
As the pace of radio engineering development has accelerated with the rapid
progression in circuit handling capacity of radio relay systems, earth satellite
stations, automatic control of high power television and broadcast transmitters
etc., the demand for engineering effort of high quality has increased enormously.

The degree to which engineering is a limiting resource will depend on the
nature of the particular project work and consequently it is not sufficient to
state without qualification that it is the major limiting factor. There is no doubt,
however, that it figures prominently in most radio engineering project fields
involving design, installation and commissioning activities.

Where several projects are involved plans must be made to ensure that suitably,
experienced and qualified staff are available in order to meet the project needs
as they arise. The traditional organisation of engineering and drawing office
staff may not be suitable for some projects. Frequently these resources have to
be reorganised to provide for the rapidly changing and intensive effort necessary
to launch many of the modern day large scale projects and to deal with those in
the future.

Senior engineers with special expertise in particular fields should be deployed
to make maximum use of their expertise, experience and judgment. It is equally
important to establish versatile junior engineers with the basic radio engineering
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knowledge so that they may be redeployed as project circumstances demand.
Experience has shown that the greater the degree of specialisation, the greater
is the need to counterbalance this by versatility at junior engineer levels so that
by redeployment, excessive overloading and underloading of different sections
or groups of engineers is avoided.
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Chapter 2

Project Control

The requirement of project control necessitates the provision of a facility for
both reviewing the Project Master Programme as a whole, and reviewing separately
all the programmes related to it, whether these are in the form of networks, bar
charts or simply lists of scheduled dates. A requirement of management in
practically every engineering programme of work is that positive and uniform
control and monitoring be applied throughout all phases of the programme to
ensure that all the commitments of cost, schedule and technical performance are
met. Also, optimum programme performance will result when these three pro-
gramme factors are in proper relationship with each other, and in proper balance
with such factors as total system planning, resource allocation etc. Continuous
operations analysis and corrective action at the appropriate time will ensure a
balanced relationship.

The closeness to which the operation is to conform to the plan, the extent to
which restraint is exercised, and the direction over resources to ensure that this
occurs, will indicate the degree of contro! required.

CONTROL SYSTEM BASICS

The extent of the control exercised on a project will of course depend on its
magnitude, complexity, cost and importance. A relatively minor project may
require only a few simple indicators to show whether the cost, schedule and
technical performance conditions are being met. On the other hand, a major
project like a long haul radio relay network may require an elaborate monitoring
and control system for administrative purposes. For any project, however,
irrespective of its size and complexity, there are certain basics required of a
control system. The control system must:

(a) Be in a form which is understood by all who are expected to use it. A less
refined system of control operated with the acceptance, confidence and co-
operation of the workforce will prove superior to a sophisticated system
which is badly run.

(b) Have the full backing and support of all the groups associated with the
project. This can be helped by not attempting controls which are too
stringent at the outset.

(c) Indicate trends in deviation to allow corrective action to be taken by the
controller or management before the deviation reaches a point of major
concern.

(d) Indicate the rapidity at any point in time with- which the divergence from
the plan is taking place, that is, it must portray the rate of change.
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PROJECT OBJECTIVES

DEFINED IN TERMS OF COST, SCHEDULE
& TECHNICAL PERFORMANCE PARAMETERS

FEED BACK LOOP TO REACT JO DEVIATIONS
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Figure 2.1 Major processes involved in project management

PROJECT CONTROL

(e) Indicate the form of corrective action necessary to correct a deviation.

(f) Set standards, markers or indicators at strategic points for control operations.

(g) Be sufficiently flexible to allow for changes in plan and scheduling that may
occur during the life of the project.

(h) Allow ready identification of areas where effort can be reduced.

(i) Provide information in a form which can be stored for future reference.

Figure 2.1 shows the major processes of management associated with the con-
trol of a typical radio engineering project. Sequenced in logic-dependent order,
the processes form a classical control loop.

PROJECT OBJECTIVES

Objectives must be set for every project whether design, installation or operation
types. They would normally cover a specific period of time and would be spelled
out in measurable, definite and concrete parameters. In nearly all projects, the
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objectives are specified before the plan is prepared. After all, the plan is simply
the course which has to be charted in order to achieve the objectives. More often
than not, there is a hierarchy of specific objectives covering each element of the
whole project. The objective set at subordinate levels of management must be
within the bounds of the objectives set at the immediately superior level. The
setting of objectives for the project is important because:

(a) They assist in the determination of the basic organisation structure, and
establish the functions necessary for achievement of the end results.

(b) They set standards and indicators against which to measure performance.

(c) They stimulate unity of purpose, efficiency and morale of the workteam.

If the technical objectives are such that a new system has to be engineered,
the approach to translating the objectives into work assignments may involve the
specification of inputs and outputs, performance characteristics, and other
features and technical requirements judged to be appropriate. The work may
then be divided into site engineering, systems engineering, component engineer-
ing and research, and the parameters of the system or facility as set down in the
reference design would place certain demands upon the characteristics of the site
facilities, subsystems, component ratings and performance.

However, for large projects, the development of a programme of tasks based
on a generalised set of technical objectives may be quite complex. Parallel efforts
may be required in some cases to ensure that the project can be completed on
time and the preparation of tasks may require the participation of many groups
or sections of the organisation.

It must not be forgotten that there are other objectives besides the project
objectives. If the project objectives are considered to be specific objectives then
there are what may be called key objectives and general objectives. The key
objectives are the long standing objectives set by top level management to guide
the continuing operation of the organisation. The general objectives set out those
things which must be done to accomplish the key objectives. Each branch such
as engineering, accounts, stores and contracts etc. should have its own general
objectives. Objectives must be set for the organisation as a whole for all levels of
management and for each major project undertaken. They provide guidelines
throughout the organisation and become the standards against-which progress
can be measured.

ALLOCATION OF RESOURCES

The next step is the allocation of resources. This means taking action to ensure
that everything is procured, funds are allocated and labour is available to carry
out the project work. This step may be the responsibility of a project engineer;
on the other hand part of it may be delegated to another person or many other
persons. It may require the purchase of expensive equipment and materials, the
hire of plant, the erection of buildings, site works etc. It may also call for
engaging new staff and re-training existing staff, It is at this stage that the
schedule becomes important because all these activities have to be meshed into a
final completion target date.
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MONITORING

Having put the plan into action, management will naturally want to know
whether the work is going according to the plan. In other words, they want to
monitor the work in order to compare the actual with the planned objectives.
Monitoring of the project is necessary to provide information for decision making
and to provide a means for people at various levels to report on the project
status. It will be appreciated that effective control of the work and its consequent
expenditure will only be possible if the right information is forthcoming through
the monitoring facilities, so that divergencies are promptly revealed.

The monitoring of progress and cost are essential elements of project control.
Information regarding the work progress is the primary ingredient necessary to
ensure that objectives are attained or at least that progress is being made toward
the attainment of the desired objectives.

PROGRAMME REVIEW

It is a general practice for reviews to be made of each project at regular intervals.
The review is often carried out on a monthly basis to coincide with the submis-
sion of management reports. The purpose of the review is to compare the
progress of the project work with the programmed plan and to establish:

(a) The effectiveness of the project management.

(b) The extent to which the specific objectives of the project have been achieved
at the time of the review.

(c) The current financial situation of the project.

(d) The extent to which top level management should participate in the event
of deviation from the programme.

(e) Whether any changes are necessary in the project manager’s authority to
make technical and business management decisions required by the project.

(f) Whether the priority allocated to the project is adequate.

The project manager presents the status of his works programme in terms of
accomplishments or deficiencies as related to schedule, cost and technical per-
formance, using the Project Status Reports as a basis for the submissions. Where
action is necessary to solve problems or expedite a particular phase of the work,
appropriate steps can be taken by management.

The main advantages to be derived from programme review may be sum-
marised as follows:

(a) Tt keeps all levels of management informed of the progress of each project.

(b) It improves communications between the various group leaders associated
with the project control.

(c) It helps to mould a more effective team by improving the understanding of
the objectives of various programmes.

(d) Ithighlights areas in the engineering organisation which may need support or
additional backing to cope with a particular work.

(e) Tt helps to develop a greater awareness of the responsibilities of the various
leaders involved in the work.
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(f) It helps to develop a greater awareness of the need for problem area recog-
nition by group leaders.

(g) It provides a means to assess activity performance for assigned areas of

responsibility by comparison with standard performance or trends of per-
formance.
In the standard performance case, the work performance is compared with
the standard time, i.e. the time required by a workman of reasonable
skill to carry out the work while working to a reasonable value of output. In
the trend of performance, a comparison of current performance is made
with the performance on previous occasions.

(h) It allows management to determine the effectiveness and adequacy of dele-
gations vested in the various levels of line management.

(i) It effectively brings to the attention of top management of the organisation,
high performance or work of merit of individual staff on the project and
areas of high productivity.

Experience has shown that there is a relationship between the detail which
can be reviewed by the management of a project, the normal term of which may
be of relatively short duration, and the frequency with which such reviews can
be carried out. Historically, the practice has been, for new works, to make a basic
assessment of project installation and construction progress at monthly intervals,
and most organisations and practices are directed to this need. Whilst in the
ultimate, a high speed data processing facility might be capable of giving an
instantaneous review of any particular situation, in practice an assessment of
some arbitrary interval of time, such as one month, seems to be a reasonable
requirement for as far ahead as it is possible to look from the present.

Whenever changes in programme dates or failure to achieve programme target
dates occur in a contract programme, it is, as a result, frequently necessary to
review the Project Master Programme, recognising these changes and taking
account of them in a critical path method run. Experience has indicated that in
any large suite of programmes such as envisaged for control of a large complex
project, there is an advantage if the transfer of data is carried out automatically.
The problem of data transfer between separate programmes is in fact a similar
problem to that which exists in any suite of programmes which are separately
reviewing sections of a composite whole. Basically it can only be resolved by
clear identification of common events and recognition of the compatibility of
one programme form with the other. Indiscriminate identification of events
must therefore be avoided by a precise system of coding. If attention is not
given to this aspect, the problem of storing and subsequent retrieval of data will
inevitably give rise to errors in subsequent processing and reporting.

CORRECTIVE ACTION

The first four steps—setting objectives, allocating resources, monitoring and
programme reviewing—are really preliminary steps in control. They may be per-
formed with a high degree of efficiency but no control results unless all this
checking has some influence on those carrying out the project work. Corrective
action is necessary before any real control of the work can take place.

Analysis and evaluation which takes place during the programme review stage
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will highlight any deviation from the objectives or predicted results. Where
deviation does occur, action can be taken to correct the past action or more
likely, to ensure that the course of the project is placed on the desired target.
For corrective action to be meaningful, a framework of standards or indicators
at strategic points in the project must be set, and the actual performance measured
against these standards or indicators.

The type of corrective action taken will depend on the extent of the devia-
tion and the nature of the project, and may include:

(a) Re-allocation of resources.
Many deviations from the predicted course are often the result of unexpect-
ed obstacles in the work situation such as technical problems, wet weather,
breakdown in supporting plant and shortage of tools.

(b) Revision of the plans.
Often work is affected by wet weather, high winds, late delivery of materials,
non-availability of local labour and other external forces which cannot be
corrected by management action, and a change in plans may be necessary. If
the revision reveals major problems, the plans may have to be reformulated
to cope with the deficiencies which have been revealed.

(c) Review of directions.
Sometimes failure to meet objectives can be traced to inadequate directions
to project staff, It may be necessary to review the objectives with the project
team to ensure that there is no doubt about what is wanted and how they
should go about accomplishing them. In other words, goals must be specific
and the course must be set.

(d) Planning for future works.
If the present measurements indicate variations in estimated rates of pro-
ductivity or performance, action should be taken to ensure that future
programmes and schedules take account of these facts.

PROGRAMME COMPARISONS

Apart from environmental conditions, the programming requirements of certain
categories of radio engineering works such as broadcast station, earth station,
television station, radiocommunication station and radio relay repeater projects,
do not within the particular category change fundamentally in terms of the
permissible installation sequence. What does change however, particularly as a
result of differing environmental conditions and availability of supporting
resources, is the duration of the associated activities and therefore the timing of
programme events.

Management is based upon comparison, and comparison implies a standard or
programme against which that comparison can be made. It is therefore important
that results provided for management should be prepared with a view to show-
ing the divergence from the normal programme rather than the haphazard
recording of whatever may have occurred within the precise limits of the period
under review. If therefore, the task of management is to be made easier, so far as
the presentation of facts and figures is concerned, some basis of comparison
must be found which will enable managers to visualise what is going on, without
having to make calculations or mental adjustments of their own.
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Charts and graphs play a very important part in the presentation of informa-
tion to engineering management. A much clearer mental picture of the position
can often be obtained by examining a chart or graph than by reading a detailed
statistical report, especially if the people concerned are constantly requiring
information about a number of large projects. By means of up-to-date charts
and graphs the manager can have an overall picture of the current status of all of
the projects and so be able to give speedy attention to those areas where action
is required, as recorded by difference between the anticipated programme and
the actual progress. It is not always possible to assess the true position accurately
at a moments notice, from normal statistical information supplied by the accounts
department or costing section.

Whatever form of management aid is uséd, the system should assist the project
manager in accomplishing his responsibilities for:

(2) The co-ordination of project planning.

(b) The assessment of project status.

(c) Reprogramming as a result of technical difficulties or changes in scope,
schedule, resources or policy.

(d) The co-ordination of progress data, by integrating multiple source progress
information into a single easily understood form.

COMPUTER PROGRAMS FOR NETWORK ANALYSIS

The use of a computer in network analysis has many advantages over a manual
system. The most important of which are:

(a) The greater speed by which calculations can be performed allows updated
information to be made available to management and project leaders much
earlier.

(b) The greater accuracy of computer calculations minimises errors in data
calculation.

Repetitive manual corrections to written achievement entries on cards and
sheets often result in a set of excessively worn and untidy documents with a
high error risk.

(c) A computer can be programmed to carry out any required variations to the
basic analysis.

(d) The idea of relying on an automatic easily changed file in the computer’s
store is preferable to manual updating on written sheets and cards.

(e) Calculations of immense complexity can be undertaken,

(f) Management is provided with clear and easily identified network activities
and events.

A computer will invariably accept a full alphabetic description of each event
and activity and print these along with the numerical identification. It can
also edit the report, discard unwanted information, print column headings
etc., the whole analysis being neatly laid out for use by project management.

The point at which computer assistance becomes economic or otherwise
desirable is not determined solely by the magnitude of the project, although this
will be a significant factor. The size and shape of the network may not be the
main factor in determining computing costs. The output data may be sorted in
various ways, by listing activities in order of increasing float, or events in the
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order of their expected times. Further sorting, by sections for instance, may
yield very useful sets of output data; it will also add to the cost of computing.
To employ a computer as a sorter could speed up the output unnecessarily at an
unjustifiably high cost.

An important point is that the preparation of the network is basically a non-
computer exercise. It depends upon visual observation and analysis of the project
to be carried out, and the experience and intelligence of the network compiler is
an important factor. Also, by the manual preparation of the network the com-
piler can exercise his judgment and control over each separate action.

The question of computer utilisation involves many considerations, the main
ones of which may be summarised as follows:

(a) Whether integration with an overall management control system is proposed
and, if so, the expected frequency of analysis and revision.

(b) Whether cost optimisation, probability analysis, resource scheduling or
other advanced computations are desired.

(c) The desired format and quantity of reports during the progress of the project.

(d) The availability and cost of a computer service with an adequate facility
programme,

(e) The availability of trained staff to program a problem for computer solution.

It is not a simple matter to determine the precise cost of installing and using
network analysis in relation to the project cost, because there are many side
benefits which are derived by management generally, and to which it is difficult
to fix a price. However, an analysis of four large radio relay station projects
showed that the cost of operating the system varied from 0.25 to 1.5% of the
total project cost. About one third of this arose from direct computer charges;
the rest was staff time.

The time and expense involved in writing a network analysis computer pro-
gram is often considerable and it is prudent to make use of prepared programs
which may be available from the libraries of computer service bureaux. An
examination of the various specifications will allow determination of their
suitability for the particular project in hand. It is important that the specifica-
tion of a particular program be fully known before it is applied to a problem. Its
capabilities must be thoroughly understood.

Computer programs which have been developed for network control recognise
in the first instance, the requirements of being capable of carrying out a critical
path review in order that the earliest and latest start and finish dates for principal
events can be established and thereafter, meeting the need for reviewing the
schedule dates. Any changes to the program which do not directly arise from
these needs must be examined with caution, otherwise there is a risk that the
basic advantages of an essentially simple program, which will provide manage-
ment review data, in both physical and financial terms, as well as offering a
convenient progress statement on the situation of both the project and its
supporting contracts, may be lost.

COMPUTER PROGRAM FEATURES

There is a wide range of computer programs available to the engineer from
various sources. The range and extent are being constantly expanded. Facilities
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most widely used by radio engineers include:

(a) Event and activity reports and resource analysis.

(b) Float and slack analysis.

(c) Scheduling and forward scheduling dates on events and activities.
(d) Three time estimates and probability calculations.

(¢) Automatic network checking.

(f) Calculated results for events, activities and calendar date conversion.
(g) Print outputs of events, activities, interface activities and number of copies.
(h) Management summary reports.

(1) Cost optimisation and control calculations.

(j) Bar chart scheduling without dependencies.

(k) Resource scheduling.

() Resource analysis and control.

(m) Project progress control.

Float and slack analysis (b) is of particular interest in new station or system
projects. Float is the measure of free time available to the completion of an
activity. It is the difference between the activity duration and the maximum
interval between the occurrence times of events at its start and finish. The terms
usually associated with the process of float analysis are total float, free float and
independent float. Total float is the maximum float time available to an activity,
free float is that portion of the total float which, if absorbed in the operation of
a particular activity will not affect the amount of float available to any successive
activity and independent float is that portion of the total float which is available
only to a particular activity.

Since float is the difference between the activity duration (z.) and the maxi-
mum interval between the occurrence times of events at its start and finish, total
float can be calculated from the formula

Total float = (TL] — TEi) — fe

Convention in calculating float is to designate expressions referring to the
start of an activity by the symbol i’ and expressions referring to the completion
of an activity by the symbol . Ty; is therefore the latest time the activity can
be completed and T'g; is the earliest time the activity can commence.

Slack is a term by which the free time associated with events is measured. It is
the difference between the two times of a given event, calculated during the
forward and backward passes through the network. Slack time is the extent to
which an event may be delayed without affecting the timing of the critical path
and is expressed by

Slack =Ty, — Tg
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Chapter 3

Project Programming

A primary requirement for successful project achievement is that, when the
project is taken over by the project group, there is a reasonable chance of
completing it by the programmed date. The project must therefore be appro-
priately developed at the take-over stage and sufficient time must be available
for the design, installation and commissioning to be completed by the pro-
grammed dates with the resources available.

In some large communications organisations the initial stages of development
of a project are the responsibility of the Planning Branch who carry out a
feasibility study, economic study and sometimes field survey and site selection
work. Collaboration between the planning engineers and the project group is
essential, and should start at an early stage of the project development. To ensure
that the project is sufficiently developed when taken over by the project group
all the activities in the initial stages need to have been properly programmed and
completed. Due to the nature of the projects during the initial stages, the pro-
gramme for these activities must be much more flexible than would be thought
desirable for a formed project. This calls for a close monitoring and reporting
system, particularly during the period of collaboration between these two groups.

Programming of design and installation demands complete understanding of
all activities, a determination of the critical path and a proper assessment of the
duration of each activity. When these requirements have been met, project
management has a reasonable chance of completing the project as programmed,
provided that use is made of the best techniques to programme the activities and
to control the project by careful monitoring of progress, and the application of
corrective actions whenever significant deviations occur. The use of a Project
Master Programme in network form for programming each project, and of a
computer for monitoring project programmes and for automatic periodic
reporting, by computer print-outs, on project progress and expenditure for
control purposes are important requirements for large engineering projects.

THE PROJECT PROGRAMME

Whilst most radio engineering project programmes all have a basic similarity,
the detailed timing of a particular project programme will be dependent upon
such factors as the following:

(a) Type of station, such as, television, frequency modulation, radar, radio
communication, earth satellite, medium or high frequency broadcast,
mobile network, paging station.

(b) Power, frequency, number of transmitters or receivers and antenna system

types.
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PROJECT PROGRAMMING

(¢) Peculiarities of the site, for example, areas subject to cyclonic disturbances,
difficulty of access, foundation problems for masts and towers etc.

(d) Availability of local materials, labour, mechanical aids and specialist services
such as surveyors, soils engineers.

For each project programme, there will be a critical path which-will establish
the shortest possible time for completion of the project. As an example, a study
of a typical medium frequency broadcast station project would probably show
that the critical path lies through the areas of site selection, equipment specifi-
cation preparation, building design, building construction, equipment installation,
transmitter tests and overall station acceptance and commissioning tests.

A one month period is a generally accepted typical allowance, after date of
equipment and plant installation, for fully commissioning a broadcast station
comprising twin 5 kW transmitters and a directional antenna system. Two weeks
of this time are required for overall testing and completion of commissioning of
the station as a whole. This allowance has been found from experience to be
essential for all the adjustments and performance measurements necessary from
time to time and for the successful settling down of all the station equipment
and plant in operation. Wide variations in acceptance testing and commissioning
periods are necessary for the larger high power broadcast station installations, a
long haul broadband microwave radio relay system, a tropospheric scatter link
and an earth satellite station.

Many modern radio installations are extremely complex, and projects costing
£5 million and more are now common place. In these programmes a period
which allows for contingencies should be built-in, since large and complex instal-
lations are invariably subject to factors over which the engineer has little, if any,
control. Factors such as defective materials, interface design difficulties, unusual
environmental weather conditions, labour difficulties, site access problems and
others, are bound to affect the probability of completion being achieved by the
due date in a programme which does not allow for such factors. Although some
form of accelerated action can often be taken in specific parts of a project, such
action can seldom be completely corrective in many cases.

Experience has shown that contingency allowances between ordering of the
radio equipment including transmitters, antennas, switching system etc. and the
testing operations, are invariably consumed without necessarily altering the
completion date of the project. In a typical programme for a broadcast relay
station comprising three transmitters, a receiving station, antennas and inter-
connecting microwave programme link system shown in Figure 3.1, a contingency
allowance of up to two months in the Project Programme extending from the
programmed test date to the beginning of the period allowed for acceptance
testing and commissioning may be programmed to absorb the effects on the
programme test date of uncontrollable factors, such as those previously men-
tioned. No contingency allowance for these factors is made in the earlier stages.
A period of two months has been found to be a reasonable period for projects
of this nature taking four to five years to complete.

THE CRITICAL PATH

The critical path is defined as the sequence of interconnected events and activities
between the start of a project and its completion that will require the longest
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time to accomplish. This longest path is the shortest time in which the project
can be completed. It may further be defined as the sequence of events in which
the delay in one operation would force the delay in completion in the entire
project or conversely, a saving of time in any single operation within this path
would result in a saving of time for the overall completion of the project. How-
ever, if the critical path is shortened, the sub-critical paths may become equal to
it and therefore critical. The involvement of a critical path in the work situation
is one of the greatest benefits derived from network programming techniques
and is the basis for a very important predictive feature, and represents its contri-
bution to the principle of management by exception.

Figure 3.2 shows the critical path on a small network associated with the
installation of a 5O W television translator station. The time taken to complete
this particular project is comparatively short, but for the main transmitting
station which would probably involve studios, buildings, towers, links, trans-
mitters etc., the network would be much more complex and may involve work
extending over one or more years.

On any project it is possible that the critical path will change if circumstances
have a serious impact on the project. In fact the principal reason for using
networks is to determine the critical path and whenever a critical activity is
threatened with delay to determine where effort should be concentrated to
rectify or at least to minimise the effects of the delay. There would be little
purpose in networks if it could be guaranteed from the beginning that the
critical path was inviolate and would be maintained in line with the programme
up to the completion date.

There are many advantages to be gained in knowing the critical path of a
network. For instance, if the principal or customer requires a completion or
delivery date earlier than normal processing, installation, construction and
commissioning practices would dictate, it is not unusual when network tech-
niques are not used, for all phases of the work to be expedited. A network diagram
will indicate, however, that only a few items are critical and which need to be
expedited. It would be unnecessary for instance, to expedite or put men on
overtime to test spare parts, remove spoil from the mast base etc. Even in a very
large engineering project involving some thousands of network activities, the
number of critical items would seldom exceed one hundred. Economies can be
achieved by giving particular attention to those items which will reduce the
overall project completion time. Similarly, if the work is held- up because of
wet weather, high wind, delays in delivery of material, shortage of skilled trades-
men, it is not necessary that every one of the project activities be expedited.
Some approaches, and examples which can be used to shorten the critical path
without substantially increasing the direct costs are:

(a) Design changes.
Sections of a mast fabricated in the factory can be erected faster than
individual members.

(b) Greater use of sub-assemblies.
An antenna coupling network completely mounted and assembled in the
factory or workshop would require less manpower than if assembled on site
in the coupling hut.

(c) Change in commencing time relationships.
The assembly of the bottom section of a mast may be carried out on the

29



11

N
@ LAY BLDG MOVE EQUIPME;\\ TEST
I

LAY TOWER FOUNDATIOL\E/G\ ERECT TOVER ~—~ FOUNDATION ” LDING TO SITE _}5\ CONNECT POWER /o RANSLATOR & COMMISSION
23 9Ny 8 N/ 3 N 1 o 2

START

FINISH

TEST
El @ASSEMBLE 6~ @ PANELS

PAINT PANELS BEFORE ERECTING

Figure 3.2 Critical path in network for installation of low power television translator station



PROJECT PROGRAMMING

ground, say the first 30 m, concurrently with foundation works so that
mast erection can commence as soon as concrete has cured.

(d) Activities carried out concurrently rather than sequentially.
Installation of the earth mat and erection of a mast could be carried out
concurrently when weather is suitable and resources are available.

(e) Change in the construction approach.
The use of ready mixed concrete, for mast foundations may be more
economical than mixing on site, if ready mix services and transport are
available.

(f) Use of larger work units.
Many large excavations are required for the foundations of a tall mast and
the employment of more men on this work would allow several holes to be
excavated concurrently. The work would be completed in a shorter time
without appreciable reduction in efficiency.

(g) Employment of new erection or construction techniques.
Many masts of triangular cross section have been erected in fast time by
employing three separate erection cranes, one operating on each leg of the
structure with its own riggers and winch, and the whole work proceeding
concurrently.

Although the critical path through a project is fairly constant, all contracts
not on the critical path should be programmed in detail because many often
have little slack and require careful supervision. Because availability might make
timely placing of non-critical contracts important, this again may put pressure
on non-critical contracts through an early use of their slack. The overall trend of
the project could thus be watched, if properly programmed.

PROGRAMMING METHODS

A programme may be considered to be a list of work to be performed over a
future period and its purposes may be summarised as follows:

(a) To enable forecasting of future requirements of resources such as man-
power, material, mechanical aids, incidentals, services and funds.

(b) Optimisation of the resources and services to enable the best use to be made
of them.

(¢) To indicate likely future deviations from the plan and to facilitate re-
organisation to correct the deviations.

(d) To provide a systematic allocation of work to the workforce so that it is
passed down in a controlled manner.

(e) To act as a bench mark or indicator against which progress of the work can
be gauged.

(f) To give an overall picture of the work which has to be carried out to fulfil
the planned objective within the desired time-scale.

Until recently many engineers relied solely on bar charts for presenting
project programmes and on manual updating for monitoring progress. The
increasing complexities of modern radio engineering projects have demanded
more advanced methods and sufficient experience of the use of network pro-
grammes and computer monitoring and analysis has now been gained to realise
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the benefits of their application for the better understanding of programme
requirements and project management functions.

When the bar chart method is used it requires considerable experience in the
work to be undertaken and a reasonable time of concentrated thought to decide
what action should best be taken. Normally the person who can do this most
effectively is the engineer in charge of the project. Should the work fall behind,
it may be difficult for the engineer to find the necessary time for proper concen-
tration on this task. When using a critical path method, he need only suggest the
compression of one or more likely activities. The programme can be analysed
and the results returned to the engineer who will either accept them or suggest
other compressions. He will thus be free for the many other managerial and
technical duties which will require his attention.

The nucleus of project control is the Master Network Programme. In a very
large and complex project a family of associated programmes may be developed
to serve particular purposes, for example milestone, key event, site installation,
contractor and design-decision programmes. By a process of shredding, specific
information can be compiled into programmes for various levels of management.

The master programme covers the essential requirements of the whole of the
project from the period commencing with its allocation to the group to the
completion of the project and includes all activities related to the development
and execution of the project within the influence of the project group. The form
of the master programme should be a network and supporting detailed pro-
grammes should be in network torm, except perhaps certain equipment manu-
facturing phases where bar charts may sometimes be preferred. The detailed
programmes should be consistent with the master network and capable of
readily yielding updated information for it.

The master network should show all the work necessary to complete the
project and should have the minimum number of activities consistent with
adequate control. The supporting programmes should be detailed and be keyed
in to the master network. Changes to the logic of detailed programmes should
have no effect on the master network because of its simplified form and such
changes should not disrupt the flow of information.

MASTER NETWORK FUNCTIONS

The Master Network has two main functions:

(a) As a logic network, it shows how all the various activities are inter-related

and where there are restraints between activities. A full understanding of
all the processes is therefore required to draw up such a network.
As different projects have great similarities in fundamental logic, it is possible
when commencing a new one, to take the network used on a previous one,
and with modifications for any peculiarities of the new project, adapt it to
form a suitable outline for the new project. In this way the experiences
of the previous projects can be used to the benefit of the new project to
ensure that an increasingly higher standard of network content is available
at the outset. This network should be produced by the installation group as
soon as possible after taking control of the project and thereafter, developed
as knowledge of the project grows, but within the frame of the work of the
schedule or target dates.
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To form a programme with a time scale related to each activity and indi-
cating the critical paths.

In the early stages of nearly all major projects, the detailed timing of many
activities will be impossible as they often depend on how the design develops,
site conditions, the type of contracts yet to be placed and other management
decisions. It is therefore helpful first to schedule some milestone dates
within the network concerning the important events spread throughout the
project, and which are carefully chosen to indicate complete sections. The
engineers doing the scheduling should select schedule dates to lie between
the earliest date and the latest date for each milestone event. The margin
available should be carefully allocated throughout the project programme so
that the schedule dates in the early stages will be closer to the earliest dates
and those towards the end of the programme will be closer to the latest
dates. Typical milestone events for a television transmitter installation
network are shown in Table 3.1,

Table 3.1 TYPICAL MILESTONE EVENTS FOR TELEVISION TRANSMITTING
STATION INSTALLATION

No. Event No. Event
1 Project commenced 26  Architect briefed on building
2 Site selected 27 Tower or mast contract placed
3 Equipment specified 28 Feeder contract placed
4 Antenna type and pattern specified 29 Operational staff positions advertised
5 Staff requirements determined 30 Antenna manufactured and delivered
6 Studio-transmitter bearer planned 31 Building design and documentation
completed
7 Building planning completed 32 Tower erected
8 Installation drawings prepared 33 Installation staff briefed
9 Tower or mast specified 34 Antenna panels erected
10 Tenders called for antenna 35 Operation staff selected
11 Tenders called for transmitter equipment 36 Contract placed for building
12 Building proposal studied by installation 37 Antenna cable erected
group
13 Building brief prepared 38 Transmitter equipment contract placed
14  Staff proposal prepared 39 Antenna power dividers installed
15 Tenders called for tower or mast 40 Installation materials assembled and
miscellaneous equipment manufactured
16 Antenna feeder cable specified 41 Building constructed
17 Bearer equipment tenders called 42 Operation staff transferred to station
18 Equipment manufactured in workshops 43 Antenna cable tested and power dividers
adjusted
19 Contract placed for antenna 44  Picture input and control equipment
installed
20 Building proposal studied by Chief 45 Transmitter and miscellaneous
Officer equipment installed
21 Tender called for antenna feeder 46 Transmitter tested and adjusted into
dummy load
22 Approval operational staffing proposal 47 Antenna radiation pattern checked

23
24

25

Bearer cable equipment installed 48 Bearer aligned and tested and test
transmission completed

Transmitter equipment tenders assessed 49 Acceptance testing and commissioning
completed

Installation materials ordered 50 Field strength survev completed
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Table 3.2 LIST OF TYPICAL MASTER NETWORK SECTIONS FOR BROADCAST
STATION INSTALLATION

Section Work Major items

1 Station buildings contfact Transmitter, power house, administration
buildings, and residence (where applicable),
fire protection etc.

2 Civil engineering contract Site clearing, roadworks, drainage, water
supply etc.

3 Electrical engineering contract Mains extension, sub-station, power house
plant, building earth systems

4 Mechanical engineering contract  Gantries, air conditioning, ventilation

5 Transmitters contract Transmitters, including installation
materials, spare parts, dummy load

6 Auxiliary equipment contracts Programme input equipment, test equipment,
control desks, batteries, emergency pro-
gramme etc.

7 Antenna systems contracts Antennas, matching equipment, slewing

switches, transmission lines, dissipative
lines (where applicable)

8 Switching system contract Switch equipment including remote
control equipment
9 Support facilities contracts Station vehicles, mechanical aids, workshop

plant, tools etc.

For a major radio engineering project it will often be impracticable and
unnecessary for the project Master Network Programme to appear on a single
drawing sheet, although it will be processed by the computer and analysed as
one programme. The programme is for convenience divided into sections suitable
for use by the specialist engineers concerned with particular areas of the work. A
list of typical sections for a large high power broadcast station is shown in Table
3.2

NETWORK APPRECIATION

The necessity for advanced forms of programming is appreciated by all con-
cerned with the management of projects. However, some senior engineers have
often pointed out difficulties associated with the apparent complexity of some
large networks because of the limited time available to study those networks.

Experience has shown that detailed understanding by senior engineers, of the
network principle and the significance of interlocking within a given network, is
a pre-requisite to the effectiveness of such programmes. There have been cases
where substantial changes have taken place in the critical path during the
course of the project and those involved had not fully appreciated at the outset
of the project that such changes could occur. It therefore appears highly desirable
that a senior engineer should at the very beginning of a major project be respons-
ible for carefully working out the parameters which form the basis of the Master
Network Programme. All project engineers should be provided with simplified
print-outs and be given clear guidance on the significance and operation of
networks and print-outs. However, with the ever increasing tendency for
improved processing methods with resultant greater information output, it is
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important that engineers remember that their primary function is an engineering
one. On radio engineering projects, programmes are indispensible to the engineers
involved to resolve conflicts, improve understanding and avoid duplication, but
advanced programming techniques and methods of processing information
should not be allowed to distract engineers from their primary function. The
extent to which top managers become involved in engineering depends largely
on the extent to which programming applications are successful. Their inter-
vention in project management becomes necessary, generally speaking, only
when major problems arise, usually because proper decisions had not been taken
at the appropriate time in the programme. Programmes and information should
be treated as aids to progress engineering work and not too supplant the authority
of the engineer. Any notion that the computer is a substitute for decision
making is fallacious.

Network programmes should be formulated by staff experienced in radio
engineering and the requirements of the project for which the programme is
produced. This will ensure incorporation into programmes of past experience of
network preparation and operation. The accumulation and use of experience are
keystones in the improvement and development of the master network. In order
to ensure that the requirements of the project are covered it is general practice
in many organisations for an engineer to first produce a draft programme and
then discuss it with the senior engineers of the project management. Where the
draft does not conform with the requirements of the project, the programme can
be modified accordingly. Figure 3.3 illustrates a draft programme for a radio
relay system installation of an industrial control system comprising telemetry
and mobile radio units.

Network programmes and procedures should not be regarded as a solution in
themselves to construction problems. They constitute advanced techniques for
the aid of management and are ineffectual without proper management control
and adequate resources. Contractors have to recognise their own capabilities for
fulfilling contracts and should not accept contractural commitments which they
are aware they cannot fulfil or are unaware whether they could fulfil. An
admission by a contractor at the outset that dates as set down in schedules are
impossible to meet because of inadequate resources would establish an initial
understanding and place a project on a far more satisfactory footing than the
later discovery of such difficulties.

MONITORING THE PROGRAMME

Having prepared satisfactory types of programmes to allow full understanding of
the requirements of the project, a service has to be instituted to provide manage-
ment with progress information quickly, so that deviations can be monitored
early enough for corrective action to be taken before delays build up and affect
the completion of the project. It is important to monitor all the activities in the
project Master Programme and all the individual contract activities interfaced
into it, preferably by use of a computer which will also analyse the effect of any
deviation from the programmed time of activity. It should be remembered how-
ever that the computer used to monitor and analyse the programmes acts only as
a labour saving device and does not perform any superhuman function. The
engineer’s skill, knowledge and experience still play an important role.
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The normal control principles which apply to all installation and maintenance
projects are included in critical path programmes but it must be accepted that no
matter how great the knowledge or how detailed the information, there will
always be many activities which contain assumptions. Other activities may be
affected by factors not subject to control. For example, certain assumptions
must be made regarding repair of a large modulation transformer which may
have failed in service. Such assumptions with many others, may differ con-
siderably from the actual conditions encountered when the core is removed
from the tank to perform the repair task. One obvious factor beyond control
is the state of the weather particularly if the transformer is part of an exposed
power vault installation.

Variations between planned performance and the actual performance must
be properly documented. The programme requires revision at appropriate
intervals after which it is re-issued to all concerned. The control function cannot
be too haphazard because too frequent checks and revisions may serve no useful
purpose, and are therefore an unnecessary waste of money and manpower. On
the other hand, if some vital state is reached and passed without assessment, the
opportunity for corrective action may be lost.

As each control point is reached the programme is reviewed. This is done by
reducing the duration of all completed activities to zero. Partly completed activi-
ties are reassessed and given new durations which are the estimated times for
completion from the time of the review. Activities which have not commenced
remain unchanged. The information is then processed by the computer and an
allowance is made for the time which has elapsed from the commencement of
the programme. A new programme is obtained, and the critical path is again
indicated. Any variation in the total duration of the critical path is immediately
evident. If this duration has increased beyond the original time, action will be
required to correct the position. The critical activities are therefore examined
and proposals for compressing suitable activities are prepared.

The compression of time may be obtained by extending working hours, sub-
letting some contracts, employing additional staff, greater use of mechanical
aids and any other suitable means. The programme with the revised durations
of the selected activities is again referred to the computer and a new critical
path is obtained. This may have returned to the original estimate and can then
be accepted as satisfactory. Should it still be unsatisfactory the process must be
repeated until a satisfactory answer is obtained. From this final answer the
computer will print the necessary information for the engineers and supervisors
controlling the various phases of the project work. The controllers will then
know the new starting dates and duration of their tasks to meet the revised
programme necessary for completion of the total task by the original planned
date.

General practice on many large projects is to up-date the computer stored
information each month, although bi-weekly intervals may be necessary in some
cases. The return from contractors and others may be in the form of com-
puterised questionnaires and the completion is a relatively simple task. The
print-out gives a retrospective analysis of the work progress situation. Appropriate
measurements of slack can be reported together with the earliest and latest
completion dates  and where appropriate, the scheduled date. Because of the
detail contained in these print-outs, it would normally be expected that they
would be directed to the working level associated with the particular area of
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work and in order to provide the most suitable type of information to manage-
ment levels, some form of shredding or selection has to be carried out.

Figure 3.4 shows the elements of a typical programme review system. The
project engineer assists the. EDP group who in most cases control the computer
facilities, in networks and obtaining time estimates. The network with its asso-
ciated information is entirely the responsibility of the engineering group. Infor-
mation to up-date the networks is given on a monthly basis, or whatever time
basis is desired, and the information is put in the proper format for sending to

ELAPSED INPUT
TIME DATA PUNCH CARD
MNETWORK ~ ESTHVATES SHEETS  TRANSCRIPTION
0 o
PLANNING - SRS
s e ogirl R
! PROGRAMME
REVIEW INFORMATION | | RN
A P ABDITIONS -
»" CONTROL CHANGES i
. I v
4 INFORMATION FROM _ COMPUT Ul
. CONTRACTORS MPITER RON
, [« [wll[e]
7
y Do oo
— PROJECT
MANAGEMENT

QUTPUTS

SENIOR MANAGEMENT —

Figure 3.4 Typical programme review system in operation

the EDP group. After processing by the computer, a series of print-outs is then
made available to project management and to those key managers and supervisors
who are responsible for some particular phase of the project work or monitoring.
Project management analyses the computer outputs and reports to senior
management. Copies also go to those contractors who may be required to submit
analyses of their programmes as part of the contract management arrangement.

PROGRESS REVIEW

Some organisations hold conferences for the periodic review of projects and the
project engineer may personally present the status of the project to the group.
These discussions generally require the compilation of charts, graphs etc. which
constitute excerpts from the formal status report documents. Reports may
include Management Summary Report, Manpower Loading Diagram, Cost
Prediction Report, Schedule Prediction Report and others. Figure 3.5 shows the
management organisations involved in a project for the provisioning of a radio
relay system and mobile patrol units for an industrial control system, and high-
lights the need for proper monitoring of the work of the many sub-contractors.
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Experience by project engineers has shown that there are two main problems
which tend to develop in some projects:

(a) Information takes too long to reach the various levels associated with
decision making. Each level analyses the data before sending it on to higher
level, and in the process defensive interpretations of the data sometimes
results.

(b) Information is adjusted to agree with the budgets of the organisational
function and is not necessarily in accord with the character of the work.

It may be necessary therefore in some cases to arrange for information flow
to cut across the function lines of activities and to focus upon programme
objectives. The ideal is a system of information which has its roots in the projects
and which can be drawn off at the various levels of the organisation without
destroying the command structure necessary for effective management.

PERT AND CPM

The two most popular network planning systems used for many years for radio
engineering projects are PERT (Programme Evaluation and Review Technique)
and CPM (Critical Path Method). The use of either system enforces rigorous
planning of the work and enables the forecasting of realistic target dates for
completion or commissioning of new stations or systems. They permit an
objective analysis of alternative plans in relation to the scheduled target dates
and facilitate the consideration of any limitations in the availability of resources.

The results of the analyses in the PERT system are expressed in terms of
events or milestones of progress while the results of CPM calculations are shown
in terms of activities or operations to be performed. PERT can therefore be
considered to be event orientated, while CPM is activity oriented. Another
difference is that in the case of CPM, planning is separated from scheduling,
and time and costs are directly related. However, there is a further important
difference between the two systems and that is the procedure for estimating
the elapsed time. It can best be described as deterministic and probabilistic.

In the PERT system, probabilistic time is used, each activity being expressed
with multiple time estimates, these indicating time uncertainty. The reason for
using the probabilistic approach is that a more realistic evaluation can be made
as three estimates of time are made for each activity. These times, called the
optimistic time, the pessimistic time and most likely time are converted to a
single time estimate and a statistical variance, and these are used to calculate
the probability of achieving the project scheduled dates. The practice is designed
to introduce a more objective attitude concerning the inherent difficulties and
variabilities in the activity being estimated. The estimator has to identify all
those factors which have to go right for the optimistic estimate and assume that
they will go wrong. This gives the extremes and the situation is then firmly
bracketed. Within the extreme range the time, all things considered, that the task
is most likely to take to complete is selected, and at that point there is available
a good time estimate, together with a measure of the uncertainty involved. This
time is the probabilistic time used in the PERT system. In the normal PERT
system, costs are not taken into account.

In the CPM system, management is provided with an integrated summary
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picture of total progress of the work and the progress outlook. It is based on the
premise that project duration can be shortened by incurring additional expen-
ditures, thus management can justify methods improvement by relating time
schedules to cost. The estimated time of carrying out an activity is the same as
the most likely time in the PERT system and so may be considered to be a
deterministic method of arriving at the completion time. It requires that both
the time and cost be estimated with a high degree of accuracy. The system
produces least cost work schedules for each of several project durations by
introducing normal and crash situations and goes on to calculate the project

Table 3.3 COMPARISON OF PERT AND CPM NOTATIONS

PERT CPM

Network Arrow diagram
Event Node

Activity Job

Scheduled time Duration
Expected time Earliest start
Latest allowable time Latest start
Primary slack Total float
Secondary slack Free float

duration which gives the least project cost. This system, the deterministic
method, allows costs to be considered as a controlling variable and may be
applied directly without introducing optimistic and pessimistic times.

The two systems were independent developments and because of this the
notations are different. A comparison of the notation is shown in Table 3.3.

LINE-OF-BALANCE

The Line-of-Balance techmque (LOB) is a systematic method of collecting,
summarising and presenting planning and progress information to management.
It highlights the elements where the rate of progress is inadequate to meet the
schedule by checking each operation against a target. Operations that fall short
of the target are identified for further analysis.

Based on the management by exception principle, Line-of-Balance graphically
portrays information involving three steps:

(2) Delivery schedule.
This chart presents the cumulative delivery schedule for the entire project.
It shows the estimated delivery schedule for the complete period together
with the actual delivery schedule as at the end of the reporting period.
(b) The programme progress chart.
This chart has two sections, what should have been done for each operation
and the actual progress on each operation. It is a bar chart which shows the
cumulative quantities processed at control points at a given time. This
information can be calculated manually, or obtained from computer print-
out.
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(c) Analysis.
Analysis of the programme progress chart is the main feature of Line-of-
Balance. It pinpoints out-of-balance operations and allows investigations to
be made in terms. of area of responsibility and source. In cases where the
overall chart is very large it is often convenient to prepare supplementary
charts to cover particular areas or phases of the work.

The Line-of-Balance technique can be applied to almost any type of radio
project but has found greatest application in monitoring production programmes
involving factory or repetitive manufacturing type work. It is a dynamic tech-
nique when properly applied, as it highlights deviations while the project is being
worked.

A few years ago a technique which is a combination of PERT and Line-of-
Balance was developed to handle the awkward transition stage of a project from
the planning and development to the production phase. PERT is ideal for
planning and development type work, while LOB is ideal for the production
phase, and a combined technique known as PERT/LOB is often used to handle
a complete turnkey project which involves all work from preliminary planning
and development stages through to final production and fielding of a given
quantity of items. The PERT/LOB technique provides this life-cycle management
capability. In work areas which involve non-epetitive type work; PERT/LOB
may be considered to be equivalent to standard PERT and where the work is of
a repetitive character it may be considered to be equivalent to standard LOB. In
the transition area where the repetitive and non-repetitive works intermingle, the
integrated PERT/LOB technique allows effective control of the work. In effect
it integrates the planning elements of PERT with the control elements of LOB.
Several earth station antenna systems were developed and manufactured using
this technique.
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Chapter 4

Design Programmes

The design phase of a project is probably one of the most difficult phases to
programme and is extremely difficult to control. Design is a creative process and
therefore it is mainly a personal matter. No flow diagram could be expected to
give the procedures on the thought processes followed by a particular individual.
Design is a bringing together of information for decision making. The main steps
of analysis, conception, engineering calculations and economic considerations
are relevant to practically all designs. Figure 4.1 shows a typical flow chart used
in the design of a tower to support antennas associated with a microwave radio
relay system, and illustrates this point.

Many practices used in design programmes in the past have proved inadequate
for controlling the design stages of many large and complex radio engineering
projects. The design programmes were not prepared sufficiently early and many
were of poor quality. Also, there had been a lack of proper machinery to ensure
implementation. The development of many of these programmes has lagged
considerably behind the development of programmes for manufacture and instal-
lation. Many of the design/decision programmes have been prepared with a lack
of real appreciation of the inter-relationship of events, and there has often also
been a poor appreciation by many managers of the delays resulting from late
decision making.

REQUIREMENTS OF A DESIGN/DECISION PROGRAMME

The requirements of a design/decision programme may be summarised as follows:

(a) Tt should clearly set down the design objectives at particular stages of a
project.

(b) Tt should specify the detailed activities which should be achieved by each
group, section, department or contractor.

(c) It should show what aspects of design are to be considered at each stage,

(d) It should indicate the acceptable tolerance on information at each stage.

(e) It should be insuch a form that it can be monitored and analysed to produce
a good management information service.

(f) It should show who makes a decision or initiates information.

Machinery should be set up to ensure that when decisions are made they are
not modified or altered without consideration by the appropriate level of mange-
ment. Delays are often engendered on a project by changes of mind or changes
of design which theoretically may result in minor increases in efficiency. The
effects of these changes on schedule dates are not always fully appreciated.
Minor changes by junior engineers and others may have far reaching effects on
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Figure 4.1 Typical flow chart for tower
design

the programme in some situations. Design programmes indicating clearly to
review management, and throughout the organisation, the times allowed for
specific stages of work, must be available. Awareness by management of the
consequences of not meeting such programme dates considerably facilitates the

task of the project engineer.
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DECISION MAKING

All design activity requires a plan. The plan is called the design process and is a
series of steps or stages through which the design will pass before it is completed.
The design process or activity can be programmed, monitored and controlled by
management because it involves actual work. The act of decision making on the
other hand is carried out by management and although it can be programmed
and monitored it is extremely difficult to control. The control exercised on
intermediate management is by higher management but the control on the higher
levels of management is to a large extent, personal discipline. All that can be
done is to ensure that each level of management has the data it requires or
alternatively the data which is available at the time and that management is
aware of the possible sequences if it is lax in making a decision. Figure 4.2 shows
in block diagram form, the process of decision making by management and
Figure 4.3 shows a practical situation involved in the design of a large inductor
associated with an antenna matching network. All the steps in this inductor
design process can be readily programmed, monitored and controlled but on the
other hand, the process of decision making is difficult to control.

ENVIRONMENT|
FACTOR
EXISTING LEVEL
CONDITIONS|
INFORMATION
FEEDBACK
DECISION ACTION

INFORMATION
INPUT

ENVIRONMEN

DESIRED
Figure 4.2 The process of decision making by

management

Some decisions which arise during the course of a design are more important
than others. Some are of a minor nature and the influence on the design relatively
small. Others, however, may be critical, in that they have a major impact on the
design. For example, a change in attachment arrangements of a parabola may
have relatively negligible effect on the wind loading of a tower but a change in
location of the parabola from a low level position to a higher level may have a
major impact on the design of the structure,

Morris Asimov, in his book ‘Introduction to Design,'’ classifies the theory of
making critical decisions in engineering design as follows:

(a) “A critical decision is formal, and is assumed to be final. When one of the
proffered set of possible solutions of the design problem under consideration
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is formally chosen, important commitments are made by the management
of the project. Design effort is released to proceed from the preliminary
explorations of the particular concept to a final state of physical realization.
Such paralleling sub-projects in other parts of the design as need to be co-
ordinated proceed on the assurance that the particular concept shall be
realized. Only under the most compelling circumstances is the selected
concept retracted and a substitute introduced, for the penalty of such a
virtual failure is usually very high in terms of its effects on both the direct
and indirect design work committed by the decision for that concept.”
“A critical decision rests principally on a comparison of advantages and
difficulties associated with each of the proffered solutions. The advantages
may be evaluated in principle on some utility scale. The difficulties generally
emerge as sub-problems that must be resolved if that particular concept of
solution is to be capable of physical realization.”

“Design work is constrained by a budget of time and money. Actual budgets
are usually set for the major phases of the design project. In some projects
where tight control is maintained, time and money budgets are set for each
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of the major problems as it is recognized. In others only time-targets are set
for such problems so that the project as a whole can be co-ordinated. Even
where budgets are not set, it is assumed that the design work will be done
within the limits of a reasonable budget.”

““A critical decision depends on the levels of confidence held for each of the
contending solutions. We assume that any physically possible concept could,
with probability one, be developed into a physically realizable design if an
indefinitely large budget of time and money is allowed. However, the
budget is always limited either by edict or by a sense of the reasonable. The
level of confidence, as used here, is a subjective probability that the design
work required to bring the particular concept to a state of physical realiza-
bility will fall within the limits of a decreed or assumed budget.”

“The level of confidence is affected by evidence. Initially, we develop a level
of confidence in each of the alternatives by an internal reaction, tempered
by experience and the similar reactions of others. We try to anticipate the
range of sub-problems that will appear when the concept is pressed toward a
realizable design, and we consider the inherent difficulties in their solution.
All of these preliminary activities combine to form an initial level of con-
fidence. Some of the alternatives may be dropped after this cursory study.
The principal contenders may require further evidence, which is obtained by
analysis, by experiment, by consultation, by searching relevant literature, or
by exploring personal and group experience. This evidence, reflecting on a
particular concept, augments the initial level of confidence.”

“Critical decisions emphasize levels of confidence early in the design project,
shifting to costs of design work as the project progresses. In the early stages
of a design, the concepts are more abstract and therefore further from
physical realization. Close cost estimates of design work are difficult to
make. When advantages are more or less equal, critical decisions hinge on
relative levels of confidence for the competing concepts. The chosen one
will reflect emphasis on the level of confidence on which it can be realized.
In the late stages where physical realization is easier to assess, only concepts
with a high level of confidence are acceptable; and when advantages are
similar, critical decisions rest on the relative design costs (that is on the
confidence limits of the budget). If advantages are equivalent, that concept
which requires the least design effort will be favoured.”

“Critical decisions take account of the severity of the penalty resulting from
the failure of a chosen concept to attain to a state of physical realizability.
If the penalty in re-doing committed design work, or in failing to meet a
time target, is very severe, the selection rule will require a high level of
confidence. If the penalty is mild, the level of confidence can be relaxed
correspondingly.”

“A critical design decision should be made by a person at that level of
administration at which he could be properly required to bear the respon-
sibility if the chosen concept failed.”

PROBLEMS OF DECISION/DESIGN

The main problems encountered in the area of decision/design may be sum-
marised as follows:
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The lack of definition of individual responsibilities.

It is important to ensure that all controlling engineers and managers con-
cerned with decision/design know when the design work has to be completed
to meet the programme and at what stage decisions are required to be made.
Inadequacies in these respects sometimes lead to relatively junior staff
initiating modifications to design which could have a serious effect on the
programme.

The time delay in the transfer of data from one person to another.

Laxity or delay in transfer of information can often be attributed to the
originator not co-operating because his internal organisation may not be
geared to handle the specific request, partly to the recipient demanding too
precise information at too early a date, and partly to the principal not being
specific in his requirements.

The delays which occur in the making of decisions.

Substantial delays are often encountered as a result of lateness in reaching
major decisions. There are usually very good reasons why these decisions are
delayed but methods should be introduced to ensure that the possible results
of these delays are more readily anticipated. The design/decision programme
should be such that major decision points are clearly visible to management
and some form of machinery should be instituted to ensure that decisions are
made in time or that management are aware of the resulting delays.

The changes in design which frequently occur at a late stage of the work.
Many project controllers have insisted on freezing of designs by certain
dates. Design changes, the desirability of which is a matter of opinion only,

Table 4.1 SOME TYPICAL ALTERNATIVES IN MICROWAVE RADIO RELAY SYSTEM
DESIGN

Sub-system

Alternatives

 Radio equipment

Power 0-Infinity (Watts)

Frequency 0~Infinity (Hz)

No. of channels 1,2,3,4,5,6...

Modulation AM, FM, AM-SSB, FM-SSB, digital etc.

Type tubes Diskseal, triode, klystron, magnetron, travelling wave etc.

Multiplexing Frequency division, PAM, PDM, PPM, PCM etc.

Receiver Transistor-mixer, diode-tunnel, diode-paramp, cooled paramp etc.
Antenna

Type Parabola, horn, slot array, lens, lens in horn, cassegrain etc.

Size 0-~Infinity (metres)

Material Aluminium, steel, copper, expanded metal, plastic etc.

Feeder Coaxial cable-circular, rectangular, elliptical waveguide etc.

Reflectors Rectangular flat, curved or chopped-elliptical flat or curved
Power plant

Capacity O-Infinity (Watts)

Primary system

Secondary system
Protection system

Diesel-generator, petrol-generator, wind-generator, mains supply,
thermoelectric, solar cell etc.
Battery, fuel cell, none

Diversity Polarisation, space, frequency
Combining Variable gain, equal gain, optimal switching etc.
Signalling

Dial pulsing, revertive pulsing, panel call indicator, multi-frequency
pulsing etc.
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should not be allowed to interfere with programmed freeze dates, but if the
desirability is supported by substantial established facts, the merits of
changes in relation to interference with established programmes should be
properly evaluated. New ideas are imperative for advancement of state-of-
the-art and if total freezing is adopted as a matter of policy it could lead to
total stagnation.

(e) The variety of alternatives facing the engineer in the preparation stages.
Different approaches to the same design problem both within project groups
and departments of the organisation, creates difficulties for manufacturers
and contractors. Whilst the principle of progressive development is accepted
it is considered by many engineers that greater standardisation of radio com-
ponent and unit design would be highly beneficial, Standardisation of design
can allow many tasks to be expedited without retarding design/development.,

Alternative approaches must be identified and evaluated and the opti-
mum chosen. This usually involves theoretical and simulator studies together
with cost and time analysis. 7able 4.1 indicates some typical alternatives
which may be available in a microwave radio relay system design study.

(f) The presentation of the programme in a form suitable for analysis of the
progress on a project.

CO-ORDINATION WITH OTHER GROUPS

Within a large organisation there are often many decisions made on a project by
groups, sections, branches and departments outside the orbit of the project
group control. Many of today’s radio engineering activities require such a wide
range of detailed knowledge of various facets of engineering that no single
group can encompass it. Therefore, many tasks are carried out by teams, each of
whose members have a basic understanding and expertise in at least one specialty
area. In some projects, teams composed almost entirely of engineers and support
technical staff may be sufficient to carry out the project work. However, in an
increasing number of the larger complex projects, experts in the arts, economics
and social fields may have to be involved. This is seen particularly in product
design, aesthetic considerations of masts and towers, and many other areas.

It is essential that the draft design/decision programme should show the
proposed commitments of these other bodies. It follows that this programme
should be submitted to these bodies for discussion and their agreement. The
bodies concerned would then detail their own programme of work and allocate
their resources. Subsequently it may be necessary to establish impersonal objec-
tive machinery for the reporting of delays when these bodies fail to meet their
accepted commitments.

In many cases of design work, it is difficult to prepare a programme which
has fixed periods because of the very nature of design activities. The design pro-
cess is not a one-way single pass effort. It may often be necessary for the
designer to retrace his steps. Feedback and iterations may occur at any stage. If,
at the analysis stage, undesirable responses are discovered and resynthesising can-
not correct these, then perhaps a new concept may be in order and if no suitable
concept can be formed, the problem may have to be redefined. Where alternatives
include novel features, the engineers concerned must ensure that sufficient time
is allowed to develop these features. Design, manufacture and construction times
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for novel designs will normally take longer than the time required for an extrap-
olation of an existing design.

Nevertheless, if the project group is to maintain control of the project as a
whole, then it is fundamental that it monitors all items which appear on the
design programme, regardless of who is responsible for the action or the nature
of the design/development work.

PREPARATION OF DESIGN/DECISION PROGRAMME

Many attempts have been made to produce a standard programme to cover all
contingencies of a design programme but although it is feasible to produce such
a programme, provided that the necessary resources are available, it would be so
complicated that it may be impracticable. In principle, a design programme
should be a progressive programme which is developed up to the stage where
contracts are placed in any particular area and after that, the design flow should
be controlled from the design programme.

Although there is some advantage in having the design programme in network
form it is apparent, even after a preliminary investigation, that a logic network in
full detail showing all the passages of information is not a practical proposition.
It has to be recognised that a design programme cannot be produced in one
operation, it is a progressive exercise and therefore the master programme should
contain sufficient information to stipulate when major decisions are to be taken.
As the decisions are made the early part of the master programme can be infilled
with design flow data. Making a decision releases a further area of work which,
up to the time of the decision, could only be covered by the outline of the time
required for the longest alternatives. If this infilling was carried out to its logical
conclusion the result would be a highly complex impractical programme. The
infilling should therefore be carried out to the point in any work area where the
contract is placed, after which, the design programme for that area can be
developed as part of the contract programme. In this manner the design pro-
gramme can be developed in specialised areas and executed by the engineer
responsible for that area.

It is fairly obvious that the space would not exist on the master programme,
due to the physical limitation of the paper, to accept the detailed infilling
described above. Also it would be difficult for any one group or body to extract
its commitments from such a diagram. A method of presentation which has been
found useful in large radio works is a series of ladder diagrams with a ladder for
each group, work area or contract. On each ladder is clearly identified the mile-
stone, key date and decision events extracted from the master network along
with the detailed passage of information. The complete diagram may take several
sheets but each group would receive its commitments on one sheet. Figure 4.4
shows a typical ladder diagram for antenna system contracts involved in a high
power medium frequency broadcast station project.

DESIGN FREEZE

In theory, after an item has been designed properly and released for manufacture
or other action, no engineering changes should be required. In practice, however,
changes or modifications do often become necessary. These may be due to a
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desire for performance improvement, a more economical product, a safer method
of carrying out a work, changes in requirement by the principal or customer, a
shortage in supply of a component, a design error or deficiency brought to light
by manufacture, testing or field service.

The proper evaluation of the need for an engineering design change must be
considered with the utmost care and skill. Changes should be kept to an absolute
minimum, as frequently many other groups may be affected by such changes,
causing disruption to schedules and increased costs. The engineering change
advice system used by many organisations is in itself an expensive administrative
burden.

Delays are often caused by changes in design which theoretically may result
in minor changes in efficiency or a small reduction in overall cost. The effects of
changes on the completion of a project may not always be fully appreciated.
They may have a far reaching effect on an installation or a manufacturer’s works
programme. Design changes, the desirability of which are a matter of opinion
only, should be carefully examined and evaluated before approval is given to
make the change. Sometimes re-design of some part of the work may be neces-
sary because of design errors in the first place. Many of these are often the direct
result of undue haste, inexperience or crash programme action introduced when
the project is running late or an earlier finalisation date is required. Under normal
circumstances, drawings and design calculations would be carefully checked and,
in some important cases, prototype or models may be constructed. However,
occasionally these desirable precautions cannot be put into practice.

Where -design changes are initiated by the principal, there is some compensa-
tion for the contractor as he would normally recover the cost even though they
may disrupt the smooth flow of logically planned work. Where, however, the
contractor finds it necessary to introduce designs because of shortcomings in his
own original work or assumptions, these represent a direct charge against the
project and have to be carefully controlled.

It is not always appreciated that the total cost of a design change can greatly
exceed the straightforward estimate attributable to the change itself. Factors
such as interest charges, space utilisation and extra overhead and administration
charges are often overlooked. _

The recording of actual costs associated with a design change is not always a
simple exercise. If a piece of equipment or plant has been completed and com-
missioned and a design change is introduced, there is little difficulty in determin-
ing the actual cost of the change. If, however, the change is introduced, say
midway through a complex work, a different situation is encountered. Large
cable forms may have to be opened to incorporate additional wires and remove
others, terminations may be changed, components may be added or removed
and many other such variations may occur in the work. As the inspection,
testing and commissioning would not have been completed, they would be
affected in both scope and complexity and it may be extremely difficult to
determine accurately that part of the work which is directly attributable to any
particular change.

CHANGE PROCEDURE

The problems and side effects of design changes in large and complex projects
may be far reaching and it is prudent to ensure that proposed changes receive
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proper attention in order that the full effects can be predicted as reliably as
possible. A formal design change procedure which examines the following
aspects is considered to be essential:

(a) The estimated cost of carrying out the design change after allowing for
credit of uncompleted work involved in the change.

(b) The cost break-up between principal and contractor of the cost associated
with the change.

(c) The effect of the change on the schedule.

(d) The need for, and advantages of, the change.

(e) The effect of the change on the performance, safety and reliability of the
facility, equipment or system.

(f) The cost and effort required in documentation such as manuals, charts,
drawings etc.

(g) The flexibility of the proposal.

Design changes can be classified as being either essential or desirable. If they
are essential, there is very little choice in the matter, and the decision whether to
proceed would be determined by the flexibility of the proposal put forward. If
the change is considered to be desirable, then this is a different matter and
requires close examination. Many proposed changes, particularly those associated
with improved efficiency or performance, have often turned out to be of less
benefit than the original claims offered. Also, little can be said in favour of a
change which may save a few pounds in parts cost, but which adds considerably
to the ultimate cost and schedule timing because of delays in obtaining or fitting
the parts.

DEGREE OF UNCERTAINTY

The degree of uncertainty in a project end date can be assessed from the standard
deviation on the end event, and if a scheduled date has been applied, the proba-
bility of achieving it can be deduced. Due to the multiple time estimates, opti-
mistic, most likely and pessimistic, the actual project completion date may
occur before or after the scheduled date. In analysing the three times estimate, it
is clear that the optimistic and pessimistic time should occur least often and that
the most likely time should occur most often. Thus it is assumed that the most
likely time represents the peak value of a probability distribution.

However, an examination of activity elapsed times will generally indicate
different spreads between the optimistic and pessimistic times. If the estimator
is 100% sure of completing the activity in a particular time, there would be no
spread. In fact, the extent of the spread is a reflection of the degree of certainty
of completing an activity within a specific time. The graphical representation of
the chances of completing an activity in any of the elapsed times can be repre-
sented by a normal probability distribution curve. In the case where the spread is
large, due to a high degree of uncertainty, the curve would flatten out but where
a high degree of certainty exists the curve would be narrow.

On the basis of the central limit theorem, it can be concluded that the proba-
bility distribution of times for accomplishing a work consisting of a number of
activities may be approximated by the normal distribution and that this approxi-
mation approaches exactness as the number of activities becomes great. The
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Table 4.2 NORMAL PROBABILITY DISTRIBUTION

Positive values Negative values
x Probability Probability % x Probability Probability %
0.00 0.5000 50 --0.00 0.5000 50
0.05 0.5199 52 —0.05 0.4801 48
0.10 0.5398 54 -0.10 0.4602 46
0.15 0.5596 56 —0.15 0.4404 44
0.20 0.5793 58 -0.20 0.4207 42
0.25 0.5987 60 —0.25 0.4013 40
0.30 0.6179 62 -0.30 0.3821 38
0.35 0.5368 64 —-0.35 0.3632 36
0.40 0.6554 66 -0.40 0.3446 34
0.45 0.6736 67 —-0.45 0.3264 33
0.50 0.6915 69 -0.50 0.3085 31
0.55 0.7088 71 —0.55 0.2912 29
0.60 0.7257 73 —0.60 0.2743 27
0.65 0.7422 74 —0.65 0.2578 26
0.70 0.7580 76 -0.70 0.2420 24
0.75 0.7734 71 -0.75 0.2266 23
0.80 0.7881 79 —0.80 0.2119 21
0.85 0.8023 80 —0.85 0.1977 20
0.90 0.8159 82 -0.90 0.1841 18
0.95 0.8289 83 —0.95 0.1711 17
1.00 0.8413 84 —1.00 0.1587 16
1.10 0.8643 86 -1.10 0.1357 14
1.20 0.8849 88 -1.20 0.1151 12
1.30 0.9032 90 -1.30 0.0986 10
1.40 0.9192 92 -1.40 0.0808 8
1.50 0.9332 93 -1.50 0.0668 7
1.60 0.9452 95 ~1.60 0.0548 5
1.70 0.9554 96 —1.70 0.0446 4
1.80 0.9641 96 —1.80 0.0359 4
1.90 0.9713 97 -1.90 0.0287 3
2.00 0.9772 98 -2.00 0.0228 2
2.50 0.9938 99 -2.50 0.0062 1
3.00 0.9986 99 —3.00 0.0014 1
4.00 0.9999 99 —4.00 0.0001 1

probability can be calculated by adding the standard deviations which are direct
functions of the spread and relating the difference between event earliest date

and

scheduled date. The probability is dependent upon the distance, usually

weeks, between respective dates and the square root of the summed variance of
the individual expected times along the critical path.
The procedure in calculating probability may be summarised as follows:

(a)
(b)
(©)

(@

©)
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Determine the spread of each activity leading to the scheduled event.
Calculate the variance (standard deviation squared) for each activity.

Total the variances and obtain the standard deviation by taking the square
root of the sum of the variances.

Substitute values in the following formula to derive factor x.

scheduled time — earliest time

standard deviation

Select the probability for the x factor from Table 4.2 of the normal distri-
bution function.
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Figure 4.5 Probability application for a television antenna and tower expansion programme
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In calculating probability values it frequently happens that the network gives
more than one most critical path to the event having the scheduled date and
giving different values of standard deviation for each path, even though they
may be of equal length. In these cases, the lowest of the alternative values of
probability is used.

Figure 4.5 shows a typical application of probability associated with the pro-
visioning of antennas and towers for 10 television stations forming part of a
major network expansion programme.
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Chapter 5

Planning and Tender Schedule
Stages

An examination of reasons for failure in achievement of many radio projects has
highlighted the fact that insufficient attention had been given to the proposals
during the planning and tender schedule stages. Many projects showed that a co-
ordinated programme, covering the whole range of activities, had been lacking.
Proper planning is essential, otherwise it may be found that insufficient time is
available for adequate consideration of the many inter-related issues. The plan-
ning and tender schedule stages fix the direction, and have considerable influence
on the success of nearly every project. These stages should be programmed and
monitored in the same way as the activities associated with the installation,
construction and commissioning stages.

The profit on one project was reduced considerably when the tenderer failed
to properly consider interface problems between a large tropospheric antenna
dish and the support structure. The contractor designed and built the dish but
purchased the structure from a sub-contractor who did not have a proper appreci-
ation of the loading and purpnse for which the structure was to be used. Consider-
able on site work was necessary to correct problems that should have been
evident during the planning and design stage.

AIM OF PLANNING OPERATIONS

The need for proper planning by any organisation arises simply from economic
considerations and the availability of manpower resources. The attainment of
objectives is a process involving the allocation of these available resources. Once
this basic concept of resource allocation is recognised the need for planning to
achieve the best compromise of alternatives becomes evident. The aim of planning
operations should be:

(a) To set down specifically the objectives of programmes.

(b) To analyse systematically and present for management decision, possible
alternatives and programmes to meet these objectives.

(c) To properly evaluate and set down the beneficial results and costs of
programmes.

(d) To determine the complete cost estimates of programmes including the
ultimate operation and maintenance expenditures where new works are
involved.

(e) To set down a schedule of expenditure and accomplishment during the
various years of the life of each project on the programme.

(f) To indicate to management, future requirements of manpower, funds and
other resources necessary for its future operations.
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(8) To promote better communication between all parties concerned with
development plans.

Planning is always carried out with a specific aim in view. At every level at
which plans are made, there is a need for an objective because planning not only
implies, but involves, action. The main point of any plan must be the achieve-
ment of the objectives which have been established. Frequently, planning is on a
continuing basis, as for example radio communication systems carrying public
traffic. These are invariably under continual study and analysis. The objective,
in this case of satisfying the demands for service, requires an exacting solution
in order that the service/cost balance, is maintained.

The objective of planning is the development of an over-all plan of accomplish-
ment and identification of all the necessary tasks to the degree of detail relevant
and the use to which they will be put. When planning is based upon sound
estimating, coupled with a realistic concept of the time required to accomplish
the work, then maintaining schedule is largely a matter of regular comparisons
between actual and scheduled progress, with corrective action being taken by
management wherever and whenever deviations occur.

BENEFITS OF TIME/COST SYSTEM

One of the principal management aids used in the planning and tender schedule
stages of a project is the time/cost system. Its main benefits are that it assists in:

(a) Assessment of the relative merits of alternative approaches to a problem.

(b) Definition cf the total scope of the schedule and identification at an early
stage of individual tasks and works which have to be done.

(c¢) Identification of key decision points and the associated deadlines for these
decisions.

(d) Determination of funding requirements for the project and the rate at which
funding build-up will take place over the life of the projects.

(e) Establishment of the critical areas of an effort and the assessment of effects
on these areas of additional resources on parallel efforts.

(f) Definition of those tasks which must be started immediately.

THE NEED FOR MONITORING AND REPORTING

To make sure that the benefits to be gained from working to comprehensive and
properly planned programmes are not lost by failures of implementation,
procedure for monitoring and reporting progress on all planning and tender stages
must be set down. This procedure is an essential safeguard to ensure that a
project develops in a proper manner in accordance with the planned programme.
In the case of a large radio station or a long haul broadband microwave radio
relay system, two to three years of planning and schedule work may be involved,
and decisions on new stations or link systems may have to be taken up to seven
years ahead of the operational requirement date.

Key events which are crucial to subsequent phases of a project should be
monitored so that all responsible for these phases know the progress position.
In areas where flexibility is obtained, and the need for this in planning is well
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recognised, programming of certain stagesis all the more important. The intention
is not that planning events should be scheduled to occur at the same time for
every project but that a programme for these events should be established early
for each project, so that it fits in with the programmes for the subsequent design,
manufacturing, installation, construction and commissioning events. This plan-
ning programme should be monitored and reported on, in order that the effects
of any variations on later stages would be known as soon as possible.

PLANNING STAFF

Since the project engineer and his staff are responsible for achieving the objectives,
it is reasonable to expect that they should plan and measure their accomplish-
ment. However, there is some merit in having a group specifically assigned to
planning and scheduling work. The advantages of having such an establishment
may be summarised as follows:

(2) The exchange of information about various projects can be easily and simply
organised because all the planning staff are physically located together.

(b) The planning engineer can maintain an objective viewpoint of the proposal.

(c¢) Personal growth is provided for the planning engineers by giving them a
greater breadth of experience in the organisation activities.

(d) A high degree of skill can be achieved by the planning staff, since they are
generally riot given time consuming administrative chores to the same extent
as project staff.

(e) Projects phase in and out, and planning staff are easily moved from project
to project.

(f) Emergency or high priority works can be handled more readily because of
the greater concentration of staff.

The planning stage is an important stage in any project and the work calls for
staff with the broadest background. Not all engineers are trained in the fields of
economics, statistics and marketing but nevertheless the work could hardly be
performed by specialists who may be trained in these fields if they are unqualified
in the technological aspects.

Experience by several organisations involved in large international turnkey
projects has shown that the best staff for planning and scheduling work are those
drawn from field project areas. As planners, they are more aware of the problems
of project engineering, and establish better rapport with the field staff. If project
staff do not assist the planners in making the initial breakdown of the project,
they should be consulted in the next step, to confirm the logic of the breakdown
and to prepare estimates of resource requirenfents. It is important that all levels
participate in the planning, to the extent of their responsibilities. Mutual planning
in this manner will result in many benefits, some of which are:

(a) The direct and personal involvement of planning and project groups at the
planning stage.
(b) Development of a common understanding of the goals.
(c) An appreciation of the contributions of other groups.
(d) A realisation of the need for clear communication between interacting
groups.
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ENGAGEMENT OF CONSULTANTS

Many medium and small size organisations find it necessary and desirable to
engage the services of outside radio engineers to help with the planning, design
and installation of major projects. The project is very often an activity incidental
to their main goals and as project management is not part of their main business,
they cannot afford to divert time and attention from their chief responsibilities,
where they are efficient, to the specialised job of project planning and manage-
ment where they are likely to be inefficient. For instance, management of a
commercial broadcast station may decide to replace their conventional single
radiator with a multi-element directional antenna system in order to increase
coverage in certain directions or to meet changed requirements of the licensing
authority. The system design, preparation of specifications, technical analysis
of tenders and general management of the project would generally be beyond
the capacity of the normal station operations staff.

Another important factor in favour of the engagement of outside consultants
is the objective and impartial viewpoint of the outside engineer, especially in the
early or preliminary study stages of the project. He is able to devote full attention
to the specific problems associated with the project without being continually
interrupted or detoured to deal with the normal day-to-day engineering mange-
ment activities. If the organisation is to use an outside engineer, the greater
advantage will be gained by it when it calls him in at the very beginning to help
with the preliminary study rather than after they have contracted to purchase
certain equipment or plant.

TYPE OF CONTRACT

The requirements to achieve an adequately planned programme for the develop-
ment of a project through its planning and tender schedule stages must have
regard to the type of main contract to be placed. The two main types may be
classified as:

(a) Equipment or plant contracts.
(b) Station or system contracts.

Equipment or plant contracts involve the provision of major items for a station
or a system. For a broadcast station the equipment may include such items as
transmitters, antennas, power plant etc.

Station or system contracts on the other hand involve the provision of a com-
plete station or system and may include major building and civil engineering site
work.

It is usual to refer to contract plant or equipment as being of a standard type
or a prototype. The standard type refers to items or units of a particular size and
design for which contracts have been placed previously and for which specifica-
tions are readily available such as transmitters of various outputs. Nevertheless,
it is often necessary to modify specifications as a result of development, experi-
ence or geographical location or environmental consideration but the so called
‘repeat’ station units can be included under this category from the specification
and design aspect.

Prototype equipment or plant refers to equipment or plant of a size or design
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for which no contracts have previously been placed. With the rapid changes in
technology, prototype equipment is being installed to an ever increasing degree
on contract. Realistic scheduling for prototype facilities requires an appreciation
of the work involved and problems likely to be encountered. Typical equipment
in this category has been broadband microwave radio relay equipment where
technology has enabled the channel capacity to be gradually increased in steps
from 300, 960, 1200, 1800, 2700 to 6000.

PROGRAMME STAGES

For a large project which may take two or more years to complete from the date
at which a contract is placed, up to three years of planning and tender schedule
work may sometimes be necessary. The pre-contractual stages are generally
referred to as the Provisional Year, Intermediate Year and the Final Planning and
Tender Schedule Year. The development of these stages for a typical high power
television transmitting station is shown in Figure 5.1.

In setting down the programme, the aim should be to select rational timings
for the key stages, which if adhered to, would ensure that the contracts are placed
with a satisfactory relationship to the completion date of the station or system.
Good management requires that a project proceeds through its full cycle of
activity as planned from its first listing in the draft preliminary proposal. Depar-
ture from this cycle by the introduction of crash programmes is undesirable and
is likely to lead to excessive expenditure.

THE PROVISIONAL YEAR

In many organisations, preliminary proposals for the year’s development plan are
prepared by the Planning Branch at a particular time each year and the plan
introduces the proposals for a new year, the provisional year. If the project is a
very large one which may require five years to commission after placement of
the contract, then the provisional year would be about seven years ahead of the
commissioning date. These preliminary proposals may be referred to other
Branches or Departments when information relating to them is required for a
specific purpose, for example, the associated capital investment estimates.
Preliminary studies of proposals invariably revolve around four main questions:

(a) What is physically required for the station or system?
This involves an estimate of the types and sizes of the various equipment
and plant, such as racks, control desks, cubicles, power plant, ancilliary
equipment and antenna, also site requirements, buildings, utility facilities
etc. If the installation is of a type that is well established and already in
operation elsewhere, for instance, a broadcast or television station, then the
work in this phase will comprise mainly sizing up or down of equipment and
utilities, and keeping in mind physical changes of antennas etc. with wave-
léength change. Innovations and improvements which have emerged since the
last installation would also be taken into account.
An analysis of various alternatives may be necessary. In the case of alarge
high power transmitting station these alternatives may include:
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Figure 5.1 Programme for planning and tender schedule stages for typical television station project
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(i) external type vault equipment versus internal type requiring covered
building space;

(ii) automatic or remote control equipment requiring complex equipment
but less staff and less overall building accommodation, versus a manual
control and staffed situation;

(iii) extension of commercial mains versus local generation of power;

(iv) erection of staff houses on site as against payment of special allowances
for travel from a distant town etc.

What is the station or system installation going to cost?

This aspect involves a cost estimate of the physical requirements together

with the cost of installation, erection and commissioning. All costs associated

with buildings, site purchase, site civil engineering works, access roads and
overhead charges would be included in this exercise. The adequacy of this
phase of the work will rest directly upon the analysis of (a), accessibility to
reliable up-to-date prices of equipment, materials, plant, transport, hire of
plant and labour.

Estimates of varying quality based on design information of several
degrees of completeness may be required during successive stages of the
study. The main estimates normally applicable are:

(i) Economic study estimates.
The simplest and most convenient method of estimating the capital cost
of a task is from curves of capacity versus cost. These costs are plotted
from experience with plants of various capacities, preferably of identical
type. Many curves are available showing for example, costs per channel
kilometre or per station for typical radio relay and tropospheric scatter
systems, costs per kW of m.f. and h.f. transmitter installations, costs per
channel for satellite systems, costs per kW for diesel generating plant
and costs of masts and towers for various heights.

(ii) Comparative design estimates.
The capacity versus cost curves are not suitable when it is necessary to
compare one design against another. However, it is often too expensive
to price from complete detailed designs. One approach frequently used
is to prepare comparative estimates from partial designs. Design effort is
concentrated on a few key items, determining all other costs by statistical
relationships between these key items and other elements of the project
cost. For a radiocommunication repeater, the key items are the radio
equipment, power plant, shelter, and tower. These items not only
represent the greatest percentage of the cost, but they also establish
requirements for the other elements.

(iii) Detailed estimates.
These estimates are based on firm project definition and should be
sufficiently accurate enough so that the complete work cost will not
vary significantly from the estimated cost. Many organisations require
that the final cost of the project should deviate no more than + 10%
from the estimate on which funding was approved. This degree of
accuracy requires extensive records, considerable field experience and a
thorough analysis of interfacing problems including those influenced by
site conditions.

How long will the work take to complete?

Practically all project works are undertaken on the basis of completion within
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a definite period after commencement of the work or signing of a contract.
Such a condition can be fulfilled only by the most careful planning in advance
and by the smooth meshing of the tasks of all groups associated with the
complete work. The degree of success in meeting an agreed upon time period
will depend upon the skill and understanding with which the time table or
schedule is prepared, and also the earnestness with which it is observed
during the progress of the work.

The proper preparation of an accurate schedule requires familiarity and
considerable experience in handling radio engineering projects. Many groups
may be involved in a large project and each group will, within reasonable
limits, invariably want as much time as possible for the phase of the work
for which it is to be responsible. This may be more than management is
prepared to accept, and a series of conferences of all involved groups may be
necessary in order to prune times to acceptable periods which can be met
with the resources available.

(d) How much will it cost to operate and maintain the station, facility or
system?
In determining the cost of operation and maintenance it is necessary to
estimate the cost of the power consumed by the system, maintenance parts,
labour for maintenance and operations, and administration and other over-
head charges. Finance charges including interest, rates, taxes and insurance
would also be included in the total cost.

Actions to be initiated in the three years of the planning and tender schedule
stages will depend on the nature of the project. In many radio engineering
projects, early field strength or path survey work will be involved in order to
determine such matters as station location, area of site required and type of
building. There are so many conflicting factors that each project must be treated
separately when preparing a programme. A standard programme is often out of
the question. For example, in the case of a medium frequency broadcast station
there may be aviation restrictions concerning the erection of masts, local authority
planning and building restrictions and many other local factors. It may well
happen that in a given locality the prohibitive price of land, the cost of preparing
the site, erecting buildings, construction of access roads or installing the equip-
ment, outweigh consideration of technical superiority.

All these factors and many others make it necessary for considerable engineer-
ing effort to be involved in each major project during the years prior to the
contract stages. As an example the main actions required in the planning of a
typical high power television station in the provisional year are as follows:

(a) The site should be selected and the necessary steps taken to arrange its
acquisition. Because height is a primary consideration for a television trans-
mitting antenna, much of the preliminary work can be resolved from an
examination of contour maps in the office. The site layout which would
closely follow the site selection or which may even be carried out in parallel
with it will be an important factor in determining the amount of land which
has to be acquired. In many instances no special road works are required for
site access but in others costs may be high or even prohibitive. In some
mountain sites chair lifts may be required.

(b) Preparation of the equipment and plant specifications is one of the earliest
actions required in the provisional year because the equipment and plant
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have a critical bearing on the building requirements. Also the antenna system
has considerable bearing on the tower and its foundations and area require-
ments. Most programmes will show the equipment specification as being on
the network critical path at a very early stage.

(¢) The planning of the building can be commenced when the important equip-
ment features have been resolved. Issues which have an effect on the building
requirements include, operational staff numbers, air conditioning or ventila-
tion, floor loading, ceiling heights, type of equipment, means of receiving
programme from the studios, i.e. by microwave link or rental of coaxial
cable from the common carrier authority and any special requirements such
as brick construction or aesthetic considerations imposed by local authorities.
During preparation of the building requirements prior to briefing of the
architect, it would be normal for the planning engineer to discuss the
proposal with the project engineer or group who would eventually carry out
the installation of the station technical facilities.

(d) At the end of the year or other suitable period dictated by local procedures,
the building proposal would be submitted to the appropriate management
level for approval in principle before briefing of the architect, and formally
calling tenders for the equipment.

After management has agreed upon the overall broad plan and schedule for
the project, the detailed aspects of the planning and scheduling can be under-
taken. The work must be broken down into packages and placed in the correct
sequence in which they will be accomplished. The amount of manpower for each
phase of the work has to be determined as part of the exercise. Often the detailed
work will show up important aspects which have been overlooked in the broad
overall plan. The detailed examination may reveal manpower requirements
considerably in excess of the original estimate in which case management may
have to reconsider the desirability of proceeding with the proposal. On the other
hand the examination may reveal techniques or ways of achieving the objectives
more economically and/or at an earlier completion date.

INTERMEDIATE YEAR

The intermediate year is involved in clearing the major activities to allow place-
ment of contracts in the final year. In some cases, where long manufacturing
times are involved, it may be necessary to place some contracts in this year.
However, many organisations consider this is the year where firm prices are
obtained in order to seek financial approval in the final year.

A matter to be cleared early in the intermediate year is the briefing of the
architect to allow building design and tender work to proceed. In the majority
of installations, the building is on the critical path of the network and details
should be finalised as soon as possible, to allow tender prices to be obtained
before the end of the year.

The equipment tenders should be issued early in order to obtain prices and to
confirm estimated delivery times. In many cases these delivery times may be
long, particularly if the manufacturer is heavily committed for other works and
it may be expeditious to place a contract or at least forward a letter-of-intent,
ahead of the programmed year. External plant such as antennas and towers.are
also items with long lead times and tenders should be called sufficiently early to
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allow completion by milestone dates. The studio-transmitter arrangements for
the programme bearer should be finalised early in the year. If a microwave radio
relay link is to be used, the path will have to be surveyed and tenders called for
the radio equipment and the towers. If on the other hand a coaxial cable bearer
is to be rented from the common carrier authority, then negotiations should be
conducted early in order to allow the authority to proceed with any necessary
work.

FINAL PLANNING AND TENDER SCHEDULE YEAR

As early as possible in the final year or immediately the first contract has been
placed the project group should be issued with the necessary authority to proceed
with the work. Many organisations, however, involve the project engineer at a
much earlier stage than this. If the project engineer is involved early in the life of
the project he will have gained acquaintance with the background of the task
which will in its later execution promote a smoothness that can hardly be recap-
tured by a person called in after all major decisions have been made. The docu-
ments issued to the project group should include all the relevant design data,
schedules, specifications, tender and contract papers, negotiations with local
authorities and environmental bodies, any restrictions to site access and all other
matters associated with performance of the work.

If the task concerns the installation of a station complex, the project group
should carry out a detailed investigation of the site to confirm that the proposed
layout is the optimum arrangement and proceed with pegging out and establish-
ment of the station reference bench mark, They should also take action to ensure
that all materials and facilities which have to be provided for the contractor in
accordance with the contract are on site or readily available.

As soon as the project group is satisfied that it can proceed in accordance
with its authority, it should involve the relevant specialist groups such as power
plant, reliability, structural etc. If subsequent operations and maintenance are to
be performed, the maintenance and operations group should also be a member
of the group. This involvement should include such detailed aspects as:

(a) Basic details of the project.

(b) Site, buildings, access arrangements, equipment and plant layouts.
(c) Work site logistics.

(d) Power supply arrangements.

(e) Unusual installation, operating and maintenance features.

(f) Expected reliability and extent of maintenance and servicing.

(g) Programmed commencing, testing and commissioning dates.

(h) Staff training arrangements.

(i) Spare parts, mechanical aids, vehicles, handbooks, drawings etc.

CONTRACT STAGES AND ACTION REQUIRED.

Reference has already been made to the two main types of contracts:

(a) Equipment or Plant Contracts.
(b) Station or System Contracts.
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Broadly each type of contract requires the planning of the following set of
operations:

(a) Preliminary research and design work.

(b) The preparation of the specification including drawings and tender schedule
documents.

(c) The printing of the specification and the completion of other documents
associated with the calling of tenders.

(d) The calling of tenders.

(e) The preparation of tenders by the manufacturers and service suppliers.

(f) The examination and assessment of the tenders and preparation of the
recommendation.

(g) The procedural requirements of the organisation which have to be followed
before the contract can be placed.

There are a number of lessimportant procedural stagesleading up to the various
key stages and experience has shown that an appropriate time interval should be
left between the key points to accommodate the intermediate points. For
example, before a recommendation is submitted to the Contracts Department it
may require the approval of Branch and Engineering Department Heads. When the
overall programme has been agreed by the design and project groups, it is the re-
sponsibility of the latter to arrange the programming of these minor stages for their
particular contracts and to fit this programming into the agreed co-ordinated plan.

The programme usually leads to the placing of all contracts, with the excep-
tion of the site purchase, early in the financial year. This timing allows for the
project to be submitted for financial approval early in the year, as all the major
contract prices should be known at that stage. If the receipt of tenders is spread
over the year, it makes it difficult to prepare an accurate summary of the total
project cost at an early stage. Funds approval should be sought in sufficient time
to allow payment of materials and services when they become due in accordance
with the terms of the contract.

In the case of antenna, feeder cable and tower schedules, it is sometimes
advantageous to allow a good time margin as economies may often be obtained
if one contractor carries out the work called for under the various schedules. Not
all manufacturers are in a position to supply all items, and it may be necessary
for them to seek quotations from other suppliers or prospective sub-contractors.

The programme shown for a typical television station can only be taken as a
guide and the programme for a specific project contract should be drawn up to
suit the requirements of that contract. The only firm requirement which must be
applied to all contracts is that all preliminaries should have been completed so
that contract prices are obtained early in the final year in order to seek a firm
financial allocation for the project.

Tenderers should be required to support their proposals with networks and
resource estimates to assist management in the analysis and evaluation of the
proposal. This will assist in the proper assessment of all proposals during the
examination stage by providing:

(a) A common base or structure for comparison of time schedules and resource
estimates submitted by the various tenderers.

(b) A discipline which communicates the logic and reasonableness of the
proposed time schedules and resource estimates.
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(c) A reassessment, if necessary, of target dates and resource requirements for
completing various phases of the project as estimated by planning engineers
prior to calling of the tenders.

PROGRAMMES FOR STANDARD EQUIPMENT

Improvements and proposed variations to the last issued specifications will
generally be a continuing process as suggestions are fed back from project groups,
maintenance or operating groups, and consequently no specific time would be
shown on a programme for this stage of the work. The redrafting of some of the
specifications will start immediately after approval of the development plan or
very early in the provisional year. In some large projects a period of 18 and in
some cases 24 months may be necessary on the programme for the preparation
and printing of specifications, the issue of the schedules and the preparation and
return of the tenders by the competing tenderers.

The programme time to be allowed for assessment of tenders will vary with
the type of equipment, plant and magnitude of the work. The examination and
preparation of a technical report for an antenna coaxial feeder cable would be a
relatively simple and straight forward exercise and should normally be completed
within a few weeks. However, a directional antenna system for a television or
medium frequency antenna may require considerable analysis perhaps by com-
puter program and would take much longer. Also, considerable time may be
occupied in seeking and obtaining additional technical information from the
tenderer on his proposed design.

Following nomination of the contractor, a programme period of four to six
weeks is often required to complete negotiations with the selected contractor or
to clarify any last details of delivery or costs, and for contract finalisation by the
Contracts Department.

The capital cost estimates for the project will have been in course of prepara-
tion over the previous six months or so with a view to submitting the proposal to
the appropriate management level for approval.

PROGRAMMES FOR STATIONS OR SYSTEMS

As in the case of standard plant or equipment, improvements and proposed varia-
tions to the last issued specifications will be a continuing routine process and no
set time for this work would normally be shown on the programme. The opera-
tions required to obtain tenders and place a contract for a complete station or
system do not differ from those required to place a conventional equipment or
plant contract, except in the time periods allowed for the different stages.

The time programmed would of course depend on the nature and magnitude
of the project. For instance in a broadcast or television station programme a
period of 2-3 months may be sufficient time for selection of a site, but for a
high capacity long haul radio relay system a period of 6-9 months may be
required to select all sites on the route. Also, the design of a complex directional
antenna system with an unusual pattern would take considerably longer to detail
than one for a standard omnidirectional radiator.

The procedural stages prior to placing the contract follow the same pattern as
for conventional contracts.
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PROJECT PROPOSALS

On completion of the initial planning phase of a proposal, management approval
has to be obtained for engineering concurrence and the allocation of fundsbefore
the work can proceed. Tenders can then be called for the work by the issue of a
tender schedule or a manufacturing order can be issued to put the work in hand.
In addition to securing approval for allocation of manpower, funds and other
resources, it can also be considered to be a guide line for subsequent development
or planning activities.

The method of obtaining this approval varies from one organisation to another
and the most common names used for the document are Project Proposal, Work
Proposal or Project Summary. Invariably, a separate submission is required for
each proposal although in some cases of relatively minor works top management
may allocate a lump sum for these proposals, with the approval for individual
proposals being vested in a lower level of management.

To allow a proper appreciation and examination by management, all major
project proposals should contain the following basic information:

(a) The objective which the proposal aims to fulfil.

(b) An outline of the problem and how the proposal will bring about a solution.
This should include details of any systems which the proposal will supersede
and the reasons why the work should be carried out in the time scale
planned.

(¢) An introductory functional description of the system proposed, outlining
how the objective will be fulfilled, the need satisfied and how it will match
the environment under which it is to function.

(d) The estimated cost of the work including materials, labour, incidental
expenditure and administration or overhead charges. Where the work extends
beyond one financial year, expenditures for the various years should be set
out.

(e) The value of the system proposed should be fully explained and supported
with data or the expected demand, profits, savings, operating and mainten-
ance costs or whatever are the primary measures of success of the system.

(f) Economic comparison studies of alternative schemes should be outlined,
giving reasons as to why the recommended proposal was chosen and the
order of preference of other schemes studied.

(g) Where the project is one involving alarge manpower effort, the most desirable
build-up and decay of these resources should be indicated.

(h) Special environmental factors which influence the design or cost of the
work. Typical factors would be social (shortage of operating or installation
manpower), physical (difficult mountain top site condition) and economic
(system of high capital cost but lower annual operating costs).

(i) Constraints which may be applicable to the proposal.

(i) References to files, reports and official correspondence which may have
initiated the planning work,

Promotion of the proposal to top management is necessary to obtain their
approval to proceed with the work. It should be written in a style and manner
which will present a clear and concise picture of the work proposed. It should
be expressed in simple understandable language and set out the advantages to
be obtained by carrying out the work. It is most annoying for management to
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receive a proposal that is prepared in such a manner that they have difficulty in
understanding what the proposal is all about. Management cannot be expected
to approve a scheme which it cannot readily understand, regardless of its inherent
merits. It may have to be referred back to the originator for clarification or
additional supporting information. It is important also that the technical attrac-
tiveness of the proposal is not rated ahead of profitability, except in special
circumstances, such as work to be carried out to improve safety aspects. The
profitability aspects of a proposal are of vital concern to management. Although
a technically attractive proposal may result in a profit, its profitability, that is
the ratio of profit to investment, may be small.
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Chapter 6

External Plant Programmes

External plant designs are seldom truly repetitive. For example, a mast design is
influenced by the site on which it is placed to the extent of variations in wind
loading, ice loading, soil conditions, contours which affect guy lengths, the
extent of atmospheric corrosion and several other factors. Experience with many
projects has shown that the majority of large external plant works have run into
programming difficulties for several reasons at nearly all stages of the work. One
factor which has led to lost time in the early programme stages is the method of
handling the basic design work.
There are two generally accepted methods of handling basic design:

(a) The detailed design scheme.
In this approach, considerable time and effort is spent on working up a
design in detail before submitting a tender.

(b) The sketch design scheme.
In this scheme, a sketch design is produced in a relatively short period,
sufficient only for pricing and selecting a contractor. The selected contractor
would be given a letter-of-intent to work up the design in detail by joint
consultation. The firm contract would then be placed after agreeing on the
worked-up design.

The advantages of the sketch design scheme are briefly:

(a) There is a saving, both financially and in terms of effort in abortive design.
(b) There is often little problem in paying for a series of worked up designs.

The disadvantages of this scheme are:

(a) There is considerable difficulty and risk in quoting a fixed price on a design
for a complex project that has only been worked to the sketch stage.

(b) It is extremely difficult to make a proper technical assessment of an un-
developed sketch design. It could lead to an error of judgment in making the
best choice.

(c) The release of important information on which to develop the station design
may be delayed pending the work-up of the sketch design.

THE DESIGN PROGRAMME

Four critical areas are usually involved in large external plant projects. These are
masts and towers, antenna systems, transmission lines and the line switching
system. If these areas are properly programmed the rest of the site work can be
made to fit into the network with little difficulty. However, in considering a
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station design as a whole, civil engineering works such as clearing, roadworks,
drainage and switch-house could well prove to be critical factors during the
period between the plant design and its erection or installation, especially if site
access is difficult.

A typical design programme developed around a detailed design scheme may
have several phases. The programme may start with the issue of a tender schedule
covering the broad concept of the project. The design would be developed.in
consultation with the principal and prospective sub-contractors. At the end of
the design development period, the basic plant layout will have been agreed, so
that the principal may proceed with the design of site access roads to the an-
tennas, clearing and other associated works. The time necessary for this tender
preparation work would be fixed by the principal but would be governed by the
size and complexity of the works. Nine to twelve months is a typical period for a
large project. A tender examination period of two to three months is generally
adequate when close liaison has been established during the tender compilation
stage.

As soon as the contract is placed, detailed drawings must be produced in
order that manufacturing details and ordering can proceed. Often the lead time
of basic raw materials such as steel for masts, copper for transmission lines and
antennas, steatite insulators etc. are variable depending on demand and resources.
Many manufactured items may also have long lead times. For example, a 500 kW
line switching matrix may involve a period of 18-24 months between ordering
and on-site delivery dates. The implication of this is that drawings forming part
of the material or plant should be completed as quickly as possible.

It is not an easy matter to determine the degree of planning a tenderer should
be expected to carry out before submitting his tender. The planning of the
external plant works developed from the Master Programme will have ensured
that the tenderer has clearly specified completion dates for all areas of work, on
which he can plan. Any restrictions on his working will have been stated. Thus,
having ensured that the tender schedule is based on a reasonably final design, it
may well be appropriate to ask tenderers to include information in tenders
which demonstrates clearly the amount of planning done in preparing them.
Tenderers could be asked to state details of rates of working such as wire laying
for earth mats, transmission line and mast erection and to include in their
tenders programmes based on the schedule dates, together with plant location
and movement charts. This information would assist in tender discussion and
assessment, and ensure a well planned early start to the contract, besides demon-
strating the tenderer’s capacity to plan properly and to provide and organise
adequate resources.

MANUFACTURING PROGRAMME

Manufacturing programmes for external radio plant are generally prepared in bar
chart rather than network form, mainly because it is difficult to develop a system
of production control. The programme is of necessity a compromise between the
requirements of production, inspection and test sections which are in large part
multi-contract in nature and of single project control. It has to serve both, and
the aim is to produce a programme which is compatible with both the manu-
facturing detail and the main contract programme. It is usual to commence with
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Figure 6.1 Design, fabrication and erection of 150 m mast

development of design for manufacture and end with delivery to site.
Some of the difficulties encountered in programming and controlling manu-
facturing processes are as follows:

(a) The direct interfacing of the manufacturing programme with the site erection
requirements generally lacks any contingency for manufacturing delays.

(b) Time estimates for manufacturing or fabricating processes are prepared in
parallel with the development of design and are not placed on a firm speci-
fication with the itemsto be manufactured or fabricated. This is illustrated in
Figure 6.1 which shows in bar chart form, the procedure followed from
design to erection of a 150 m mast.

(c) Time estimates for manufacturing processes tend to err on the side of
optimism, and pressure from the project programme often conflicts with
attempts by the production group and the contractor to revise the forward
programme in terms of known work content.

(d) Budgetary control requirements need the support of working level arrange-
ments for the derivation of a realistic incidence of expenditure from a
manufacturing programme.

PROGRAMME SERVICING

Having specified the key events in the design programme that impinge upon the
integrity of the detailed manufacturing programme, there is need for an informa-
tion service on their achievement. Prior to the achievement of these key events
in the design programme, the manufacturing intentions for each section of the
contract represents only a provisional booking of the facilities required. An
event reporting service from the design programme would enable positive con-
firmation of manufacturing intentions to be sought, directly the design clearance
of each major section of the contract is confirmed.

The monitoring of the manufacturing programme has many problems, for
field staff, and experience has shown that one effective means is by the direct
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issue to the project group site staff of a copy of a completed manufacturing
progress questionnaire to enable updating of the erection programme and sup-
plemented as necessary by a comprehensive tabulation of delivery intentions.
Table 6.1 shows a typical form of delivery intentions of material for a transmit-
ting antenna system comprising four arrays and associated plant.

Table 6.1 DELIVERY INTENTION TABLE FOR H.F. TRANSMITTING ANTENNA
SYSTEM
Organisation: AYZ Broadcasters Ltd
Delivery Intentions as at: Sept. 1977
Action Code A = Commence Delivery Material To Site
Z = Complete Delivery Material To Site

Radio Station Item Material Qty Prog-  Anmtici-  Action
(sets) rammed pated
Site A 1 Transmission line assemblies 8 40/76 48/76 A
2 wire (matrix to antenna) 50/76 6/77 Z
Transmitting 2 Transmission line assemblies 8 45/76 46/76 Z
antenna system coaxial (matrix to antenna)
3 Transmission line assemblies
shielded 2 wire (transmitter 3 48/76 3/77 A
to matrix) 52/76 71717 Z
4 Transmission line assemblies
coaxial (transmitter to matrix) 3 49/76 3/77 Z .
5 Antenna switching matrix, 1 9/77 12/77 A
2 wire with support structure 15/77 18/77 Z
6 Antenna switching matrix, 1 6/77 10/77 A
coaxial 12/77 16/77 Z
7 Antennas and matching/feed
networks
11.0 MHz array 3 50/76 4/717 Z
15.0 MHz array 2 4/77 8/77 Z
17.0 MHz array 2 8/77 12/77 Z
21.0 MHz array 1 12/77 18/77 Z
8 Antenna support and
reflector structures
11.0 MHz array 3 51/76 51/76 Z
15.0 MHz array 2 51717 8/77 Z
17.0 MHz array 2 9/77 12/77 Z
21.0 MHz array 1 13/77 18/77 Z
9 Installation materials
antenna Kit 1 50/76 4/77 Z
Transmission line kit 1 40/76 48/76 Z
Switching matrix kit 1 6/77 10/77 Z

ERECTION AND INSTALLATION PROGRAMME

There are many problems associated with the erection, installation and setting to
work of the external plant facilities. Some of these include:

(a) The availability of labour at a particular site or time, and the risks of abnor-
mal weather which can only be dealt with by making allowances based upon
experience of works under similar situations.

(b) Failure to ensure prompt and sequential delivery of materials and the timely
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Some approaches which have been found by experience to be useful in over-
coming these problems associated with external plant facilities include:

(a) Any form of erection and installation programme produced at the tender
stage should be constructed by the logical grouping of activities and not by
material content.

(b) Construction and erection should be scheduled by type of work for all
sections. Concrete work, for example, associated with foundations for masts
and towers, counterweights, transmission line poles, rigid coaxial line pillars,
manholes etc., should be scheduled so that it will be reasonably continuous
for the work as a whole. The same may be said for the erection of structural
steel for masts and towers, line switching systems, transmission line anchor
towers and so forth.

(c) Manpower estimates prepared in the office should be checked and confirmed
by experienced field staff, if possible by the group who will carry out the
work. Many specialised erection practices particularly those of a hazardous
nature where particular safety practices may be involved, such as mast and
tower erection, vary from one organisation to another and even from one
group to another within the organisation,

The aim of consultation with the erection group is to avoid a situation
wherein the office sets up one method to do the work, completes the pro-
gramme and then the erection team uses another in order to speed up the
process, to make it more economical or because of particular safety require-
ments or unsuitability of a mechanical unit,

(d) A network built up of grouped erection and installation activities should be
evolved during the period from issue of schedule to submission of the tender.

Provided that confirmation concerning essential information and com-
patibility with other programmes is forthcoming, such a network should be
ratified as soon as possible after contract award, and become an expression
of intent and thus a working document.

The purpose of the network should be clearly understood. It is to ascertain
the contractor’s programme intentions and to furnish information for the
initial development of the station overall installation programme.

(e) For a large project, a bar chart based on the same grouping principle is
frequently prepared shortly after contract award to supersede the tender
network programme. This bar chart then becomes the medium of com-
munication and programming review. Figure 6.3 shows a typical chart for a
project in an advanced stage of construction.

INSTALLATION RESOURCES

Many organisations having radio linestaff establishments for maintenance pur-
poses frequently handle their own external plant construction activities by
supplementing the maintenance group. However, construction specialists have
now entered the field and for many projects can carry out the work much more
efficiently and economically. As a compromise some organisations have adopted
the principle of using specialist sub-contractors. For example, after delivery of a
tall mast from the manufacturer, one sub-contractor specialising in concrete
works might be employed to carry out the foundation works while another
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estimates, drawings, correspondence to suppliers regarding costs and delivery
timing etc.

Definition of the end objectives of the particular work.

Listing of the work into major classifications, divisions, packages, tasks and
milestones, and setting these down in regulated sequence.

The main purpose of this operation is to reduce the scope and complexity
at each level until a manageable unit for planning and scheduling purpose is
obtained. The size and number of these activities will vary and depend upon
the size and complexity of the work. When breaking down the work into
manageable activities the aim is to show not only the starting and finishing
dates of these activities but also the sequence and inter-relationships between
the various operations. Careful control must be exercised over the sequential
relationships among the activities and operations. Some operations will
precede others, some will follow others and some may be carried out at the
same time, either in conjunction with another activity or independent of it.

Activities performed by different trades groups such as riggers, radio-
technicians, electricians, pipe layers etc. would be placed into separate
classifications. Also, work carried out by different sub-contractors would
be separately classified. For example, the activity of a sub-contractor
employed for the erection of a tower should be kept separate from the
activity of, say, a sub-contractor employed to provide the electrical distribu-
tion to the matrix switch, slewing switches and tower lighting.

Activities of a similar nature but carried out at different locations should

be separately classified. For instance, a project involving repeaters and
terminals for a radio relay system may have one contractor for erection of
all the towers, but as a different location is involved for each tower, a
separate activity should be shown for each site.
Determination of dates on which key materials, services, drawings or specifi-
cations are required to be made available or delivered and the latest dates by
which orders must be placed or contracts placed for the materials etc. to be
delivered on or before the appropriate time.

In establishing delivery dates for materials or equipment, allowance has
to be made for the time taken to transport the items from the manufacturer’s
premises to the site where they are required. On an overseas contract where
long sea transport is involved this could amount to several months.

Listing of materials, equipment and plant into major classifications, divisions
or sub-divisions. This information would be available from material sheets
used in compiling the estimate, however it must be listed by the bill of
material process or its equivalent, as estimated quantities are not always
accurate enough. The work would be divided with respect to its functional
or structural elements. For example for a mast the steelwork would be
separated from the guys which in turn would be separated from the concrete
anchors and thrust block.
Listing major plant such as cranes and winches, equipment and tools required
by the contractor to carry out the work. These items would normally be the
property of the contractor and would be recovered after completion of the
work.
Determination of site delivery dates for the materials including sand, aggre-
gate and cement, equipment and plant, and dates on which services, such as
mechanical aids on hire, are required.
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In programming for materials, the method of obtaining them should be
ascertained. Some may be purchased from outside sources, some may be
obtained from stores stock, some may be obtained from reconditioned or
recovered sources, some may be quarried locally—such as sand or aggregate—
some may be manufactured on the site—such as antenna concrete counter
weights—some may be supplied by the principal or customer, and so on.

(h) Selection of the most economical method of carrying out each activity and
determining the time or manhours required for completion. For a network
type programme this would be the activity time.

The approximate quantity of work can be assessed from the bill of
quantities. The labour manhours associated with that work can be assessed
by using the labour element of the billed rate for that particular work
activity.

(i) Preparation of the programme based on the information available at the
time.

The final programme should show the sequence of operations that is
necessary in order that the work may be carried out in the time allotted. It
should also show the interdependency of one activity on another.

In a large project involving development work, the programme may be
subjected to a considerable number of amendments. These may be caused by
design or drawing changes, revised material delivery schedules, changes to
specifications and many other factors. For proper control of the work, the pro-
gramme should be up-dated as soon as possible after the change is known.

EXPENDITURE PROGRAMME

The expenditure programme has an important role as a management brief during
the contract period. One of the most difficult problems met by project engineers
is that of keeping the cost of the work within the prescribed limits. A radio
engineering project involving external plant site works is not like production
work in a factory. Conditions cannot always be fully anticipated, and difficulties
are almost certain to arise often resulting in increased expenditure. Some typical
causes of increased expenditure for external plant works may be summarised as:

(a) Unforeseen site conditons, for example unexpected rock, may be encoun-
tered during mast or tower foundation excavation work.

(b) Difficult site access conditions. All-weather roads are not always provided to
or throughout a site to give complete access to all working areas, and
abnormal rains may result in retardation of the works.

(c¢) Clashes with other works. Site roads may be designed without proper co-
ordination with transmission line pole and other plant layout.

(d) Changes in the design of manufactured equipment after the contract is let.
To overcome this problem many engineers insist on freezing designs after a
certain date and will only consider design changes where a safety matter is
involved.

(e) Failure of material or work to meet the specification. Concrete work for
foundations of masts and towers is an example of this problem. The most
common problems are failure to provide the required strength and structural
failure such as sandy patches, crumbly concrete and cracking.
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Table 6.2 FINANCIAL STATEMENT FOR EXTERNAL PLANT CONTRACT

Date of issue: June 1977 Contract number: 65230
Station: Site B Schedule number: 66/305
Item Description Commitment Budget Costed Commitment Progress payments
number (%) forecast progress (£ X 1000)
(%) (%) Budget forecast Costed progress
(£ X 1000) (£ X 1000)
Manufacture
1 Transmitting antennas less towers and foundations 40.93 8.55 8.55 520.750 108.732 108.732
2 Copper earth mat materials 3.03 3.03 3.03 38.500 38.500 38.500
3 Dissipative line including support structures 1.79 1.50 1.45 22.750 19.062 18.427
4 Transmission line materials including support
structures 14.93 12.45 11.75 190.000 158.422 149.530
5 Transmission line switching matrix 7.07 2.50 0 90.000 31.824 -
6 Steelwork for antenna support masts 5.70 5.50 5.50 72.500 69.955 69.955
Erection and installation site works
7 Provision of concrete foundations for antenna
support masts 2.08 0.50 0.50 26.500 6.367 6.367
8 Provision of concrete foundation for antennas
dipole anchor points etc. 4.13 1.50 1.25 52.550 19.880 15.901
9 Erection of antenna support towers 242 0.60 0.50 30.750 7.622 6.352
10 Erection of transmitting antenna arrays 8.64 1.75 1.35 110.000 22.275 17.182
11 Installation of earth mat systems 2.56 2.56 2.56 32.550 32.550 32.550
12 Installation of transmission lines 3.14 1.00 0.80 40.000 12.736 10.188
13 Installation of linc switching matrix 3.58 0 0 45.500 — —

Total 100.00 41.44 37.24 1272.350 527.945 473.684
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(f) Changes in specialist requirements. Aviation authorities may request paint-
ing or lighting of a mast after its erection, even though earlier this treatment
was not considered necessary.

(g) Changes in statutory conditions. Amendments to safety requirements for
masts and towers may involve rest platforms at greater intervals than original
requirements. )

(h) Justifiable misunderstandings by tenderers. In the absence of information
otherwise, tenderers may assume that installation or erection conditions will
be normal but this may not apply when the work is actually being carried
out. For instance, the contractor for a building to house antenna matching
equipment at the base of a broadcast antenna mast may have completed the
building before the mast erection commences and it may be necessary for
the mast contractor to provide a protective covering over the building roof
to prevent damage from falling objects during the mast erection work.

(i) Accidents during erection. This applies particularly to the erection of
masts, towers and antenna systems because of the hazardous nature of
the work.

(i) Errors or omissions in the design which may become evident during the
installation or testing stage.

Experience has shown that it is desirable to differentiate between the incid-
ence of expenditure that is related to the manufacturing process of the materials,
and the site erection. In this way the expenditure programme provides a better
basis for highlighting unsatisfactory trends in specific areas.of work manufacture
and/or site erection, and avoids the need for arbitrary assessment of the propor-
tion of the contract value that is associated with the site works activities.

A typical financial statement for an external plant contract that has been
computer serviced is shown in Table 6.2. The statement is also useful as a basis
for the determination and settlement of interim claims against the various
manufacturing processes and erection activities. Adequate records should be
maintained throughout the life of the contract so that the financial state of the
contract is known at any time. All changes involving costs should be covered by
variation or change orders which should preferably be authorised in advance of
the work being carried out.

An examination of the extent to which variations or changes occurred in
contract work was carried out by one organisation operating a large radio-
communication network and it was found that the number of variations was
clearly related to the size of the project. However, as the projects became larger,
the proportionate increase in the number of variations became less, but this did
not mean that the cost of the variations became less. As a general rule it was
found that the net value of variations was not usually a large proportion of the
cost but this was not a direct indicator of the financial extent of the change. The
gross value of variations showed a proportionately greater percentage of final
cost as projects became larger.

From this it may be concluded that variations in large radio engineering
projects are far more significant financially than might be expected if account is
taken only of the number of variations. It is evident that particular care is
justified to ensure that variations or changes are well controlled.
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Chapter 7

Internal Equipment Programmes

The nature of many radio engineering projects whether they be broadcast station,
television station, radar station, earth satellite station or radio relay system
necessarily involves the synthesis of many programmes. Therefore, in defining
the specific programme requirements for an internal equipment contract such as
a transmitter contract, consideration has to be given to identifying the inter-
relationships which may be involved with a number of these programmes,
ensuring compatability in form and content with them.

In an internal equipment contract involving for example, several large broad-
cast transmitters, there may be at least eight basic phases leading to the commis-
sioning of these transmitters:

(a) Tender evaluation and contract negotiation.
(b) Engineering design and planning.

(¢) Information exchange.

(d) Parts procurement.

(¢) Manufacture and assembly.

(f) Factory test and evaluation.

(g) Shipping and delivery to site.

(h) Installation and commissioning.

All these phases have to be considered sequentially. First, there must be a
contract, then taking known measurements of the resources available in each
phase, the impact which the load implicit in the contract will have on the
resources must be assessed in relation to the existing loads and concurrent
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Figure 7.1 Principal phases involved in the provision and installation
of a three transmitter project
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commitments. From this, a viable programme can be established and at this
point a project group may be allocated to the work. Figure 7.1 shows the
principal phases involved in the provision and installation of a new station
project involving three 250 kW high frequency transmitters.

THE PROGRAMME

The programme represents a statement of mutual intention by the principal and
the contractor. It furthermore commits both parties to a proposed sequence of
activities and identifies to a specified time scale, terminal and intermediate
events associated with these activities. In its presentation, therefore, it should
consider three separate but inter-related situations.

(a) The requirements of the project to which it contributes.
(b) The availability of resources to sustain it.
(¢) Its acceptability to management of both parties.

Some aspects of the programme can become critical because of limitations
imposed by either of the first two conditions. In its basic concept, therefore,
the programme must reflect the best knowledge of the conditions which
might obtain throughout the life of the contract.

The programme offers a facility by which both general and/or discrete terms,
depending upon specific requirements, can be measured because it identifies
activities on a time scale and indicates an intention to achieve certain events by a
predetermined time. It is possible therefore to use the programme to state a
precise relationship between actual and planned achievement and to provide a
basis for considering the implications of any deviation from the programme and
the actions, if any, to be taken. If the significant events are clearly indicated, the
programme by suitable control techniques can be used as an aid to management
in focusing attention on the areas where decisions need to be made.

The objectives of any programme cannot be met unless all those participating
are able to exercise satisfactory executive control in their separate areas of
responsibility. The principal, the prime contractor and sub-contractors each
must be capable of identifying their responsibilities and by appropriate manage-
ment controls, influencing them in the way required. It is quite fallacious to
assume that the act of identifying the existence of any activity, requirement or
event, and subsequently regularly reviewing it by an electronic data processing
facility is a substitute for basic planning and control of the associated resource
requirement.

The need to understand the responsibility for a mangement control by those
directly concerned with the contract is very important. Failure on their part to
manage or control must prejudice the overall situation. No attempt by the
control programme to identify and assume responsibility for the functions of
the parties can be effective. The control programme is an aid to management
and not a substitute for it.

Also, the management must understand the programme so that they can
correctly interpret the meaning, significance and accuracy of the information
provided. Unless they have this understanding they can make little or no con-
tribution to further development of the system.
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PROGRAMME CONTENT

The internal equipment programme must basically be tied into the project
Master Programme. This Master Programme will be in network form with key
events identified within the earliest/latest dates obtained from a critical path
review of the programme. In essence, the key events of the internal equipment
programme would have already been nominated when the project Master Pro-
gramme was drawn up.

As a consequence an early requirement of the internal equipment programme
is to identify these key events. For this purpose, it is desirable to retain the basic
style of the programme as a network, with these events clearly identifiable, and
supplementary events and associated activities defined to such a degree as to
permit a critical review of the project Master Programme on a regular basis.

The main programme content can be listed as follows:

(a) Contract programme.

One of the major problems with contracts for many items of internal
equipment, such as large transmitters, is lack of control of programme
information at a sufficiently early stage in the life of the project, that is
before and immediately after formal contract placing. When a tender is
submitted, a programme in network form should be provided. The network
should be time scheduled in order that recognition can be given to the best
knowledge available of the impact on manufacturing resources during the
life cycle of the contract.

Some contracts stipulate that within a given period, usually six weeks of
formal contract, the contractor should endorse the tender programme as the
contract programme. At this time, bearing in mind the possible lapse of time
between submission of tender and contract placement, the activity time
scheduling should be re-examined to take account of latest knowledge of
the contractor’s anticipated resource loading.

(b) Information exchange.
Practically every project carried out under contract requires the exchange of
some information between principal and contractor. This applies particu-
larly where the contract is of a supply/installation nature. In the case of a
large transmitter supply and installation task, very close co-ordination is
necessary between equipment design and building design staff.

Cardinal events which necessitate a decision on the part of the principal
or the contractor should be properly identified in the programme. These
events are those which immediately precede the preparation of manufacturing
assembly or construction drawings and specifications, any delay in issue of
which might affect the subsequent manufacturing assembly or construction
processes.

Typical information such as floor loading, equipment dimensions, lead-
through cutouts for ducts, transmission lines and cables, louvres, transmission
line anchorages, room shielding and buried earth systems would be classified
under this heading.

Figure 7.2 shows an information exchange schedule for one high frequency
transmitting station involving both external plant and internal equipment
activities.
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The information exchange process is also important in the tender pre-
paration stage. The latest dates in advance of the tender shedule for receipt
of information which will be used in producing schedule drawing etc.
must be agreed in detail. In some cases these dates may be as much as four
months prior to the programmed tender schedule issue dates. It is import-
ant that the period should be no longer than is absolutely necessary, so
that the works as subsequently detailed, do not differ more than is
unavoidable from those specified in the schedule.
(¢) Manufacturing.

Whilst there is a strong bias in favour of producing manufacturing pro-
grammes in network form, many manufacturers for various reasons still
favour the bar chart form. However, the bar chart should be presented in
such a way as to indentify, as clearly as possible, the work content with
available resources. For a250kW medium frequency broadcast transmitter,
a typical bar chart would generally set out the manufacturing or supply
details of the following:

Radio frequency equipment

Audio frequency equipment

Modulation equipment

Rectifiers

h.t. smoothing filter chains

L.t. distribution switchboard

Power supply equipment

Cooling plant, including ductwork and filters
Control and supervisory equipment
Cables and guarding screens

Internal feeder lines and assemblies
Operational tubes and vacuum capacitors
Installation materials

Optional accessory materials

Spare tubes and vacuum capacitors
Depot and unit spares

Test equipment

Table 7.1 shows a material component listing for the manufacturing programme
of one transmitter while Table 7.2 shows a listing for the internal equipment of a
tropospheric scatter system using quadruple diversity and employing two
unattended repeater stations.

The bar chart should develop in detail the manufacturing and supply activities
in the contract network and act as a link between the information exchange
schedule and the detailed installation/commissioning network being serviced by
the former and servicing the latter. Computer output of the delivery intention
progress report produced subsequent to updating the manufacturing programme
is used to update the start events of the manufacturing programme. For the
monitoring procedure to be successful it is necessary that the data transfer events
in all the programmes be compatible and identifiable with one another. This data
transfer procedure is shown diagrammatically in Figure 7.3.

(d) Installation and commissioning.
The installation and commissioning network should be identified with the
installation portion of the main contract network and should be compatible
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Table 7.1 MATERIAL ’COMPONENT LISTING FOR HIGH POWER
TRANSMITTER MANUFACTURING PROGRAMME

Radio frequency equipment
Transistorised crystal oscillators
Oscillator selector panel
['use panel
Broadband r.f. amplifier
Tuned r.f. preliminary amplifier
R f. intermediate amplifier stage
Voltage divider
R.f. driver stage
R.f. final stage
R.f. output circuit

Audio frequency equipment
A f. preliminary stages
A.f. final stage

Modulation equipment
Modulation transformer
Modulation reactor
Blocking capacitor
Lightning arrestor
Premodulation network

Cooling plant
Heat exchanger, air-vapour with
blower units
Distilled water storage tank
Water level indicating device
Cabinet ventilation fans
Blowers for tube head ventilation
Air louvre control device

Pipes, valves, fittings and misc. items

Water purifier

Control and supervisory equipment
Fault signalling panel
Control panel for switching steps
Control relays and breakers
Transmitter instrumentation
Modulation supervisory panel

Programme input control equipment

Cables and guarding screens
Complete set for transmitter
installation

Internal feeder lines
Complete set with corresponding
building outlet for transmitter
installation

Rectifiers
Main high tension rectifier
Control units for grid controlled rectifier
Backfire counters
Switchboard
Auxiliary high tension rectifier
Bias rectifier

h.t. smoothing filter chains
Smoothing chokes
Smoothing capacitors
Crow-bar protection
Ripple damping equipment
Earthing switch

1.t, distribution switchboard
Circuit breaker
Distribution contactors and fuses

Power supply
Induction voltage regulator
Main circuit breaker
Plate transformer
Current transformer
Auxiliaries power supply

Operational tubes
Complete set of tubes and vacuum capacitors
for all transmitter sockets

Installation materials
Set of cabling and wiring materials for
transmitter compartment
Set of cabling and wiring for interconnecting
the transmitter compartment, modulation
equipment, h.t. rectifier, smoothing filters,
power supply circuits and the transmitter
cooling and ventilation plant
Set of installation materials and bushbars for
modulation equipment cells
Set of cable trays

Optional accessory materials
Dummy load complete with pumps and heat
exchanger
Water purifier
Tube trolley

Depot and unit spares
Complete set

Spare tubes and vacuum capacitors
Complete set

Test equipment
Complete set
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Table 7.2 MATERIAL COMPONENT LISTING FOR TROPOSPHERIC SCATTER
SYSTEM INTERNAL EQUIPMENT MANUFACTURING PROGRAMME

Equipment Terminal Repeater Repeater Terminal Total
A No. 1 No. 2 B
Transmitters and receivers
1 kKW power amplifier 2 bays 4 bays 4 bays _ 2 bays 12 bays
Modulator 1 bay 2" 2" 1 bay 6
Exciter 1" 2" 2" 1" 6 "
Low noise amplifier 2 bays 4 4 " 2 bays 12
Receiver 2" 4 " 4 2 12
Baseband combiner 1 bay 2" 2" 1 bay 6 "
Order wire equipment 1 2" 2" 1" 6 "
Filters and feeders
Bandpass filter 2 units 4 units 4 units 2 units 12 units
Dual bandpass filter 2" 4 " 4 " 2" 12
Coaxial cable 4 lots 8 lots 8 lots 4 lots 24 lots
Dehydrator 1 unit 1 unit 1 unit 1 unit 4 units
Spare parts
Consumable spares 1 lot 1 lot 1 lot 1 lot 4 lots
Depot spares rr 1 2"
Spare klystron 1 tube 1 tube 2 tubes
Spare panel 1 lot 1 lot 2 lots
Test equipment
Test equipment 1 set 1 set 2 sets
1 kW dummy load 1 unit 1 unit 2 units

Installation material
Complete set 1 lot 1lot 1 lot 1 lot 4 lots
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Figure 7.3 Data transfer procedure diagram
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with the manufacturing programme which may be in bar chart form. The
optimum installation and commissioning programme does not necessarily fit
the optimum manufacturing programme and close co-ordination is required
to produce the best overall solution. It is not possible to fix every activity in
detail before installation commences and some flexibility must be allowed
to take account of changes in the design and manufacturing stages.

For a turnkey contract, the commissioning of the system would be
included as part of the work to be carried out under the contract. The
contractor would have to prove to the satisfaction of the principal that
the system fully meets the specification. This is of particular advantage
when a complete system or station such as an earth satellite station is being
supplied by the contractor. In other cases the contractor may only supply
the equipment, with the principal installing and commissioning same. Where
the contract stipulates that the acceptance testing is to be carried out after
installation rather than in the factory or works, the contractor will often
have a representative on site to observe the tests. For a new type of com-
plex installation, such as a fully automated station complex, there may be
advantage in having the contractor supervise or assist in the installation and
commissioning tests, and also to train the station staff in the operation and
maintenance of the equipment.

DUCTWORK, CONDUIT AND CABLING

Ideally the ducts, conduit, cableways and cabling associated with the radio
equipment should be fully engineered before the building design has hardened
up. In practice this is often not feasible and provision for transmission lines,
transmitter air ducts, steam and water pipes, cable runways etc. are matters
dependent upon experience, extrapolation of past schemes and tonsideration of
the differences in the current schemes. Collection of the data necessary to
compile duct and conduit sizes, support attachments, lead-through holes, cable
schematics, routing diagram schedules, steelwork design etc. represents a con-
tinuing process of considerable magnitude. Works should be planned with
sequential relationship in mind. The installation of inter-room and inter-building
conduits should precede the installation of the pits and manholes, the installation
of anchoring devices should precede the installation of cableways and trans-
mission lines, the installation of screening or earthing grids in the floor should
precede the placement of floor concrete topping, and so forth.

The actual installation of these facilities has to be squeezed into the period
from when it becomes physically possible to start the work and complete it
before commissioning is required to start. In the case of air duct systems, it is
desirable to have all the main overhead work completed before the major equip-
ment units like modulator and r.f. units are moved into place. For some inter-
connecting conduits required for cable and wire protection, the work cannot be
commenced however until equipment has been located in its permanent position.
The rate and sequence at which information becomes available for incorporation
into design of runs, layout, schedules, block schematics etc., while not entirely
fortuitous are often extremely difficult to control and sometimes, particularly
in the case of cables, consists of a long series of approximations involving many
modifications to diagrams etc. Methods of keeping this under control and
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ensuring, for instance, that a modification to one factor is reflected through
the whole system, have not been entirely successful where they depend upon
hand dressing of the programme and some form of mechanical checking and
presentation of control data may sometimes be necessary.

Computer programs using punched cards have been introduced in some
large installations in an attempt to save manpower and impose the requisite
control. Refinements of a basic system are in use by at least one organisation
and provide increased flexibility together with a facility for accommodating
modifications. The prime requirement is for design information to be made
available at as early a stage as possible and in a form which is less subject to
subsequent modification. The effective programming of this information alle-
viates the many difficulties encountered in building ductwork, conduit and
cable works.

AUXILIARY EQUIPMENT

Contracts for auxiliary equipment frequently become critical delaying factors
in the later stages of a project completion, because the equipment is essential
in the commissioning of the main equipment installation. Typical auxiliary
equipment associated with a high power transmitter is shown in Figure 7.4.
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Figure 7.4 Auxiliary equipment for a high power transmitter

An examination of the restraints imposed on auxiliary equipment shows that
there is no basic incompatability between a valid theoretical programme for the
design, manufacture and installation of auxiliary equipment contracts and the
requirements of the overall project programme of which these contracts form a
part. However, experience has demonstrated that many auxiliary equipment
contracts fail to achieve programme completion dates, even though the contract
programme is soundly based. The trouble is largely due to non-achievement of
the programme requirements in the design release stages of the contract.

From the aspect of programming auxiliary equipment work, the design of this
auxiliary equipment is frequently dependent upon the detail and characteristics
of the main equipment. The release of this information is the starting point for
the engineering of much of the auxiliary equipment. The limiting factor is in

92



INTERNAL EQUIPMENT PROGRAMMES

many instances not the production or manufacture of the hardware but the
finalisation of information and approval of details.

The information required for the completion of specifications for some
auxiliary equipment items can be classified into two separate areas. There is
on the one hand that part of the specification for the equipment which is
entirely within the control of the engineer in charge of the contract and, on the
other hand, there is an area in which the engineer is dependent to a very large
extent upon information from other contracts including those associated with
buildings, in carrying out his design work.

In many radio engineering installations where the same classes of equipment
are involved, some degree of standardisation of auxiliary equipment can be
made. This has consequent programme advantage and savings in time and
engineering effort. If this is done it is often possible to specify firm information
at the schedule stage and this will allow the contractor, immediately he is
appointed, to proceed with the preparation of manufacturing drawings or to
initiate supply arrangements.

The second area of design—that which is dependent upon information from
others—produces difficulties which are not easily soluble by the standardisation
approach. In some cases the problem can be solved by the physical elimination
of the plant or work which it affects. An outstanding example of this has been
the.recent approach to vault equipment for high power transmitter equipment.
Until recently a separate room was required for the installation of this vault
equipment, the air scavenging plant, cables, conduits, busbars and safety fences.
This arrangement which required close liaison with architects, electrical, civil and
mechanical engineers and others, and which often resulted in considerable delays
in design releases, has now been changed to an almost complete factory instal- -
lation. The equipment is mounted in factory wired metal clad units with throat
connected transformers. The equipment does not require building provision
other than a concrete base. Safety fences have been eliminated because all
exposed conductors are mounted within the safety interlocked metal clad
enclosures.

A superficial reaction to this approach could well be that it amounts only to
the transfer of the major information problem from one contract to another.
However, by so doing the installation is freed from its chief design restraint.
Furthermore, the equipment can be tailor made in the factory and an analysis
of recent installations has shown considerable overall saving in contract time.

A major difficulty in the installation of auxiliary equipment is the avail-
ability of building access. The access period will in many cases cover the entire
building project period. For instance in the case of a transmitter installation, the
installation of the equipment earthing grid system may commence immediately
the building is pegged out and continue well into the building construction
stages. Fire protection equipment may be installed immediately the building
is available and before equipment is moved into the area, programme input
equipment may be installed in parallel with the transmitter, and antenna inter-
lock equipment may be installed after the transmitter has been tested into the
dummy load but before loading into the antenna system.

Compared with the major equipment, the time required for the installation
of auxiliary equipment items is not very great. The limiting factor is not only
access periods but also the time required to complete such works as cabling,
conduit fixing, termination and acceptance testing. Access to areas and other
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equipment is required at the earliest opportunity, compatible with the safety
of the equipment from accidental damage resulting from the main equipment
installation activities.

Firm milestones in the main equipment installation programme are required,
with adequate updating of progress throughout the installation, to give an
accurate and realistic forecast of the access that is available to the auxiliary
equipment contractors. From general considerations, the date at which the
main equipment cubicles are laid on their plinth positions is the earliest starting
point for some auxiliary equipment item installations such as conduits, cable
trays, air duct systems, although work in some sections may commence earlier.
It is necessary to programme in detail the access to the various equipment
cubicles, areas and connection points that are available before the main equip-
ment is set on the plinths. The installation of the main equipment itself would
then follow the substantial completion of the various sections.

The main equipment contractor should indicate the priorities required for
meeting the transmitter check-out date and phase the completion of the sections
of the equipment to permit reasonable economy in manpower. Some auxiliary
equipment contractors are entirely dependent on the access given at this stage
of the work and require adequate time to properly complete their task. It is
essential that the main contractor is fully aware of the auxiliary equipment
requirements in the installation and commissioning programme, and after general
starting dates have been agreed, the access position should be reviewed system-
atically and information released to auxiliary equipment contractors, at the
earliest opportunity. When the main contractor has also the contract for the
auxiliary equipment, co-ordination of the access work is simplified considerably.

ACTIVITY DURATIONS

The servicing of a contract based programme is not a simple matter. It requires
careful thought and preparation and a clear understanding of the need to translate
data from one environment (resource orientated) to another environment
(contract orientated). Reference was made earlier to the manner in which the
contract programme is developed from the key events of the project Master
Programme and the way in which this is influenced by best and latest knowledge
of the contractor’s resource loading at the time of programme preparation.

It is necessary to recognise that the purpose for which the contract programme
is produced excludes by implication its use as an executive control device.
Programmes for executive control are necessarily much more explicit in detail
and call for frequent review. In the preparation of the contract programme,
therefore, the information scheduled should be capable of identification with
whatever form of authoritative manufacturing control the contractor exercises.
The manufacturing programme should be in sufficient detail to facilitate the
regular production of realistic progress reports. Therefore in compiling the
programme, careful consideration should be given to activity durations. Exper-
ience has shown that durations should not exceed about 12 weeks and wherever
necessary arbitrary check points should be intruded to achieve this condition.
Also, there is need to achieve a close relationship between the relevant sections
of the contract suggested for physical control and those defined for financial
control because of the principles inherent in the contract payment conditions.
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Payment is often made on the basis of the equipment or plant manufactured and
work executed, and so it may be necessary to intrude an arbitrary control event

into a long manufacturing process for the purpose of ensuring that this condition
is fulfilled.
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Chapter 8

Site Installation and Construction

The concept of site joint planning, which involves bringing all the individual
contracts of a project together in planning on site, is a desirable organisational
procedure for control of major projects such as broadcast, television, earth
satellite, radar or tropospheric scatter stations or long haul broadband micro-
wave radio relay systems. Essentially, the success depends upon the effectiveness
with which separate plant and equipment is integrated, and work forecasts are
implemented. What is required is a plan in a time-based network form with the
minimum of detail but with events which are basic to the whole installation
being shown. Each event must be such as to display all contract interfacing.

It is necessary that all contractors be made aware of the total scheme at the

tender schedule stage, and to provide the necessary information it is usual to
prepare a complete time based network. This network is prepared at the plan-
ning stage of the installation and commissioning phases of the project, and
should be produced as soon as possible after the project becomes firm. The
information supplied with the tender schedule documents would include this
network but with the time base deleted and the particular activity associated
with the schedule being emphasised by a double line. This gives the tenderer and
contractor a full appreciation of the integration of his work into the total project
without revealing, at that stage, any margins which might become available at a
later stage. In order to define the contractor’s interfacing with parallel works,
critical dates would be given and thereafter he would be required to develop a
detail network within these previously defined parameters. Figure 8.1 shows a
typical time-based installation network for a long haul microwave radio relay
,system. The network which would be included in the tender schedule would be
‘similar to this drawing with the exception that the time base would be deleted,
the critical path would not be shown and the activity covered in the schedule
would be highlighted with a double line.

One of the functions of the installation network is to give a basis for overall
monitoring of the site (or sites) progress to project group headquarters. Detailed
networks would be used for site planning and monitoring. The preferred method
of updating the site installation network is hand dressing on a day-to-day basis if
necessary, using a computer only for long period total project up-dating at
project headquarters for higher level management.

Experience with many radio engineering installation and construction projects
has indicated that delays for several reasons affect about 25% of those items on
the critical path of the network. That is, 75% of the delays are related to those
items not on the critical path with the delay often being absorbed in the float
time. One of the problems of project control is in keeping check on functions
and items which may be involved in delays, and regular job check-ups may be
necessary. In order to keep a network up to date, a considerable amount of
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Figure 8.1 Time based installation network for long haul microwave radio relay system



SITE INSTALLATION AND CONSTRUCTION

background data has to be obtained and a properly organised process of com-
munication has to be implemented to channel vital statistical information
through the various levels of management and particularly to those directly
responsible for the project control.

COMMISSIONING

Commissioning of the station or system to the on-air stage is regarded as part of
the site installation and construction works, and is included in the plan. The
commissioning phase of many projects covers a very wide area of the radio
engineering field and thus necessitates a thorough understanding of many
practical and theoretical considerations. The form which station or system com-
missioning programmes take is a study in itself, and it does not by any means
suggest that network planningis the ideal. Again, this is work in which all aspects
must be closely co-ordinated and the overall plan may well be best displayed in
the network form supported by bar charts, schedules, etc. The outline of the
commissioning programme should be developed as early as possible in order to
better finalise the installation details.

Because of problems associated with the commissioning of many large scale
and complex radio engineering projects some organisations provide a commis-
sioning engineer with responsibility for putting the station or system on air. He
is usually under the control of the project manager who has the dual responsi-
bility for ensuring satisfactory installation and commissioning of the project.

For alarge project and particularly where several contractors or sub-contractors
are involved a sub-network or other suitable control diagram should be prepared
to comply with main programme requirements to facilitate control of this end
of the installation period. The main programme will have catered for the signifi-
cant activities in the commissioning phase of the work and as various contractors
requirements have been established at site the main programme will have been
updated to accommodate new requirements. However it will frequently be
found that the optimum conduct of the project at this time will be enhanced not
only by progressive testing and commissioning but also by arranging such work
in a dovetailing sequence between the various contractors. In some situations
consideration may have to be given to even temporary supply of some services
if the permanent services cannot be provided by the time required. On one
project, completion of the station 210 m antenna was delayed because of wet
weather and in order to allow the contractor to proceed with testing of the high
power transmitter a temporary liquid type dummy load was set up.

In formulating the commissioning procedures and preparations of the station
or system for handover the staff responsible for the subsequent operation should
be given the opportunity to familiarise themselves with the equipment as early as
practicable. In most situations it is appropriate for such staff to act initially in
an installation capacity where it is installed by the principal. For a turnkey
project, operational and maintenance training would usually form part of the
contract requirements.

Proper documentation for operating and maintenance staff is essential at the
handover stage. At the specification stage it should be practical to indicate
the extent of maintenance information required on each item of plant, the
manner in which it is to be presented and the detail drawings, parts lists and
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other relevant matters which are required for each item. Similar requirements for
the station or equipment operation should also be indicated particularly for
operating instructions coveringa group of individual items and their interlocking.
This applies particularly to such arrangements as transmitters/antenna switching
system, mains/standby power plant, main/protection radio relay links and
main/standby transmitter installations. The collection and preparation of pre-
liminary operating and maintenance information should commence early enough
to suit the handover.

INSTALLATION STAFF

The installation and commissioning of relatively small projects may be carried
out by a single team of skilled specialists each familiar with the essential features
of the project. However, for a large project, teams of specialists such as riggers,
electricians, diesel mechanics, radio technicians, welders, ironworkers etc, may
be involved in the installation and commissioning of various phases of the work,
These specialist groups would each work to a schedule prepared to expedite the
work but to minimise interference with the other groups. The ideal arrangement
is for one group to move in to the work, followed in succession by the other
groups. Experience has shown that on a large project the employment of the
proper trades group for each class of work is the most satisfactory arrangement
and in the end is more economical than the employment of radio technicians to
carry out all of the work. However, in many situations, particularly in isolated
areas, skilled tradesmen may be non-existent and in these cases the maximum
possible amount of work should be prefabricated in the factory.

SITE INSPECTIONS

The site and its associated problems require perhaps the greatest personal effort
in understanding and resolve between those charged with the various responsi-
bilities of supervision and erection. The best planned programmes do not show
when material and labour difficulties will occur, when accidents will happen,
when disputes will arise or when bad weather will disrupt the work. The optimum
conduct of the work at the site frequently requires as much planning, prepara-
tion and control again as has already gone into the project to date.

Periodic visits to the installation and construction site or sites are often made
by headquarters staff in order to audit the programme. An on-the-spot review of
progress of the project is made and the general status of the work is compared
with the schedule and discussed with the key project supervisory staff, Head-
quarters assistance may be offered to the site engineer to push particular phases
of the project that may be held up in such areas as material procurement, draft-
ing, mechanical aid hire, extension of sub-contracts etc. Also, suggestions will
most likely be made and discussed with the field organisation as to how the
work progress can be improved.

On site discussions between field staff and headquarters staff are an important
part of successful project engineering. Alternative solutions to particular prob-
lems may be reviewed, ideas exchanged and understanding reached by both the
headquarters representatives and the field staff. This also equips both to handle
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a particular problem more effectively. The site inspection of the work progress
is also an opportunity for a general interchange of ideas and techniques being
used successfully or sometimes unsuccessfully on other current installation and
construction works.

Another factor is that problems associated with interfacing of various types
of equipment or components may first become evident on site. It is often found
that satisfactory equipment or components do not necessarily produce a satis-
factory total system. In a complex system it may be found that even though
individual equipments and components satisfy all the specifications set down,
the system as a whole will not work satisfactorily or meet the overall specifica-
tions. The satisfactory handling of these types of problems can best be carried
out by detailed site studies by headquarters and site staff as a joint effort.
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Chapter 9
PERT/Cost Techniques

The PERT/Cost system is an extension of the PERT/Time technique. It is
primarily the addition of cost analysi$ and control procedures to PERT but also
includes recommended methods of carrying out analyses of manpower require-
ments for the work situation. Its objective is to develop a plan of action for cost
expenditures by application of cost-estimating techniques and to act as a monitor
in the control of the original estimate.

The PERT/Cost system is primarily concerned with the one-time-through
programmes such as a station construction or a system installation, rather than
the repetitive manufacturing situation, such as amplifier or television set pro-
duction, where costs are closely allied with the number of items manufactured.
The inbuilt selective reporting system enables each level of project management
to compare the current cost progress with the future cost predictions, in so far as
it relates to his responsibilities. The information is presented in a decision-making
form and the manager does not have to review detailed data in order to evaluate
the status of the programme under examination,

The main features of the system can be summarised as follows:

(2) The project work breakdown structure.
The important aspect of this is that it provides the framework for gathering
data concerning costs and schedule status for the various levels of manage-
ment-information that is required for the project control.

(b) Work package concept at the lowest level of detail and cost totals for each
work package.
The work packages are obtained by breaking down the network into single
activities such as panels, feeders, tower etc. or in some work, into groups of
activities. The work packages are the basic units by which actual costs are
collected and compared with estimates for project control purposes. Figure
9.1 shows how the work packages are derived from the end items sub-
divisions which in turn are derived from the project end item. Each task is
selected to be small enough to be considered as a complete entity for
estimating purposes but at the same time is large enough to represent a
measurable part of the whole project. In this particular example, the project
end item is a television station. The extent to which the end items are sub-
divided depends on the amount of detail required for control purposes. In
some cases they may be determined on a cost basis, or on a period basis
such as 3 months or more.

(¢) A manhour analysis of the project requirements.
It allows a check to be made on whether the best use is being made of the
resources as planned and available for the work.

(d) Integration of the expenditure and actual progress of the project work.
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Figure 9.1 Project breakdown structure for television station
equipment and plant

(e) Reporting on the forecast completion costs of the project.
It allows an assessment to be made on whether the outstanding part of the
work to complete the project can be carried out in accordance with the
estimate and the extent of any variation from the estimate.

The PERT/Cost technique provides management with vital project informa-
tion which they would not otherwise be able to readily obtain. It has the flexi-
bility to provide the vital measures to any depth and degree the schedule can
accommodate, What is very important is that through its coupled cost and
schedule mechanisms, it gives the type of information which is both most
significant to the project work and most relevant for management action. How-
ever, it does not serve as a substitute for knowledgeable project managers. It
does not solve the problem it reveals. Reliability of inputs depends on the know-
ledge and integrity of engineers, planners and estimators. It is obvious that
techniques alone cannot make decisions and take action but it does clearly
indicate where control is needed, and in time, to permit effective action. How-
ever, an important factor is that the usefulness of the technique for management
action depends on top management understanding and supporting the system.

MANAGEMENT REPORTS

The various reports associated with the PERT/Cost system must be co-ordinated
in order to provide a unified procedure for the presentation of decision informa-
tion. The main reports used in the management of major radio engineering
projects are:

(a) The management summary report.
This report sets out the overall schedule and cost position of the project as a
whole for various levels of management, and also the major items or sections
of the project. In this way the problem areas requiring attention are high-
lighted by showing the relative contribution of each of the major items or
sections. A typical level 2/3 management summary report is shown in Figure
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(b)

104

9.2. This report presents a complete picture of the status at time of reporting
of the internal equipment which comprised a multi transmitter installation.

In a typical situation, the top level report, level 1, may cover the com-
plete broadcast station complex comprising external plant, internal plant,
buildings, civil engineering site works such as roads, drainage, clearing etc.
and also design work if this is part of the project activity. The level 2 report
may deal with the main items of the complex, such as internal plant, etc,,
level 3 with the sub-items, such as transmitters, etc., and level 4 with the
work packages, such as control desks, etc.

The level 3 report in this case shows that internal equipment will be six
weeks behind schedule at the end of January. It has already been over
expended to the extent of £100 000, and is expected to reach £110 000 by
the end of the period. The transmitters and emergency generating plant are
responsible for the delay and the transmitters are also the main cause for the
excess cost, whereas the total spare parts to be provided, are running below
the estimated cost. The programme input equipment is ahead of schedule so
there may be a case for transferring effort from programme input activity to
transmitters or emergency generating plant.

In summary, the management summary report provides each level of
management with information in regard to the following:

(i) Cost analysis of the estimated cost of the work compared with the
actual cost incurred at the time of preparation of the report.

(ii) Forecast of the final cost of the project work compared with the
estimated cost.

(iii) The forecasted completion dates of the major items and sections of
the work and of the probject as a whole.

(iv) Identification of factors causing delays, deviations or cost variations
which may require management action.

Management summary reports are an important feature of radio engineer-
ing management, but this does not mean that detailed written reports are
unnecessary. These together with the summary reports need to be prepared
when contracts are in debt and management require detailed explanation.

Manpower report.

The manpower report supplements the management summary report by
revealing the manpower loading situations for the project. Figure 9.3 shows
a manpower loading diagram covering a twelve month period of a project
for the installation of the external plant of a broadcast station at a tropical
location where seasonal wet weather conditions limit field activities from
about January to March each year, The wide variations in manpower required
from month to month for the work is undesirable and it is quite likely that
the peak manpower requirements may exceed the manpower availability,
particularly in a remote area.

The manpower loading diagram will show the total requirements for
manpower for work, while the manpower report will show the allocation of
manpower to the various work packages or groups of activities. This report
provides management with information to assist in smoothing out and
balancing idle manpower so as to make more efficient use of the available
manpower tesources. There would however, in the particular example, be
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Figure 9.3 Manpower loading diagram

certain restrictions during the wet weather period but in the other periods
more effective and efficient utilisation of the available manpower could be
achieved. This is done by rescheduling of slack activities so that they are
moved to another period of time in the work.

The manpower report contains the following information:
(i) The costed manhours at date given.
(ii) The contracted manhours for completion of the work.
(iii) The latest revised estimated manhours for completion.
(iv) Predicted over-run or under-run of total manhours.
(v) The most critical slack.
Schedule charts and graphs used for reporting of manpower often require
close examination in order to assess the true situation of the work. Many
reports simply show actual as compared to scheduled progress, and are
often prepared in bar chart form with an overlay graph. As an example of
the need for close examination, a chart may indicate that the work is well
ahead of schedule and the manhour curve may show less manhours have
been expended at that period in time than was scheduled, but this does not
necessarily mean that the project commissioning date has been advanced.

Effective completion is tied to the key procurement and engineering
items of the schedule by critical work items in their order of necessary
precedence and only by carrying out a detailed analysis of the status of
these key and critical items can it be determined whether or not this devia-
tion from the schedule will actually affect the commissioning date.
Cost-of-work report.
An example of a cost-of-work report is shown in Figure 9.4. It is seen to be
a graphical presentation of the financial progress of the project. Many radio
installation or construction projects progress at a slow rate at first, speed
up in the middle and slow down near the end of the work. When the project
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Figure 9.4 Cost-of-work report

is divided into separate installation items, and if each of those items is
scheduled for uniform expenditure during its installation period, the com-
bined expenditure will usually produce a cost-of-work curve of this type.
The report is of considerable assistance to project management, as they can
see both current status and future trends inherent in the planned work.
However, it often involves much effort in the collation and presentation of
the data as both direct and indirect charges associated with the work must
be considered.

A feature of the report is that it highlights the value of the work accom-
plished or the valuation concept and time, and the deviations from the plan.
In this regard it considers both a cumulative-to-date and predicted-at-com-
pletion deviation. In other words it provides a means of analysing the
original estimate that was prepared for the project and a check on the
actual costs expended at a certain report date with the costs which were
estimated for that date. Briefly it depicts the following:

(i) The budgeted expenditure necessary to carry out the work.
Where the work is to be carried out under contract the budgeted costs
will be related directly to the contract.
(i) The actual expenditure or committed costs as at the date of reporting.
(iii) The predicted costs to complete the project.
These costs would be based on the actual costs which have been incur-
red at the date of reporting and the estimated costs to complete the
outstanding work.
(iv) The value of the work accomplished at date of reporting.
The budget expenditure on the report is an estimated value only, and
caution should be exercised when making a direct comparison with the
actual expenditure curve, as the following questions arise:
(i) Are the budget and actual expenditure curves compatible?
(ii) Do segments of both curves represent the same work?
(iii) Is there acceleration or deceleration of performance?
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The finance department may consider the distance between the two curves
as an over or under-expenditure condition. However, based on the answers
to the questions posed, the distance between the two curves could be any
of the following three possibilities: over-expenditure, under-expenditure
or on budget.

It is only possible to draw a conclusion as to whether or not the expendi-
ture is out of estimated limits by comparing the actual expenditure with the
value of work accomplished. Comparison of the actual expenditure with the
budgeted expenditure only determines whether the project work is above or
below the programmed financial progress. There is no relationship with the
time schedule and plan nor indication on whether the work is costing more
or less than the estimated value at a particular time. For example, if a con-
tract calls for delivery of spare parts for a transmitter to be delivered say 3
months after delivery of the transmitter to the site for installation, and the
contractor forwards the spares and transmitter as one invoiced consignment,
the report might show a steep rise in expenditure above the budgeted value
at the time. All this means is that money has been spent before its budgeted
time, but there would be no affect on the final project cost.

In addition to being the most significant correlative property, physical
accomplishment knowledge is one of the fundamentals necessary in the
decision making process by management. Decisions such as additional or
reduced manpower, increased or decreased overtime to finish the effort
based on the current physical accomplishment are of vital importance to
engineering management. In the example which is a cost-of-work report for
a television tower/antenna project which was estimated to cost £160 000
it is seen that up until the end of September the actual expenditure on the
work was less than the budgeted amount, and was £10 000 under-expended.

At the date of reporting, an accurate estimate of the cost of the out-
standing work was made, together with an estimate of the time required to
complete it and the analysis showed that from the information available,
the total project would cost £170 000 or £10 000 more than the original
estimated cost. Also, the completion date would be three weeks beyond the
original scheduled date. The dotted curve is an extension of the actual
expenditure up till the report time and is the result of the new estimated
costs. It is also seen, that at the report date, the work carried out at that
stage had cost £15 000 more than was estimated for it. However, the
information available to management at the time indicated that for
various reasons it was expected to be reduced before the project was due
for completion.

Prediction report.

There are generally two reports associated with a prediction report. One is a
schedule prediction report which indicates the trend of the projected
schedule for the completion of the project as it is seen on each monthly
reporting date. The other is a cost prediction report which indicates the
trend of the projected cost over-expenditure or under-expenditure for com-
pletion of the total project as seen on each monthly reporting date. By
relating the trend of the projections to previous management decisions,
management can observe the effects of those decisions on the cost and
schedule for the project. They can determine on a month to month basis,
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Figure 9.5 Schedule prediction report for a television tower and
antenna system

whether or not the actions taken to control schedules and costs are pro-

ducing the desired results.

Typical prediction reports are shown in Figure 9.5 and Figure 9.6 and
from these particular reports the engineer can deduce that:

(i) At the end of the third month the project was one week ahead of
schedule and the expenditure was £12 000 under-expended.

(ii) At the end of the fifth month the project had slipped 2 weeks behind
schedule and the expenditure was £36 000 above the programmed level.
This called for immediate management action,

(iii) After eight months, the financial position had changed to one of
£12 000 under expenditure but the project had slipped and was then 5
weeks behind schedule.

(iv) At the completion of the project it was one week behind schedule and
was over-expended by £6000 on a total budget allocation of £150 000
for the project, i.e. 4%.

The limit points where top management action is required will vary with the

policy of the organisation, the cost of the work and the nature of the work. In
one organisation handling many large projects this limit has been set at 10% for
expenditure on particular sections of a project but 5% on the whole project,
when the programmed cost is less than £250 000.
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Figure 9.6 Cost prediction report for a television tower and
antenna system

PROJECT STATUS REPORTING

Every project should have a programme before work is commenced. The pro-
gramme should fully set down the objectives of the project, the approach to be
taken and the commitments to be assumed. Planning is a continuing function,
and updating may be necessary to meet changes in the scope of the work, devel-
opment or manufacturing difficulties and changes in requirements. However,
whether changes are required or not in the programme, status reporting of each
project is required to allow management to review performance at regular
intervals.

Management reports are most efficacious when prepared by experienced staff,
However, since the results are sensitive to the quality of the input data, the staff
should be particularly motivated and disciplined. They should be trained to
make reports prompt, complete and factual in calling attention to delays and
deficiencies. Report preparation should not be considered a chore to be per-
formed by a subordinate when time permits, as is often the case.

There are many different ways of presenting project status to management
but one typical project status report is shown in Figure 9.7. This particular

109



o1l

PROJECT STATUS REPORT

= PROJECT,_ CONTRACT . MONTHI-  AUGUST FUNDS AUTHORISED - €1 000 000
LEVEL - 2 TITLE TV. BEARER NUMBER 12345 YEAR - 1975 FUNDS ALLOCATEDL-  £760.600
HETWORK - 62 '000cS! i~ MSTALLATION OF TELEVISIGN RADIO RELAY BEARER WITH STANDEY, LAST REVIEW 1= JuLy 1975
R ANING T SHTS 15 PROJECT DESCRIPTION = RETWEEN CITY STUDIGS & COUNTRY TRAMSMITTE NEXT REVIEW i~ 3EPT 1975
BES) W [
ioa 1 -
! BT e -
g oo i e s
o DICTED
S ecop 2 |
x { IEDULE. TELAY 8 PREDICTED
@ L T RioNTH
200 L sop-
UNDER wﬁunvruw{ 3 2
700 £30,600 | }WEE%Z%NMURE_ g L
y FLANNED .
. <o w or FANER B Tion
9 seol USSETED 1 s |
g - EXPRADTURE. Actuar expenDITURE. 5
. 4o b | ¥ col- /
§ o ‘ 8
3 - VALL&‘. OF WORK. ACCOMPLISHED & g
o zo0r | u 50| /
L 2
oo } (& 4 'f ACTUAL RATE
Q i g 40 i ICAL COMI
_ OVER EXPENDITURE 1 L
g o I g /
S+ sof ! £ ol
Z | PREDICTED 2
o o S —— e F Vs
b} | 3 /
#-sop ! 5w Y
1% UNDER EXPENDITURE cor 7
Jormeemeres  ww gy | T
4 F M A M 4 J A S ONDJ
MONTH
. o 1 1 L L I L 14 t L 1 I
COST 'STATUS TEE. MAR. APR. WAY JUNE JULY AUG. SER  OCT KoV BEC. JAN
' TECHMICAL PERFORMANCE STATUS
) ACTIVIEY, MONTH T, [F [M AJ MlaTaTals o [N]o]0 COMMENTS,
8 [(aneap oF scuebuLe. ! SITE PREPARATION ¥ " T WET WEATHER
3
! FOUNDATIONS ! ‘ WET WEATHER -
+ 4 | i
i ANTENNA BRACKETY
. . ERECTION TOWERS 1 ‘ ANTENNA BRAC
g I ERECTION FEEDERS & ANTENNAS . T 4
g o + L | UNIT DAMAGED
E . : SHELTER INSTALLATION i‘ l IN TRANSIT
1 RADO EQUIPMENT INSTALLATION | 5
_ s Co
! ] POWER PLANT INSTALLATION T FAULTY GENERATOR
“ |
i - 157 DELIVERY EXPELTEI
6 | BEWND SCHEDULE SUPPLY SPARES £ TEST EQUID ! . NEXT MONTR
Now '
T L LINE UP £> COMMISSIONING . | —
S F M A M J J A 5 O N Db i ' L
T e ACCEPTANCE. TESTING | ‘ | ‘ ww| | =
SCHEDULE STATUS MILESTONE STATUS

PROGRAMME SUMMARY ©

ANTENNA  BRACKETS WERE NOT PELIVERED WITH THE TOWER STEELWORK & THIS WILL DELAY ANTENNA INSTALLATION ERECTION
of

F FEEDERS WOT AFFECTED. THE FAULTY GENERATOR REPORTED LAST MONTH HAS BEEN REPAIRED & REINSTALLED.TEST EQUIPT
& SPARE PARTS IAVE SLIPPED BUT ARE MOT EXPECTED 10 AFFECT COMMISSIONING OF mEsvs.st THE PROJECT IS EXPECTED TO
BEEN W

BE OWE MONTH LATE £ THE PRINCIPAL HAS

EN TO ON THIS MATTER.

OWEVE|

RO
VERBALLY! NDICATED THAT THE.

SUIPPAGE IS OT CRITICAL AS HE HAS ittty PPAGE oM THE TRARSITT R BLIL GG

Figure 9.7 Project status report in graphical and bar chart form for a TV bearer project
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arrangement requires the preparation of a separate report for each project, but
could be used to provide information for a project status board or drawing,
where all projects have to be presented together. The information contained in
the report is governed by the requirements of the particular organisation but
would generally include the following:

(@)

(®)

(©)

Cost status.

Diagram (2) of the cost status graph shows three curves, the budgeted expen-
diture curve which is determined directly from the contract time table
before the work is commenced, the actual expenditure curve and the value
of work accomplished curve at the date of preparation of the report. The
function of the cost status report is to summarise material, labour and
incidental charges for a given period of time.

Data for the actual expenditure curve is obtained from detailed costing
records supplied by the project manager. These records which show the
various elements of the expenditure break-up may be computer run-off
obtained from an electronic data processing system. In some cases, a curve
showing committed expenditure is also added, particularly if there are
delays in obtaining current costing information or where costly items of
equipment are involved. The analysis at the date of reporting indicates that
the project is expected to be £100 000 overspent and to be one month
behind schedule.

Diagram (b) indicates the percentage by which the total costs at a certain
date of reporting fall short or exceed the expenditure which was budgeted
for that particular date.

The curve is very useful in gleaning a picture of the status for previous
months and also the future trend. In other words, it gives a profile of the
over or under-expenditure of a project from commencement of the work
until completion.

Schedule status.

The schedule status curve shows the cost weighted measure of schedule
performance of the project work. Like the cost status expenditure curve of
(b) it provides a schedule status profile from the beginning of the project
until completion. It indicates that at the time of reporting the project was
about 6-7 weeks behind schedule but at completion this lag was estimated
to be reduced to about 4 weeks.

Technical performance status.

The definition of technical performance is not a simple matter when it has
to be related to such factors as creativity, design concepts and the like, and
also to setbacks in the progress of the work due to technical problems. For
example, the technical performance status may be estimated to be, say 70%
completed one month and yet be less than half this value at the next month
of reporting due to a technical setback.

During the development of a new type of high power antenna system for
one high frequency broadcast station, the technical performance status was
estimated to be 80% when the antenna was erected on site. However, after a
few days of testing, the antenna system failed due to serious corona problems
and the project work was set back many months for major redesign and
investigation work.
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The control of technical activities is carried out in much the same way as
cost and schedule control, i.e. by using bar charts and network diagrams
for the technical task events and activites as outlined in the plan, measure-
ments of the progress, evaluation of deviations and finally the implementa-
tion of appropriate corrective action where this is necessary. For some
projects, it may be desirable to weight the technical performance status
curve in order to take into account the fact that all work activities do not
have the same weight. Some are more complex than others, some more
costly than others and some are more important than others, Because sub-
jective factors such as complexity and importance are difficult to measure
and apply as a weighting factor the usual method is to use project cost. The
technical performance status curve presented as part of the overall project
status report would then take into consideration the relative costs of each
work segment in relation to the entire project cost.

(d) Milestone status.
Milestones, which are points of significant accomplishment, refer to those
selected points or events on which progress information is required in
order to appraise performance in meeting programme objectives on time.
They may indicate the start or completion of work, the attainment of
approvals, the completion or start of reviews, the attainment of objectives
etc.

The milestone bar chart shows the milestone responsibility inside and
outside the organisation. For instance, site preparation work may be carried
out by the principal on a separate contract but the timing is vital to the co-
ordination of antenna and building foundation and other works. Appropriate
comments on reasons for variations from the schedule are made on the
chart. In some reports, it may be considered desirable to indicate the specific
network numbering involved, to facilitate rapid network analysis where
such may be required. Slack for the individual milestones and total pro-
gramme slack in relation to the next equipment delivery may also be shown
for the reporting period.

A programme summary is added and this sets out briefly, reasons for
variations from planned figures and indicates follow-up taken with the
principal, if this is necessary.

The rectangular bar chart used in the milestone status has one main disadvan-
tage and that is it does not indicate the scheduled rate of progress or the actual
rate of accomplishment for the particular milestone activity. To overcome this
problem, some reports are prepared with a triangular bar chart in lieu of the
rectangular bar. Obviously the hypotenuse of the triangle is a straight line only
when the work is scheduled and executed at a uniform rate. A properly prepared
triangular bar chart will indicate not only the duration of the work, but also the
estimated and actual accomplishment. ]

It is evident that only the main items of a project should be shown on a
graphical chart as too many small items tend to make the chart unwieldy, com-
plex and too difficult to keep up to date. Any chart scheme will be found to be
workable and useful only if three basic aspects are kept well to the fore. These
are simplicity, clarity and a reasonable degree of accuracy. If a chart is too
complicated to be readily understood or if too laborious to keep plotted, it will
either fall into disuse or get so far behind current events that it.loses its real value.
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FORM OF PRESENTATION

Whilst a large part of information required for reports to management would
normally be obtained from computer print-out of the network analysis, many
managers prefer to have the information presented to them in graphical or
chart form. Graphs and charts are considered to be more meaningful when a
quick assessment of the status of the project is necessary.

A major problem confronting engineering management today, where many
large projects are active, is the increasing availability of information and in-
sufficient time to read and analyse it. It has become necessary therefore to
tailor this information to enable it to be readily absorbed in the time available.
To have management read and act upon the reports, they have to be presented
in a form in which management will use them and it is generally agreed that the
most acceptable form is graphs and charts.

Every control chart presented in graphical form should show comparative
results, An annual trend representing a difference is in itself a comparison,
since the rising or falling trend is with its single line, a continual comparison of
the twelve monthly result recorded against the result at the end of the last
financial year. Ratios should be compared against a normal line and there are
occasions when a current or cumulative set of figures may with advantage be
plotted against the current or cumulative figures for the previous year. Whatever
the chart may be, however, it should not be presented to management without
there being some method by which comparison of the recorded result with some
standard of performance, either actual or desired, is made.
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Chapter 10
Trend Analysis

Trend analysis is defined as the provision of information sufficiently far in
advance of a threatened crisis to enable management to take effective action to
forestall and mitigate the effects of that crisis. Most control systems data tend
to be processed on a historical basis, that is after the event has occurred. The
ideal is real time control where each event, as it occurs, is fed immediately into
the system and combined with all the other information existing in the system
and its effects determined so that the cumulative effects and trends may be
worked out.

Some organisations with large broadcast and television networks administer
the network via a computerised analysis programme. Data in the form of equip-
ment trouble reports and transmission results are fed into a centralised computer.
On demand, a Central Control Office retrieves real time analysis for areas of
falling performance and trend identification. Performance indicators are produced
and graded for various levels of management. Broadband radiocommunication
links are also administered along the same lines. By this means the status and
trend of the network is continuously monitored. Minicomputers and cathode
ray tube (CRT) displays are used to collect, interpret and display status and
trend data at selected regional and Central Control Office points.

Trend analysis in its objective has much in common with retrospective
analysis, the former being a prediction and the latter an inquest. It has been
said by some project engineers that retrospective analysis could never establish
real causes. Although this might be true as a generalisation, retrospective analysis
has merit in enabling courses taken and results accomplished to be reviewed.
Very rarely can a full programme of works, however well planned, be fully
accomplished without a perfect organisation. Good organisations can accomplish
a high proportion of their programmes and moderate organisations a moderate
proportion. It is frequently better to analyse the unaccomplished proportions in
retrospect than under the pressures prevailing at the critical time, and to change
future methods and reshape future programmes in the light of the reasons
thereby ascertained for the failure.

THE MOVING ANNUAL TREND

Probably the best known and simplest evaluation of trend is the moving annual
trend and it finds important application in the control of operations and main-
tenance expenditures of radio establishments. The moving annual trend is made
up by taking the results of expenditure at the close of the last financial year and
at the end of the following month, adding the results for the new month, and
subtracting the resuits for the corresponding month of the old year. In this way
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a full twelve months total is again obtained, ending with the first month of the
new year. As the year proceeds, each new month’s result is added to the previous
total and the corresponding month of the old year subtracted. Hence, when the
new financial year comes to an end all the old months will have been subtracted,
and all the new months added in, and so the moving annual total becomes itself
the final point for the current financial period. In each month the controlling
engineer is able to compare the position at the moment directly, and without any
calculations, with the position at the end of the last financial year.

This moving trend method of control has a further aspect in that it eliminates
what may be called seasonal fluctuations. Many large radio systems are installed
in areas where there is a marked change in operation and maintenance charges
with seasonal variations. In tropical areas, the monsoon season invariably results
in added maintenance charges due to the high humidity conditions and in dry
inland areas the very high prolonged summer temperatures may also result in
increased maintenance expenditure. The moving trend method disposes of these
aspects by the simple and effective means of always providing a twelve monthly
figure for comparative purposes and it is obvious that this twelve monthly figure
must contain a full range of a year’s fluctuation.

The effect that the trend curve has in eliminating fluctuations can be seen by
application to Figure 10.1 which shows the total operating and maintenance
expenditure associated with a large communications complex situated in an area
subjected to both summer and winter rains. The expenditure was at its lowest
during March, April, May, June and worst during summer rain months of
December to March with a peak again during June to August winter rains.

5 SUMMER WINTER SUMMER WINTER
{}

RAIN RAIN RAIN RAIN
PERIOD PERIOD PERIOD PERIOD
AR b, I 1 s
I reg TS IS yyyi Y
Q i 1 J L A 4. | 1 L/_Z ¥ 1 1 1 v 1 | 1 } an
S o N [s] J F M A M J o4 S o N D Ny F M A M J J A
—| PART ISTYEAR e 20 YEAR - PART 3RO YEAR ———

MONTHS

Figure 10.1 Operation and maintenance expenditure for a large communications complex

From a casual glance at the graph it is difficult to see whether the maintenance
expenditure for the complex is showing much alteration. If however, a curve is
made of the moving annual trend as in Figure 10.2, it can be clearly seen that
the total expenditure for operation and maintenance over the last five months
showed a gradual decrease. The trend curve is clearly defined but a careful
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examination of the current figures for the corresponding months of each year
will show that the last five months were always slightly less than the same months
of the previous year. The difference however is so slight that it could easily be
passed over as of no significance and it is only when the difference between the
two sets of monthly results is set out by the trend method that the continued
decrease in maintenance and operation expenditure for five months in succession
becomes clear,

The reason for the falling expenditure in this case was due to a reduction in
staffing, the installation of standby transmitting equipment, replacement of
several old transmitters with more efficient models and a rescheduling of trans-
mitting times for traffic handling purposes. The moving annual trend curve
indicated to management that the planned reduction in total costs was in fact
being realised.

THE MOVING AVERAGE

A moving average is simply the average over the last # readings where »n is the
period over a complete set of values. A typical graph of moving average of a
project associated with the operation of a high frequency point-to-point radio-
communication station is shown in Figure 10.3. The month by month actual
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Figure 10.3 Moving average and actual expenditure graphs
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expenditure is also shown for comparison purposes. The moving average is the
average calculated by dividing the accumulated expenditure on the project—both
direct and indirect costs—at the end of each month by the number of months in
the whole reported period. The average budget sets the reference level and a
comparison between this average budget reference and the moving average
indicates the trend of the project expenditure.

The method of moving averages is essentially a descriptive technique and does
not yield a mathematical trend equation. Moving averages tend to follow the
original observations up into large peaks and down into large valleys, and they
may introduce what appear to be cycles in some studies rather than smoothing
the cycles, because moving averages are serially correlated. It may change the
timing of peaks and valleys because it shifts the specific timing of the data.
Large irregular peaks will be spread out over the period of the moving average.
The effect is to produce moving averages, all of which are much less than the
original single large value, but several of which are slightly larger than the original
values adjacent to the large irregular value. The simplicity of the moving average
method makes it a useful procedure where more elaborate techniques may not
be justified.

RATE OF EXPENDITURE

In this form of monitoring, the expenditure is plotted cumulatively against time.
It has a zero origin as it can reasonably be expected that no progress is being
made without expenditure. The actual cumulative expenditure is compared
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against the mean expected expenditure reference line. A typical curve developed
during the installation of a television transmitter is shown in Figure 10.4. Caution
must however be exercised in using this method because there is no indication of
the corresponding project accomplishment. What is generally not sufficiently
understood is the futility of trying to judge accomplishment from only a cost
performance report. For example, in a particular period, there could be one or
more sections of the work which have been over-expended by say, a total of
£10000 and there could also be one or more material items under-expended by
about the same total amount perhaps because of non-delivery of material. In
this situation, the monthly expenditure at the time, would show that the expen-
diture was being incurred at the predicted rate and there could be a danger in
management assuming that the state of the project was healthy.
Only through a management information system that directly relates:

(a) Work accomplished to schedule performance,
(b) Work accomplished to cost performance,

can management obtain meaningful answers to:

(a) The extent of possible over- or under-expenditure of the project.

(b) The extent to which the project may be behind or ahead of schedule in time,

(c) The sections of the project work responsible for the expenditure or schedule
variations.

ACCOMPLISHMENT ANALYSIS

As seen from the previous method, a knowledge of the budget allocation and
actual expenditure of a project is in itself of little use to the project manager
unless the corresponding progress of the work can be gauged. It is necessary to
monitor not only the actual costs incurred but also the work progress in relation
to those costs.

Finance for a project would normally be allocated at the beginning of the
work or at the beginning of the financial year, depending upon the particular
arrangements within the organisation. The establishment of the budget expen-
diture throughout the period of the project is a straightforward procedure. Also,
the determination of the actual expenditure at a particular date would normally
not present any problem as most organisations have adequate costing facilities.
However, the delay between actual expenditure and costing dates does often
cause concern and this can be very important where large costly items of material
and labour are involved.

Accomplishment analysis is however a difficult problem, as it does not
normally form part of the management facilities of many organisations. In
determining labour accomplishment expenditure it is necessary to consider how
many different categories of costs are to be taken into account. They are as a
general rule easily determined as they will often resolve themselves into identi-
fiable major sections of work. Figure 10.5 shows how this step is carried out on
a typical project associated with a radio relay system for industrial pipe line
control purposes. The time duration of each bar would generally be obtained
from the network. From the estimated manhours, the actual number expended
on the work, and the number of manhours accomplished, the final manhour
total can be determined.
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Figure 10.5 Major sections of work associated with radio relay system
for industrial control

Figure 10.6 shows a monthly manhour accomplishment analysis for part of
work associated with the design and manufacture of a radar station. The total
estimate is seen to be 10670 manhours for the work and the analysis reveals
that 7000 manhours have been accomplished. Against this, the costed worked
manhours at the same date is 7030 or 30 manhours higher. In accomplishing
66% of the work the group has used about 65.9% of its manhour budget. The
information available from the analysis can be used to predict the final manhour
usage of the group working on this sub-system, if it is assumed that no corrective
action is implemented to improve subsequent performance.

The final manhour total of this sub-system can be calculated from:

Total manhours = —--
P

where A = actual number of manhours expended on the work, £ = estimated
number of manhours for the work, P = number of manhours accomplished

7030 x 10670
7000
10715 manhours.

This represents a group over-expenditure of 45 manhours and for this
particular example it represents less than 0.4% which indicates that the status is
reasonably healthy.

Accomplishment analysis will give forewarning of possible manhour excesses
and allows action to be taken, if appropriate, to retrieve the situation.

In the early stages of project labour activity there will be a tendency for the
analysis results to be fairly unreliable for prediction purposes due mainly to the
fact that very few work items have been brought to completion. However, a
pattern will emerge, generally after about 8 to 10 weeks for a large task, and the
trend will be seen to better advantage. The results at this stage will carry sufficient
weight to determine the necessity for corrective action.

Figure 10.7 illustrates the pattern of results from an analysis of the labour
performance of the installation of a directional antenna system for a medium
frequency station with several masts, earth mats and transmission lines. At
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Figure 10.7 Labour accomplishment prediction for a multi-element
m.f. directional antenna system project

the third month when some sections of the work were nearing completion,
a rise in the expended manhours above the estimated figure was evident.
This was due to unforeseen rock being encountered in the foundation excavation
work. The rise continued up until the fourth month due to wet weather causing
flooding of three of the excavations and subsequent damage to the walls. The
trend then showed a gradual fall after the project engineer reallocated his
resources to overcome the difficulties. After the sixth month, one of the winches
used for hauling the mast steelwork became temporarily unservicable and some
effort waslost in the actual construction programme because of its unavailability.
At the beginning of the eighth month when phasing and matching equipment
was being adjusted, it was found that an error had been made in mast base
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impedance assumptions and that four coils and capacitors required replacement.
This resulted in the usage of more manhours, and slippage of commissioning
date of the antenna system.

1t is seen that much more information can be gleaned from the predicted
manhour curve than from the curve showing the actual manhours used. The only
time that warning of possible over-utilisation of labour is given by an actual
manhour curve is very late in the project when it may be too late to apply
effective measures to correct the unsatisfactory situation.

OPTIMISATION

When determining time estimates for the performance of an activity a certain
quantity of resource is assumed. However, it is often possible to reduce the
period of the activity by increasing the resources but it could mean an increase
in cost of the work. For example, the manhours could be increased per week
by having the men work overtime but as overtime hourly rates are greater than
ordinary time rates the average manhour rate and consequently the final project
cost would be greater than an original estimate based solely on ordinary time
rates. Mechanical aid equipment could be used to shorten the activity time but
this also may add considerably to the final cost. For each activity there is a
particular combination of labour and equipment which will give the minimum
cost for completing the activity. It will invariably be found however that the
minimum cost will seldom coincide with the minimum time that is necessary
to complete the activity or work.

In order to reduce the project duration, the timings of critical activities must
be reduced. Any reduction of the planned critical path could result in previously
near critical activities forming a new or an additional critical path through the
project. Also, as activities represent independent phases of work, relative costs
will vary according to the nature and quantity of resources employed. Therefore,
there is a need to consider which activities will involve the least cost for each
reduction of unit time. Careful scheduling and time allocation of resources may
make the difference between completing satisfactory work at the correct time
and maintaining an economic schedule, and completing unsatisfactory work at
the wrong time at an uneconomic level.

CRASH COST

The cost/time relationship of an activity in a network may be represented in
the form of Figure 10.8 but the exact nature of the curve will vary from case to
case. Estimates of the time and resources necessary to complete an activity are
generally made on the basis of the most economical means available. This would
be the normal situation of allotment, and the cost of each activity can be con-
sidered as the normal cost. The normal point is the combination of the normal
time and normal cost and indicates the time required to complete the activity at
minimum cost. If the time for an activity is to be reduced, there will be a limit
past which no additional allocation of resources will achieve any further reduction
in activity duration. This limit istermed the crash point and the cost of achieving
it is called the crash cost. If it is necessary to introduce a crash programme,
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it is inevitable that the cost of the work may be considerably increased due
to decreased efficiency in the use of resources. Unnecessary additional cost
may be introduced by placing the work on an all-crash basis instead of concen-
trating on the critical path. Many operations are non-critical and have little
bearing on the project completion time. Consequently time will be wasted and
unnecessary expenditure incurred for an all-crash action. The cost of the work
may also be increased if it is allowed to taper out beyond the normal time. An
increase in time beyond the normal time, which corresponds to minimum cost,
implies increasingly inefficient use of facilities and equipment, and increasing
liability to engineering change which cannot be compensated for, by increasing
efficiency in the use of manpower. Because of the decrease in efficiency, costs in
many cases may rise rapidly. This- extension of time beyond the normal time
is sometimes referred to as the ‘drag out’ time.

THE COST SLOPE

The derivation of the true minimum cost curve for each activity when comparing
alternative projects is a rather tedious operation as it involves the calculation of
costs from permutations of all the possible alternative methods of carrying out
the activity. Fortunately, it is as a general rule sufficiently accurate for purposes
of comparison if the relationship of time to cost is considered as a linear slope
between the crash point and the normal point, although the actual relationship
will depend on a number of factors not necessarily applicable to all activities.

The rate of change from the normal cost to crash cost or the cost slope can be
determined from:

Crash cost — Normal cost

Cost slope =
Normal time — Crash time

Hence the cost slope of an activity is the cost of shortening the activity by
one unit of time. As an example, if an activity has a cost slope of £1000 and it is
on the critical path and all other activities have positive float, the duration of
the particular project could be reduced by one day for an additional expenditure
of £1000, by shortening the critical activity. By re-evaluating the network and
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using crash costs only for activities on the critical path and leaving normal costs
untouched for activities with slack, a saving can be realised.

RE-ALLOCATION OF RESOURCES

It is interesting to note in the crash cost example the effect on cost of two serial
activities of equal duration but located at different points on the time base and
to the left of the normal time. Although the duration of each activity is the
same, the cost of carrying out activity A is very much greater than for activity B.
In this case the cost of the serial path itself can be minimised by reallocating
resources in such a way that the time/cost functions all have equal slopes along
the curve and such that the total time of all activities on the path must be
completed in the allocated time. An allocation of time from activity B towards
activity A will reduce the total cost of the two activities without changing the
programmed time. This is because the cost saving from increasing activity A time
is greater than the cost increase for decreasing activity B time by reason of its
steeper slope. It is seen that the transfer of resources is in the opposite direction
from the transfer of time.

TOTAL PROJECT COSTS

The total cost of a project is made up of two kinds of expenditure, direct costs
and indirect costs. Direct costs include the cost of labour and materials to carry
out the activity. They also include costs associated with the engagement of a
sub-contractor, if work is to be carried out by this means. As the activity duration
is reduced, direct costs will rise in proportion to the amount of the additional
resources employed. Indirect costs consist of those costs which are incurred in
direct proportion to the length of time that the project takes, and which cannot
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be attributed to any individual activity. Such costs include expenditure on
administration, accommodation, site rental, power and lighting and interest on
the capital borrowed for the work. Because these indirect charges are propor-
tional to the project duration, their total cost increases as the project duration
increases. This trend is opposite to the direct costs which rise as the project
duration decreases.

The total cost of a project is the sum of the direct and indirect cost incurred
in its operation. As direct and indirect costs vary inversely to one another, the
project total cost for different times can be combined graphically, as in Figure
10.9 to obtain the total cost. Many organisations have a general formula for
calculating the indirect costs. Some strike a charge based on the number of
manhours involved, whilst others take a percentage of the total cost of the
project. In any case, the costs are assumed to be represented by a straight line
although variations to this approach do exist.

It is seen that the project total cost curve gives a least cost at a particular
project duration. Schedule durations on either side of the optimum duration
result in an increase in the total cost and the minimum project cost does not
necessarily coincide with the normal point or minimum project direct cost.

One indirect cost which may have a considerable influence on the project
total cost is penalty payment for failure to meet a schedule date. Penalty pay-
ments can be very high in some contracts, particularly in the case of high revenue
earning systems such as a main line high capacity radio relay system used for
telephony purposes. A system scheduled for completion just prior to heavy
Christmas traffic would be under high pressure to ensure that no slippage
occurred, as its revenue earning capacity would probably be at a peak at that
time of the year. If a contractor was under a penalty of say £10 000 per day for
every day slippage beyond the scheduled date, the indirect charges would rise
substantially and the optimum point could shift significantly.
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Chapter 11

P

roductivity and Efficiency

The continuous pressure by management for greater productivity in order to

me

et high rates of demand with limited fund allocations has called for greater

skill and ability on the part of the engineering workforce. It has been estimated
that if the same output rates needed 20 years ago were still applying today, to the
increased volume of work, a 25% increase in the workforce would be necessary.

(a)

The improvement in productivity in radio engineering has been achieved by:

Improvements in the design of equipment, plant and materials to give greater
reliability and to require less installation and maintenance manpower.

(b) Improvements in the methods and techniques of installation.

(©)

Improvements in maintenance practices and systems by the application of
controlled maintenance indicators so that unnecessary preventative main-
tenance is eliminated, by computer controlled service indicators which give
accurate information on service performance and by installing a system for
computer surveillance of network alarms.

(d) Improvements in safety practices to reduce loss time resulting from accidents.

(e)
()
(&)

(h)

(i)
G)

The use of cost analysis and performance studies as a means of indicating
areas where improvements could profitably be made.

The substitution of high production, low cost components, for low produc-
tion, high cost components.

Retirement of old high maintenance tube equipment. The maintenance of
some old equipment often represents a significant proportion of the total
maintenance load.

Increased concentration of equipment such as when expanding existing
broadband radio relay routes.

When new bearers are added to an existing system the only additional
maintenance cost is that associated with clearing faults on the new radio
equipment which usually is very low with modern equipment.

Substitution or elimination of parts, finishes or unnecessary operations.
Better organisational practices for carrying out work, aimed at reducing
ineffective time to a minimum.

Facilities well located, materially increase the efficiency of a job. Some-
times portable buildings and caravans can be used to advantage on external
plant work to meet shifting location requirements as the work progresses.

(k) Continuous study of practices in other countries and adaptation where

O

justified to meet local requirements.

Development of training programmes to increase manipulative, supervisory
and administration efficiency, improvement in staff morale by improving
information flow to the work face, by staff development, by providing
satisfactory remuneration for work and by improving conditions.
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(m) Encouraging workmen to look for better and more efficient ways of carrying
out work for which they are responsible.

(n) Having sufficient competent supervisors available and at an early stage of the
project to plan the work and to resolve difficulties as they occur in the field.

(o) Better co-ordination with building and site contractors in connection with
early building and site access for installation and construction activities.

The finish of the equipment rooms at time of commencement of instal-
lation work has considerable influence on efficiency. Due to tight schedules
in many installations it is not always practicable to await building comple-
tion before installation activities commence. Also, there are many situations
where technical work has to be phased in with the building works. These in-
clude the earthing grid system, wall cutouts for transmitter air ducts, chases,
conduits, manholes, bonding and screening and transmission line anchorages.
The erection of external plant such as masts and towers, earth mats,

transmission lines and trench work can be affected by the condition of the
site access roads, particularly during wet weather. Of course, if the roads are
inadequate during the first few weeks of the work then only those manhours
incurred in this period will be affected. However, mechanical aids which
become bogged due to the poor site access roads not only cause loss of
manhours on the programme but may result in damage to the plant with
resultant further delays in the work.

(p) Organising the engineering department in such a way that its methods and
operations are under continual review.

As an example of this, one organisation was in the practice of purchasing all
testing instruments for its new installations through a collective purchasing system
which had also been used for obtaining its operation and maintenance require-
ments. After an analysis of overhead costs involved in obtaining equipment for
several projects, it was found that it was more economical to purchase the testing
instruments through the contractor supplying the system equipment. Although
the contractor added his surcharge to the manufacturer’s price, the surcharge
was less than the overhead costs being incurred by the organisation. The reason
being that many items of test equipment have long delivery times and the cost
of manhours involved in regular follow-up by engineers and administrative staff
to ensure delivery on time to meet tight project scheduled dates exceeded the
surcharge costs for contractor supply. Several instances also occurred where
material was faulty on delivery and additional follow-up expense was incurred.

After consideration of the ultimate costs, responsibility for project progress
and organisational efficiency, a decision was made to purchase all project new
works testing instruments concurrently with equipment contracts. No change
was made, however, in the purchase of instruments for maintenance requirements,
as the need was generally foreseen some considerable period ahead and follow-
up action was in line with the normal stores purchasing procedure.

UTILISATION OF RESOURCES

Greater production or output does not necessarily mean higher productivity.
Production can be increased simply by using more resources, provided that of
course more resources are available. Productivity on the other hand must take
into account not only the volume of goods, achievement and services produced,
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but also the resources required to produce it. Productivity in simplest terms is
the result of efficient use of all the resources available and, in the main, these
resources are men, machines, and money.

The allocation of resources is a most critical factor in productivity improve-
ment. If future works programmes fail to set the optimum relationship between
men and materials or suddenly change the work emphasis from one range of
materials to another, then productivity is likely to suffer. Resource availability
can seldom be stated without qualification, for although a fixed labour force
may exist at a particular period in time, it is usually possible to vary it, providing
adequate notice is given.

An important factor in programming and scheduling activities is the capacity
of the available manpower resources to carry out the work. The capacity would
include not only the permanent workforce of the group but also that which
could be obtained on transfer from other areas or recruited locally. It should
also take into account loss of effort due to recreation leave, holidays etc. and
additional effort which could be obtained from overtime. The manhours avail-
able from the total resources should be known reasonably accurately in order
to programme and schedule the work properly. There is little point in preparing
a programme of work if the staff available are unable to maintain the schedule.

On any project it is undesirable that there should be peaks of labour employ-
ment at a number of different points in the work programme. Hiring and firing
workmen to meet peaks in the work can be inefficient, and does not lead to high
productivity. New workmen take time to get accustomed to new surroundings,
to learn to use new plant, to familiarise themselves with material supply arrange-
ments etc. It is desirable, therefore, that there should be a levelling in the demand
for manpower over the whole of the project with a smooth build-up during the
commencement stage, and tail-off towards the completion. Also, the start of
each new activity on a site requires extra attention by engineers and supervisory
staff, and the schedule should not have too many new activities commencing
simultaneously. The work will be handled more efficiently and with less false
starts and confusion if commencement dates for new activities are distributed
over a reasonable period of time.

The rate of build-up of work activity in the programme is important as it can
have considerable influence on productivity. If the rate is too rapid, problems
could occur in work co-ordination between groups, the smooth supply of
materials, the more efficient utilisation of mechanical aids, inadequate super-
vision and work space congestion etc. Another point is that all installation and
construction activities are made up of discrete steps of work many of which are
dependent on the completion of some prior activity. Shift work can sometimes
overcome some of the problems, but in many activities work cannot be carried
out as efficiently under artificial lighting conditions as during day-time. In fact,
some operations such as mast and tower work would be extremely hazardous.
Continuity of the work may also be difficult with shift work on activities such
as rack and transmitter wiring, where staff on successive shifts must pick up the
partially completed work of others.

HUMAN FACTORS

Of all the resources on which productivity depends, people are probably the
most important. It is obviously a very practical consideration for management to
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be concerned with the maintenance of an efficient and stable workforce, with-
proper selection and the proper placement of workmen in tasks, with the
strengthening of supervisory skills, with effective communications and with the
numerous other facets which are directly related to the capacity of the organisa-
tion to develop and sustain the effort required -for greater efficiency and
productivity.

It is particularly important that senior staff of the project group be appointed
to the job well before commencement of the actual fiéld work in order that they
may become familiar with the requirements of the work, and to allow proper
planning of the operations. The calibre and numbers of the senior staff, including
the field supervisors, should be adequate from the beginning if productivity is to
be at a high level throughout the life of the project. Staff should be carefully
selected as it is often very difficult to retrieve wasted manhours and upgrade
work practices which may occur as a result of incompetent supervisors.

FACTORS DETERMINING HIGH PRODUCTIVITY

Labour productivity is unfortunately a function of many variables, any one of
which canhave a considerable influence on the output. Many of the job situations
are intangibles and not amenable to measurement. Some of the factors which
determine high productivity on radio engineering projects are as follows:

(a) The proper equipment or plant must be available to allow the work to be
performed with the minimum of direct labour effort. Inadequate mechanical
aids, test equipment and tools can substantially increase the manpower
effort necessary to perform a given amount of work.

(b) The workforce must be adequately qualified and skilled, and be properly
organised to allow an efficient output.

(c) Materials, tools and test equipment must be in good order and readily
available when required.

Central location, and efficient service at the store and toolroom are also
important. Time spent away from the job in obtaining materials and tools
has a deleterious effect on productivity.

(d) Sufficient information of the work to be carried out must be available at the
correct time.

If drawings or data arrive just as they are required, it may not give the
workman sufficient time to study the details in order to determine the most
efficient means of doing the work or whether the details are adequate. If the
information is supplied later than is required, men may not be fully occupied
or they may have to be directed to other work temporarily. These aspects
result in overall job inefficiency and do not allow efficient utilisation of
manpower.

(¢) Management must be competent and skilled, and there must exist a high co-
operative effort between management and the workforce.

(f) All workers, at whatever level in the project organisation, should share a
sense of community and involvement in it.

(g) There must be a high degree of confidence on the part of all concerned that
higher productivity will not impose penalities through the incidence of
unemployment or reduced wages.
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(h) The processes of liberating, channelling and enhancing motivation are crucial
to achieving the maximum use of the workforce.

A study of the project work conditions and their relationship to productivity
provides information of value in managing the work. It allows optimisation of
productivity by manipulating the conditions under which the work is performed.
For instance, where new machinery or measuring instruments are capable of
saving human labour and yielding economies in installation or maintenance,
management cannot afford to ignore the question of premature obsolescence.
It is the responsibility of management to keep abreast of technical developments
even though additional capital outlay may be involved.

Economies can often be obtained by shifting resources so as to shorten the
time required to complete the project. In some cases, earlier and greater revenues
can result by getting the work completed and into operation at an early date.
However a price has often to be paid, as reallocation of resources and changes
sometimes involve increased costs. Thus the usual economic study problem of
balancing costs against revenue arises, and frequently alternative choices exist.
Clearly, the objective is to obtain the maximum benefits at minimum cost if a
change is to be made.

COMPUTERS AND RESOURCES

Several resource allocation computer programs are available which can produce
schedules which have taken into account limited availability of resources. Typical
situations covered by some of the programs include the following:

(a) Two or more projects each with its own completion dates, and all of which
have to be completed with the same basic set of resources.

(b) The resources required to finalise each job can be described in terms of
manpower, materials, machines or money. These descriptions include
resource type, combination of resource types, the amount required of each
particular resource per unit of time, the total amount of each resource
required to finalise the work, and the cost of interrupting the work once it
has commenced.

Even with present day computer techniques, there is inevitably room for
further development and the many methods currently in use are undergoing a
process of continual development as more and more is learned about the nature
of decision processes in this complex area.

However, notwithstanding the availability of many computer programs, many
engineers consider there is advantage in manual assignment and analysis of man-
power. Although manual loading of manpower resources takes more of the
engineer’s time, it does in many cases result in a more accurate and realistic
summary in that he can allocate varying amounts of manpower over the time
periods of the work function as he anticipates they will be needed, without
reverting to an average manpower loading. Because average manpower loadings
are used in many computer programs, the resulting manpower peaks as sum-
marised by the computer will often be higher and the resulting troughs lower
than might be realistically anticipated.
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MANPOWER SOURCES

There are two sources from which manpower for a project work may be obtained:
the staff of the organisation, and contractor staff.

Almost any project can be performed by contract staff but the ability of an
organisation to perform its own work would be influenced by many factors.
Some radio engineering organisations carry out their complete programine of
works, even to the extent of manufacturing and producing a large amount of
the material. Others may have a large professional staff to undertake feasibility
studies, design and planning work, operations and maintenance, but contract
all major installation and re-arrangement projects. In some situations, projects
have been completed by a combination of organisation and contractor efforts.

The decision as to what manpower will be used will depend upon the policy
of the organisation, the capability of the organisation, the availability of suit-
able contractors, the extent of labour requirements, the availability of outside
resources, and the characteristics of the project. There are advantages and dis-
advantages in both schemes.

The advantages associated with the utilisation of organisation staff are:

(a) Maximum utilisation of local labour resources.

(b) Allows build-up of expertise of technical knowledge and experience within
the organisation. This aspect may be of considerable benefit where the
organisation will also be responsible for the operation and maintenance
of the station or system.

(c) Eliminates profit on the work which would normally be payable to a
contractor.

(d) Permits maximum flexibility and allows ease of modification to plans,
should these be found necessary or desirable, during the course of the
work.

(e) Makesmaximum utilisation of staff whose long range well being is coincident
with that of the organisation with whom they are employed.

(f) Eliminates scamping and poor workmanship by a high profit seeking
contractor.

(g) Eliminates problems, effort and time involved in preparation of detailed
specifications and tender schedules.

(h) Reduces overhead cost associated with contract administration and inspec-
torial charges.

The disadvantages of using organization staff are:

(a) Tendency to maintain a full installation and construction organisation when
not fully justified.

(b) Real savings are usually not great. Administrative charges associated with
drawing office, workshops, transport, costing, material expediting, mechani-
cal aids may in fact be much higher than a contractor’s costs.

(c) Difficulty often occurs in fixing responsibility when work deviates from
programme in time or expenditure.

(d) Inspectors sometimes tend not to perform their tasks with the same zeal as
when oversighting the work of a contractor.

In the case of a contractor’s staff being used for the work, the advantages are:
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(a) Availability of groups of specialists, experienced and accustomed to working
together as a team, for example, transmitter specialists, mast erection riggers,
power plant tradesmen etc.

(b) Availability or ready access to specialists who may not normally be employed
by the organisation, for example, structural engineers for consultation on a
mast problem, transmitter designers, micro-electronic experts etc.

(c) Expertise in project installation and commissioning works developed from
long experience with many projects—large and small-under a wide range of
situations.

(d) Availability of specialist installation tools, equipment devices and test
equipment necessary to carry out the work efficiently, speedily and for
proper evaluation during commissioning. Many specialist items of equip-
ment and plant may be required to proof test or performance test a system
during the commissioning operations but could not be justified as part of an
operations or maintenance requirement.

(e) A high level of efficiency generally exists in the operations of a large con-
tractor organisation because of acute competition in the field.

(f) A contractor can provide efficient follow-up service should the system
require attention or modification at a later date.

(g) Availability of skilled manual writers to provide comprehensive information
on the total system installation. This aspect tends to be left undone when an
organisation purchases various pieces of equipment and installs the units to
form a system.

The disadvantages of the use of contractor’s staff are:

(2) The contractor’s aim is to make a profit, and when unforeseen or unbudgeted
work becomes necessary there may be a tendency to reduce the quality of
workmanship in other areas to recoup these extra costs.

(b) On some projects, an impasse developed on certain contract issues and had
considerable influence on the work schedule.

(c) Contractors are invariably late in providing data essential for the operation
and maintenance of the system.

Design work may sometimes be undertaken by the organisation’s own staff,
but because of the many specialist areas involved in radio engineering, much
work can often be carried out more efficiently by firms which specialise in a
particular field. A good example of this is firms which specialise in the design
and erection of masts, towers and earth station antennas. These firms have at
their disposal a great amount of detail and experience concerning their specialist
fields. They are usually in a position to offer alternative designs of equipment or
plant which have been installed elsewhere. Also, their execution of the design
utilises standardised, well proven and economic procedures which invariably
result in an item involving minimum cost and ensuring satisfactory service.

ENGINEERING EFFICIENCY

Closely allied with productivity is efficiency. It denotes a comparative grade of
operational or structural excellence ascertained by measurement and calculation.
For any engineering device or process, it is broadly defined as the ratio of out-
put to input when these quantities are appropriately specified and measured. A
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transmitter has its highest efficiency when the losses have a minimum value at
the predetermined output. The same transmitter has the greatest commercial
efficiency when the total operating costs including energy losses and capital
repayment charges are a minimum.

Some forms of radio engineering plant, such as masts and towers, involve no
cost for energy or energy losses from a mechanical view point. These structures
which require considerable capital expenditure are chargeable only with the
expense of maintaining them in good order and covering the interest and
depreciation on the capital cost. When the amount of these charges is a mini-
mum, consistent with safety, the structure has its highest efficiency. On this
basis, a structure which requires regular painting because of aircraft warning
requirements has a lower efficiency than one not requiring painting. The financial
return of the structure may be considered to be dependent upon the hours of
transmission while the outlay is the total sum of the expenses numerated. The
question of actual cash receipts for the use of the structure does not immediately
arise; it is one of the factors in the trading profit of the organisation but the
more efficient the structure the higher would be the net revenue on the hours of
transmission at fixed schedule rates. The revenue may vary depending on the use
to which the structure is put. For example, a mast or tower used for a medium
frequency broadcast station would have a revenue related to the number of hours
for which commercial sponsorship would be available. Where the structure
is used to support high capacity radiocommunication systems, the revenue
would be related to the number of channels occupied and the duration of
occupancy.

The efficiency of power driven equipment, such as a transmitter or diesel
generating plant depends on many more variables than those associated with a
mast or tower. Whereas maximum efficiency for a structure may be obtained by
proper consideration of dimensions, shape, materials and finishes etc., in relation
to stresses and environmental conditions, additional considerations in the form
of power input, average depth of modulation, temperature, power supply varia-
tions and many others, may be necessary for a transmitter. For a diesel generating
plant, size, speed, magnitude and characteristics of the load and other factors
'would have to be taken into account. Thus the development of high efficiency
equipment and machines presents a more difficult problem than the economic
design of a structure.

Economic efficiency within an organisation involves problems of selecting the
combinations of resources to use and the techniques to use in carrying out the
project work. The choice of techniques to use will depend upon relative resource
cost and the quantity of work to be performed or product to be produced. The
aim is to produce as efficiently, that is as cheaply, as possible. Thus if labour is
expensive and capital is relatively cheap it may be desirable to use techniques
making use of much capital and little labour. For example it may be more
economical to use mechanical aids to construct antenna and transmission lines
foundations of a large broadcast station complex than to employ labour at a
high hourly rate. On the other hand, in a country where the capital cost of provid-
ing the mechanical aids is very high but labour is very cheap the most efficient
arrangement would probably be the employment of local labour. However,
cheap, unskilled labour may be of little use in a situation where a high degree of
technical skill is required.
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Chapter 12

Engineering Budgets and Costing

In the final analysis, budgeting is simply a means of planning so that the best
possible use may be made of all available resources in achieving certain defined
objectives. It is an integral part of forward engineering planning and provides the
means for measuring the efficiency with which these plans are put into operation.
The budget establishes, in monetary terms, an objective of performance, and
having been established with sufficient detail, it serves as a guide, as time elapses,
against which to check actual performance and in turn to keep the performance
on programme.

As a general rule, budgets for the provision or maintenance of the engineering
facilities pass through three stages of developement:

(2) Preparation of needs or initial overall requirements.
The preparation of needs budgets is a decentralised operation. The needs or
overall requirements are developed by those in day-to-day contact with the
provision of the radio engineering services. They represent, therefore, a series
of budgets, not necessarily co-ordinated, which are a guide to what ought
to be done.

(b) Preparation of the co-ordinated realistic requirements.
The realistic budget involves decisions on competing claims to the use of
probable resources. At this stage, budgets are integrated into an overall
programme. The development of a programme structure requires that
management subjectively analyse its goals, and relate them to overall objec-
tives. In many organisations the co-ordinated programme covers a period
of three years, prepared on a firm basis for the first year, with the second
and third years more flexible. Because of the shortcomings of a three year
period with present day large project expenditures, there is a tendency in
many of the larger organisations to prepare the co-ordinated program for
a five year period. This permits variations in the light of experience and
other factors affecting priorities.

(c) Preparation of the annual budget.
The annual budget is developed from the co-ordinated realistic budget and
represents what will be done during the ensuing financial year.

RESTRICTIONS OF ANNUAL BUDGETS

An organisation which has an annual budget system only is severely restricted in
its growth. An annual budget has limited usefulness as a basis for comprehensive
long term planning. It is normally broken down into function categories, such as
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operations and new works, rather than into categories which are related to
organisational objectives. With budgets prepared on a year-to-year basis, it is a
very difficult task to bring together all the costs which eventually result from a
management decision to undertake a large project which may be spread over
several years. This applies particularly to operating costs which do not become
effective until the project work has been completed. Without adequate forward
planning the situation could arise whereby overall operating costs rise steeply
from one year to the next without management being properly prepared to meet
the situation in this area. For example, a large new high power international
broadcast complex with a large staff could involve an overall operating cost of
£800 a day or more.

PLANNING AND IMPLEMENTATION

Two main factors associated with budgeting are planning and implementation.

The essential features of planning are:

(a) The determination of priorities between the various competing installation
and operation projects.

(b) Attention to long term as well as short term aspects of proposals and
commitments.

(c) Consideration of expenditure over the various years for large projects which
extend beyond a single financial year.

(d) Analysis of the short and long term economics of the projects programmed.
This is an area where engineering economic studies are involved.

(e) Assessment of economic trends and their effect on demand for facilities and
services supplied by the organisation.

(f) The assumptions, needs, and criteria which support the recommended pro-
gramme.

(g) Identification of the main uncertainties in the assumptions and in estimated
programme accomplishment or costs, and the sensitivity of recommenda-
tions to these uncertainties.

The essential features of implementation may be classified as follows:

(a) Determination of the extent to which it will be necessary to forward order
materials, equipment, plant and services, and the dates that such orders
should be placed to ensure delivery or provision on time to allow the target
date for completion of the project to be met.

(b) Availability of staff and examination of staff recruitment and training
programmes to see whether skilled labour will be available for the instal-
lation and subsequent operation and maintenance for all the projects
planned.

(c) Final decision on projects involving provision of sites, buildings, site access
road works and services in sufficient time to ensure accommodation and
access being available when required.

(d) Development of associated and ancillary projects, such as supply of vehicles,
mechanical aids, caravans for office or on-site accommodation etc.

(e) Firm estimates of costs of labour, materials, incidentals and administration
charges for each project.
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THE CO-ORDINATION PROCEDURE

In a very large organisation, such as one charged with the responsibility for
providing national radio communication, television and broadcasting facilities
and services, the engineering budget may proceed along the following lines:

(a) Preparation of area, zone or State programmes for each branch of activity
(radiocommunication, broadcasting, television etc.), based on surveys of
needs and built up in accordance with general policy. These would be framed
on a three or five year basis.

(b) Determination of priorities within branch programmes in accordance with
relative urgency, but adjusted in relation to such factors as probable avail-
ability of accommodation, equipment, services and trained staff.

(¢) Integration of branch programmes into a co-ordinated area, zone or State
programme arranged in order of priority.

(d) Co-ordination of the area, zone or State progranmimes on a national basis.

The final result is a single programme of works capable of achievement with
the resources likely to be available.

MATERIALS PURCHASING BUDGET

The advance ordering of radio engineering materials is essential to the economic
and orderly development of capital works, operations and maintenance pro-
grammes. Unco-ordinated delivery of materials invariably leads to uneconomic
utilisation of the workforce and slippage in the schedule.

Each year the engineering department seeks authority to place orders for
material for delivery in subsequent years. When authorisation is received, a series
of budgets covering each group of materials to be ordered is approved. These are
related as closely as possible to the planned programme for the years concerned.
Before an order is placed, it is usual in many organisations for a certificate to be
given to the accountsdepartment that the proposed order forms part of a specific
budget and that its placing will not cause the total authorisation to be exceeded.

The balancing orders which would be placed on a short term basis are budgeted
for on an approximate basis at the time of preparing the advance ordering
programme. These are assessed in greater detail at a later stage and the same
general procedure is followed as in the case of advance orders.

Considerable importance isinvariably placed on the budget method of control
on the materials side. For instance, all advance engineering purchases are covered
by budgets related to the prospective programme for the ensuing year, and even
further for certain materials and plant such as masts and towers, large trans-
mitters, diesel generating plant etc., where production schedules are lengthy.
These budgets are not prepared in isolation but considered in relation to the
short term purchases which will be necessary. These are purchases which can be
initiated during the year of the programme itself.

Because of its nature, many items of radio engineering equipment and plant
must be ordered well ahead of the date required for installation or maintenance
purposes. Delivery times of 12 to 24 months and sometimes 36 months apply to
some types of radio materials. Other items can be obtained off-the-shelf or
within a few months. Under these long lead time conditions, careful planning of
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purchases is necessary. However, too heavy forward ordering can result in
insufficient funds being available at a later stage to purchase associated material
available on short term orders. In addition, material ordering must be balanced
with respect to the works programme, that is having decided the nature of the
programme material should be purchased fairly accurately to provision this
programme,

Prior to approving the budgets for purchase in any year, including forward
ordering, a careful analysis is made of the:

(a) probable usage of materials,

(b) probable deliveries of materials,

(c) possible cost rises e.g. from wage agreements,

(d) labour and overhead costs in stores and workshops.

When the total fundsfor collective purchase are determined, a detailed budget
is prepared in which amounts are allocated to the various classes of material
taking into account the many factors affecting the level of purchases for each
class. The budget at this stage shows as accurately as possible the value of
materials to be ordered in advance of the financial year and prediction of the
value of material to be ordered on a short term basis, after the beginning of the
financial year.

As the budget in the first place is prepared on a fairly broad basis in regard
to the split-up between classes of material, some flexibility is desirable, and
variations are made as found necessary when detailed consideration is given to
each purchase. However, the overall ordering is controlled within the total
amount of the budget.

FLEXIBILITY IN BUDGETING

The actual operating conditions often differ considerably from those assumed
when the budget is being prepared. Material delivery from contractors may have
fallen behind schedule, unforeseen wage rises may have been granted, wet
weather may have seriously hampered progress on external plant works and
many other changes may have occurred which make it unreasonable to expect
the operating results to conform to those set down in the budget. In order to
properly handle these situations, a degree of flexibility is required in the budget.
It has been found that the presence of rigid restrictions leads to a less than
optimal adaptation to change whilst under particular constraints. Several means
of securing such flexibility are available and include alternative budgets. flexible
budgets and regular revisions. However, regular budget revision is the most widely
used method in radio engineering project practice. The others are more suited
to organisations that make a single product or perform some basic operation
for which volume of activity can be readily defined.

The general practice is to revise budgets regularly at the end of each quarter.
However, in some organisations where large expenditures are involved, monthly
revision is carried out. Often the budget will be computed for a year ahead,
then at the end of each quarter the budget for the quarter immediately following
will be revised on the then current conditions and if desired a new budget for the
twelve months ahead can be added. In this way it always provides a general
picture twelve months ahead to govern the basic plans of the organisation and a
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specific estimate of the immediate future to serve as the foundation of day-to-
day operations. This practice is widely used for maintenance aspects of large
networks of radiocommunication or broadcasting systems.

There is a tendency on the part of many people to regard budgets as a control
or a form of management itself. A budget is nothing but a tool and as such
should be looked upon as an aid to intelligent management and nothing else.
It is based primarily on estimates that depend for their accuracy upon experience,
good judgment and accurate information. Hence should unpredictable circum-
stances occur and which completely cancel a budget’s worth, previous estimates
should be discarded and new ones made to fit the conditions better. A budget
should never be allowed to stand in the way of progress but be changed to assist
in that direction.

BUDGETARY CONTROL

The introduction of budgetary control in engineering management has arisen
from the realisation of the importance of planning operations with an ever-
watchful eye on the future. However, budgetary control is not merely a fore-
casting system. It involves a concerted plan of action based on a careful
consideration of all relevant tendencies and factors, and it is in itself a complete
system of controlling costs and preventing waste.

The essential features of budget control are that it enables an objective to be
established from the consideration of the probable course of events in the future,
it enables policies to be formulated to ensure that all activities are co-ordinated
to enable this objective to be met, and it provides a means whereby achieved
results can be measured in the light of the preconceived plan to provide a check
on progress towards the desired target.

With delegation of authority principles applied in modern organisations, there
is an implicit necessity for some means of ensuring that the major plans are put
into operation. The realisation of this fact has been one of the main tendencies
leading towards the adoption of the budget control system. This delegation of
authority has led to the necessity for some method of co-ordinating the activities
of the various branches and sections, and also for some measure of the efficiency
of project management.

It must not be thought that a budget is designed to turn project management
into a mechanical operation or that it is intended in any way to act as a bar
against the exercise of personal initiative. Its object is to guide rather than to
control, The idea of preparing a budget is not, essentially, to lay down rigid
programmes, but to indicate what will happen if certain plans are followed. Its
aim is to enable the most practical and profitable policy to be established for
the future and to provide a milestone or indicator against which actual progress
towards this end can be measured. It also aims at providing an indication of
impending weakness and dangers sufficiently far in advance to enable precau-
tionary measures to be taken in good time by the project manager.

To ensure success, before any system of budget control is put into operation,
there should be a clear understanding on the part of the management of both
how the system is to operate and what objects are in view. The nature of budget
control is such that all the various estimates involved are strictly interdependent.

138



ENGINEERING BUDGETS AND COSTING

It is consequently very necessary for arrangements to be made to ensure that
they are prepared in a logical sequence, and it is unwise to commence the operation
of a budget system before those arrangements have been made and before a
comprehensive procedure has been established to govern the preparation and use
of the various estimates.

The need for correlation of accounting and organisation is important for
budget control. Also, it is necessary that the budget system should be constructed
on the same plan so that actual results can be compared accurately with budget
forecasts and responsibility fixed on the appropriate project manager for any
failure to meet the estimate. The necessary preparation for the introduction of
budget control, therefore, involves careful consideration of aims and objects,
the establishment of a properly aligned organisation to establish the delegation
of authority, and an interlocked system of budgets, accounts, costs, reporting,
monitoring and organisation.

COSTING

Costing involves finding the cost of undertaking separate classes of work such as
erection and maintenance of masts, installation and maintenance of radio
equipment, power plant etc. or finding out the cost of undertaking separate
types of work, such as the cost of establishment and operation of a broadcast
station, television station, radio relay station, radar station, earth satellite station
etc. Cost control has to do with the organisation, administration and control of
the cost procedures necessary for the work, and its primary functions are to
document historicial costs and to compare those costs with the original estimates.
Methods of collecting and allocating costs are a fundamental part of the plan for
managing the engineering department, since intelligent planning is extremely
difficult without accurate knowledge of costs.

Whereas accounting is a record of financial transactions, costing besides
recording operations allows greater scope for planning and analysing results
with the definite object of enabling management to control better the factors
of installation, operation, maintenance and production. Costing seeks to measure
the results in terms of unit installation, erection, operation, maintenance or
production, and the basis of measurement is not confined to only money values
as in the case of general accounting. Besides accounting for the money expended
in the process of the work, costing seeks to test the efficiency of the factors of
installation, maintenance etc. and to indicate areas of waste and inefficiency. To
do so, all expenditure whether for labour, materials, administration charges or
incidental expenditure is classified and analysed in relation to the cost per
operation or cost per unit of outlay. Consequent on the maintenance of an
efficient costing system, management investigation may reveal instances of
defects in the organisation, procedures and methods covering such matters as
inefficient or unsuitable plant, idle machine time, excessive use of transport
vehicles, incorrect material lists on drawings, spoilt materials, excessive spares
holdings, etc.

No costing system can of itself either reduce costs or increase output. It can
but record facts. The question is, does it record the right facts and present them
in such form as to reveal operating inefficiencies? If it does so then the task of
exercising directive control over the inefficient factors of installation, operation,
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maintenance or production, devolves upon engineering management, whose
efforts if successful should be apparent in future cost statements.

It is very seldom that costing for radio engineering projects is carried out on
site as is the practice for some large civil engineering works. More often, the
costing is carried out on a centralized basis at the head office of the organisation
and copies sent to the resident engineer when complete. From the costing infor-
mation the engineer and supervisory staff can see if the site works are being
achieved within the planned or estimated cost and schedule, and whether inci-
dental and overhead expenses are within the allocation.

Costing data from many previous projects may often be used to a reasonably
high degree of accuracy for future estimates. As the estimator will usually be
aware of various productivity conditions affecting projects with which he has
been associated, costing data can usually be interpreted to future situations. It
is good practice for copies of all pertinent costing data to be collected and
categorised for future reference. In order to predict costs the estimator must
have information concerning either historical costs or the relationship between
cost and technology.

Computer systems are now widely used in the preparation of costing infor-
mation. One broadcast organisation with a technical staff of some 6000 and an
annual capital works programme in excess of £11 million uses a database system.
The system deals with a large amount of data relating to capital projects and the
operation of transmitter, studio and programme networks. The database system
is designed around only three physical files designated WELL, INDEX and
LINKS. It is known as EMIAS which was derived from the words Engineering
Management Information and Accounting System. -Financial data relating to
700 engineering cost centres involving more than 3500 capital projects are
stored in the system.

BENEFITS OF COSTING FACILITIES

Many benefits accrue from the establishment of a proper system of costing
records. Some of the services and facilities provided include:

(a) The ascertainment of actual costs of installation, erection, assembly, opera-
tion, maintenance or production, thus furnishing guidance in estimating and
in deciding what plant and designs are more economical or profitable to
install, operate, maintain or produce.

(b) The preparation of periodic comparisons, generally on a monthly basis, of
actual versus programmed total cost for each project.

(c) The preparation of periodic comparisons, generally on a fortnightly basis,
of actual versus programmed manhours.

(d) The presentation of concrete facts with which to judge the efficiency of
branches, sections, work groups, stations or systems.

(e) Indication of a warning of any operation or work which may be running
at a loss or inefficiently and is therefore in need of special management
attention.

(f) Indication of leakages, waste or theft of materials and -plant.

(g) The provision of factual data arising from a particular project contract for
the assessment of variations and extras which require the calculation of
new prices.

140



ENGINEERING BUDGETS AND COSTING

(h) The establishment of standards for overhead expenses and the localising of
increases of unproductive labour, material and indirect expenditure, with
the object of controlling and reducing.

(i) The provision of information which can be stored for reference for future
tendering purposes.

(j) The establishment of a basis of normal operating capacity or output. This is
important in relation to overhead apportionments and also in regard to
determining and promising delivery or commissioning dates.

(k) The auditing of project works.

() The up-dating of cost-to-complete project reports and funding schedules.

(m) The sponsoring of cost-improvement programmes.

(n) The supply of costing statistics for management reports, etc.

While in the financial books of account, the various classes of expenditure are
kept in separate accounts such as wages, salaries, materials, light and power,
depreciation, general expenses, etc., for costing purposes the whole of the
expenditure is divided into four main groups of labour, materials, incidentals
and administration charges. The system of costing merely consists of the current
recording of the expenses in these groups in such a manner as will facilitate the
ascertainment of the proportion of each group which is equitable to charge each
work performed.
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Chapter 13

Engineering Organisation

The best form of organisation is that which furnishes the most effective and
direct means for the operation of management. No matter how high the efficiency
of management, experience has shown that it cannot operate effectively through
a bad organisation. However brilliant the personnel, however progressive the
policy of management, its full effects cannot be obtained through a form of
organisation in which

(a) Work is unscientifically divided between branches, sections, sub-sections or
individuals.

(b) Duties are not properly and clearly defined and which overlap.

(c) Responsibility is divided between groups or individuals.

(d) There is no provision for understudying.

(e) Some individuals have too much to do while others have too little.

(f) No management exists for full co-ordination of effort.

To achieve the best, both good management and good organisation are vital.
Just as radio equipment is chosen to carry out a specific function, so the form of
organisation must be designed and adapted to suit the type of management
which is to be installed.

ORGANISATION REQUIREMENTS

The general results which may be expected from a sound organisation include
the following:

(a) Stability and endurance.
The form of organisation should have the capacity to endure and develop.
Changes in staff and methods are inevitable, but the establishment should
not be thrown out of balance simply because of changes in personnel, no
matter how indispensible these individuals may appear to be. The organisa-
tion should be sufficiently flexible so that it can be adjusted to changing
staff and technology. This applies just as much to a single station employing
only a small workforce as to a major communications organisation employ-
ing thousands of people.

(b) Cohesion and co-ordination.
The more necessary it becomes for work to be divided between branches,
sections and individuals, the more it is required that there be some machinery
to ensure corporate working and the direction of all the parts towards a
common objective. The form of organisation should therefore provide for
co-ordination so that the work of each group is scientifically related to that

142



ENGINEERING ORGANISATION

ENGINEERING
MANAGEMENT
EQUIPMENT SYSTEM DESIGN SITE SURVEY FEASIBILITY EXPLORATORY
SPECIFICATIONS & ENGINEERING & SELECTION STUDIES. DEVELOPMENT
OPAGATION FUNDING &
SOCI0- ECONOMIC] TRAFFIC SPECTRUM PRQBEAQ cn FIMANCIAL
SURVEYS ANALYSIS SURVEILLANCE £ ANALYSIS MANAGEMENT
Fﬁ;‘ii:fv CONTROL & pE:;(:;;TNCE L SYSTEM QPERATION &
. AGEMENT INTENANCE
& AMALYSIS MONITOR R.F.L CRITERIA MAN A
Iiféi:‘é TECHNICAL L 22;%':::_ SYSTEM TEST QuUALITY
DOCUMENTATH £ CHECKOUT CONTI
SUPPORT TRAINING JECK ONTROL
TEST & PROTOTYPE
INSTALLATION CONSTRUCTION PROCUREMENT]| EVALUATION CEVELOPMERT

Figure 13,1 Capabilities of a large organisation engaged in total
communications systems
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of others, that both overlapping and unallotted areas are avoided and the
whole is employing its energies for a single purpose. The crux of high per-
formance of any project lies in the effective inter-relationship between
organisational structure and individuals. The necessity for this is well
illustrated by Figure 13.1 which shows the wide range of activities under-
taken by one large engineering organisation specialising in ‘total’ communica-
tions systems.

Facility in working arrangements.

The machinery set up for carrying out the activities of the enterprise should
primarily be designed to facilitate the most economical and effective work-
ing arrangements. An organisation which impedes the proper practice of
management is wholly opposed to what a good organisation should be.
There must be clear lines of authority running from the top to the bottom
of the organisation,

Clearcut duties and responsibilities.

Each individual should be provided with a clear set of duties and an unquali-
fied responsibility for their execution. No form of organisation can be
considered to be satisfactory which either leaves an individual in doubt as
to what his duties are or which divides the responsibility for their execution.
Responsibility should be matched with corresponding authority.

The responsibility and authority of each supervisor whether he be in
charge of an installation cell or station should be clearly defined and com-
municated to him.

Normal capacity of the individual.

The form of organisation should provide for the allocation of duties accord-
ing to the normal capacity of the individual. Some people may be capable
of executing a particular set of duties much more effectively and efficiently
than others but the position duties themselves should not be altered to suit
men who are either above or below normal capacity. Also, the work of
every person should be confined, as far as practicable, to the performance of
a single leading function.
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Single and direct leadership.

The organisation should ensure a single and direct leadership of the station
or project workforce. Only a single competent leader can correct the ten-
dencies which functionalism and division of labour create. Only the leader
can keep the group committed to that unity of aim which alone produces
the optimum results.

The structure should be such that no one is required to report to more
than one line supervisor. Every member should know to whom he reports
and who reports to him. At many large stations an assistant manager may be
provided to assist the station manager and the relationship of the assistant
manager with staff should be clearly defined.

ORGANISATION DESIGN

building of an organisation is something quite distinct from the use of an

organisation for purposes of management. Just as the design of a transmitter is
different from the control of the transmitter in operation, so is the designing of
a form of organisation different from the managing through an organisation.
Having defined the broad requirements above, it is possible to outline the
particular features which must be introduced into the form of organisation
designed to achieve these requirements. The main features conducive to these
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may be summarised as follows:

Functionalisation of the higher management.
Functionalisation is the grouping of the necessary activities of the engineer-
ing department according to scientifically determined lines of demarcation,
irrespective of works, products or processes of manufacture etc. In the
functional form of organisation the department is divided, not according to
the products, but according to a scientific grouping of work. Instead of each
branch or section being responsible for its own costing, planning, recruit-
ment and discharge of permanent staff, union negotiations and training of
apprentices and cadets, the functional principle requires the setting up of a
costing section, planning section or branch, staff and industrial section and
so on, each one of which is responsible for its own functional activities on
behalf of all branches or sections.
The scientific planning and central control of the organisation.
It is often not easy to determine what the functional divisions should be,
nor having determined them, to ensure that all work together for the
common end. It is necessary, therefore, to analyse what activities are
essential in the conduct of the business of the engineering department, what
their relationships are to each other and what is the relationship of the
higher parts of each to its subordinate parts. For example, if it is decided
that one function is planning, it is necessary to determine precisely what
planning is, what the relationship of planning should be in connection with
new installation works and what the relationship of the planning of the
work of each branch or section should be to the planning of the work for
each project.

It is evident that the greater the degree of functionalisation, the greater
the need for co-ordination. If one branch or section is costing the project,
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another planning the project, another carrying out new projects and another
carrying out the operation and maintenance of those projects, obviously
there must be some machinery to weld all these project activities together.
It is therefore essential that at some point, all functions must concentrate
and come under a common direction from above,

The establishment of co-ordinating officials at various points in the
organisation.

There must be co-ordinating officials at various points in the organisation.
In an engineering department concerned with, say the manufacture of
products such as radio equipment, these officers could be the manufacturing
managers. However much the theory of functionalisation may be elaborated,
the basic fact remains that the backbone of this particular organisation is
the making of the equipment. All the activities of costing, staff employment
etc. are subsidiary to this main business of manufacture. Their purpose is to
serve the manufacturing process. It is logical therefore that the control of
manufacture should be the point at which all the functional activities are
co-ordinated. However, it also has to be kept in mind that there is a practical
limit to the number of positions that can be co-ordinated by a single individual.
The proper and regulated use of committees.

The proper and regulated use of committees is a feature of the form of
organisation which will yield the results outlined above.

Committees are normally necessary for two main purposes: to act in an
advisory capacity to management and to co-ordinate its activities. For
instance the project construction manager may feel the need for an advisory
committee to assist him in carrying out a policy relating to safety.

A planned system of understudying.

If an enterprise is to persist and develop, it is essential that the continuity of
policy should be preserved. This can only be achieved by provided for
understudies for all important positions in the organisation. The absence or
departure of any responsible official should not occasion a break in policy
or execution. There should always be someone available to take over the
work. This does not imply that a position of understudy should be created
in the establishment, but rather that the work which has to be done in any
area should be so allocated that there is always one junior who, by the very
nature of his work, is qualifying to occupy the position above him. It is
therefore largely a problem of grading and proper distribution of duties. It
is, however, an important factor from the point of view of stability.
Individual foremanship.

Just as the head of the engineering department forms the point at which all
the activities of the functional branches, in so far as they effect his depart-
ment, are co-ordinated, so the foreman or station supervisor in charge of a
station or network forms the point at which all functional activities in so far
as they effect his section or group are co-ordinated. He thus becomes the
representative to his workers of the whole body of the management. Above
him may exist a vast organisation covering the whole enterprise from design
of the product or equipment to its eventual sale or installation.

The plan of the organisation therefore must be so designed as to ensure
that the workers are directed in their work, not by a multitude of officials
with different interest but by one official—the foreman, station supervisor,
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resident engineer or project manager—who stands in their eyes as the repre-
sentative of all those interests.
(g) General knowledge of the organisation structure.

The whole form of the organisation should be known to all concerned with
the management of the engineering department. The positions and duties of
each member of the organisation should be appropriately publicised. This
means that the organisation charts of the department should be published
and distributed so that there can be no lack of definition either as to duties,
status, authority, or responsibility. However, an organisational structure
which is only a chart showing the relationship between various groups, is of
little real value in itself although it is an important step. The working
relationship must be factually established.

In practice, some of the foregoing principles are frequency neglected and
resultant problems encountered include

(a) Organisation not designed to accomplish specific goals because of failure of
management to think through the objectives of the function or department.

(b) Relationship with other functions necessary to accomplish goals not being
clearly defined.

(c) Staff functions not clearly separated from line functions. Difficulty is often
experienced in properly defining the role of staff with relation to line, and
the optimum size of staff in the total organisation.

ORGANISATIONAL PLANNING

Organsiational planning is the management process of grouping tasks, portraying
authority and responsibility and establishing working relationships that will
enable both the engineering department and the individual to realise their mutual
objectives. Factors which have to be taken into account include the structure of
the enterprise, manpower needs and availability, environment, potential and
expansion programmes.

A sound organisation is fundamental to the success of any engineering depart-
ment but it has to be realised that organisation must be brought about in terms
of people. It matters very little how perfect the organisation structure may
appear on the chart or in a manual. It is lifeless without persons to occupy the
various positions shown on the chart. Also, a considerable amount of matching
is often required to obtain the right persons for the various positions, but it is
very seldom that the proposed ideal organisation matches perfectly the actual
organisation. Another aspect is that objectives and philosophies sometimes
change and the structure and policies must be amended to meet the new require-
ments. With reworking of organisation plans, rematching of many positions and
personnel may be involved.

A soundly based organisation plan enables changes to be made as the need
arises. It must be sufficiently flexible to cater for changes, particuarly those
changes associated with expansion. Where no plan exists, changes generally have
to be made on the basis of expediency and often the changes fail to realise the
fundamental requirements, and may introduce organisational errors.
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The functions of an engineering department organisational plan may be
briefly classified as follows:

(a) To set down the objectives and philosophy of the engineering department.

(b) To set down the responsibilities of the various branches, sections and sub-
sections.

(c) To show the organisational structure and the inter-relationships of various
groups, with the aid of functional diagrams, organisational charts, matrix
charts, position descriptions and other such models as may be necessary for
a full and proper description.

(d) To set down policies with regard to delegations of responsibility and author-
ity, line/staff responsibilities, and other important functions.

The most effective type of organisation is influenced by many factors which
include

(a) The magnitude and pressure of tasks.

(b) The nature of the engineering activity.

(¢) The number of major tasks being handled.

(d) The importance of uniqueness of the tasks.

(e) The extent of common activity in the various major tasks.
(f) The degree of involvement and numbers of specialists.

The most common types of organisations used in a radio engineering environ-
ment, include project, section and matrix types. There are many variations, with
the nature of the engineering activity affecting the type of organisation used.

PROJECT TYPE ORGANISATION

The project type of organisation can be described as the separation of a group
engaged in the engineering of a specific project. It is typified by the fact that the
task is under the technical and administrative direction of a project engineer and
the project is almost autonomous and self-contained. Because it is self-contained
and handles practically all the essential activities needed to accomplish the task,
it is almost possible to divorce a project from the rest of the organisation, and in
this way create a separate and self-sufficient organisation.

The project type of organisation finds its greatest application under the
following situations:

(a) Tasks which are unique.

(b) Tasks which require a high degree of technical and financial control.

(c) Tasks which involve the solution of many important technical problems.
(d) Tasks of high priority and importance.

(e) Tasks involving tight schedules and restricted budgets.

Where many large tasks are undertaken, there may be several project engineers,
each with a staff and supporting technical personnel. These project engineers
would generally be under the control of a chief project engineer. Figure 13.2
shows a simplified organisation structure for a large radio engineering authority
involved in the design, installation and construction of broadcast, television and
radiocommunication networks. There are three projects, each with necessary
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Figure 13.2 Typical project system organisation

support to carry out its task and under the control of a project engineer. It is
evident from the diagram that most technical and administrative services are
common to all three projects. The services and administrative sections provide all
additional support necessary to complete the tasks. Part of the function of the
chief administrative engineer is to handle the preliminary studies and design
aspects of a task to such a stage where the details are sufficiently advanced that
they warrant project status. Often the chief administrative engineer handles the
tasks through the proposal stage, and the chief project engineer takes over at the
contract or approval-to-proceed stage.

The project type of organisation is a continually changing organisation. It is
either accelerating or decelerating, and a project by its very nature must finally
be wound up. Because the project is finite in duration the organisation structure
tends to be adaptive to the environmental conditions. Nearly every large project
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will pass through conceptual, establishment, implementation and termination
stages during its life cycle and as the task progresses through these stages, there
will be continual changes in the project size and structure.

Many engineers consider that the advantages of the project type of organisa-
tion lie mainly with the project engineer, because of his independence and
autonomy.

The principal advantages may be summarised as follows:

(a) Given adequate resources and facilities, the team will function at high
efficiency.

(b) Staff obtain experience in a wide range of radio engineering activities.

(¢) There is one information source.

(d) Good co-ordination of effort, because of centralised location and control of
the workforce.

(e) Each team can specialise in a particular type of project and so acquire a high
degree of skill and efficiency.

(f) Each project is given full time and individual attention, and pressure can be
applied at the appropriate points in order to overcome inertia which is
inherent in many large tasks.

(g) Instructions are expedited because they do not have to be channelled through
other sections. They are issued direct to the working level.

(h) There is considerable inbuilt flexibility, provided that the project is not too
large, and the number of personnel assigned to the task can be increased or
decreased rapidly in order to meet the demand situation.

(i) Original thinking is stimulated among the designers because they are not
restricted by specialist groups, and also because of continual regrouping of
personnel of varying talents and experience.

(j) Only one learning period is required, since only one group of people is
involved.

(k) High morale is a characteristic of a project team because of the close associa-
tion and identification of the individual members with the goal.

Because of the independence and autonomy, some managers consider work of
varying quality results, and for the same reason, inconsistent operating policies
also occur within the organisation. These and other disadvantages may be sum-
marised as follows:

(a) For a large project, an excessive work load is placed on one individual.

(b) Inefficiency may result where work assignments are given to individuals who
may not be fully qualified to handle the particular task.

(c) There is often less uniformity of output because there is no co-ordinating
body to ensure uniformity among the teams.

(d) Inefficient use of manpower may result in the event of shortage of materials.

(e) It permuts inconsistent operating policies within the teams.

(f) It permits duplication of facilities and personnel.

(g) The apparent lack of stability, for promotional purposes, discourages staff
from joining project teams.

(h) A project engineer, who is determined to impress management by breaking
schedules and undercutting costs, may sidetrack standard procedures.

(i) After completion of the task it is often difficult to check back with designers
or installers, as they may be assigned to other works elsewhere.
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(j) With increasing expansion of a large project, co-ordination problems may
occur, resulting in the evolution of other types of organisation within the
project.

(k) Permits multiple represéntation to outside bodies as each project may handle
its activities, such as material purchases, independently.

() Since there may be no reservoir of specialists in functional elements, staff
may be held on a project longer than they are really needed.

SECTION TYPE ORGANISATION

The section type of organisation consists essentially of a number of teams of
homogeneous specialists with each team headed by a section engineer. For tasks
where project engineers are involved in this type organisation, the tasks are under
the administrative direction of the project engineer but the section engineer is
the person responsible for the technical direction.

The chart of Figure 13.3 shows an organisation carrying out the same type of
work as that in the previous case, but using the section type of organisation. The
three section engineers still retain their support staff, but a chief design and
installation engineer has been included at a level equal to the chief project
engineer. The chief design and installation engineer has under his control chief
section engineers in charge of radio design, external plant installation and internal
plant installation and internal plant installation activities. The chief administra-
tive engineer and the chief services engineer carry out the same function as in the
project type organisation.

The advantages of this type of organisation may be briefly classified as
follows:

(a) Provides flexibility in the utilisation of skilled staff.

(b) Tasks of a specialist nature can be carried out efficiently.

(c) A high degree of stability and promotional opportunity exists within the
specialist team.

(d) Expansion is easily handled by breaking off segments of work and forming
additional groups.

(e) Specialists can be grouped into a team so that the experience gained on one
task may be used on another.

(f) Permits uniformity of output because effort is consistent and related to past
tasks.

(g) Provides a consistent approach and subsequent solution to design and
installation problems.

(h) Reduced duplication of design work and also repetitional errors in basic
design.

The principal disadvantages of this type of organisation are:

(a) Co-ordination between specialists is not always easy to obtain.

(b) Technical specialists are often required to spend a large portion of their time
on administrative functions.

(¢) Pressure from project engineers to meet schedules often creates friction with
technical specialists who may consider solution of a technical problem of
more importance.
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(d) Because there is a leader for each specialist section, multiple supervision
sometimes occurs.

(e) Where a high degree of specialisation is necessary, there is little flexibility
in the movement of staff from one section to another.

(f) It is often difficult to expedite work flow through several specialist sections.

(g) The establishment of priorities is not easy to achieve.

MATRIX TYPE ORGANISATION

The matrix type of organisation is a combination of the project and section type
structures and is used to establish a flexible system of resources and procedures
in carrying out large complex projects with tight schedules, high technical
standards and within fine financial limits, Changing conditions in modern radio
and electronic technology have caused management to create new relationships
of organisational principles in order to make more efficient use of resources,
including skilled technical staff. The degree to which the project type or the
section type of organisation is used is determined by the particular requirements
and nature of the tasks.

The matrix organisation finds its greatest application in handling large separate
project tasks rather than in standardised tasks of large volume. Each project is
under the control of a manager who has the authority, responsibility and also
accountability for ensuring saiisfactory completion of the project in accordance
with the specifications, schedule and budget allocation. The project manager’s
staff numbers will depend upon the degree of centralisation and magnitude of
the task and may vary from one—-the manager only—to a hundred or more.

Figure 13.4 shows a simplified organisation developed along these lines for
handling three major radio communication projects. Additional projects can be
easily added to the organisation and when a project is completed it is simply
deleted. It is a very flexible organisation. The line organisation develops from the
project and the functional sections provide support for the project line
organisation.

When approval has been received to proceed with a project, a manager is
appointed to control and implement the task and is allocated specialist personnel
within each functional section, in sufficient numbers to allow the work to be
properly carried out. The manager is in full control of the sub-section assigned to
him for the duration of the project. He is fully responsible and accountable for
successful completion of the task and consequently has full control over the
allocated functional sub-section staff, for the work they do and their assignment.
Upon completion of the task the members return to their nominally appointed
functional positions for re-assignment to other tasks.

In the chart, the line functions are shown horizontally, and the support
assistance involvements by the functional sections are shown vertically.

The concept of this type of organisation envisages a grid relationship of task
performance rather than pure line and staff relationship. This is a radical depart-
ure from the line-staff organisation principle used for many years in engineering
organisations. The extent of the resource allocation for each particular project
depends upon the project’s magnitude, extent of research and development
necessary and the priority.
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The main responsibilities of the functional sections are:

(a) To ensure the proper quantity and quality of output.

(b) To assign groups of personnel of appropriate numbers and qualifications to
accomplish the allocated task.

(c) To organise the necessary facilities from within their resources to ensure
that the allocated task can be properly carried out.

(d) To form and train a stable workforce skilled and capable of supporting the
particular discipline of the section.

The project manager, who can be considered as heading an array of diverse
groups working on a particular task, has the following main responsibilities:

(a) Integration of inter-functional and inter-organisational interests pertaining
to the broad task.

(b) Arranging for line groups to carry out the sub-tasks.

(c) Establishment and maintenance of proper communications and direction, to
ensure attainment of the objective.

Advantages of the matrix type organisation are:

(a) One person is responsible and accountable for ensuring satisfactory comple-
tion of the task. It identifies one individual who is responsible for the project.

(b) Greater responsiveness to task needs, because decision points are centralised
and lines of communication are established.

(c) Permits a high degree of specialisation, with maximum efficiency.

(d) Experience and knowledge gained on one task can be transferred to another.

(e) Consistent output and standards can be maintained.

(f) Promotional opportunities for staff within their function section is retained.

(g) Checks and balances between the project and functional organisation results
in better balance between cost, time and output.

(h) Specialised services are available to all projects on an equal basis.

(i) Staff return to their appointed functional position after completion of each
task and so facilitate rapid wind-up of the project.

(j) Project managers know whom they are to contact to get greater effort in
order to speed up particular phases of the task.

(k) Provides a single point for customer contact and service.

Disadvantages of the matrix type organization are:

(a) Priorities are not easily established when several major projects are involved.
(b) Balance of power between the project manager and functional sections must
be controlled, in order that one does not usurp the power of the other.

(c) If one project is very much larger than the others there is a tendency to con-

centrate the resources on the larger effort at the expense of the smaller tasks.
(d) The activities of each section must be closely monitored to ensure that
proper balance of time, cost and performance is maintained.

There are many combinations of the above types of organisations in existence
and each type has particular advantages but none can be considered best for all
radio engineering applications. Every organisation structure must be formulated
to meet the specific requirements of the enterprise. Also with the rapid changes
taking place in management systems, technological developments and work
practices, the organisation plan must be flexible. An organisation structure this
year may be inappropriate next year,
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The organisation often has to be changed as the environment changes, but
this creates problems, sometimes with decreased general efficiency for a time.
Working in an environment characterised by change as new projects are started
and others wound up is not as conducive to comfort, security and high morale as
carrying out a continuing task in a standardised work flow situation which is
more stable. However, regardless of the problems, some change will always be
necessary.

INTEGRATIVE AND CO-ORDINATIVE RELATIONSHIPS

Within this organisation, the executive maintains a consciousness of its individ-
uality as an institution, yet he sees also the individuals within the organisation
linked to each other and to the enterprise, and to other external institutions by
a complex network of groupings and relationships. If he is to properly influence
the organisation he must have a thorough understanding of how the organisation
functions and a key to this understanding is a model which shows the integrative
and co-ordinative relationship of every controller within the organisation. The
model should depict the type and degree of authority exercised by each con-
troller in performing a task where the co-operation and work of others is involved.

INTER-RELATIONSHIPS

The informal relationships are almost as important as the formal relationships to
the effective working of an organisation, but they are not shown on the traditional
organisation charts. Traditional pyramidal organisation charts do not adequately
show the true inter-relationships of the staff in their day-to-day work role.
Additional information is necessary in order to understand organisation inter-
facing processes.

To appreciate how an organisation functions as a system in many of today’s
complex activities, two organisation charts are necessary. The pyramidal chart
together with a compendium of all the position descriptions is not sufficient for
this purpose. It has little use as an analytical instrument. What is required is a
chart which sets down in line diagram form, how the organisation is functionally
structured to meet the needs of communication up and down the line, and a
second chart or model which sets down in suitable form just how it operates in
the work process. The form of presentation must go further than the traditional
display of only functional sections and lines of formal responsibility and
authority; it must also show the integrative and co-ordinative inter-relationships
that assist in moulding the functional activities into the whole system.

THE MATRIX CHART

One model which fulfills these requirements is a matrix chart. It shows how the
organisation is interconnected as a working system and the relationship of senior
managers and their functions. It takes into account the fact that the individuals
of an organisation are not confined precisely to a thin line of specialisation as
may be suggested by a line diagram. Extensive horizontal contacts as well as the
vertical contacts, and sometimes also diagonal contacts, are often required to
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Figure 13.6 Matrix chart showing authority inter-relationships

carry out day to day activities. The matrix chart shows these vertical and hori-
zontal inter-couplings between individuals of the organisation.

Figure 13.5 shows a typical type of pyramidal diagram and indicates how the
organisation is functionally structured. Figure 13.6 is a matrix chart of the same
organisation showing how it operates with regard to certain activities. It shows
the authority inter-relationships of positions from the director down to the level
of chief of a sub-section in a large radio engineering organisation concerned with
broadcast and television services. The matrix displays the same information
which may be contained in many pyramid type drawings, position descriptions,
policy directions, instructions etc. It not only serves as a quick reference to
determine the responsibilities of individuals for certain activities but also to
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show how a given position is related to the others in those activities. In this way
the responsibilities of related executives may be easily compared in the per-
formance of a particular activity. It is easy to make a quick summary of the
salient responsibilities of any position in the organisation, by simply reading
down the chart for the appropriate position.

LINE AND STAFF

Much confusion often exists as to what line and staff are. Some engineering
managers have said that there is probably no other single area of management
which causes more difficulties, more loss of effectiveness and more friction. The
roles of line and staff are not always simply described or defined in the same
way in all organisations. One of the most widely used definitions is that line
functions are “those which have direct responsibility for accomplishing the
objectives of the organisation™ and staff refers to “those elements of the organi-
sation that help the line to work most effectively in accomplishing those
objectives”. Some have also defined line managers as the ‘doers’ and the staff
managers as the ‘thinkers’,

Engineering is one of the few professions that require large staff support—
mainly because engineering as such is so heavily involved in spending, rather than
earning. Many professionals such as dentists, doctors, and lawyers need com-
paratively little support, but the engineer often needs a very large support group
involving draftsmen, testing laboratories, costing and accounting, workshops,
staff and industrial, records, library, patents staff, etc. The structure of an
engineering organisation therefore resolves itself into a technical group—the line
organisation—charged with the responsibility for engineering design, research,
development, planning, construction, installation, maintenance etc. and an
administrative group--the staff organisation—charged with the responsibility for
providing proper support to the engineer to enable him to carry out his work.

LINE AND STAFF RELATIONSHIPS

The position of the line officer is generally very well established. He knows who
reports to him and knows to whom he himself must report. He has a compara-
tively limited sphere of responsibility. The staff officer on the other hand
generally does not find his position so well defined and, although he normally
knows who his superior is, it is often very difficult for him to determine just
who reports to him.

In many cases this situation has been brought about by the fact that the staff
officer has been implanted upon an existing line organisation because of growth
in activities and is regarded as an addendum rather than an integrated member of
the engineering department team. Staff functions have appeared on the scene in
only comparatively recent years in the radio engineering management field as a
result of the complexity and size of the modern radio and communication
engineering projects and services. Because of their recent introduction, many
staff officers have found not only opposition to their entry into the organisation
structure by line management, but even the erection of barriers, often effective,
by line management to protect their long standing position.
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DUTIES OF STAFF

Staff functions originate in the line. They are specialised to perform the particu-
larised functions and assist the superior functions. The duties of staff may
include the following:

(a) Collation, assembly, summarising and interpretation of data and facts.

(b) Carrying out investigations and recommending particular courses of action.

(c) Interpretation and explanation of regulations, rules, instructions, orders and
the like.

(d) Advice to personnel with regard to the performance of duties that have
been delegated to them.

(e) Preparation of instructions or orders necessary to put an approved plan into
operation.

(f) Monitoring of operations, in order to determine whether instructions are
achieving the desired result.

(g) Co-ordinating the views or comments of executive and section heads with
regard to proposed plans.

The primary purpose of these staff activities is to supplement the work and
accomplishments of others and also to remove administrative detail, such as
collection of facts and figures, from others. In the usual situation the line
superior must issue the orders which are necessary to carry forward the advice
or information furnished by staff.

STAFF ASSISTANCE

An assistant can recommend a particular action to the head, but as a staff recom-
mendation, it carries no weight until the head acts on it and gives orders regarding
it. The assistant to the head has no right to command by virtue of his position.
Although he is incapable of holding a person responsible for failure to properly
perform his duties, he can hold that person accountable. The assistant can report
back to his superior on the actions and his superior can then hold the person
responsible. This relationship is based on the concept of accountability for an
action, and for the consequences of that action.

The benefit of staff assistance is most commonly acknowledged when the
assistant has special knowledge and skill not possessed by the head or his sub-
ordinates. For a top management position this could for example be a legal
counsel. A staff assistant may also serve in an overall capacity, handling those
problems on which the head needs assistance most, at a particular time.

It is often considered by many people that staff assistance is applicable only
to top level management. Staff assistance can be employed at any level in the
chain of command. The manager of a large broadcast station complex for
example may well have an administrative officer working on the station adminis-
trative problems and another providing overall assistance on technical matters.
This relationship is shown in Figure 13.7 which is an organisation chart for a
large broadcast relay station complex involving two transmitting station centres
and a receiving station. In this particular example, an assistant is also necessary
for each of the transmitting station supervisors, because of the work load. In an
organisation of this nature which would employ about 125 people on the
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complex, it is usual to combine some operating and staff duties. For example,
the administrative officer acts as a staff assistant to the station manager and is
also in charge of the unit performing the general administrative functions.
Although there are some disadvantages to this grouping, such an arrangement is
usually dictated by economic considerations. It is less expensive to use the
specialised ability of the administrative officer in both staff and operating
capacities.

DELEGATION AND RESPONSIBILITY

Delegation causes an organisation to become operational. The process of delega-
tion is to assign to another person the duty of performing some part of the total
task which is the responsibility of the assigner. Responsibility however is not
delegated. No diminution occurs as a result of assigning authority to another,
because the assigner does not escape his accountability for the manner in which
the delegated task is carried out.

The advantages claimed for delegation include:

(a) It allows managers to devote more time to the study of important problems
by freeing them of routine duties which can be performed by subordinates.

(b) It encourages personal development in subordinates and fits them for
promotion to higher positions.

(c) It streamlines communication channels.

(d) The organisation responds much more rapidly to changes in the work
situation or environment because decisions are made at a level closer to the
workface.

(e) Tt provides a higher level of morale and satisfaction for subordinate staff.

Some of the disadvantages are:

(a) Bad decisions resulting from inadequate appreciation of the problem can be
costly.

(b) Duplication of effort.

(¢) Inconsistency in decision making.

(d) Less flexibility in resource allocation to meet changing needs.

(e} Reduction in control for ensuring the objectives of the organisation are
being met.

In nearly every radio engineering organisation, some delegation of authority is
essential. Organisation depends upon sectionalisation and in some cases specialisa-
tion also, and consequently delegation is required by those who are responsible
for managerial activities. As a general rule, delegation is vested in the incumbent
of a specified position in the organisation and all powers attached to a position
are vested in the officer whois performing the functions of the position specified.
It is normal for a controlling officer to be empowered to exercise the powers
approved for subordinate officers working under their direction.

Because of the relationship of delegation and the incumbent of a specified
position it is essential that the position be:

(a) Clearly defined as to authority.
(b) Clearly defined as to duties.
(c) Clearly defined as to function.

160



ENGINEERING ORGANISATION

(d) Staffed by a person qualified to do the task and aware of his proper position
in the organisation structure.

(e) Staffed by a person who is adequately supervised in the performance of his
work.

LIMITS OF AUTHORITY

Almost every delegation is surrounded by limitations, either expressed or implied,
and often these limitations are not always recognised. An officer may give
authority to a subordinate without first considering the implications or he may
fail to make himself clearly understood by the subordinate. If a subordinate is
expected to observe particular general rules of organisation policy etc., it is the
duty of his senior to make sure that he fully understands those limitations.

As well as restrictions of a general nature, there are often restrictions placed
on the incumbent of a position with regard to specific types of transactions in
connection with his work. In a well-organised establishment, these specific
limitations will be clearly set down for each position in the organisation structure.
The authority granted to the engineer in charge of one large broadcast organisa-
tion with a network of several television, frequency modulation and medium
frequency stations is shown in Table 13.1.

It is interesting to note that in this case the engineer-in-charge has very little
authority in relation to staff employment and dismissal, but he has considerable
authority in financial aspects of the engineering activities. In nearly all cases,
authority over personnel is not delegated in the same way as equipment, materials,

Table 13.1 EXAMPLE OF AUTHORITY GRANTED TO A STATION CHIEF ENGINEER

(a) Operating expenditure
Full authority to authorise and approve all normal expenditures, standing fully account-
able for the overall total cost of operation of the enginecring services.

(b) Plant and equipment maintenance
Full authority to maintain station engineering equipment and plant in a safe and
efficient operable condition.

(c) Technical standards
Full authority to maintain station engineering equipment and plant to the technical
standards required by the licensing and other regulatory authorities.

(d) Capital expenditure
Full authority for major and minor works listed in the approved annual works pro-
gramme up to the specified amount for each work.

(e) Line hire
Full authority to lease programme and control line circuits from common carrier
organisations on requisition from Director of Programmes.

(f) Wages and salaries
Full authority to approve overtime and travelling cxpenses of engineering subordinates.
Changes in established wage and salary schedules require approval of the Manager.

(g) Organisation changes
Changes in the basic plan of the engineering organisation require the approval of the
Manager.

(h) Staff
Make recommendations in regard to the employment, promotion and dismissal of staff.
Approval of these matters is vested in the Chief-of-Staff.
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moneys etc. Most organisations use the authority to discharge, only in extreme
cases, and as a last resort, and consequently are particular when recruitment of
new staff is being undertaken.

PRINCIPLES OF DELEGATION

For delegation to exist certain elements must be present. The most important
of which are:

(a) There must be a working administrative organisation.

(b) The structure of the organisation must be such that one person is responsible
to another.

(c) A person must give a subordinate work to do and the subordinate must have
a measure of discretion.

Although these elements on delegation appear simple and straightforward,
there are some basic principles which must not be neglected. The main ones may
be summarised as follows:

(a) When authority is delegated the assigner does not delegate responsibility.
Responsibility cannot be delegated as is sometimes believed. It is a relation
which cannot be broken up and parts passed on to somebody else. Responsi-
bility is not a fixed quantum like a collection of resistors—the more that is
given away the less that is left. What in fact happens when a person delegates
is that he calls in someone to work with him in a particular task. He retains
his responsibility to his superiors for the final result, but the delegate
acquires a responsibility to the assigner for his part of the task.

As an example, if the manager of a broadcast station assigns all the
technical functions for the station operation to the engineer, there is a
contract expressed in the reciprocity of the relation responsibility. Provided
that the engineer has all the necessary staff and facilities, such as test
equipment, spare parts etc., he cannot delegate the contract and pass it on
to someone else, for the sense of obligation is personal to two contracting
parties—the manager and the engineer. If the engineer relinquishes his
obligation he is no longer in relation of responsibility with the station
manager; he breaks his contract and therefore cannot retain the facilities,
staff, equipment and authority inherent in the contract. The station manager
is responsible for providing the staff and facilities. If, however, the staff and
facilities are not proper, or inadequate, the engineer cannot be punished for
failure to fulfil his function because the manager has failed in the contract,
by not providing the necessary staff and facilities. He cannot hold the
engineer responsible for what he is unable to do.

(b) There should be only one line supervisor.

An important principle of organisation is that a man should normally report
to only one line supervisor. Dual subordination invariably leads to frustra-
tion and poor morale.

The practice of bypassing is a frequent example of dual subordination. If
a station manager deals directly with a technician without working through
the station engineer, the technician finds himself with two bosses. When
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placed in such a situation the technician will most likely give preference to
the instructions of the manager and consequently places the engineer in a
most difficult position. It leads to confused responsibility and undermining
of the authority of the engineer who has been bypassed.

Contact between manager and technician does not however always lead
to dual subordination. Exchanging information, for example, is a different
matter from giving directions for a particular task. In fact many senior
executives consider contact with staff several levels below, to obtain a
particular type of information, is good for morale.

Authority and responsibility should be matched.

The idea that authority and responsibility should be suitably matched is
another important principle of organisation. The principle recognises that if
a person, for example a station engineer, is to be held accountable for the
technical activities, he must be permitted to guide according to his own
judgment. It also recognises that if the engineer is given wide latitude of
action, he should be held accountable for the wise-use of this permission
given to him by management. To give too little authority is to make frustra-
tion inevitable, and to give too much is unnecessary and dangerous, in many
situations.

There must be some supervision of the process and its results.

As outlined previously, a senior can delegate authority to do a task to a sub-
ordinate but he cannot divest himself of the responsibility for ensuring that
the task is satisfactorily completed. Consequently, he must have means of
monitoring what progress is being made in the task. Delegation cannot exist
effectively without control. Some of these controls may be centred around
project schedules, operational costs, material deliveries, productivity, staff
levels etc.

For the person carrying the authority, carefully prepared plans provide
definite goals for specific periods of time. But, most. important, they pro-
vide for management, as well, clearly stated control. Each regularly knows
when any unit is behind, ahead, or meeting of the programme target.

POSITION DESCRIPTIONS

Position descriptions are important for the proper instruction of an officer in his
duties and responsibilities, and from the management aspect, in the proper
planning both of work flow and of the organisation itself. Every person in the
organisation should be acquainted with:

(@
(b)

(c)
(d)

(e)

The duties and responsibilities which have been assigned to him as incumbent
of the position.

The authority and delegations given him to allow him to properly carry out
the assigned tasks.

The results expected of him, and the quality of the output.

The standards against which his performance in the position will be measured,
and the method of monitoring to be used.

The extent of assistance and guidance he may expect from management in
his current position, and for his development for future promotion.
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IMPORTANCE OF POSITION DESCRIPTIONS

Bad organisation and staffing have been traced in many instances to failure to
make that necessary examination of work and procedures which must precede
preparation of a proper position description. Descriptions are also of considerable
importance in relation to salary classifications, and should therefore reflect the
nature of the important duties performed. It is practice in many engineering
establishments to request section heads to examine all position statements of
staff under their control, on an annual basis.
The position description:

(a) Isimportant in selection and placement of staff because, by showing the full
extent of duties to be performed by its incumbent, it indicates the demands
it will make on him and thus assists a selecting officer, panel or committee
to choose the person best suited, experienced and qualified to fill the
position.

(b) Contains the basic data from which information is drawn to enable evaluation
of the position—that is, the determination of its grading, the incumbent’s
place in the organisation, and the salary he will receive.

(¢) Provides the most vital items of information required for the design of
training courses.

(d) Simplifies salary fixing procedures by facilitating the grouping of positions
which require similar qualifications and involve similar duties and for which
similar rates of pay are therefore justified.

(e) By defining the duties of officers, shows their precise relationship to one
another.

(f) Provides a datum point for the personnel inspectors conducting an organisa-
tion and methods survey.

(g) Is essential for successful planning of an organisation and the flow of work.

To satisfy all these purposes the description must be accurate, concise and
informative as possible.

SENIOR ENGINEERING MANAGERS

The description of the work of a senior engineering manager would generally be
given in broader terms than for lower level subordinate positions. In such cases a
satisfactory description can generally be prepared by considering replies to such
questions as:

(a) What functions are directed, supervised and controlled?

(b) What part is played in formulating and developing operating and new works
plans, programmes, methods and policies?

(¢) Upon what type of problem is a decision given, that does not require higher
approval, and that generally is unrevised?

(d) Upon what matters is a recommending authority only exercised?

(e) Over what territory is administration jurisdiction exercised?

(f) What is the size of the establishment, the number of assistants and sub-
ordinates, or amount of annual expenditure?

(g) With what other senior administrators, public and private and government is
contact made in carrying out the work, and for what purposes?
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The basic tasks carried out by senior engineering managers may be summarised
as follows:

(a) Co-ordinates the activities of various units and people.

(b) Advises more senior administrators on possible ways of incorporating broad
policy aims into workable plans of operation,

(c) Expertises in personally discharging specialised tasks, such as briefing senior
managers on technical aspects of proposals.

(d) Inspectsengineeringinstallations, facilities, services and construction projects.

(e) Formulates plans which shape organisation technical and associated financial
aims and objectives.

(f) Interprets and clarifies rules and directives. Also gives decisions on rulings
in cases where proposed plans or activities depart—for apparent good
reasons—from the approved policy on instructions.

(g) Consults professionally in giving advice or aid in engineering problems.

(h) Schedules in laying out sequence of operations involving engineering
participation.

(i) Selects and promotes staff, maintains morale, discipline and deals with
disputes and complaints.

(j) Evaluates the soundness of practices and policies of particular engineering
activities.

(k) Examines and passes judgments on plans, designs and proposals and economic
studies drawn up by subordinates.

() Keeps subordinate senior engineers and administrators informed of matters
affecting the progress and well being of the engineering organisation.

The more senior the engineering manager’s position in the business, the wider
the scope of his responsibilities, the wider the ramifications of the matters he
must consider and the activities he must co-ordinate. It must be remembered
that as a general rule no description could completely define what a senior
engineering executive does in detail or the full scope of his authority.

DESIGNATIONS

In engineering organisations the use of designations varies considerably from one
organisation to another. Within the organisation it is important, however, that
designations take on distinctive meanings. These designations should follow a
consistent pattern in order to identify comparable levels or status. Titles which
are well established and meaningful should be retained when any re-organisation
is proposed, but opportunity should be taken to change those designations
which may have lost their significance with changing technology. Table 13.2 lists
some typical designations in radio engineering organisations. In many applications
the designations consist of two or sometimes three parts such as Assistant
Director (Engineering), Supervising Engineer (Transmitters), Technical Manager
(Engineering), Supervising Technician, Technical Operator, Skilled Craftsman
and many other combinations to suit particular situations.

By custom and practice over many years, particularly in broadcasting and
television work, technical staff in some organisations have been accorded the
title of Engineer with the officer-in-charge being designated Chief Engineer. In
many instances staff qualification are at the level of Technical College Certificate
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Table 13.2 TYPICAL RADIO ENGINEERING DESIGNATIONS

BASIC DESIGNATIONS
Director Technician
President Foreman
Chief Mechanic
Superintendent Electrician
Manager Party Leader
Executive Linesman
Consultant Rigger
Specialist Technical Officer
Chairman Inspector
Technologist Artisan
Engineer Assistant
Controller Shift leader
Operator Craftsman

QUALIFYING TERM DISTINGUISHING RANK

Assistant Executive
Deputy Vice
Superintending Chief
Supervising Principal
Divisional Administrative
Project Systems
Group Senior

Staff Junior
Foreman Technical

DESCRIPTIVE QUALIFYING TERMS
Work content
AM, FM and TV broadcast stations and networks
Tropospheric scatter communications
Space communication systems
Research and development
Mebile radiocommunications
Fixed radiocommunications
Navigational radio aids
Telemetry and timing systems
Systems planning, integration and management
Systems performance analysis
Maintenance and operation
Provisioning, installation and construction
Technical documentation

Training

Function Unit Region
Installation Department Network
Construction Division Area
Maintenance Branch District
QOperation Section Town
Production Sub-section City
Estimating Station State
Testing Studio National
Development Group Foreign
Procurement Unit
Analysis Project

Evaluation Cell
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(or equivalent) and confusion often exists with regard to the role of Professional
Engineers with academic qualifications. The situation is further confused by the
use of the title Technical (Engineering) Manager mainly in the operational
sections of the engineering department. Operational expertise, managerial
qualities and technical knowledge all play their part in appointing staff to this
latter position.

There are semantic difficulties in describing the work of Professional Engineers
and Sub-professional or Technical Officer staff because the description of the
work of the Technical Officer reads similarly in parts to that which might be
used to describe the work of Professional Engineers. However it is necessary to
ensure that where both grades are employed that the duties of the Technical
Officer are correctly placed within the framework set by his level of qualification
and experience.

Whatever system of designation is used, it should:

(a) Facilitate a clear understanding of the structure of the organisation and the
functions of the positions in the structure.

(b) Ensure orderly and logical relationships among the various designations.

(c) Be sufficiently flexible to allow for organisation changes which may occur
in the future.

(d) Satisfy the dignity of the incumbent of the position, by providing proper
recognition of his work.

POSITION STATEMENT

The purpose of the position statement is to show the principal functions for
which the incumbent of the position is responsible. Other names by which the
statement may be sometimes locally known include duty statement, position
description, position guide, position outline etc. The statements take many
formats and in some cases are quite brief, indicating the important duties and
the channel of line authority as for example in Table 13.3, which shows the
position statement for a senior technician or technical officer engaged in the

Table 13.3 POSITION STATEMENT FOR TYPICAL BROADCAST STATION SENIOR
TECHNICIAN

POSITION TITLE: SECTION:
Senior Technician Engineering

IMMEDIATE SUPERIOR:
Supervising Technician

BROAD FUNCTION:
Under the direction of the Supervising Technician, take charge of the maintenance and
operation of the transmitter and studio equipment.

PRINCIPAL ACTIVITIES:

(a) Supervises the operation and maintenance of transmitting station, studio, outside
broadcast and emergency power supply equipment and plant.

(b) Liaises with programme and production staff and arranges for technical facilities as
required.

(¢} Controls the technical store.

(d) Supervises the training of technical trainees.
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operation of a typical broadcast station where such position is justified on a
work load basis. In some broadcast organisations his immediate superior may be
designated Chief Engineer, while in others Supervising Technician may be a
typical title. For positions associated with senior engineering management, much
more detailed description may be required in the statement in the form of
managerial and functional objectives. Table 13.4 shows a statement for a Super-
vising Engineer in charge of international broadcast operations of an organisation
with a large network of high power local and relay stations.

Table 13.4 POSITION STATEMENT FOR A TYPICAL ENGINEERING MANAGEMENT
SITUATION

POSITION TITLE: SECTION:
Supervising Engineer Transmitting Stations
International Broadcast Operations

IMMEDIATE SUPERIOR: DEPARTMENT:
Assistant Director (Transmitters) Engineering
BROAD FUNCTION :

The Supervising Engineer has managerial and functional responsibilities for the operation
and maintenance of all transmitting stations, home and abroad, associated with the activites
of the international broadcast service.

PRINCIPAL ACTIVITIES

(a) Sees to the effective and efficient day-to-day operation and maintenance of transmitters
and station support facilities.

(b) Organises, initiates and measures the activities associated with the operation of equip-
ment and plant assigned to the section.

(c) Recommends to Assistant Director (Transmitters), programmes and budgets for
operation and maintenance, within the policies and objectives of the organisation.

(d) Ensures that Section, Sub-section and station contrel positions are staffed with com-
petent personnel.

(e) Sees to the preparation and review of Section budgets and financial forecasts and sees
that Sub-sections are properly advised and assisted in the preparation and presentation
of their budgets and forecasts.

(f) Promotes the growth, enthusiasm and effort of all personnel assigned to the Section by
means of technical and general guidance.

(g) Furnishes surveillance over the operations and maintenance of the assigned equipment
and plant to ensure compliance with the technical specifications and standards.

(h) Sees to the timely preparation and submission of reports necessary to meet the require-
ments of management. )

(i) Ensures that all activities for which he is functionally responsible are reviewed period-
ically and that they conform to authorised policies and procedures.

(j) Makes recommendations to the Assistant Director (Transmitters) with respect to the
establishment of policies, procedures, work programmes and practices necessary for
the execution of his function.

GENERAL FEATURES OF DUTIES

The functions set out in Table 13.5 gives an indication of the types of duties
which would be expected of various classification of professional engineers,
while Table 13.6 indicates the types of duties normally applicable to technical
officers or technicians engaged on the operation and maintenance of a broadcast
relay station complex involving high power transmitters, microwave relay systems
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Table 13.5 GENERAL FEATURES OF DUTIES OF PROFESSIONAL ENGINEERS

ENGINEER CLASS I
In this class are positions, the duties of which may include
(a) Draft less complex orders, instructions, plans, specifications and reports.
(b) Detailed design and investigation work requiring professional treatment, including the
application of higher mathematics.
(¢) Inspect field and other facilities and activities to assess and report on standards.
(d) General liaison to obtain basic data and information.
(e) Assemble and present basic data in a co-ordinated and useful form.
(f) Supervise and/or inspect projects and prepare reports for higher authority.
(g) Issue professional advice.
(h) Set out and measure work including checking thereof.
(i) Supervise engineering contracts.
(j) Plan and allocate tasks according to an approved programme of work and supervise
subordinate staff.
(k) Ensure that work is performed according to prescribed standards and specifications.

ENGINEER CLASS II
In this class are positions, the duties of which may include

(a) Plan and allocate activities according to an approved programme and direct the sub-
ordinate staff.

(b) Make some original contribution and/or apply new approaches and techniques to
design and development of equipment or specific aspects of facilities.

(c) Contribute to planning within defined limits such as planning the provision of a specific
engineering facility.

(d) Investigate, examine and recommend for approval, methods and procedures, designs,
drawings, specifications and any requests for concession.

(e) Draft technical instructions, specifications, standards, manuals, reports, submissions,
directions and works estimates.

() Undertake investigations, preliminary and revision surveys of facilities and equipment.

(g) Supervise more important engineering contracts.

ENGINEER CLASS III
In this class are positions, the duties of which may include

(a) Plan and allocate work within an approved programme relating to groups of activities
and manage and control the subordinate staff.

(b) Review reports, orders, instructions, accept responsibility for modifications.

(c) Accept responsibility for modifications of standards and specifications in aspects of
details to suit local conditions, examine tenders for contract work and make recom-
mendations thereon.

(d) Investigate and recommend alterations to design, construction and manufacture to
improve effectiveness and efficiency of equipment.

(e) Assume responsibility as project officer for major engineering projects.

(f) Control specific geographical or functional groups.

(g) Develop new and improved techniques, procedures and standards, accepting respon-
sibility for details.

(h) Assume final technical responsibility for details for design.

(i) Assist in developing specialised engineering systems, racilities and functions.

ENGINEER CLASS IV
In this class are positions, the duties of which may include
(a) Organise, co-ordinate and control the planning and execution of work according to
approved programmes.
(b) Recommend major changes to achieve general objectives.
(c) Review important technical variations and standards.
(d) Recommend appropriate research, design and development.
(e) Recommend applicability to local conditions of important engineering developments.
(f) Assist in investigating, planning, developing and designing a project of national import-
ance.
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Table 13.5 (continued)

ENGINEER CLASS V

In this class are positions, the duties of which may include
(a) Control and direct an engineering function.
(b) Formulate policy covering the satisfactory implementation of an approved programme.
(c) Undertake major design and development work accepting full technical responsibility.
(d) Analyse, compare and evaluate the performance of engineering systems.
(e) Formulate design principles and overall technical standards.
() Provide highly advanced technical information to higher management.

Table 13.6 DUTIES OF TECHNICIAN EMPLOYED ON H.F. BROADCAST RELAY
STATION COMPLEX

DUTIES
The incumbent of this position will be expected to

(a) Operate and perform corrective and preventative maintenance on high power high
frequency radio broadcast transmitters and related mechnical, electrical and electronic
devices such as pumps, blowers, meters, indicators, recorders, counters and transmitter
switch gear.

(b) Maintain and operate microwave link and high frequency receiving equipment, switch-
ing, monitoring and recording equipment. Duties include retuning and adjusting trans-
mitters to new frequencies and switching antennas according to schedule, recording
and evaluating meter recordings, continuous observation and evaluation of equipment
performance, cleaning, checking components, repairing and replacing defective com-
ponents, installation of new equipment and making performance measurements on
electronic and related equipment.

(c¢) Perform other related duties as assigned.

and a receiving station. With some organisations, technical officer is a higher
status than technician but with others the duties are identical.

Professional engineering work involves the application of professional know-
ledge and experience to designing, providing, controlling and maintaining radio
engineering facilities, systems, equipment and associated services. These include
the fields of applied research, planning, design, installation, development, con-
struction, maintenance and associated management and control responsibility.

A technical officer or technician carries out a variety of skilled tasks connected
with the installation, maintenance, operation, testing or laboratory investigation
of radio equipment. A main characteristic of the technical officer is the ability
to undertake a range of tasks on a number of different types of radio and elec-
tronic equipment and associated plant. He carries out full maintenance duties on
a variety of equipment and plant, and in addition he may carry out first-in
maintenance on that equipment on which he does not have sufficient experience
or training to carry out complete maintenance duties.

Requirements for employment as a radio technical officer or technician vary
considerably, but generally four to five years training is required together with
demonstrated ability to perform the basic duties of the position. Typical ex-
perience requirements of one organisation for technical officers or technicians
at high power high frequency transmitting stations are shown in Table 13.7. In
this case the technician must have had the amounts and types of progressively
responsible experience listed for each salary level classification. Excess amounts
of ‘A’ category experience may be substituted for ‘B’ or ‘C’ category experience.
Pertinent residence study in technical broadcast or television equipment success-
fully completed in a technical college or institution which included one or more
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Table 13.7 EXPERIENCE REQUIREMENTS FOR TECHNICIANS EMPLOYED ON
HIGH POWER HIGH FREQUENCY BROADCAST STATIONS

EXPERIENCE REQUIREMENTS
Years of experience required

Salary Category Category Category Total years required
classification A B C
1 0 0 5 5
2 0 2 3 5
3 0 4 1 5
4 3 2 0 5
5 5 0 0 5
Category A

Experience in carrying out the duties and responsibilities listed immediately below,

requiring the operation and maintenance of high frequency broadcast equipment having at
least one transmitter of 50 kW or more of output power or point-to-point equipment having
at least one transmitter of 40 kW of output. The experience must have included all the
activities listed below, (a) to (g) inclusive.

(a)

(b)
(O]

(d)
(e)

H
®

(a)

(b)

(9

(@

Starting; tuning to specified frequencies including selection of crystal or other frequency
source and activating and adjusting same; adjusting or replacing coils; neutralising; per-
forming adjustments during operation and carrying out all procedures for shutdown of
transmitters.

Recognising, analysing and repairing faults.

Using specialised electronic instruments for measuring and detecting phenomena such
as the standing wave ratio of transmission lines; field strength intensities; noise, distor-
tion and frequency response of transmitter equipment.

Measuring frequency response, distortion and noise characteristics of audio equipment;
isolating and protecting audio equipment from induced radio frequency fields and
maintaining professional recording and playback equipment.

Operating and maintaining frequency monitoring or counter devices.

Demonstrated knowledge in the care and handling of various types of vacuum tubes
and capacitors.

Demonstrated knowledge in the radiation characteristics and utilisation of several
different types of radio transmitting antenna systems such as are used with professional
high frequency point-to-point services.

Category B

Experience in any of the following activities:

The operation and maintenance of transmitter equipment having at least one broadcast

or point-to-point transmitter with a power of at least 5 kW.

Such experience must have included

(i) Operating transmitters, including starting, stopping, logging of meter readings,
continuous observation of equipment performance and making the necessary
operational adjustments and repairs.

(ii) Maintaining transmitters which included cleaning, checking of components, locat-
ing area of mechanical, electrical or electronic difficulty and repairing or replacing
defective components.

(iii) Operating transmitter control facilities.

(iv) Installing and modifying electrical and electronic equipment.

(v) Making performance measurements on transmitters and related equipment.

Responsibility for the installation and testing of a radio broadcast station. Such res-

ponsibility shall have included installation, proof of performance measurements, and

testing of transmitter equipment and antenna facilities.

Operational development and responsibility for floor testing transmitters (5 kW and

above) built as prototypes for a manufacturer’s line or for specialised broadcast or

point-to-point communication services.

Responsibility for designing, construction, testing and obtaining operational authorisa-

tion for a directional antenna system used for a medium frequency broadcast station

(this element will count as one year of Category B experience and will be limited for

credit to a single occasion).
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Table 13.7 (continued)

Category C
Experience in any of the following fields demonstrating knowledge of the theory and
practice of radio transmitter operations on a subprofessional level.
(a) Experience in any three of the following elements of radio broadcasting or communica-
tions using professional transmitting equipment:
(i) Design (iii) Installation (v) Maintenance
(ii) Testing (iv) Operation
A minimum of 9 months in any field shown above is required for credit.
(b) Experience as a technical representative dealing directly with customers for a com-
mercial manufacturing or service organisation and having responsibility to
(i) design overall communications systems requiring use of radio transmissions, or
(ii) to oversee the installation of such systems, to conduct proof of performance tests
and to train personnel for the operation and maintenance of the equipment.

courses in each of the following subjects: mathematics, physics, radio theory or
related sciences, radio and audio frequency and radio operating practice may be
substituted for a maximum of 6 months of category ‘C’ experience.

POSITION CLASSIFICATIONS

The classification of positions within a unit is largely determined by decisions on
organisation, the allocation of responsibilities, definition of job content, and the
structuring of work processes. If faulty decisions are made in these matters, not
only will basic deficiencies of organisation emerge but also inappropriate classifi-
cation of the work will result. Operational defects which may occur include:

(a) Job fragmentation and unnecessary spread in work values.

(b) Excessive supervisory structures.

(¢) Overlapping of functions, unnecessary provisions for co-ordination, assistance
or liaison.

Considerable care must be exercised to ensure that organisation is determined
by sound logic of work flow, delegation of authority and provision for super-
visors and managers based on requirements for control of the work performed
by the group.

The principal objective in classification is to classify the position and not the
occupant. An officer is entitled to a grade and rate of pay only by virtue of the
position he occupies. This does not deny, however, that in some circumstances
the occupant may have an important impact on the duties of the position, some-
times to the point where its classification may be affected.

In the case of supervisory positions a higher classification may not be justified
simply because an officer checks the work of another in situations where both
employ essentially the same skills and knowledge, and the assurance of accuracy
depends on agreement of results. The classification of supervisors should be
determined having regard not only to supervisory tasks but also any significant
individual work performed. It is usually necessary to consider all of the
following:

(a) The level of work performed by the group and the nature and extent of the
incumbent’s supervisory work.
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Table 13.8 POSITION CLASSIFICATION PROCEDURE

DUTIES AND RESPONSIBILITIES
Consider
(a) Duties to be performed by the occupant.
(b) Responsibilities (delegations, decision making authority etc.).
(c) Relations with other positions, placement and significance in the overall organisation.
(d) The most significant and responsible duty or duties regularly performed.

JOB ANALYSIS

The task is to break down the job into its basic components and to analyse them.
Analyse
(a) Qualifications, basic training and experience necessary.
(b) Supervisory responsibilities (number, levels etc.)
(c) Judgments and discretions exercised.
(d) Complexity, scope, significance and difficulties of work performed.
(e) Instructions, manuals, guides etc. available to the occupant.
(f) Direction and guidance received from occupants of other positions.
(g) Any unusual features of the work which call for special aptitude, experience or skills.

JOB COMPARISON

Having analysed the position in terms of factors contributing to classification, the task
then is to place the position in the classification structure.
Identify
(a) Appropriate designation for the position.
(b) Classification of the position taking into consideration

(i) Characteristics and features of duties.

(ii) Definitions or work level classification standards.

(iii) Classification of similar existing and related positions in the organisation.

(iv) Classification of subordinates and immediate supervisor.

SUMMARY
(a) Prepare organisation chart showing designation and classification of new position and
relation to other positions.
(b) Confirm that there is no duplication of effort and overlap of work of other positions.
(c) Prepare duty statement.

(b) The delegations and authorities exercised by the incumbent.
(c) The complexity of individual work performed.

Table 13.8 indicates guide lines set down by one large organisation for
position classification procedure for new positions or reviewing existing positions.
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Section 2
Engineering Economy






Introduction

The preparation of budgeting data for new installations, the maintenance of
existing facilities and replacements is an important function in radio engineering
management. It is the engineer’s responsibility to explain to management why
new plant should be installed or existing plant modified, retired or replaced, to
show why action should be taken at a particular point in time and to list, by
means of a cost/benefit study, benefits that would result from the proposal.

A cost/benefit analysis is required by management for most major radio
engineering projects. It is a practical way of assessing the desirability of a project.
It is a way of enumerating and evaluating factors which need to be taken into
account in making economic choices. It assists management in determining
whether or not a project is worthwhile, which is the best of the proposed alterna-
tives and the optimum time at which to implement the proposal.

Many radio engineering establishments are characterised by high capital costs,
high maintenance charges and the high cost of changing or extending the plant
once it has been installed. Because some types of installations, for example a
broadband microwave radiocommunication relay system, have to be extended
at high cost at certain periods of their life to meet traffic growth demands,
correct management decisions are of great importance because of high capital
and maintenance expenditures.

Engineering economic studies deal primarily with one thing—money—money
to be spent or received in various amounts at various points in time. In the case
of a commercially oriented organisation the principal objective might be the
maximisation of profitability while the objective of a government department
might be maximisation of operating efficiency. However, the concepts of econo-
mic profitability and efficiency are closely related.

A sound knowledge of the economic aspects is essential for the radio engineer
so that he can make an effective contribution in the economic decision making
process of management.



Chapter 14

Economic Studies

Engineering economy is concerned primarily with economic choice, that is deter-
mining among all courses of action that which is the most attractive economically.
It is an accepted principle that the greatest economy results from the provision
of the right amount of equipment or plant in the right place at the right time, Of
course, with many radio engineering problems, there are a number of other
factors to be considered and which cannot be expressed in monetary terms and
these factors will always have some influence on the final decision.

Since money has the power to earn more money, its use must be paid for in
some way. The cost of money is defined as interest. The basis of economic
studies is transferring values from one time to another for comparison purposes.
Expenditures or savings cannot be considered to be independent of time. Standard
formulas have been developed for converting present amounts into equivalent
future amounts, uniform series of payments (annuity) into future amounts etc.
Economic comparison tables most commonly used are set out in Appendix A.

It is very seldom that alternative radio engineering schemes can be compared
on the basis of their initial costs only. It is nearly always necessary for costs
associated with maintenance, power consumption, travelling expenses, building
rental and operations to be taken into consideration. It may also be necessary to
take into account any further capital investment which may be required at a
future period of time for increased capacity etc. This also applies to the assess-
ment of tenders submitted for radio engineering projects. For all these factors to
be properly covered, the alternative schemes must be compared on the basis of
either equivalent uniform annual payments or equivalent capital investment at a
certain rate of interest or on an equivalent capital investment at different rates
of interest.

CHARACTERISTICS OF RADIO INSTALLATIONS

Radio engineering installations are characterised by very large equipment and
plant investments that turn over very slowly and cannot be retrieved except by
the slow process of ‘write off’ through depreciation channels. Radio equipment
and plant is unique to a specific area of the communications industry and because
of this has a very low residual or resale value. A large proportion of dismantled
radio plant, and even a modern unit which may fail in service, is sometimes worth
no more than scrap metal value. In the radiocommunication field in particular,
the annual investments in new plant over the past 15-20 years has been very
large indeed, yet the amount written off annually is relatively smali, in most
cases only a few per cent of the gross book value of the original investment. The
result is that in many stations there are systems ranging from recent installations
to various ages up to 20 years, and even more in some cases.
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The point of this is that once the radio equipment is purchased, it invariably
remains in service for a very long time and consequently the economic viability
of the organisation is dependent to a considerable degree on the wisdom with
which the equipment and plant is used. Hence, whether he is conscious of the
fact or not, the engineer has considerable influence on the economic well-being
of the organisation. He is not only called upon to decide how best a scheme
should be carried out, but also, if it is really necessary, would it be better to
maintain the existing scheme, or if the new scheme is necessary, should it be
introduced at a particular point of time?

The principles of engineering economic studies are the same whether applied
to internal equipment such as transmitters, amplifiers, studio facilities etc. or to
external plant such as masts, towers, antennas, transmission lines etc. The
economics used involve money, its time value and the interest rate applied to
the money.

VALUE OF ECONOMIC STUDIES

Studies in engineering economics are useful not only in the direct comparison of
the costs of several specific methods of providing the facility, but they can also
be used to give valuable information on other general problems where a number
of variable factors are involved, and it is desirable to determine the best values
for a minimum overall cost. It is admittedly often difficult to anticipate future
variations in some of the essential factors in an economic study, such as future
costs of money, tax rates and average plant life, just as it is difficult for the
engineer designing broadband radio relay systems to anticipate needs of future
television stations, satellite earth stations and other unexpected broadband
requirements which may have to be injected into even the most flexible design.
However, in either case, the final result associated with a given set of initial
assumptions is definite and factual; the arithmetic of economic comparisons is
just as clear cut and rigorous as any engineering law.

When cost estimates are completed it gives the engineer a reasonably reliable
picture of how the cost of a new system would compare with the cost of existing
competing systems for various types of situations. This is important in giving
assurance to management that there would be a real market for the system and
an understanding of the conditions most favourable to its use. For example, in
the case of communications circuit requirements between centres separated by
mountainous country, lower towers and greater repeater spacing can often be
used for a radio relay system. Calculations can be made to see how marked an
effect this would have on the system cost. This type of terrain is favourable to
the use of radio relay system as it is this type of country where an alternative
scheme such a coaxial cable may prove uneconomic because of the high cable
laying costs.

Another interesting example involves the choice between increasing transmitter
power and increasing antenna gain of a television station to meet a specified field
strength requirement. An increase in antenna gain would lead to a reduction in
station operating cost by virtue of the reduction in transmitter power required.

Against this must be set a number of disadvantages. First, every increase in
antenna gain increases the weight and wind loading on the support structure,
which requires that the strength of the tower of mast should be increased. This
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in turn may add considerably to the cost of the structure. Moreover, the cross-
section of the part of the structure on which the antenna is mounted will prob-
ably have to be increased to provide sufficient strength and this results in a more
complex antenna design if a reasonably uniform horizontal radiation pattern is
to be obtained. The distribution feeder system also becomes progressively more
complex and costly with every increase in gain. Furthermore, as the gain is raised,
the vertical radiation pattern becomes increasingly sharp, and it may become
necessary to impose stricter requirements for tower rigidity, in order to limit the
movement of the antenna under varying wind loading and so avoid fluctuations
in received signal strength. This again adds materially to the cost of the tower.

It has also to be borne in mind that for every 3 dB increase in gain, the aper-
ture of the antenna must be doubled, so that if the centre of the antenna is to be
maintained at a fixed height above ground, the overall height of the tower, and
hence its cost also, will increase rapidly with increasing antenna gain.

These factors, and several others, have to be taken into account and the
performance and cost of various possibilities considered and compared.

THE BASIC QUESTIONS

Nearly all engineering proposals generate three basic questions:

Why do the job at all?
When should it be done?
What is the best method?

These and similar questions can only be properly answered on the basis of an
economic study, even though the final decision may be influenced by various
factors, such as service obligation, staff, public relations or availability of finance.
Cost considerations, while only one of the many factors which are explored by
marnagement, are prone to be given considerable weight in reaching a decision
to go ahead with a project at a given time and in a given manner if for no other
reason than that they represent a tangible, quantitative answer rather than a
qualitative one.

Where a choice can be made it is the responsibility of the engineer to determine
the scheme which will meet the physical and technical requirements in the most
economical manner and to take this into consideration in recommending the
course of action to be followed. Management is as a general rule not greatly
interested in all the technical details of design and analysis followed by the
engineer in reaching his conclusions. His technical competence is assumed, other-
wise he would not have been called upon to do the exercise. It therefore behoves
the engineer to employ a high degree of skill, judgement, integrity and objectivity
in setting up the alternative courses for study. Then, given the proper study
techniques, the result of his work will prove to be a valuable aid to management
decision making.

The collection of data for economic study purposes should be programmed
like any other engineering operation. This requires that the main objectives must
be identified and classified at the outset to minimise delay. Many engineers
sometimes find it expedient to dovetail economic analysis into the project
development period but this practice should be avoided. The economic viability
of a project should be known before it is selected, not after.
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THE OBJECTIVE OF COST STUDIES

Within the general framework of the organisation’s policy, capital expenditure
engineering projects will originate at appropriate levels within the organisation.
The first step will be the recognition of a need for capital expenditure, whether
demand inspired or cost induced. Various means of providing these needs will
present themselves. It is at this point that the tools of economic studies which
are available to the engineer must first be implemented. The engineering cost
studies deal primarily with one thing—money—money to be expended or received
in various amountsand at different times. It is significant to note that an engineer-
ing economic selection study does not indicate which proposal or scheme
provides the most profit. It indicates which proposal or scheme is the least
expensive.

It is the objective of cost studies to make a proper evaluation of the monies in
the plans under consideration. It is important therefore that the engineer under-
stands the basic rules which govern the comparison, in cost studies, of money
expended or received at different periods of time. He must be able to determine
the proposal giving the minimum cost commensurate with requirements.

Cost studies must consider not only the first cost of the installation, but the
annual costs as well. By definition, annual cost is the total annual expense of
owning equipment or plant and properly maintaining it in service. The principal
components of annual cost are maintenance and operation, overhead administra-
tion, depreciation, interest, property rates and taxes. Interest and depreciation
costs represent the annual expense of obtaining capital for the provisioning of
the equipment and plant, and of maintaining the capital unimpaired throughout
the life of the facility.

In making the economic study of alternatives, the only factors which require
consideration are those which differ with each scheme. The common factors
can often be ignored as it is only the real differentials which are significant in an
economic study. It is important that the designing and estimating of alternative
projects should be consistent. It has often occured that one alternative, the
favoured one, has been investigated more thoroughly than the others. This may
help eventual detailed design, but not economic analysis.

In some cases, equipment or plant which already exists and has been paid for
may also be omitted because engineering economic studies are carried out to
determine what future expenditure will have to be undertaken to gain a desired
end. It is important to appreciate the difference between capital-money invested
in equipment—and the equipment itself. Equipment can be retired but capital
cannot be retired by scrapping or abandoning plant. The retirement of the equip-
ment will however often have an affect on the overall costs. For example, power
charges, property maintenance costs, rent, taxes and various other costs associated
with the operation of the equipment will no longer be incurred.

RATE OF RETURN

The cost comparison having been carried out, the question then to be answered
for management is: What rate of return can be expected from this particular
project? If it is an expansionary investment, then the rate of return will be
ascertained from an analysis of the expected flow of net revenue over the life of
the project. If it is a cost reduction investment then the rate of return will be
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measured by an analysis of the flow of net reductions in costs. A problem
encountered here is that of investment in projects on which a quantitative
assessment can not be made of expected revenue return or the cost reductions
to be effected. This is often referred to as strategic investment. Examples of this
type of investment are training facilities for technicians, and office buildings, the
need for which will certainly continue to grow but the return on which cannot
be readily ascertained. However, cost comparisons can still be carried out to
determine the most economical means in provisioning in these types of projects.

DEMAND FOR CAPITAL

The next step is the assessment of the demand for capital. ‘Demand’ for capital,
in contrast to ‘need’,is more meaningful as it can measure the intensity of needful
capital by its earnings. The investment proposals when arrayed in a ladder of
return on investment, and when cumulated, form the demand schedule for
capital. The demand schedule can be conceived as the total amount of money
that can be invested at-more than a specific rate. Outside the demand schedule
are the ‘strategic’ investments—those in which a rate of return is usually difficult
or impossible to measure largely because indirect benefits are inestimable.
Because of these characteristics, such investments must be sheltered from the
rigorous rate of return competition. This is an area in which capital budgeting
must be done solely on the basis of judgement in response to pressures and
opportunities. Defence and research laboratory expenditures are notable examples
because returns from these cannot be predicted reliably and therefore the
investment decision cannot be based on the cost of capital.

No organisation can claim an unlimited availability of capital. The amount
available often depends in the final sense on community savings expressed in the
form of the funds offering for investment within the economy. In preparing
works programmes it may be necessary to introduce some system of rationing of
these funds. Firstly the ‘strategic’ investments will be included. Then there will
be need to trim the demand schedule to conform with the remaining capital
available for profitable investments. This calls for the elimination of the projects
at the bottom of the list which had been arrayed in terms of rate of return on
investment.

There is frequently some confusion as to the distinction between ‘cost
comparisons’ and ‘rate of return’ studies. Generally a ‘rate of return’ study
answers the “Why do the job at all?” question about the project, and involves a
calculation of the prospective rate of return. ‘Cost comparison’ answers the
“Which is the best method?”” question.

A rate of return study is carried out to determine the prospective rate of
return from a particular project or total capital programme. For a particular
project, a rate of return study would determine the prospective rate of return
on that project for inclusion in an overall demand schedule for capital. In such
a schedule, projects may be ranked in descending order of prospective return.
In this case, the interest rate is not a tool for comparative purposes but the
‘end product’ termed ‘the rate of return’.
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A cost comparison is designed to determine the most efficient way to carry
out a given project. The use of interest rates is to give correct financial weight
to the comparison and to give recognition to the time value of money. For
example, the use of 6% as the interest rate (or time value of money) in a cost
comparison between alternatives 1 and 2 for project A does not mean that if
alternative 2 is chosen that project A will earn a return of 6% in the capital
invested. What the use of the rate of interest of 6% does achieve is, if the alterna-
tive with the high capital outlay is chosen, then the investment of the additional
capital returns more than 6%, by way of reduced annual disbursements. This is
not to be confused with the rate of return of a particular project.

COST COMPARISONS

Cost comparisons can be carried out by any one of three generally accepted
methods, with the choice usually determined by the particular feature of the
cost study. The three methods are outlined hereunder with a brief indication of
the type of studies which come within each category. Interest rate figures used
throughout the worked examples are not related to present day market figures
or a particular desired rate of return. They simply illustrate the method of
working.

Annual Cost Method

This is the method most frequently used in studies to determine the most eco-
nomical method by which a project can be carried out (or a facility provided) when
all capital costs are incurred at the same time. Different lives of the equipment
or plant of the various systemsbeing compared does not hinder cost comparisons
by this method. Neither do different prospective salvage values invalidate this
method of cost comparison. This method is to be preferred when annual
disbursements, for example maintenance and operating costs, are substantial in
relation to the capital cost.
Typical examples of this method of comparison are as follows:

EXAMPLE 14.1
Equipment with equal lives, uniform annual disbursements and no salvage value.

Two items of radio equipment are to be compared for a given 12 year period.
The installed cost of Proposal A is £60000 and the annual disbursements
(including labour materials and incidental charges) are estimated at £11 000. The
installed cost of Proposal B is £40 000 and the associated annual disbursements
£16500. Both proposals are estimated to have a zero salvage value after the 12
year period. The applicable interest rate is 5%.
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Proposal A
Capital recovery
(£60000 x 0.11283) = £ 6770
Annual disbursements for
operation and maintenance = £11000
Total = £17770
Proposal B
Capital recovery
(£40000 x 0.11283) = £ 4513
Annual disbursements for
operation and maintenance = £16500

Total = £21013

Proposal A has a lower annual cost by £3243 and would be preferred, provided
that other factors such as unavailability of spares, staff etc. did not outweigh
the financial advantage.

EXAMPLE 14.2
The same equipment facilities are studied but for a 10 year period only.

Salvage values of the recovered equipment after this period are estimated to be
£3000 for Proposal A and £2000 for Proposal B. Interest rate of 5% is applicable.

Proposal A
Capital recovery
(£60 000 — £3000) x 0.12950 = £ 7381
Interest on salvage value of recovered plant
(3000 x 0.05) = £ 150
Annual disbursements = £11000
Total = £18531
Proposal B
" Capital recovery
(£40000 — £2000) x 0.12950 = £ 4921
Interest on salvage value of recovered plant
(£2000 x 0.05) = £ 100
Annual disbursements = £16500
Total = £21521

Proposal A has the lower annual cost by £2990 under these conditions.
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EXAMPLE 14.3

Proposal B is replaced by another arrangement of equipment, Proposal C, which
has an installed cost of £100000 and an economic life of 20 years. The estimated
value of recovered plant for Proposal C is £4000 and annual disbursements of
£500. The interest rate of 5% is applicable.

Proposal A

As per Examples 14.2 = £18 531

Proposal C

Capital recovery

(£100 000 — £4000) x 0.08024 = £7703

Interest on salvage value of recovered plant

(£4000 x 0.05) = £ 200

Annual disbursements = £ 500
Total = £8403

Proposal C has a lower annual cost by £10 128.

The point might be raised that the advantage of a longer economic life with
proposal C is not reflected in the cost comparison. In fact this advantage is
provided for by the use of a 20 year capital recovery factor 0.08024 for Proposal
C as against the use of a 10 year capital recovery factor 0.12950 for Proposal A.
The estimate of a 20 year economic life for Proposal C implies that a service of
at least this long would be required. Although the annual cost of £18 531 a year
for Proposal A is for 10 years only, the service must be continued after Proposal
A is retired. It is presumed that the annual cost of continuing the service will be
of the same general order of magnitude.

EXAMPLE 14 4

This example introduces two types of equipment with different installed costs,
economic lives, salvage values and annual disbursements. Proposal D has an
estimated installed cost of £25000, an estimated economic life of 15 years and
salvage value of £5000 at the end of its life. Because of the peculiar nature of the
equipment it has an annual disbursement charge of £1500 p.a. for the first §
years after installation and £2000 per annum for the remaining 10 years of plant
life. Proposal E has an installed cost of £43 000, an estimated economic life of
25 years and salvage value of £3000 at the end of its life. Annual disbursement
charges are constant at £1200 per annum. The applicable interest rate is 5%.

Proposal D

Capital recovery

(£25000 -- £5000) x 0.09634 = £ 1927
Interest on salvage value of recovered plant
(£5000 x 0.05) = £ 250
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Annual disbursements
Present worth of £1500 for first five years

= £1500 x 4.329 = £ 6493
Present worth of 6th to 15th year inclusive
= £2000 x (10.380 — 4.329) = £12102
Total present worth of annual disbursements
= £18595
Re-expressed as the equivalent uniform annual
disbursements over the 15 year life of the
equipment = £18 595 + 10.380 = £ 1791
Total = £ 3968
Proposal E
Capital recovery
(£43 000 - £3000) x 0.07095 = £2838
Interest on salvage value of recovered plant
(£3000 x 0.05) = £ 150
Annual disbursements = £1200
Total =

£4188

This study shows that Proposal D has a lower annual cost by £220.

Present Worth (or Value) Method

This method is used when part of the expenditure is to be deferred or when the
time of incurring the expenditure is different with the alternatives being compared.
Often, present worth studies are used for a cost comparison in order to determine
whether a proposed investment which has capacity in excess of present needs is
economically justifiable. It also has application in situations in which the annual
cost method would normally be used, except that present investments (or capital
costs) are large in proportion to other disbursements. The existence of a prospec-
tive salvage value at the end of the estimated life of the equipment or plant or at
the end of a study period is handled by treating it as a negative disbursement,
that is by subtracting the present worth of the salvage receipts from the present
worth of the moneys expended.

Difference in the lives of alternatives under comparison require special treat-
ment. Otherwise it is impossible to compare the present worths of the costs of a
limited number of years of service. One method of comparison is to determine
the least common multiple of the lives and to assume that the first costs, salvage
values, economic lives and annual disbursements for each renewal will be the
same as for the asset renewed. A special extension of this method and one used
when no convenient, that is less than 60 years, least common multiple is available
for the estimated lives of all the various assets involved in the study,is to compare
capitalised costs. The phrase ‘capitalised costs’ means the ‘present worth of the
cost of perpetual service,” and the assumption in such a calculation is that
renewal assets repeat the cost history of their predecessors.
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Typical examples of the various applications of the Present Worth method are
as follows:

EXAMPLE 145
Equipment with equal lives

Two items of radio equipment are to be compared each with an economic life of
15 years. The installed cost of Proposal A is £150 000, the annual disbursements
are estimated to be £5000 and the salvage value of the recovered equipment after
the 15 year period is estimated at £10000. The installed cost of Proposal B is
£200 000, the annual disbursements are estimated to be £3000 and the salvage
value at £2000. The interest rate applicable to the study if 5%.

Proposal A
Installed capital cost = £150000
Present worth of annual disbursements at 5%
(£5000 x 10.380) = £ 51900
Present worth of all monies paid out for
15 years period = £201900
Less present worth of salvage value at 5%
(£10000 x 0.4810) = £ 4810
Present worth of net disbursement for
15 year period = £197090
Proposal B
Installed capital cost = £200000
Present worth of annual disbursements at 5%
(£3000 x 10.380) = £ 31140
Present worth of all monies paid out of
15 year period = £231140
Less present worth of salvage value at 5%
(£2000 x 0.4810) = £ 962

Present worth of net disbursement for = £230178

15 year period

Hence the present worth of Proposal A is less than that of Proposal B by
£33088 at 5% interest rate.

EXAMPLE 14.6
Equipment with unequal lives

Two items of radio equipment are to be compared to meet an expected 30 year
demand. The installed cost of Proposal C is £39 000, the annual disbursements
are estimated to be £3500 and the economic life of the equipment at zero salvage
value is taken to be 10 years. The installed cost of Proposal D is £105 000, the
annual disbursements are estimated to be £1000 and the economic life of the
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equipment is 30 years with a salvage value of £1000. The interest rate applicable
- to the study is 5%.
The least common multiple of the lives is 30 years. It is assumed that Proposal
C will be renewed at 10 years and 20 years time respectively with the further
assumption that the first cost, economic life and annual disbursements for each
renewal will be the same as for the asset renewed.

Proposal C
First intalled capital cost = £ 39000
Present worth of first renewal at 10 years
(£39000 x 0.6139) = £ 23942
Present worth of second renewal at 20 years
(£39000 x 0.3769) = £ 14699
Present worth of annual disbursements for 30 years
(£3500 x 15.372) = £ 53802

Present worth of all disbursements for 30 years £131 443

Proposal D
Installed capital cost = £105000
Present worth of annual disbursements for
30 years
(£1000 x 15.372) = £ 15372
Present worth of all monies paid out for
30 year period = £120372
Less preseat worth of final salvage value = £ 231
(£1000 x 0.2314)
Present worth of net disbursement for
30 year period = £120141

Proposal D has a £11 302 advantage in present worth over Proposal C.

The rate of interest has an important bearing on engineering economic studies
and had a premium been placed on capital expenditure with a consequent rise in
rate to, say, 10% then the situation would have been reversed. This is shown in a
rework of the problem in the following example where all other conditions
remain unchanged.

EXAMPLE 14.7

Proposal E
£39 000

First installed capital cost

Present worth of first renewal at 10 years

at 10 per cent (£39 000 x 0.3855)

Present worth of second renewal at 20 years
at 10 per cent (£39 000 x 0.1486)

Present worth of annual disbursements for
30 years at 10% (£3500 x 9.427)

Present worth of all disbursements for 30 years = £92 823

£15034

£ 5795

£32994
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Proposal F
Installed capital cost = £105000
Present worth of annual disbursements for
30 years at 10% (£1000 x 9.427) = £ 9427
Present worth of all monies paid out for £114427

30 years period
Less present worth of final salvage value at 10%
(£1000 x 0.0573) = £ 57

Present worth of net disbursement for
30 year period

= £114370

In this study with an interest rate of 10% in lieu of 5% the alternative proposal
has been proved the more economical proposal by £21 547. This illustrates how
the use of a higher interest rate favours the alternative with both the lower
present investment and the shorter working life of the equipment. The 10%
interest rate is also more appropriate for present day conditions.

Present Worth (or Value) of Annual Charges

As this name implies, this method is a combination of the other two main
methods, that is annual charges or costs are calculated separately without refer-
ence to the point in time which disbursements, both capital and annual, take
place, and are then placed on a comparable basis by being brought back or
pushed forward to a common point in time by use of the present worth method.
It has particular application in the public utility field where planning for growth
is an important issue. Where the period covered by a growth forecast is shorter
than the estimated life of proposed assets, economic studies comparing immediate
with deferred investments may be made comparing the present worths of annual
charges for a study period equal to the number of years covered by the growth
forecast.

EXAMPLE 14.8

A building is required to house a radiocommunication terminal in a large city to
meet the circuit needs for 20 years. The immediate requirement is for a floor
space of 25 squares to cater for radio equipment, power plant, office and amenity
facilities. To meet requirements after 10 years an additional 10 squares will be
required for radio equipment, and an additional 5 squares for power room exten-
sions. The cost of the site is £20000, building costs are £1000 per square,
maintenance and service charges are estimated to be £18 per square.

Proposal A

Build now for 25 squares to meet immediate requirements and add further 15
squares at the end of the 10th year of ultimate additional requirements.
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Proposal B

Build 40 squares now to cater for immediate and future requirements. Proposal
A would involve an additional capital outlay of £5000 at the second stage.

The applicable interest rate is 5% and the economic life of the building can be
assumed to be 50 years.

Annual Charges
Proposal A
Capital recovery for years 1 to 10 (£25 000 x 0.05478) = £1369
Interest on site costs (£20 000 x 0.05) = £1000
Building maintenance and service charges (25 squares x £18) = £ 450
Total = £2819
Capital recovery for years 11 to 20
(£15000 + £5000) x 0.05828 = £1165
Annual charges of first stage = £2819
Building maintenance and service charges (15 squares x £18) = £ 270
Total = £4254
Proposal B
Capital recovery (£40000 x 0.05478) = £2191
Interest on site costs
(£20000 x 0.05) = £1000
Building maintenance and service charges (40 squares x £18) = £ 720
Total = £3911
Present Worth of Annual Charges
Proposal A
Present worth of annual charges for years 1 to 10
(£2819 x7.722) = £21768
Present worth of annual charges for years 11 to 20
(£4254 x (12.462 — 7.722) = £20164
Present worth of annual charges for 20 years £41932
Proposal B
Present worth of annual charges for 20 years S
(£3911 x 12.462) = £48739

Hence Proposal A has an advantage in present worth of £6807.
Many factors can contribute to the selection of wrong economic plans.
Experience has shown that these include the following:
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(a) Selection of too short a study period.

(b) Incorrect average life of plant used.

(c) Incorrect salvage rate used.

(d) Incorrect annual charge rates used.

(e) Annual charge rates for depreciation not adjusted to fit the plans chosen.

(f) Inadequate consideration being given to the most economical reuse of
recovered equipment.

RATE OF RETURN STUDIES

Any organisation which is in business to make a profit must take in revenue
which is in excess of the needs to meet its operation and capital recovery costs.
Revenues must exceed all other costs by a margin sufficient to provide earnings
that will give a satisfactory return on the investment. The rate of earning that is
adequate is dependent on many factors and its determination is a financial
problem that must be resolved by the organisation.

Rate of return studies basically stem from the need for management, in plan-
ning its capital budget, to choose between doing something or not doing it, or
doing either one thing or another. In the first case, the study is required to
answer the question, “Why do the work at all?” This involves the calculation of
the prospective rate of return on the proposed investment.

The most popular method of calculating the prospective rate of return on an
investment is the ‘Discounted Cash Flow’ method which is basically an adapta-
tion from present worth theory.

This method as the name implies is based on cash flows. The investment out-
lay is an outward flow which may be instantaneous or spread over a period. Net
cash earnings provide the inward flow over the lifetime of the investment. The
rate of interest is a measure of the return generated by the net earnings after
repayment of the investment. It is important that depreciation must be excluded
from the expenditure items as the method is concerned only with cash flows.
Capital recovery (depreciation) is automatically provided for in discounting net
earnings at a rate of interest that makes the present value of those earnings equal
to the present worth of the investment.

For the purpose of an engineering economic study of the project, an attempt
is made to determine a rate of return which will be reasonably representative of
the long term future average. Sound judgment as to the probable future rate of
return has its foundations in a survey of past and present earnings of the organisa-
tion and contributory factors such as trends in the money market. While the rate
of return isan important factor in the engineering economic study, a high accuracy
in the rate used is not needed because such costs studies involve many assump-
tions and estimates as to the future.

Examples of investment rate of return studies carried out by the discounted
cash flow method are as follows:

EXAMPLE 14.9

A project calls for an investment of £30 000 in new radio equipment which has
an estimated economic life of 12 years. The estimated uniform earnings from the
investment is £3579 per annum.

This problem is the same as determining what interest rate would apply if a
loan of £30 000 were to be repaid in 12 uniform annual payments of £3579.
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It is evident that to find the annual payment necessary to repay a loan of
£30000 over 12 years at a given interest rate (i), the calculation would be:

Instalment = £30000 x cx f. (i, n=12)
The instalment in this case is = £3579

35
Therefore c.r.f. = §—72 =0.11928

£30000

If the tables are examined to determine at what interest rate the capital
recovery factor for m = 12 is 0.11928, it is found that the rate is very nearly
equal to a rate of return of 6% per annum. A rate so near to this is often not
always so readily obtained and some interpolation may be necessary to determine
the actual rate of return. The 6% rate in the above example can be proved as
follows:

Year  Investment at  Return Interestat  Principal Principal outstanding

beginning of year  (£) 6% repaid end of year

£) (£) (£)
1 30000 3579 1800 1779 28221
2 28221 3579 1693 1886 26335
3 26335 3579 1580 1999 24336
4 24336 3579 1460 2119 22217
5 22217 3579 1333 2246 19971
6 19971 3579 1198 2381 17590
7 17590 3579 1055 2524 15066
8 15066 3579 904 2675 12391
9 12391 3579 754 2825 9566
10 9566 3579 574 3005 6561
11 6561 3579 394 3185 3376

12 3376 3579 203 3376 Nil

This method is not applicable where the earnings on an investment are non-
uniform.

EXAMPLE 14.10

A proposed work calls for an investment in new equipment of £30000. The
revenue from the service is estimated to be:

First year £1000
Second year £2000
Third year £3000
Fourth year £4000
Fifth year £5000
Sixth year £6000

Seventh year £7000
Eighth year £7000
Ninth year £7000

At the end of the ninth year the equipment would have reached the end of its
economic life.
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In this case, it is necessary to take each year’s earnings separately and discount
each to its present worth value using an interest rate so that the sum of the
present worth of the flow of earnings will equate the initial investment. It is a
matter of trial and error at different interest rates over the period to obtain the
required present value of £30000.

(a) Present worth at 5%

Year Net cash inflow  Present worth factor of Present worth
(£) single instalment of earnings

£
1 1000 09524 952
2 2000 0.9070 1814
3 3000 0.8638 2591
4 4000 0.8227 3291
5 5000 0.7835 3917
6 6000 0.7462 4477
7 7000 0.7107 4975
8 7000 0.6768 4738
9 7000 0.6446 4512

Total  £31267

(b) Present worth at 6%

Year  Net cash inflow  Present worth factor of Present worth
(£) single instalment of earnings

(£
1 1000 0.9434 943
2 2000 0.8900 1780
3 3000 0.8396 2519
4 4000 0.7921 3168
5 5000 0.7473 3737
6 6000 0.7050 4230
7 7000 0.6651 4656
8 7000 0.6274 4392
9 7000 0.5919 4143

Total  £29 568
The calculations show 5% is too low and 6% is too high. Through a process of
interpolation one would expect a rate of return of the order of 53%.

UNCERTAINTY

It is generally assumed in making economic comparison studies that the risk of
the competing investments is the same. In practice, however this may not always
be so. The investment for a satisfactory return on one installation may be a much
more risky procedure than the risk of getting a satisfactory rate of return from
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the investment in another installation. Decisions which are based on assumed
certainty may be correct economic decisions but they depend on things working
out exactly as planned. Decisions should be made in the light of calculated risks,
gambling on the odds that the future will fulfill the engineers judgment.

Risk will depend on the following:

(a) The ability of the engineer to minimise bias.

(b) Accuracy in forecasting future growth, material prices, wage increases etc.
(c) The accuracy of the data used in the comparison study.

(d) Unforeseen obsolescence.

(e) Unforseen effects such as war, political influence etc.

Some projects are inherently less risky than others. Station upgrading and
replacement investments are not likely to be as risky as expansion investments.
When a demand already exists it is natural when estimating the future require-
ments to plan on the assumption of growth in the immediately preceding years.
The usual method adopted is to graph the demand against time and then by
various methods derive the growth curve which can be projected to the time for
which the forecast is required.

Risk evaluation can be attempted by probability methods which involve
recalculating results by varying one or more of the risk factors. The engineer can
determine how sensitive the study results to changes in the variable factors. For
instance, a particular application of a sensitivity study can be made in respect of
investments which are proposed by arbitrarily varying components such as
economic life estimates by plus or minus 5 to 10%.

COST/BENEFIT ANALYSIS

Cost/benefit analysis is a practical way of assessing the desirability of a project.
It is a way of enumerating and evaluating factors which need to be taken into
account in making economic choices. It assists management in determining
whether or not a project is worthwhile, which is the best of the proposed alterna-
tives and the optimum time at which to implement a proposal.

Although cost/benefit analysis is by no means a new management technique
it has in recent years come into prominence with radio engineering projects
which involve heavy expenditure, absorb a large amount of resources and because
of their long life have a substantial effect on the form and functioning of further
development. The main factors which have to be taken into consideration
include:

(a) Costs and benefits.

In the majority of situations the nature of the project is comparatively well
defined but problems do arise in those cases where the implementation of
the project has a cross flow of costs and/or benefits with another proposal
or a scheme already in existence. For example, if the provision of additonal
communication circuits between two major centres is being studied, and
two alternatives are microwave radio system and coaxial cable system, a
comparison would have to be made between radio system only, coaxial
cable system only, or a combined radio and coaxial cable system.
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In many large projects, particularly those associated with public service,
there are often benefits and costs which accrue to people or organisations
not associated with the sponsor of the project. It may well be asked to what
extent should these benefits and costs be included in the analysis. Usual
practice is for a benefit to be ascribed to a project only if:

(i) the specific expenditure would not have been incurred in the absence of
the project.

(ii) resources that would not otherwise have been employed are utilised.

(iii) economic changes which would otherwise have taken place are not
displaced.

As an example, if the establishment of a high power broadcast transmitter

in an area where the power requirement would be such that the local town
power generating plant could be run at greater efficiency, and so resulting in
a tariff reduction to the local consumer, then the more efficient utilisation
of the power plant can be considered as an allowable benefit. However, the
increased profitability of the oil company supplying fuel to the power
station cannot be credited to the radio station investment. Any net dif-
ference in profitability is simply a reflection of more engines being used for
longer periods and this would already be included in the accrued benefits.
Fixing a value on costs and benefits.
In making an analysis of costs and benefits associated with a project, many
things which are incomparable in their original form have to be compared.
In a typical situation, for example the provision of a radar system on a ship,
the installation, operation and maintenance costs can be easily assessed in
monetary terms. On the benefit side, savings resulting from the installation
of the equipment may be presented as the number of avoidable fatalities,
injuries and collisions with other ships etc. The problem is to fix an appropri-
ate monetary value on benefits which do not have a real market value.

Other examples may be cited, for instance what value can be ascribed to
the saving in time, particularly for a busy executive, where the provision of
a broadband radio system will allow subscriber trunk dialling, instead of a
manual operator service? Also, what value can be placed on the increased
enjoyment of colour television compared with monochrome, sterophonic or
frequency modulation broadcasting compared with amplitude modulation,
and many other similar services?

For benefits which have no direct market value, use can often be made of
other observable market prices in order to arrive at a value of these benefits.
It is reasonable logic to assume that time saved by a busy executive using
subscriber trunk dialling facilities can be equated to the salary of the execu-
tive and together with savings in office switchboard operator costs. For the
private or social telephone callér the value of time saved is open to some
argument but nevertheless there is still some value which a person phoning
during leisure hours would ascribe to time saved.

For those costs and benefits associated with aesthetic or scenic effects
resulting from say, the construction of a massive radio tower in or near a
residential area for radiocommunication or television purposes, the only
practical method appears to be to qualitatively weight these effects for the
various alternatives. In many projects they may be important considerations,
and the arguments for and against have to be submitted in the prose as they
cannot be incorporated in the mathematical treatment.
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(©)

(d)

Applicable interest rate.

Much discussion has taken place over the years on an appropriate interest
rate for cost-benefit studies, particularly where public projects are concerned.
Sometimes a government borrowing rate may be used while at other times a
market determined rate may be used. It is of course important to ensure
that the same interest rate is used when comparing different projects. In
some cases very awkward situations have developed where a government
department has carried out a cost/benefit study using one interest rate
while private enterprise has examined the same alternatives using a different
interest rate. The inferior alternative of one has supplanted the superior
alternative of the other. Because of this problem it is not unusual for analyses
to be carried out with a range of interest rates so that the sensitivity of the
project or alternatives can be determined for various rates.

Relevant constraints.

Nearly all major projects are subject to some constraints. These may be
physical constraints such as unavailability of equipment or staff, legal
constraints such as site acquisition, environmental, administrative and
budget constraints.
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After completion of the analysis, the project would generally be economi-
cally worthwhile if the present value of all benefits less costs is positive.
Where no projects are mutually independent or where there are no operative
physical or time constraints, the choice can be made in such a way that the
sum of the present value of benefits less costs is a maximum. Where there is
no pre-fixed budget limitation all projects would be undertaken for which
the present value of benefits exceeds the present value of costs. Where pre-
set budget limitations do apply but there are no other constraints, the
project priorities would be such that projects with the highest benefit to
cost ratio or highest rate of return would be carried out first.

Figure 14.1 shows a typical flow chart used in carrying out a cost/benefit
analysis.
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Chapter 15
Capital Costs

Capital cost is the first or initial cost and is incurred before the service it provides,
becomes available. It includes the cost of materials, labour, incidentals, con-
tractor’s bills if any part of the work is carried out under contract, and associated
engineering administrative charges. It also includes cash or short term investments
which may be maintained to pay for new work and to meet current expenses in
advance of receipt of revenues from equipment or plant. The capital cost has
significance in four main areas:

(a) Competition with other projects for the available capital resources.

(b) The cost of raising capital.
When new loans have to be negotiated, some expenses are involved. In
commercial undertakings, brokerage and other costs are incurred and a
premium may have to be offered. In the case of Government loans the
expenditure in raising capital is not so easy to assess, but it is undoubtedly
present.

(c) The interest charges on the capital raised during the installation or con-
struction period.
The material must be purchased and staff wages paid during the whole of the
construction period before the equipment or plant is able to raise revenue.
Interest charges which are incurred prior to placing the facility in service
are just as much a cost of constructing or installing the equipment or plant
as are the labour and material costs.

(d) Once spent, the capital involves a recurring annual charge providing for
repayment over the economic life of the equipment or plant and for the
payment of interest.

Although the amount of money required to be raised for any given provision
of equipment or plant is increased by the costs incurred in raising the loan, it is
not usual practice to add them to the cost of the equipment or plant provision,
but to charge them to the organisation’s operating -expenses. However, interest
charges on capital required for the installation or construction period are usually
regarded as proper debits to the installation or construction costs.

ECONOMIC LIFE

Wear and tear or accelerated deterioration due to the elements over the years,
results in increasing maintenance charges. Eventually the annual maintenance
costs become so high that-it is not economic to retain the plant in service. It is
at this stage that it reaches the end of its economic life. The economic life may
be determined by actual life, by technological advances that make it inadequate
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or obsolete, or by unsupportable increases in cost of maintenance and operation
because of age. Although average lives of various items of radio engineering plant
or equipment are available, there will be times when deviations from normal
are known and in these cases it is usual for the planned life rather than the
average life to be used. Equipment and plant are retired also at times when
maintenance spare parts are no longer available.

Equipment or plant life may extend beyond the study period, or items may
be removed for installation elsewhere. In these cases, not all capital cost is
attributable to the plan under consideration and so the capital cost is con-
verted to an equivalent annuity extending over the plant life. The present worth
of those annual charges that fall within the study period is the portion of the
cost that would be included in the plan.

Payments made before the beginning of the study period are not considered
as part of the cost of a plan. These funds are already spent and remain unaffected
by any later decisions.

COST CONSIDERATIONS

Typical of the points which may arise in considering the capital costs of radio
engineering facilities are illustrated by the following which are applicable to a
microwave radio relay system:

(a} The likelihood that the provision of additional radio equipment and plant at
a later date, using the same sites and buildings, and in the case of a r.f.
multiplex system the same mast and antennas, will be much cheaper than
the initial provision.

(b) The likelihood that the provision of standby radio equipment and plant
may add a relatively small percentage to the total cost.

(¢) The possibility that a cost comparison between two radio systems, such as
those operating in different frequency bands, may be influenced as much
by site, building and antenna costs, as by the costs of the radio transmitters
and receivers.

(d) The possibility that the siting of a radio station on a remote rugged site may
cost almost as much as that of two stations on more accessible sites. This
however will be an exceptional case and it will usually be cheaper to reduce
the number of radio stations to the minimum, consistent with satisfactory
performance.

RELIABILITY

Reliability and cost of operation are closely related and in many instances cost
can be of equal if not greater importance. The value of spare parts can be very
great for large installations and the extent of usage has a major influence on the
cost of operations. Also, the life of major equipment items could reasonably be
expected to be in service for 20 years or more and because spare parts are often
difficult to obtain for superseded equipment in today’s rapidly developing
technology, unreliable equipment may have to be withdrawn from service before
the planned time.

The overall failure rate of equipment is greater than that of any of the
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components used and it is important therefore to use components of proven low
failure rate where equipment high reliability is required. However, setting a
reliability figure higher than is necessary must be paid for in terms of cost as
the capital cost and the failure rates of components are closely related. Since
maintenance costs are a continuing charge against a facility and capital cost
is a once only cost it may be necessary to trade off additional capital cost
against reduced maintenance costs if annual charges are to be minimised.

The increasing cost of maintaining modern electronic equipment has called
for a new approach to fault finding and repair work. For a television or broad-
cast station this would be done by local on-site staff or staff from a remote
control point. Faults in transmitting cubicles or heavy components would be
repaired on site if practicable, but small modular units may be taken back
to the remote control or other repair points. For broadband microwave relay
systems where small modules are used in considerable numbers for a major
system, a centralised repair depot staffed by skilled people would almost certainly
be economically viable.

Each new system or facility tends to be more complex than the earlier model
it superseded with a result that the cost of maintenance has a tendency to rise.
In many products complexity has increased without a corresponding increase in
reliability. Field experience shows that the more complex a piece of equipment
the more likely it is to malfunction. In one broadcast transmitter produced in
the mid 1960s with about 1200 components the history log showed that it had a
malfunction about every 1500 hours. As the transmitter operated for 18 hours
per day this averaged about one malfunction every three months of service. In
the 1970s the manufacturer brought out a completely new design as a replace-
ment giving the same technical performance but incorporating sophisticated
automatic monitoring and remote control facilities. The number of components
in the transmitter increased 10 times and a malfunction occurred about every
600 hours or once per month. Although many of the malfunctions did not cause
transmitter shutdown, the overall maintenance costs rose sharply because of the
need for more frequent visits by the technical staff.

ESTIMATING FIRST COST

The estimated cost of carrying out a plan must be as close as possible to the
actual cost which is incurred when the work is finally carried out. Unfortunately
many estimates are too conservative and many examples can be quoted where
estimates prepared by the engineer failed to be confirmed when contracts were
let. Mainly because of inexperience, many young engineers, in particular, are apt
to under estimate. The future of course is invariably full of unknowns, but the
engineer, drawing upon his knowledge and experience and the facts available
to him should have a sound basis for estimating the costs to a reasonable order
of accuracy.

Some costs associated with radio engineering projects are more uniform in
character than others and useful rules of thumb have been derived from the
records of previous installations. For example, the cost of providing foundations
for a broadcast radiator in a normal soil type environment may be approximated
by using a price per cubic metre of concrete required for the thrust block and
the guy anchor foundations. The cost per cubic metre would be independent of
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Figure 15.1 Relative capital cost of medium duty
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the height of the structure. However, the steel erection and material costs arc
influenced considerably by the height. This is shown in Figure 15.1 which
indicates the relationship between relative capital cost and height for typical
medium duty masts and towers.both capable of supporting two 4 m diameter
antennas. Similarly, knowing the cost of a major item of a particular type, for
example the cost of the copper wire for a broadcast radiator earth mat and the
average laying rate, a fairly accurate cost may be estimated. Approximations of
these types are seldom possible in works which involve complex circuit designs
such as the conversion of a manually operated television transmitter to fully
automatic control and monitoring using a micro-electronic processor.

The quantity survey, that is a compilation of the quantity of materials
required for the project, is the first step in cost estimating procedure. All costs,
however, cannot be easily reduced to quantity units such as cubic metres of
concrete, metres of wire etc. and have to be estimated as lump sums. Neverthe-
less, a great majority of radio engineering estimates are based on unit prices,
which applied to the quantity of each unit required, gives the total cost of the
job. While there is little room for a difference of opinion on the quantites of
materials involved in a particular work which has been properly planned and
engineered, the estimation of a fairly accurate unit price is a very different
problem.

The total cost of a project may often be very closely approximated through a
knowledge of the cost of similar projects which have been undertaken. Every
work generally has some features peculiar to itself, and the final estimated cost
will be influenced by the experience and knowledge of the engineer preparing
the estimate. Also, as material and labour prices, transport costs and travelling
expenses vary from year to year and in cases of high wage rise, the overall costs
may rise sharply. It is unfortunate that increasing labour costs tend to more than
neutralise reduced equipment costs due to technological improvements in
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production. As a result, the unit cost of installation of many projects is steadily
rising even though equipment costs in some areas have fallen considerably. Care
is therefore required in utilising cost figures on projects which may be several
years old, particularly when endeavouring to estimate the costs for works several
years ahead.

Some radio engineering projects can involve considerable capital expenditure.
One large international broadcast complex in the USA utilising two transmitting.
stations and a receiving station cost about US $25 million in 1962. A brief break
up is as follows:

(a) Site acquisition totalling more than 2500 hectares

for the three sites US $§ 12M 4.8%
(b) Equipment including 22 transmitters (10 kW to

500 kW) and receiving station facilities and

programme lines ' US § 6.0M 24.0%
(c) Antenna systems including 28 curtains, 41

thombic and 4 log periodic transmitting antennas

together with 20 rhombic and 2 log periodic

receiving antennas US $10.2M 40.8%
(d) Construction, installation and commissioning of

the complex facilities Us § 55M 22.0%
(e) Architectural, engineering, transport, incidental

and administrative charges UsS $210M 8.4%

The very low frequency station used for naval communication purposes is
another type which involves very high capital expenditure. The US Navy station
Naval Communications Station Harold E. Holt commissioned in 1967 at North
West Cape, Western Australia, employed a 2 MW transmitter giving a radiated
power of 1 MW from an antenna consisting of 12 towers built in two concentric
rings encircling one 387 m central tower, Tower Zero, the tallest man made
structure in the Southern Hemisphere. The transmitter cost US $5 million plus
US $1 million installation costs. The building housing the transmitter involved
an expenditure of US $2 million. In the antenna system, Tower Zero alone cost
about US $1 million. Power generating plant with a capacity of 18 MW was
built at a cost of US $6 million and consumed about 4.8 million US gallons of
diesel fuel per year.

TYPES OF ESTIMATES

The type of estimate prepared for the determination of the first or initial capital
cost of a project in connection with an economic comparison study is the
preliminary type as distinct from the approximate and the detailed estimates.

The approximate estimate is prepared with the very minimum of research and
is generally an intelligent guess based on the engineer’s experience of similar type
works. It is normally prepared to allow the person seeking the information to
get a rough idea only, of what the work is likely to cost, for example we may ask
“Wwill it be nearer £500, £5000 or £500007”

The detailed estimate is prepared when a firm decision has been made to
proceed with the work and involves the compilation of quantities of the various
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items of work associated with the project, the assessment of a unit rate of cost
of each item, the extension of each item’s total cost and the summation of these
to ascertain the total estimated cost. The detailed estimated cost is particularly
valuable for costing purposes and cost analysis throughout the progress of the
work. It is prepared with meticulous accuracy, and management generally sets
down the order of accuracy desired,. In some organisations, it is required that
the total estimated cost be within 10% of the actual completed total cost of the
work with allowable variations within the estimate of up to 20% for labour,
materials and incidental costs.

The preliminary estimate involves a certain amount of engineering investigation
of the proposed work. For a relatively minor project, such as the provision of a
single radiocommunication circuit between two centres, the estimate under
average conditions may be prepared from information available from maps etc.
and a general knowledge of the area. For a much larger system involving, say, a
1800 channel radio relay system or a coaxial cable system between two centres
800 km apart, the engineering investigation may be carried out on an extensive
scale and could involve reconnaissance survey of the route, bore hole investi-
gations, propagation tests, location of materials such as sand, gravel and water,
determination of tower heights, measurement of soil resistivities and so on.
In another case, several sites may be available for the establishment of a medium
frequency broadcast or television station and extensive tests with mobile trans-
mitters and field surveys may be involved in deciding which sites are technically
suitable to give the desired coverage. This would then be followed by local
investigation of each site to accumulate data required for economic comparison
studies.

The preliminary estimate investigations may be quite extensive for a large
project, but not be so detailed as to waste money or effort in case the work does
not proceed. These estimates are however of great importance for upon their
accuracy depends the fate of many works. They should not be confused with
approximate estimates but should be carefully compiled and checked as for a
detailed estimate. The objective should be to achieve an accuracy of at least
10-15% of the detailed estimate.

MAIN FACTORS IN ESTIMATING

Two main factors associated with estimating are costs of material and labour.
Labour charges change continually and this reflects a change in the price of
materials, particularly those involving a large labour component in their manu-
facture. Because of this, standardisation by stabilised prices and performance is
difficult. Other factors such as overhead and contingencies are also often difficult
to estimate accurately. Overhead requires constant review from time to time.
Contingencies of course by their very nature are difficult to estimate accurately
and experience can be an important factor in arriving at a basis for these costs.

The importance of including all costs cannot be overemphasised and the
inexperienced engineer is often at a disadvantage because every new job often
requires the consideration of factors not present with previous projects. A
complete data file with performance and cost records is an important aid. Also
a check list similar to Table 15.1 has been found useful by many engineers
engaged in estimating projects for broadcast stations. The check list is invaluable
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Table 15.1

Transmitter Equipment
Basic Transmitter
Combining eqiilipment -
Programme input equip.
Frequency generating equip.
Monitoring equipment

Emergency studio facilities
Control desk

Dummy load

Heat exchanger

Auto control equip.
Voltage regulators
Localised screening
Transmitter hall ventilation
Alr scavenging vault area
Inbuilt fire detectors

Special safety equipment
Special protection equip.

Water distillation plant
Mechanical aids for instal. work
Ducts and cabling ironwork
Installation materials

Low impedance earth system
Installation tools

Spare parts

Equipment

Battery equipment
Workshop facilities

Test equipment

Tube conditioner

Tube handling facilities
Vehicles

Vehicle servicing facilities
Emergency power plant
Power switchboards
Power sub-station

Cranes and gantries

Bin store equipment

Fuel supply and storage
Office equipment
Internal communications
Programme supply facilities

Building alarm displays

CHECK LIST FOR BROADCAST STATION ESTIMATES

RADIO ENGINEERING EQUIPMENT

SUPPORT ITEMS

Installation and commissioning materials
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Antenna System

Soil bearing investigations
Soil conductivity tests
Earth mat system
Foundations

Mast or tower steelwork
Guys

Insulators

Bonding

Aircraft warning facilitics
Sectionalising equip.
Capacity loading

Lightning protection
Mechanical aids for erection
Deicing equipment
Pretensioning guy tests
Transmission lines internal
Transmission lines external
Pressure equip. for coax lines
Matching and phasing equip.
Line switching equipment
Special hardware
Dissipative lines

Concrete sampling costs
Tools and spare parts

Facilities

Site purchase

Site preparation layout
Buildings

Special floor loading

Qil drainage in vaults

Air conditioning

Air ventilation

Acoustic treatment
Building fire protection
Water reticulation

Power and lighting
Sewage disposal

Site roads and drainage
Access roads

Fencing

Telephone and programme
line costs

Local transport

Building earth system
Building bonding and earthing
Screened rooms

Layout diagrams

Cabling diagrams
Accommodation for staff
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Table 15.1 (continued)
CONSTRUCTION AND COMMISSIONING

Systems engineering and design
Propagation studies

Field intensity survey

Installation construction and erection
Commissioning and acceptance testing
Documentation

Staff recruitment and training
Locality index figure

Local authority and licence fees
Taxation and Duty charges

Insurance

Transportation

Administration and overhead

in avoiding oversights. Other oversights are caused by not taking into account all
of the information about the project which is actually available at the time the
estimate is made. This type of oversight can be avoided only by constant careful
attention to all aspects of the project.

When considering estimates for the establishment of facilities in isolated areas
and on a world wide basis the estimate is modified by a location index which
takes into consideration variations in cost applicable to the local labour situation,
transportation, to construction of support facilities and hire of local mechanical
aid equipment. This location index would probably have a value of 1.0 for
countries such as USA, Australia, United Kingdom, and may increase to 4.0 or
more for isolated sites in the Pacific Ocean, Alaska, Antarctica and others.

CAUSES OF DEVIATIONS

Because an estimate is a forecast of the future it is unreasonable to assume that
estimates of costs will be perfectly accurate. The deviations of actual costs from
the estimated costs may be due to many causes, some of which are:

(a) Changes in the project during progress of the work.
Additional amplifiers might be provided to meet a future need or changes
in the foundation plan of a mast or tower may be required following addi-
tional information obtained on the nature of the soil after excavation work
has been completed.

(b) Unforeseen difficuities.
Exceptional wet weather conditions may introduce difficulties in the
construction of mast foundations or other external plant facilities.

(¢) Changes in economic conditions.
Industry award changes may cause a sharp rise in labour and material costs
or may require the employment of staff with special skills on particular
phases of the work.

(d) Accidents during construction.
A mast may collapse during the course of erection or a major transformer
may fail during commissioning of a transmitter.
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(e) Variations in effectiveness of project performance.
Difficulties may be experienced in meeting the specifications with a new
equipment design or construction techniques set down in the office may not
be practicable in the field situation.

(f) Imperfections in estimating methods.
Facilities which require considerable research and design effort are difficult
to cost estimate. Also where the erection of a large number of towers for a
long haul radio relay system isinvolved, an average cost figure for foundation
works has often fallen short of the actual cost because of the very great
differential between many of the sites.

(g) Oversight in estimating.
Inexperience on the part of the estimator or lack of proper co-ordination
between sections could result in important items being overlooked in the
costing analysis.

Also there are many factors which may cause the cost of two similar type
projects to vary, sometimes considerably. These include variations in equipment
costs by different manufacturers, local labour costs, site access problems, site
construction problems, availability of local construction, and the degree of
expertise of recruited local labour.

TYPICAL FIRST COST EXAMPLES

Costs of many radio engineering projects are seldom published. There is a great
amount of data available on civil, mechanical and electrical engineering works
but information in the radio engineering field is not easy to obtain. Some typical
preliminary cost estimates which have been prepared for various projects are
shown in the following examples. Because cost factors vary with current labour
rates, location, climate, union jurisdiction etc. they should not be considered as
firm costs or applicable to any particular situation. In most cases the item costs
are shown as percentages of the whole rather than as specific monetary values.
By adopting this approach, confusion in relation to exchange rates, cost escalation
etc. should be eliminated.

The emphasis has been placed on the approach to the break-up of the work
and the material requirements rather than actual cost amounts as these tend to
become out of date very quickly.

The estimates are based on the use of good construction materials and
methods. In some circumstances cheap construction may be warranted but in
the long run it is usually better to save on operating and maintenance costs
rather than on capital expenditure.

EXAMPLE 15.1

The supply, installation and commissioning of a high power medium frequency
broadcast station complete with radio equipment, antenna system, power
generating plant, buildings and civil engineering works. The station was to be
located in an isolated tropical environment and to operate with an output
power of 1 MW at a frequency of 700 kHz into a directional antenna system
comprising twin 0.55 wavelength radiators.
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Radio Engineering Equipment

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

Item 7

Item 8

1 MW medium frequency broadcast transmitter with
vapour cooling, designed to cover medium frequency
broadcast band 525-1605 kHz, and capable of con-
tinuous operation.

Programme input and monitoring equipment including
amplifiers for sinusoidal and trapezoidal modulation

and emergency programme equipment.

Control desk complete with all necessary metering and
control facilities.

Antenna matching equipment to provide a horizontal
radiation pattern in a figure eight form, housed in

cabins at the bases of the two radiators.

R.f. feeder lines capable of 1 MW plus 100% modulation
continuous.

Antenna system for carrier frequency 700 kHz, comprising
two selfsupporting towers approx. 183 m in height.
Dummy load for a dissipation of 1 MW plus 100% modu-
lation complete with heat exchanger.

Spare parts including tubes, semiconductor devices, depot
spares, consumable unit spares for transmitter and dummy
load and spare parts for antenna, transmission lines and
matching equipment.

Support Equipment

Item 9

Item 10

Item 11

Item 12

Workship equipment, including lathe, complete with all
threading and turning tools, bench drill, bench grinder,
anvil, welding equipment, sheet metal bender, portable
hack-saw machine, tube bender, electric drills and necessary
tools for the proper maintenance of the station equipment
and plant.

Test equipment, comprising portable cathode ray oscillo-

scope with trolley, r.f. impedance bridge, oscillator and

detector, high voltage test set, receiving tube and transistor
testers, high tension voltmeter, multimeters, field strength
meters, noise and distortion sets, oscillators, attenuators,
transformer oil test set, air velocity meters, clip-on ammeter,
thermometers, resistance-capacitance bridge, r.f. ammeters,
v.t.v.m. etc.

Power generating plant for feeding the transmitter and the

station auxiliaries and comprising:

(a) 2 diesel engine generators in parallel, 1800 kVA
output each together with the necessary electrical
switchgear feeding the transmitter.

(b) 2 diesel engine generators in parallel, 1500 kVA
output each, as ‘general supply’ of the instal-
lation together with associated electrical switch
gear.

Spare parts for engine generating plant.

Percentage

19.1

0.6

04

2.0
0.9
10.0

0.9

6.1

0.6

0.7
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Support Facilities Percentage
Item 13 Buildings and civil engineering works comprising:

(a) Transmitter building of masonry construction and con-
taining transmitter room, heavy spare parts store, ajr
conditioning plant room, workshop, tube store, bin
store, control room, test room, office for officer-in-
charge, general office, battery room, locker room,
toilets, kitchen and lunch room. Area approx 837
square metres.

(b) Power house for housing the power generating plant
—all steel construction and including office, spare
parts store and servicing room, overhead crane and
cooling towers.

(c) Civil works for the two antenna huts and fencing
around the towers.

(d) Foundations for the two radiators.

(e) Supply and installation of lighting equipment in the
transmitter and power house buildings.

(f) Water storage and distribution system.

(g) Fixed and mobile fire protection system.

(h) Air conditioning and ventilation system.

(i) Fuel tanks with a capacity of 400 000 litres.

(i) Internal communication facilities.

(k) Local road, drainage and fencing works.

(I) Two general purpose vehicles. 27.7

Installation
Item 14 Construction and commissioning the station, including
design, site survey, installation, erection, transportation,
incidental expenditure, documentation, training, admini-
stration and overhead charges. 13.6

Total 100.0

The cost break up does not include any special provision for the normal
programme facilities, Duty, Sales Tax or any other form of local tax charges
or rates which may have been appropriate, or site acquisition costs.

Figure 15.2 shows a view of the final and output stages of a typical 1 MW
medium frequency broadcast transmitter with all doors and screens removed.
The coils and gas pressure capacitors for the final plate pi-filter circuits and the
various components of the harmonic filter are arranged in a very accessible
manner. In the fully assembled transmitter the components are accessible by
an internal passage running the full length of the unit shown.

The major investment costs associated with the establishment of a medium
frequency broadcast transmitting station include:

(a) Purchase of site.
This often involves the acquisition of a considerable amount of real estate
owing to the requirements of antenna systems and earth mats. Soils with
high electrical conductivity properties are desirable and these types are
generally part of fertile land, the purchase price of which can be very high.
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Figure 15.3 Relative cost of m.f. and h.f. transmitters compared
with power output

Antennas operating at medium frequency are in most cases rather inefficient
radiators. The greatest single factor leading to this inefficiency is usually the
earth mat system. The problem of obtaining optimum design in a radial con-
ductor earth mat system lies in attaining maximum power radiated per unit of
overall cost. The optimum design of the earth system, when the design of the
antenna and transmitter have been determined, is accomplished when the total
annual expense of such a ground system is a minimum. The annual expense
includes amortisation cost of the copper wire and its installation charges plus the
cost of the power dissipated in the earth. The copper costs are governed by the
wire diameter and the number of radials and extent of cross bonding. The wire
diameter is generally dictated by mechanical laying considerations. The size
commonly laid with a mole plough is 2.84 mm diameter but wire of 2 mm
diameter has also been successfully put down on many sites. The cost of power
dissipated in the earth is determined by adding the amortisation cost of the
station, exclusive of the earth mat system, to the annual operating costs of the
station, dividing the sum by the mean antenna input power and multiplying by
the watts dissipated per square metre. This cost term rises with increased spacing
of conductors.

Earth mats are also employed with some vertically polarised high frequency
broadcasts antennas and in these cases the effect of frequency on the optimum
mat size is important. The higher frequencies require grid wires to be closer
together than for lower frequencies for the same efficiency. On the other hand,
the lower frequencies require a physically longer earth mat. If a common earth
mat is to be used for several antennas then a compromise is necessary for the
best economic solution.

In arriving at the design of a broadcast station, it is apparent that there
should exist an economic balance between cost and performance characteristics
of the transmitter, programme input and control equipment, the antenna system,
matching equipment and the antenna earth mat.

EXAMPLE 15.2

The supply, installation and commissioning of a medium power, medium fre-
quency unstaffed broadcast station, complete with radio equipment, buildings,
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civil engineering works and standby power generating plant. The station was to be
located on the outskirts of a city and to operate with an output power of 10 kW
from twin 5 kW units, at a frequency of 1160 kHz, into a directional antenna
system comprising twin 0.53 wavelength radiators.

Radio Engineering Equipnient Percentage
Item 1 Two 5 kW medium frequency broadcast transmitters,

designed to cover the band 525-1605 kHz. capable of

parallel operation and complete with combining unit and

inbuilt dummy load. 157
Item 2 Programme input and monitoring equipment including

limiting amplifiers, emergency programme equipment

and phase monitoring equipment. 1.8
Item 3 Control desk complete with all necessary metering and
control facilities. 1.1

Item 4 Antenna phasing and matching equipment to provide
the desired horizontal radiation pattern and housed in

two cabinets at that base of the radiators. 2.8
Item 5 R.f.feeder lines capable of 10 kW plus 100%
modulation. 3.4

Item 6 Antenna system for carrier frequency 1160 kHz com-

prising two light duty guyed masts approx. 125 m in

height. 15.7
Item 7 Spare parts, including tubes, semiconductor devices,

depot spares, consumable unit spares for transmitter, and

spare parts for antenna and matching equipment. 2.8

Support Equipment
Item 8 Workshop equipment including bench drill, bench grinder,

electric drill and necessary tools for the proper maintenance

of the equipment and plant. 0.1
Item 9 Test equipment, comprising noise and distortion set, oscil-

lator, attenuator, volume indicator, multimeter receiving

tube and transistor checker, r.f. ammeters, cathode ray

oscilloscope and v.t.v.m. 2.0
Item 10 Emergency power generating plant comprising 60 kVA.

240 V diese] alternator together with switchboard and

spare parts. 2.7

Support Facilities
Item 11 Buildings and civil engineering works comprising:

(a) Transmitter building of masonry construction con-
taining transmitter room, workshop, visiting statf
room, toilet, store room and emergency power room.
Area approx. 120 square metres.

(b) Civil engineering works including fencing around
building, site and antennas.

(¢) Foundations for two radiators.

(d) Power connection from commercial mains.

(e) Water connection from commercial reticulation.
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Percentage
(f) Fuel tank for emergency power plant.
(g) Local road and drainage works.
(h) Fixed and portable fire extinguishing system.
(i) Purchase of site. 25.7

Installation

Item 12 Construction and commissioning the station including
design, site survey, installation, erection, transportation.
documentation, training, administration and overhead
charges, setting the station to work. 26.2

Total  100.0
The cost does not include any capital charge against the provision of pro-
gramme circuits from studios, or any Duty, Sales Tax or any other form of local
taxation which may have been involved.

EXAMPLE 15.3

The two previous examples are instances of well planned, designed and engineered
installations which would give optimum performance, have a high reliability of
operation and retain a high standard of technical performance over a long period
of time. They do however involve a considerable amount of capital expenditure.

There are many ceses where the engineer is called upon to provide a minimum
cost installation to meet a situation where quite limited funds are available, and
in keeping with the general economy of a particular locality. Such situations
occur in the provision of broadcast services for many of the Pacific Islands where
the population may be scattered over many islands of a group, funds are limited,
skilled technical staff are at a premium and technical excellence is not a primary
objective.

One such installation involved three studios, a medium frequency transmitter
and a high frequency transmitter operating in the tropical broadcast band. The
percentage break up of the capital cost of this particular installation was:

Radio Engineering Facilities Percentage
Studios

Item 1 Three studios each complete with desk, two turntables,
two tape recorders, microphone, studio type consolette,
high frequency receiver, monitor speaker, programme

amplifier, relay sets, jackfields, etc. and spare parts. 122
Item 2 Shipping costs, handling charges, hire of local vehicles
etc. for Item 1. 1.3

Item 3 Installation and commissioning the studios including
design, documentation, training, administration and
overhead charges. 3.2

Medium Frequency Transmitter

Item 4 One 2 kW medium frequency transmitter complete with
dummy load, spare parts, including spare tubes, and
programme input equipment. 8.2
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Item

Item

Item

Item

CAPITAL COSTS

Percentage
S Shipping costs, handling charges, hire of local vehicles
etc. for Item 4. 1.0
6 Installation and commissioning the transmitter, including
design, documentation, training, administration and over-
head charges. 2.2
Medium Frequency Antenna

7 One 60 m guyed and insulated antenna system complete
with mast, foundations, earth mat, transmission line and

matching equipment, materials only. 29
8 Shipping costs, handling charges, hire of local vehicles
etc. for Item 7. 0.5

9 Erection, installation and lining-up antenna system,
including design, documentation, administration and
overhead charges. 2.0

High Frequency Transmitter

tem 10 One 2 kW high frequency transmitter complete with dummy

load, spare parts, including tubes, and programme input
equipment. 12.2

Item 11 Shipping costs, handling charges, hire of local vehicles

etc. for Item 10. 1.0

Item 12 Installation and commissioning the transmitter including

design, documentation, training, administration and over-
head charges. 2.2

High Frequency Antennas

Item 13 Two high frequency antenna systems (day and night freq.)

simple dipole configuration complete with four masts,
foundations, transmission lines, remote line switch and
matching sections materials only. 5.0

Item 14 Shipping costs, handling charges, hire of local vehicle etc.

for Item 13. 0.7

Item 15 Erection, installation and lining-up antenna system,

including design, documentation, administration and
overhead charges. 2.2

Item 16 Station workshop equipment, including bench drill, bench

grinder, electric drill and necessary tools for proper main-
tenance of the equipment, delivered to site. 0.2

Item 17 Station basic test equipment required for proper main-

tenance and plant performance routining of studios and

transmitters including noise and distortion test set,

oscillator, attenuator, volume indicator, multimeters,

receiving tube and transistor checker, meters, cathode ray
oscilloscope and v.t.v.m., delivered to site. 0.6

Support Facilities ‘
Item 18 Buildings and associated facilities comprising:

(a) Studio building, light weight completely pre-fabricated
and assembled on site by local labour under supervision.
Containing three studios with acoustic treatment
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Percentage

and wall mounted low noise air conditioning units,

record library room, dub. and edit room, managers

office, general office, lunch room, workshop and

toilets. Area approx 168 square metres. 172
(b) Transmitter buildings, light weight completely pre-

fabricated, and assembled on site by local labour

under supervision. Containing transmitter room, work-

shop, store room, lunch room, and toilet, area approx

84 square metres. 11.0
(¢) Power connection from mains, water supply, portable
fire protection facilities, local site works. 5.7
(d) Shipping, handling and erection costs of prefab.
buildings. 85
Total  100.0

The cost does not include site purchase cost, capital costs involved in pro-
viding programme between studios and transmitter or any Duty or Sales Tax.

EXAMPLE 15 .4

The fabrication supply and erection of two guyed steel mast radiators for a
directional antenna system of a medium frequency broadcast station.

Each mast was to be 138 m in height, no rock was expected to be encountered
in the ground, the structures were to be painted, and fitted with aircraft warning
lights. Sand and gravel were available from local sources within 8 km of the site.

Percentage

Item 1 Fabrication of steelwork and other materials for two masts. 33.6
Item 2 Construction of two sets of guy anchors and mast thrust

blocks. 19.2
Item 3 Erection of the two masts including pretensioning of guys

on ground before attachment to structures. 24.0
Item 4 Painting of the structures. 3.5
Item 5 Installation of mast lighting including provision of

isolation transformer. 34
Item 6 Tools and appliances including tensioning gear for guys,

and jacks. 0.6

Item 7 Spare parts including two mast base insulators with metal

end pieces and four guy insulators complete with associated

metal work. 0.7
Item &8 Survey work, design, transportation, inspection, hire of

mechanical aids, concrete testing costs, incidental expendi-

ture administration and overhead expenses. 15.0

Total  100.0

The type of structure used is influenced by three main factors.

(a) The purpose for which it is to be used.
For a medium frequency broadcast project requiring an insulated structure,
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(c) Ultimate cost.
For masts and towers to about 36 m in height, normal physical requirements
are such that a uniform structure is employed, and costs are almost directly
proportional to the height. Above this height, it is often necessary to increase
the strength of the lower sections and costs rise at a much more rapid
relationship, approaching a square law characteristics, with increasing
height. With tall structures above about 200 m, compounding effects of
high wind, erection problems, decreased work output etc. result in a cost
relationship with a slope of 2 or 3. Unusual mechanical features such as
sectionalising, capacity hats or armatures also add considerably to the final
cost. Figure 15.4 shows an aerial view of the 18 m diameter fitted to a
198 m structure used as a dual frequency radiator for 10/50 kW medium
frequency broadcast transmitters. The armature which is mounted on
double conical insulators is associated with a loading network installed in a
cabin directly below the armature. The purpose of this arrangement is to
ensure optimum performance of the structure as a dual frequency radiator.

The economic factors associated with masts and towers are subject to an
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appreciable degree of interpretation and in addition the cost of construction can
vary appreciably, not only with geographical location but also with design
details, availability and cost of local materials, such as aggregates for foundations,
the degree of skill of the contractor’s personnel involved in the actual work and
the type of foundation necessary. For low bearing water logged sites expensive
platform or outrigger type foundations may be required. At a mountain top
site with firm bedrock a rock anchor arrangement similar to Figure 15.5 may be
more economical and safer than blasting. The most common procedure however
is to excavate and pour concrete foundations to suitable dimensions. Figure 15.6
shows a typical excavation and foundation for one leg of a 76 m tower.

Erection costs have a considerable influence on the overall costs of structures
and only a general guide can be given as to the time taken for riggers to erect
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masts and towers of different heights and weights. However, for broad esti-
mating purposes it may be taken that the time for erection of structures varies
as the square of the tower height. Under ideal conditions a medium duty 30 m
tower takes about 2-3 working days to erect with skilled riggers. Light duty
structures to about 120 m height can be erected at the rate of about 15-20 m
per day depending on weather conditions, particularly wind, and heavy duty
types at about 10-15 maday to the same height. Above 120 m the rate generally
dropstoabout 5-10m a day. The lower rates are particularly applicable to masts,
because of temporary and permanent guy requirements.

FOUNDATION CONSTRUCTION-

- STEEL ERECTION

RELATIVE COSTS

° [} 20 a0 40 50 &0 0 80
TOWER HEIGRT - METRES

Figure 15.7 Relative costs of steelwork erection and
foundation construction compared with tower height

Foundation construction costs also rise rapidly with increasing height of the
structure. Figure 15.7 shows the relative costs of steelwork erection and founda-
tion construction compared with tower height up to 80 m high for a structure
with a loading capability of two 4 m diameter dishes in a wind velocity of 53 m/s.

The use of mechanical aids plays an important role in the provision of masts
and towers and other radio engineering structures such as large tropospheric
scatter and radar antenna systems. In many cases these aids may be employed
from the very start of the work. For instance the site may have to be cleared and
levelled with bulldozers. This may be followed by tractors and mole ploughs for
laying of earth mats, trench hoe excavators and compressors for excavating guy
anchor and thrust block foundations, front end loaders for removal of spoil,
trucks for cartage of aggregates, cement, steelwork, feeder cables, drums of wire
etc., low loaders for transport of bulldozers etc., concrete mixers and concrete
vibrators, cranes and winches for lifting mast sections, feeder cables, antennas,
panels etc. At remote locations hire charges of these mechanical aids, if available,
may be very high compared with costs when plant is obtained from a nearby
commercial centre. Adequate incidental allowance has to be made when pre-
paring the estimate.
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For one project involving the erection of 13 torsionally stabilised masts
varying in height from about 20 m to 76 m and one 53 m selfsupporting tower
for a broadband radio relay system the percentage cost breakdown of mast and
tower work was:

Steelwork 35% Transport 3%
Foundations 30% Establishment 17%
Erection 15%

For television, frequency modulation and microwave radiocommunication
requirements, the engineer has a choice between a lattice steel structure, a
cylindrical steel plate structure or a cylindrical concrete structure. All three
types are widely used, one being the most economical under certain situations.
The steel or concrete cylinder is in some cases preferred as a structure to support
multiple antenna arrays for several different transmitters, because the many
feeders generally required to serve the arrays do not add to the wind loading on
the structure, and they are easier to maintain, as equipment can be installed
within the structure and a reliable lift service is available for all weather condi-
tions. Lifts for lattice structures are severely restricted in their operation during
periods of heavy ice formation and buildings are required to house the equipment.

Although the cylindrical structures are more costly than the lattice mast of
equivalent height they require less ground space and are more economic to
maintain. The lattice mast will show better economics than the cylindrical
structures where the antenna array to be supported is limited in size. In practice
it would most likely use steelwork of the type similar to that used for medium
frequency radiators.

Costs associated with very tzll masts are difficult to determine. In one parti-
cular case! a cost analysis was made of a design for a 915 m guyed mast which
was to be used with a very low frequency transmitter. It was to be constructed
of 3.8 m diameter welded tubular shaft and supported by a fifteen level guying
system. The guys at the upper four levels which were also to serve as antennas
were to comprise 8 cables each. The guy cables proposed were to vary in diameter
from 50 mm to 100 mm. The total weight of the steel in the shaft was calculated
to exceed 3500 tonnes. At the time of the design in 1963, it was estimated that
the mast would cost more than US $14 million. This included the tower shaft,
the guys and insulators, the foundations and adjunct framing, such as elevator,
ladders, catwalks etc.

. Cost Percentage
The cost breakdown was as follows: (USS)
1 Structural steel in tower shaft approx 3500 tonnes 1 137 500 8.0
2 Auxiliary framing, 250 tonnes 100 000 0.7
3 Guy cables and hardware 4334000 30.4
4 Guy cable reels 452000 3.0
5 Guy insulators 3983000 28.0
6 Guy links and grading rings 1091 000 7.7
7 Foundations 525000 3.7
8 Freight costs 500000 35
9 Erection charges 1 500 000 10.5
10 Contingencies 600000 4.5

Total 14222500 100.0
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Of this total, 8% accounted for the cost of the fabricated steel framing. Using
this value as a basis for expressing the cost of the required welding work, it was
found that all shop welding, including the longitudinal seams of the segments
would amount to about 5%. In the estimate, only the costs of labour and elec-
trodes were considered and two methods of welding were assumed. First,
manually, then with the use of automatic or semi-automatic machinery. The
corresponding costs were $21.66 and $15.48 per tonne of fabricated steel.

The estimate of cost for welding the field splices were $66 645. Here again,
the estimate covered the cost of welders and electrodes onty. The cost of the
welding equipment and other related expenses were included in the cost of
erection of the tower.

EXAMPLE 15.5

The supply, installation and commissioning of a 100 kW effective radiated power
television transmitting station complete with transmitting equipment, antenna
system, emergency power generating plant, buildings and civil engineering works.

The station was located on an isolated mountain, and construction of an
access road was involved.

Radio Engineering Equipment Percentage
Item 1 Television transmitter for Channel 2 operation, com-

prising two parallel 10 kW video transmitters and two

parallel 2 kW sound transmitters complete with all

ancilliary plant and paralleling equipment, prograimme

input equipment and control desk. 255
Item 2 Spare parts for Item 1 including three sets of
electron tubes. 23

Item 3 Selfsupporting tower 168 m including transportation,
complete fabrication and erection of steelwork, concrete
foundations, lightning earth system, aircraft warning

lighting equipment and painting. 20.1
Item 4 Transmitting antenna supplied complete and erected 5.4
Item 5 Spare parts, tools etc. for Items 3 and 4. 0.1
Item 6 Two coaxial feeders with 100% spare length, fittings,

attachments and supports. Supplied and erected. 1.3
Item 7 Slide scanner complete with spares 1.5

Support Equipment

Item 8 Test equipment, including insertion test signal
generator, sync. pulse gen., waveform monitor, differ-
ential phase and gain measuring set, colour gain and
delay test set, deviation monitor, G.R. bridge, v.h.f.
attenuator, grid dip meter, tube tester, v.t.v.m., e.s.
voltmeter, multimeters, component bridge, video
oscillator, cathode ray oscilloscopes, video attentuator,
audio attenuator, s.b.a., reflector coef. meter, camera,
noise and distortion set, audio oscillator and including
spare test equipment parts. 34
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Percentage
Item 9 Workshop equipment including bench drill, bench grinder,
vice, electric drills and necessary tools for the proper
maintenance of the equipment. 0.1
Item 10 Emergency power generating plant comprising 170 kVA,
415 V diesel engine alternator, together with switchboard
and spare parts, installed 32

Support Facilities
Item 11 Buildings and civil engineering works comprising
(a) Transmitter building of masonry construction,
comprising transmitter room, control room, elec.
and mech. plant room, screened test room, store,
workshop, engine room, office, lunch room and
toilet.
(b) Access road to mountain top site.
(c) Connection of power to commercial mains
(d) Purchase of site.
(e) Water supply.
(f) Fixed and portable fire extinguishing system.,
(g) Fencing of building and tower.
(h) Vehicle. 29.6

Installation

Item 12 Construction and commissioning the station including
design, survey work, installation of television equipment
transportation, documentation, training, vehicle charges,
administration and overhead charges and setting the
station to work. 7.5

Total 100.0

The cost does not include any capital charge against the provision of pro-
gramme circuits from studios, or any Duty, Sales Tax or other form of local
taxation which may have been necessary for the project.

EXAMPLE 15.6

The supply, installation and commissioning of 50 W television translator station
complete with television equipment, antenna system, building, and civil engin-
eering works at an isolated mountain site. The translator was to receive on
Channel 5 and transmit on Channel 3.

Radio Engineering Equipment Percentage
Item 1 Translator complete with directional filter, adaptors,
tools, spare tubes and semiconductors 9.1

Item 2 122 m selfsupporting tower complete with foundations,

aircraft warning lighting system and including painting

and erection costs. 454
Item 3 Transmitting antenna with test adaptors. 7.2
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Percentage

Item 4 Coaxial cable 40 mm, 275 m length with connectors and

clamp. 1.8
Item 5 Gas pressurising plant. 0.3
Item 6 Receiving antenna complete with combining unit. 0.5
Item 7 Coaxial cable 153 m length for receiving antenna. 0.3
Item 8 Test equipment including cathode ray oscilloscope,

v.t.v.m., multimeter and monitoring receiver 0.7
Item 9 Mains power regulator 5 kVA 03
Support Facilities
Item 10 Buildings and civil engineering works comprising

(a) Translator buiiding, approx. 11 m?

(b) Access road, approx. 1 km from existing road

(c) Connection to power mains, approx 1 km

(d) Fencing around tower and building

(e) Purchase cost of site 22.7
Installation
Item 11 Construction and commissioning the station, including

design, installation of equipment, antennas and feeders,

earthing system, field survey, transportation, incidental

expenditure, administration and overhead charges 11.7

Total  100.0

The cost does not include any Duty, Sales Tax or any other form of local tax
which may have been appropriate.

EXAMPLE 15.7

The supply, installation and commissioning of a complete 2 GHz 600 channel
radio relay telephony bearer, with protection bearer, between two centres and
comprising radio equipment, antennas, waveguides, towers, power plant and
equipment shelters.

Table 15.2 TEST EQUIPMENT FOR RADIO RELAY REPAIR CENTRE

Baseband Radio frequency

Oscillator and level measuring sets Noise figurc meter

White noise test sets Power meter

Transmission measuring set Signal generators

Selective level meter Spectrum analyser
Waveform generators Wavemeter

Noise and distortion meter Frequency counter
Oscilloscope and camera Attenuators

Picture monitor A.m./f.m. modulation meter
RMS voltmeter Microwave link analyser

Spectrum analyser
General purpose

Transistor test set
Multimeter

VTVM with probe
Digital voltmeter
Reflectometer bridge
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The centres were 960 km apart and the path survey indicated that two
terminals and 23 repeater stations were required, together with an intermediate
control station. Commercial power could be economically extended to the
terminals and five repeaters. The remainder were to be equipped with diesel
engine generating plant, and batteries with wind driven generators as emergency
back-up. Masonry type buildings were to be provided at terminals and the inter-
mediate control station, and prefabricated equipment shelters provided at the
repeaters.

The route was across undulating country, virtually treeless and devoid of
range top sites with eight hops, involving thirteen stations required diversity
facilities.

Maintenance of the route was to be carried out from the intermediate control
station where suitable repair and maintenance facilities were to be provided.

Radio Engineering Equipment Percentage
Item 1 Radio and supervisory equipment to provide two way broad

band bearer system for 600 telephony channels with

facility for occasional television transmission on the

protection bearer. 20.8
Item 2 Selfsupporting towers, including support structures for

wind driven generators, transport to site, site investi-

gation, foundations, and erection. 21.6
Item 3 Antennas, waveguides and nitrogen gas pressure system

including diversity facilities at 13 stations. 6.6
Item 4 Spare parts, including station and depot spares for radio

equipment, supervisory equipment and power equipment. 2.8
Support Equipment
Item 5 Mobile emergency repeater complete with radio equipment,

portable antenna support structure, and equipment shelter. 2.0
Item 6 Mobile a.c. power units for emergency and plant main-

tenance purposes. 03
Item 7 Power plant at 18 sites complete with diesel engine

generating equipment, batteries and fuel tanks. 43

Item 8 Test equipment comprising recommended units to
properly maintain the complete route and carry out

equipment repair. See Table 15.2. 2.0
Item 9 Workshop equipment and facilities necessary to maintain

equipment at two terminals and one intermediate centre. 0.1
Item 10 Spare parts for engine generating and wind generating

plants. 0.2
Support Fucilities

Item 11 Building and civil engineering works comprising:
(a) Two terminal and one intermediate station buildings
of masonry construction containing equipment room,
air conditioning plant room, office, toilet, lunch room,
store, power room and workshop. 2.8
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Percentage
(b) Equipment shelters for repeater stations. 50
(c) Site works including levelling and drainage. 0.5
(d) Access roads to sites. 70
(e) Water storage. 0.1
(f) Extension of a.c. mains to seven sites. 3.5
(g) Security site fencing. 0.4
(h) Fire protection facilities. 0.1
Item 12 Cost of sites including terminals. 0.5
Item 13 Path survey. 1.6
Item 14 Three fitted-out vehicles for route maintenance. 0.3
Item 15 Initial fuel supply for diesel engine generating plant. 0.1
Installation
Item 16 Transportation of radio equipment to sites. 1.2
Item 17 Transportation of power plant to sites. 0.5
Item 18 Installation of radio equipment, antennas, waveguides
and gas pressure systems. 2.2

Item 19 Installation of power plant, including engine driven.

generators, batteries, switchboards, fuel tanks and wind

driven generating plant. 1.3
Item 20 Construction and commissioning the system including

design, installation works not itemised, transportation

not itemised, incidental expenditure, vehicle hire,

documentation, training, administration and overhead

charges. 12.2

Total 100.0

In this project the breakdown of costs of major activities was as follows:

Masts and shelters 37%
Antennas and feeders 9%
Radio equipment 45%
Power plant 9%

In another project completed more recently involving 13 repeaters and a
much more expensive power plant at repeaters in the form of a solar system the
break up was:

Masts and shelters 35%
Antennas and feeders 9%
Radio equipment 34%
Power plant 22%

This reflects the fall in price of modern broadband equipment and the higher
cost of solar power systems compared with conventional engine set systems.

The cost does not include any provision for multiplex equipment, Duty,
Sales tax or any form of local tax charge, rates, or rentals for access roads.

The main frequency bands in current use for radio relay systems are the 2, 4,
6, and 7.5 GHz. The 4 and 6 GHz bands are generally used for high capacity long
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haul systems with the 4 GHz band being preferred because of its better propa-
gation characteristics. The 2 and 7.5 GHz bands are generally but not always
used for short haul application; the choice of frequency being determined by
route and capacity. As far as practicable, the use of the 2 GHz band is restricted
to capacity of 960 channels or less due to the difficulties in obtaining good
antenna/feeder performance for more than 960 channels.

Fully solid state equipment conveniently provides system capacity of
300-1800 telephony channels depending on route and frequency. The solid state
systems with travelling wave tubes provide system capacities of up to 2700
channels, depending on route and frequency.

The problem of planning a radio relay system generally resolves itself into
satisfying the following criteria:

(a) The establishment of the minimum number of intermediate repeater stations
consistent with acceptable outage time due to fading problems over the
paths. The overall cost of each repeater may be very high, and a reduction in
the number of stations by a good path survey can show considerable savings
in both capital and annual maintenance charges.

(b) The selection of sites which give maximum accessibility for maintenance
staff and involves minimum capital expenditure in the establishment of the
site. The engineer will always be faced with the problem of compromise on
the site selection work. The highest peaks may result in fewer repeaters or
lower tower heights but expensive road access costs may greatly exceed
savings in technical equipment costs.

(c) The selection of sites for terminals and intermediate demodulating stations
as close as possible to the local network.

Cable systems to connect traffic between the local network and the radio
link are expensive items and, in many awkward situations, the cable costs
may be greater than the provision of an additional radio repeater.

Although the acquisition of sites for radio relay repeaters do not generally
involve a great capital outlay in real estate, the costs associated with the use of
the site can be considerable. Site factors which have a bearing on the ultimate
station establishment costs include the following:

(a) Distance of the site from existing roads.

(b) Type of soil and rock and its suitability for foundations.

(c) Extent of levelling and clearing required.

(d) The extent of work necessary to construct the access road.

(e) Local meteorological conditions. Heavy rainfall could result in expensive road
maintenance due to wash-aways. High winds may require a heavier type
tower. Ice might also require additional expenditure on the tower and
antenna system.

(f) Proximity of commercial power mains.

(g) Availability of fuel for engine generating plants.

(h) Availability of aggregates and sand for tower foundations.

Installation activities particularly those associated with the construction of
roads, buildings, towers and antennas can be affected significantly by weather
conditions. Unfavourable conditions such as rain, wind and ice, can add con-
siderably to the capital establishment cost, as well as delaying the commissioning
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date. Some sites will be affected to a greater degree than others and a well
planned works programme can do much towards minimising over-expenditure
and disruption to schedules.

For a typical repeater station the main works associated with installation and
commissioning are:

(a) Construction of access roads and preparation of the site.

(b) Installation of tower and buildings foundations.

(c) Construction of the building. Some engineers prefer the building to follow
erection of the tower, due to the possibility of damage to the building from
falling objects.

(d) Erection of towers and installation of tower and station earth systems.

(e) Installation of antennas, waveguides and gas pressure system.

(f) Installation of radio equipment.

(g) Installation of power plant including engine driven generators, batteries
and fuel tanks, if local power generation is necessary. If commercial power
is to be provided the connection of this would be carried out immediately
after completion of the building even though mains extension work may
have been carried out earlier.

(h) Adjustment and testing of individual items of station equipment.

(i) Adjustment and testing of radio equipment and antenna systems over each
path.

(j) Adjustment, alignment, testing and commissioning of the radio relay system
as a whole from terminal to terminal.

The overall performance of a radio relay system is governed partly by the
parameters of the equipment itself and partly by the manner in which the equip-
ment is applied to the system. It is of considerable importance therefore that
both the route and the installation of the equipment be properly engineered.

Because of the siting requirements peculiar to radio relay systems, many
stations are often located in areas where commercial power supply may be
unavailable within economic extension or it may be unreliable. An independent
reliable power source is therefore invariably required as either primary source or
as emergency supply. The most practical supply for major high capacity links is
a diesel engine generating plant feeding power directly to equipment or to
batteries operating on a charge/discharge basis. However solar power units have
now become an economic proposition. For an important mainline route carrying
data and automatic telephony traffic, and fed with mains power, momentary
interruptions of power can be intolerable and the power supply will generally
include a no-break source.

The investment in spare parts and test equipment for long haul high capacity
main line systems is considerable. On top of this, there are workshop and other
support facilities necessary for maintenance purposes once the system has been
commissioned. In the example it was proposed that the intermediate control
station be the maintenance centre for the route. The terminals were to hold only
maintenance and test equipment peculiar to their special needs, such as for
multiplex equipment.

The basic parameter which determines the quantities of spare units provided
for maintenance is the delay in restoration time. This is set by some system
operators to have a statistical limit of about four hours, once per year. In deriving
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the actual quantities, a binomial model is used for each of the maintenance units
and is based on the following data:

(a) Unit failure rate.

The failure rate is ordinarily expressed in terms of the number of failures

per unit of time, usually 1 hour, 100 hours or 1000 hours or as a percentage

of failures per 10 000 hours. When calculating the failure, it is important to
consider the age of the product. Failure rates of new link equipment are apt
to be high because of such factors as production errors, defective parts,
faulty installation and improper adjustment. After a normal break-in period,
failures become less frequent and failure rates then tend to remain relatively
constant during the useful life of the equipment. When the system reaches
the end of its economic life, the failure rate begins to rise sharply.

(b) Population determined by equipment design, that is upon maintenance
units. The essential properties of maintenance units are:

(i) replaceability with a minimum of service effort. Modules, subassemblies
and plug-in cards are recent developments which have improved down-
time in failed equipment.

(ii) standardised interface.

(c) Time taken to repair equipment, including time involved in transportation
to the central repair depot.

Roads leading to many sites often leave much to be desired and this is an
important aspect in the transport of spare equipment and test equipment.
Specially fitted-out vehicles with properly designed transit cases are essential.

Table 15.3 shows a typical proforma used in the preparation of cost estimates
for broadband radio relay systems.

Table 15.3 BROADBAND RADIO RELAY SYSTEMS COST ESTIMATE PROFORMA
System: Project no.:

System description:

Estimate prepared by: Tel. no.: Issue no.:

Route schematic: Date:

Cost escalation dates: Radio Towers Power Civil

Item Unit Qty Total Remarks
price

1 Site Acquisition
Escalation (%)
Sites total

2 Provision of a.c. Mains
Escalation (%)
Mains total

3 Access Roads
Flat
Undulating
Mountainous
Escalation (%)
Roads total

227



CAPITAL COSTS

Table 15.3 (continued)

Ttem U_" it oty Total Remarks
price
4 Equipment accomimmodation
Brick building
Shelter

Escalation (%) .
Accom. tota

5 Towers Type Ht
Escalation (%)
Tower total

6 Waveguide gantries
Type 1
2

3
4
Escalation (%)
Gantry total

7 Power plant
Solar
Charge/Discharge
Continuous
AC Mains
Escalation (%)
Power plant total

8 Radio equipment
Terminal
repeater
SVS/SVC
Diversity
Spares
Other (specify)
Escalation (%)
Radio eqpt.total

9 Installation, testing and
commissioning of radio
equipment
Terminal
Repeater
Diversity
Other (specify)
Escalation (%)
Radio install. total

10 Contingencies %

11 Total capital cost

EXAMPLE 15.8

The cost percentages shown in the previous Example were for the installation of
a 600 channel radio relay bearer with a protection bearer over a distance of
960 km comprising two terminal stations and 23 repeating stations. The following
Example sets out the cost percentages of one of the terminals in that system and
also one of the repeater stations with local power generation.
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Terminal Station Percentage
Item 1 Radio and supervisory equipment 16.7
Item 2 Tower: 60 m antenna, waveguide and gas pressurising

equipment. 13.8
Item 3 Power plant including commercial power connection,

standby generating plant, switchboards etc. 53
Item 4 Spare parts—where station is not a major repair centre 1.6
Item 5 Multiplex equipment 324
Item 6 Test equipment, where station is not a major repair

centre. 34
Item 7 Workshop equipment and facilities. 0.2
Item 8 Building and fencing. 11.5
Item 9 Fuel storage. 0.2
Item 10 Access road. 2.3
Item 11 Site purchase, grading and drainage. 1.8
Item 12 Transportation. 1.1

Item 13 Engineering, installation, documentation, training,
incidentals, vehicle hire, administration and overhead

charges. 9.7
Total 100.0

Repeater Station
Item 1 Radio and supervisory equipment. 17.8
Item 2 Tower: 76 m antenna, waveguides and gas pressurising

equipment, diversity one way 43.5
Item 3 Power plant including generating plant, batteries and

back-up wind generating plant. 53
Item 4 Fuel supply. 0.4
Item 5 Spare parts, average for route, although not necessarily

held at the repeater site. 2.9
Item 6 Test equipment, average for route although not

necessarily held at repeater site. 2.4
Item 7 Shelter. 6.6
Item 8 Access road, average. 7.5
Item 9 Site purchase, grading and drainage. 1.7
Item 10 Transportation. 2.2

Item 11 Engineering, installation documentation, training,
incidentals, vehicles hire, administration and overhead
charges. 9.7

Total  100.0

Figure 15.8 shows a typical repeater station employing prefabricated shelter
and diesel generating plant with a back-up wind generator.

Considerable advancement has been made during the past 10 years with
regard to improved efficiency and reliability of radiocommunication systems. In
the late 1960s broadband systems were available with all solid state equipment
which met stringent transmission requirements, consumed minimum power and
fulfilled operational requirements in modular design and reliability.
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EXAMPLE 159

The supply, installation and commissioning of a staffed medium capacity tropos-
pheric scatter repeater in an isolated area between two terminals. To meet
circuit requirements and performance, parameters were 18 m antennas, quadruple
diversity and 10 kW output from each transmitter. Operating frequency was

900 MHz and no commercial power was available at the site.

Radio Engineering Equipment

Item 1 10 kW P.As and 1 kW P.As, complete with transmitter
diplexers and modulator exciters.

Item 2 Performance monitor control fault indicator equipment.

Item 3 Four 18 m diameter antennas including feed horns.

Item 4 Receiving systems complete with low noise pre-amplifiers.

Item 5 Installation materials for Items 1-4 and miscellaneous
items of equipment.

Item 6 Wave guides including all ancilliary supports etc.
transmission lines and gas pressurising system.

Item 7 Dummy loads for power amplifier units.

Item 8 Spare parts including tubes, semiconductor devices,
and unit spares. Depot spares held at terminal station.

Support Equipment

Item 9 Workshop facilities including small lathe, bench drills,
grinders, anvil, welding equipment, electric drills and
necessary tools for proper maintenance of equipment
and plant.

Item 10 Test equipment, comprising recommended items required
for plant performance measurements, fault finding and
maintenance.

Item 11 Power generating equipment comprising 3 units each 200
kVA and including fuel storage and switchboards.

Item 12 Spare parts, tools and workshop facilities for Item 11

Item 13 Installation materials for Item 11 including foundations
and transportation of all equipment and plant to site.

Support Facilities
Item 14 Buildings and civil engineering works comprising:
{a) Repeater building including transmitter room,
receiver room, workshop, office, lunchroom, toilet
and store, approx. 135 m?.
(b) Power house including area for engines, store room
switchboard, gantry, work area, approx. 126 m?.
(c) Water storage.
(d) Sewerage disposal.
(e) Fire protection facilities.

Percentage

11.2
2.2
149
6.7

3.7

59

3.7
03
0.7
0.3
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Percentage
(f) Site purchase, clearing, preparation, drainage and
fencing. 7.5
(g) Access roads. 3.7
(h) Antenna foundations. 2.2
(i) Vehicle and garage. 1.1
(j) Air conditioning of office and lunch room area. 0.3
(k) Building surround works. 15
() Air duct work for transmitter room. 0.7
Installation
Item 15 Construction and commissioning station including design,
propagation studies, survey work, installation, erection,
doecumentation, training, incidental expenditure, vehicle
expenses, administration and overhead charges, proportion
of total system. 119
Total 100.0

It is interesting to note that system costs have shown a significant fall in
recent years. Some unattended repeaters with shelter type buildings and external
power sources have recently been installed for about half the cost of stations
installed 10 years ago.

The important characteristics of tropospheric systems are:

(a) The bandwidth available may be up to several megahertz under suitable
conditions. With large narrow beamed antennas, up to 300 telephony
channels or a television circuit can be provided with equipment currently
available.

(b) A high degree of security is offered compared with some other long distance
communication systems. Radio interference or jamming is difficult unless
the signal is within the beam and range of any one repeater or terminal

station.
(¢) It is ideal for use across paths involving sea and inhospitable terrain as

terminals or repeaters can often be located at sites where suitable facilities
are available.

(d) Consistent signals can be received for ranges up to 800 km over a single hop
when sufficient transmitter power output, high gain antennas and sensitive
receivers are employed.

(e) The propagation characteristics are such that signals can be received over a
wide frequency range, at least 100 MHz to 3 GHz. Frequencies around
900 MHz and 2 GHz are currently popular for tropospheric services.

(f) Properly engineered systems will provide a high order of reliability.

The system parameters for a tropospheric scatter system are the same as for
any other type of communication system, that is the power available at the
receiver is equal to the transmitted power plus all system gains less all system
losses. The engineer in his design study must select the best possible values for
parameters within the physical or cost limitations imposed by the particular
problem.
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As with microwave radio relay systems using line-of-sight principles, buildings,
site accessibility, and availability of commercial power are important considera-
tions. However, tropospheric scatter equipment generates much greater radio
frequency power, the equipment is physically larger and consequently greater
costs are incurred in the provisioning of buildings, power generation where local
generation is necessary, and site works. The power requirements for a typical
10 kW tropospheric repeater with quadruple diversity may be as much as 120
kW compared with about 100 W for some duplicated transistorised 960 channel
microwave line-of-sight systems. The antennas required for tropospheric systems
are larger but the type of supporting structure varies considerably from line-of-
sight requirements. One important factor is the trade-off between radio frequency
power and antenna gain.

If increased system gain is acquired by increasing the size of the antenna only,
the cost of the antenna and installation will have to be reckoned with. The
increase in annual maintenance charges may be relatively small. If however the
increased gain is obtained through the equipment, the cost of the power amplifier
and its installation, increased power consumption which may require an increase
in generating capacity of the power plant, circuit breakers, cables and also
building floor space, must be considered. The cost of additional fuel or commer-
cial power and building upkeep must also be added to the annual operating cost.

Because of the many variables associated with a tropospheric scatter instal-
lation, system performance is sometimes traded for cost, within limits imposed
by the path loss and supportable bandwidth of the propagation mechanism. Path
loss can be directly attacked by higher power and greater antenna gains but there
is a very real limitation on supportable bandwidth.

Another important consideration is reliability. There are installations in
service in which the propagation reliability exceeds 99.9% for up to 300 tele-
phony channels over paths of about 240 km. There are also installations of high
order reliability providing up to 96 telephony channels over 450 km paths and
even some providing up to 48 channels between points 900 km apart.

EXAMPLE 15.10

The design, supply of materials and erection of three wire transmitting and
receiving rhombic antenna systems to cover bands 7 to 11 MHz forming part of
a high frequency broadcast relay station. The transmitting and receiving stations
were located about 18 km apart. Transmitter power was 100 kW carrier and
length of transmission line in both cases was approximately 300 m. The trans-
mitting antenna was terminated in a dissipative line type load and both systems
were designed for 175 km/h wind conditions. No site clearing was necessary.

Transmitting Antenna Percentage
Item 1 Design and fabrication of four 36 m medium duty masts

complete with guys. 19.2
Item 2 Construction of guy anchors, mast thrust blocks and

lightning earth system. 7.1

Item 3 Three wire antenna materials comprising 12 mm dia.
alumoweld stranded cable, strain and spreader insulators
with corona shields, prefabricated wire halters and all
necessary attachment hardware. 4.5
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Item 4 Transmission line materials comprising open wire four
conductor 300 ohm line and including copper wire,
insulators, mounting bolts, cross arms, and necessary
fittings.

Item 5 Transmission line poles comprising 100 mm galvanised
iron pipes, concrete foundations and stays.

Item 6 Dissipative line materials comprising exponential down-
lead, stainless steel wire, strain and support insulators,
pole guys and anchors for dead-end poles, line tension
sheaves, counterweight hanger, all necessary hardware,
line support poles.and conerete foundations.

Item 7 Spare parts, including hardware, insulators etc.

Receiving Antenna

Item 8 Design and fabrication of four 36 m light duty masts
complete with guys.

Item 9 Construction of guy anchors and mast thrust blocks

Item 10 Three wire antenna materials comprising 4 mm dia. alumo-
weld stranded wire, strain insulators and all necessary
hardware, exponential downlead and terminating resistor.

Item 11 Transmission line materials comprising 200 ohm 4 wire
open wire type, including copper wire, strain, spacer and
line support insulators, tension equaliser, sheaves turn-
block line supports, balanced to unbalanced transformers,
coaxial cable and pole hardware.

Item 12 Transmission line poles comprising 75 mm galvanised iron
pipes, concrete foundations and stays.

Item 13 Spare parts including hardware, insulators, etc.

Item 14 Freight and transport charges.

Item 15 Construction and commissioning the two systems,
including design, site survey and layout works, erection,
concrete testing, measurements, hire of mechanical aids,
vehicle costs, documentation, administration and over-
head charges.

Total

Percentage

4.1

1.2

2.8
0.5

13.1
50

0.7

350
100.0

The cost does not include any special provision for Duty, Sales Tax or any
other form of local tax charges or rates, or site acquisition charges which may

have been appropriate.

EXAMPLE 15.11

The supply, installation, erection and commissioning of a high frequency broad-
cast system including 250 kW transmitter, test lpad, four curtain antennas,
transmission lines and switching matrix. The site was located about 400 km
from the nearest capital city. Buildings and mains power were already available

on site and no clearing was required for the antenna systems.
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Radio Engineering Equipment Percentage
Item 1 Semi-automatic 250 kW high frequency transmitter

complete with r.f. stages 5.9-26.1 MHz, frequency

synthesisers, audio frequency stages with clipper

amplifier for trapezoidal modulation, voltage regulator

and low voltage distribution system, auxiliary rectifiers,

electronic control and motorised tuning system, 24 V

battery and charger, high tension thyratron rectifier,

crowbar, high tension rectifier transformer for 22 kV

50 Hz supply, modulation components, cooling system

including air-steam heat exchanger, safety system, one

set of working tubes and one set of maintenance and

test equipment. 252
Item 2 Audio equipment and transmitter ancillaries. 0.8
Item 3 Calibrated transmitter test load complete with soda

solution and water heat exchanger. Maximum power

capability 600 kW continuous over range 30 Hz to

30 MHz. 1.3
Item 4 Antenna support structures including two 60 tonne

towers 99 m, one 47 tonne tower 87, one 20 tonne

tower 56 m and one 13 tonne tower 43 m. Steelwork

galvanised and each tower fitted with aircraft obstruction

lighting, lightning protection for each system and painted. 13.0
Item Support structure foundations. 6.7
Item 6 H.f. antenna system comprising four curtain antennas

type HR 4/4/0.5 with frequency ranges as follows:

Antennal : 6/7/9 MHz
Antenna 2 : 7/9/11 MHz
Antenna 3 : 11/15/17 MHz
Antenna 4 : 15/17/21 MHz

each comprising radiators, screen reflectors, side and top

catenaries and all necessary steel parts for the counter-

weight guides and earth anchoring system, slewing switches

and facilities for slew angles + 22 degrees, eight electric

winches mounted on counterweights with push button

control stations at each tower for each winch and system

spare parts. 16.8
Item 7 R.f.transmission lines 300 ohm impedance and line

support system including 1.4 km of 500 kW line with

15 terminal poles, 7 unilateral poles and 19 T poles. 1.6
Item 8 Antenna switching system including ten 500 kW switches

vertically mounted for installation indoors arranged for

two inputs and five outputs, remote control equipment

w

including control desk, screened feeder and balun. 53
Support Equipment
Item 9 Mains power connection equipment. 2.6
Item 10 Spare parts including transmitter depot spares, two sets

of r.f./a.f. tubes and one set rectifier tubes. 5.7
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Percentage

Item 5 Portable antennas for tower or pole mounting including

illuminators, adaptors and cabling for four 1.8 m dia.

systems. 3.3
Item 6 Auxiliary equipment for telephony including up to 6 v.f.

multiplex service band channels for four stations. 0.8
Item 7 Handbooks, three sets 0.5
Item 8 Test harness, one set 0.5
Item 9 Spare parts. 8.7
Item 10 Portable power supply, one set including engine

generator. and 24 V battery eliminator. 0.8

Total  100.0

The costs indicate only the percentage break up of the capital cost of the
equipment and does not include any installation or equipment housing costs.

Portable microwave equipment designed specifically for temporary link
service have many applications. These include:

(a) Temporary links for emergency restoration of seriously disrupted existing
system in a broadband network.

(b) Temporary links to provide short term telephone relief, for example where
delayed equipment deliveries for permanent fixed service systems affects
inservice timing for critical projects.

(¢) Temporary links for television services.

(d) Temporary links to permit major modifications to existing fixed service
systems.

Equipment need for temporary link purposes must be sufficiently versatile
to meet a wide variety of situations. Desirable features include the following:

(a) Containers should be sufficiently rugged to protect the equipment during
transit to the site and during installation.

(b) Equipment should be sufficiently light weight and compact to enable
transport by light aircraft or station sedan vehicle to site.

(¢) The equipment should be so designed and constructed that it can be
assembled and set to work with the minimum of effort and adjustments.

(d) Maximum flexibility should be built in to allow one-way or both-way modes
of operation and it should be capable of interfacing with either baseband
or i.f. frequencies at the input/output terminals.

(e) The equipment performance should permit telephony operation up to
1200 channesl or more or television plus two sound programme channels.

(f) In order to allow interfacing with existing systems which may cover the
bands 1.8-8 GHz, the equipment should be capable of being set up to suit
the particular operating frequencies as required.

(g) The equipment operating frequencies, levels and performance should meet
appropriate CCIR recommendations.

(h) Power consumption should be as low as possible to permit the use of highly
portable power plant in places where no equipment power supply is available.

REFERENCE
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Chapter 16

Maintenance and Operating Costs

COST FACTORS

The costs of keeping facilities in good order and condition, and operational, are
accounted for as maintenance and operating expenses. These expenses which
occur throughout the working life of the equipment or plant result from the
following:

(a) The purchase of material and components associated with the upkeep of the
facilities.

(b) The cost of maintenance and operating labour.

(c) The training of staff for maintenance and operating purposes.

(d) Performance measurements and testing of facilities.

(e) Transportation, handling, storage and inspection of materials.

(f) Rearrangement and modification of installed equipment, plant and facilities.

(g) Allowances for loss of materials due to natural forces, such as evaporation
of liquids during storage, deterioration of cement etc.

(h) Workship operations, repairs, tool expenses etc.

(i) Maintenance works associated with the equipment, buildings and sites,
including cleaning and building servicing.

(j) Power and other energy costs.

(k) Costs associated with the preparation of programmes of annual surveys of
maintenance requirements and the keeping of maintenance records.

(1) Taxation and duty charges, patent charges, royalties etc., associated with
the use and purchase of materials and services, salaries etc.

(m) Supervision activities associated with the operation and maintenance.

(n) Rates, local taxes, right-of-way costs, rents, fire insurance and other charges
levied by local authorities and others, on property.

(o) Transportation, travelling allowances, overtime, payroll tax, superannuation,
provisioning for recreation leave, long service and sick leave etc., for the
maintenance and operating staff.

(p) Administration and overhead charges including engineering supervision,
accounting, insurance expenses etc.

In the case of overheads that vary directly with labour usage, there are certain
overhead elements that are common to all staff in the organisation and other
overhead elements that are relevant to particular staff categories and not to
others. In many administrations with a large staff complement it has been found
that a loading of 40% represents a reasonable approximation to those elements
that are common to all staff. This is made up as follows:
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Superannuation committments  17%

Furlough liability 5%
General administration 4%
Paid leave 12%
Others 2%

40%

For various categories of staff however there can be a considerable increase
on the 40% figure when allowance is made for such things as office type accom-
modation, protective clothing, training, shift allowances etc. Examples are:

Professional engineers, clerical and other office based staff 47%
Technical staff 65%
Radio operators and others receiving shift allowances 70%

These loadings are applied to the direct labour cost when this has been
determined using normal pay and the actual number of manhours required to
perform the task.

When assessing maintenance and operating costs for incorporation in an
economic comparison study, all or only some of the above costs may be taken
into account. The decision as to what costs should be included is based on their
effect on the study. Maintenance and operating costs which are common to all
schemes may be ignored, but if a particular factor will cause a change in the
aggregate cost difference, then it should be included in the study. After all, the
purpose of an economic comparison study is to estimate the difference in costs
of alternative facilities. Therefore, any items of cost that are the same in either
case and have the same origin may well be omitted. It is required that only real
differentials be included. Also, where the cost of an item is very small and other
related charges are very substantial, then the small cost often may be ignored. In
general, the economic comparison study serves mainly as an aid to judgment and
the accuracy required by management is that which willlead to a sound decision.

NEED FOR CO-ORDINATION

Care should be taken to ensure that costs of operation and maintenance used in
the economic comparison are co-ordinated. For example, in a study of two types
of high power transmitters, one with highly automated control facilities which
would reduce the operating staff requirements and the other, a standard manual
control transmitter, the reduction in labour effort in the case of the automatic
model should be reflected in the operating labour cost and appropriate increased
maintenance costs for the added sophisticated control equipment should be
included. One of the design objectives in the modernisation of equipment and
plant is the reduction of maintenance and operating expenses. Often this reduc-
tion in expenses is brought about through higher first cost of the equipment.

If the cost estimates of equipment includes items which will reduce mainten-
ance charges, such as a greater factor of safety on antenna matching trans-
formers because of severe local lightning conditions, this should be reflected in
the maintenance cost of the equipment. On the other hand, if investment cost
is based on a design using equipment that increases the probability of damage
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from the lightning, such as transistors and integrated circuits in programme line
amplifier equipment, this should also be reflected in the overall maintenance
costs.

Similarly, in the determination of costs associated with electric power con-
sumption or losses, co-ordination is necessary. If the power cost is based upon
the cost of an installation with high efficiency, this efficiency should be reflected
in the power cost. For example, the efficiency of high power broadcast trans-
mitters has shown considerable improvement in recent years but, notwithstand-
ing, there is a significant difference in efficiency between transmitters of the
same output power made by different manufacturers to their various designs.
Efficiency is an important factor in the case of a high power transmitter. The
power consumption of a 1 MW medium frequency broadcast transmitter may be
2000 kW unmodulated, and an improvement in efficiency of only 1% could result
in considerable saving in operation costs, the exact amount being dependent
upon the kWh power cost and the annual operating hours.

At one large medium frequency transmitter station, management called for an
economic study to be made to determine the most favourable means of enlarging
the station service area in order to double the number of people served. The
existing antenna caused fading at distances of about 80-150 km from the trans-
mitter and about 750000 people were included within this range. A technical
examination showed that the installation of an anti-fading radiator would enable
the fading radius to be moved out to about 150-200 km thus enlarging the
service area to include about 1 500 000 people. The existing 150 kW water cooled
transmitter equipment which was about 20 years old fell short of the performance
required of high power transmitters. Its power efficiency was only 22% and as
modern transmitters have power efficiencies of the order of 55 to 65%, it would
be possible to nearly treble the antenna power without increasing the consump-
tion of electricity from the mains. Furthermore, the old transmitter required
staffing and continuous supervision during transmission, whereas a new trans-
mitter could be operated unattended and remotely controlled. The economic
study showed that a modern 300 kW vapour cooled transmitter would permit an
annual saving in operating labour and power costs of some £25 000.

ADDING NEW EQUIPMENT

When the installation of new equipment is proposed to supplement existing
facilities, the effect of maintenance and operating costs of the existing plans
must be taken into account in the study. In many studies, so much attention is
often focused on the economics of the new equipment to be installed that the
effect on the existing establishment which is to be retained, is overlooked. An
outstanding instance of this is in the case where a higher power transmitter is
proposed to improve the signal strength—a 500 kW unit may be proposed in lieu
of an existing 50 kW model. Not only would the operational charges associated
with the increased power be greater, but the unit may also result in increased
maintenance labour cost, even though the number of men remain the same.
Many organisations have a grading arrangement, whereby the status and salary of
the senior technical personnel are related to the transmitter power. In one
typical organisation, the salary to the officer-in-charge of a station when the
transmitter power is increased from 50 to 500 kW is increased by 8%.
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Another factor is that the installation of additional equipment units may
result in a decrease of overall operating costs. At one broadcast station, four
10 kW transmitters were operated for the full daily transmission period, with-
out any standby units. Transmissions normally commenced at 6 a.m. and it was
necessary for the maintenance and operating staff of 3 men to commence duty at
3.30 am. in order to carry out routine maintenance and plant performance
measurements on the equipment. The installation of standby units resulted in
the staff being rostered to commence duty at 5.30 a.m. in lieu of 3.30 a.m., with
the maintenance being carried out at more convenient hours during the day.
Considerable annual labour cost saving resulted from the installation of the
extra equipment.

These examples show that although maintenance costs do have some relation-
ship with the quantities and types of equipment in operation, averages of main-
tenance and operating costs obtained from relating total maintenance and
operating costs to total installed costs do not necessarily hold when specific
items of equipment or situations are considered. For instance, in the case of the
four installed standby transmitters quoted above, it would not be correct to
assume that the station operating and maintenance total costs would increase
by, say, 10% of the capital cost of the new installed plant. In practice, it led
to a very substantial reduction in the total station operating costs with only a
minor increase in the total equipment maintenance costs. Therefore in a cost
comparison study, the operating and maintenance expenses as an annual charge
must be considered to be independent of the capital requirements. Of course
maintenance and other expenses derived as a percentage of the total installed
cost may be helpful as a comparative check for reasonableness of the detailed
calculations if the study represents a cross section of the equipment or facility
on which the average percentage was based, provided also that they represent
the particular study situation. As an instance of this, some engineers when check-
ing economic studies associated with the provision of fully solid state microwave
radio relay equipment strike an annual maintenance charge of about 5.0% of
the capital cost.

ESTIMATING FUTURE CHARGES

The objective of an economic comparison study is to determine which proposal
will give the lowest overall cost throughout the life of the equipment or facilities
covered by the proposal. An estimation of future expenditures is necessary to
determine these costs. Accurate assessment of future costs is in many cases
extremely difficult because several factors may be involved.

As an example of this a new microwave radio bearer added to a route may
have a lower maintenance cost than existing equipment due to technological
advances and therefore the new system produces a greater benefit for the same
traffic. However, in making economic comparisons of such an installation,
allowance should be made for future replacement instaflations on the route as
these may have even greater advantages.

A similar situation sometimes arises when calculating administration, super-
vision, accounting and other forms of overhead expense. For instance, suppose
that alternatives offered in a tender for a long haul microwave radio relay system
of high capacity between two large towns are transistorised type equipment and
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tube type equipment. One involves small charges for maintenance while the other
could involve substantial charges. Now, the percentage of overheads is no small
figure. In some cases, total overheads have been known to exceed 70-80% of the
direct charges for maintenance. If the estimated direct charges for the mainten-
ance for both alternatives are increased for a particular reason by say 75%, it
means that installation of tube type equipment is estimated to cause a substantial
increase in costs of general supervision, accounting expenses, clerical costs etc.
Obviously that is not a valid conclusion. At the same time it is difficult to justify
omitting the overheads altogether, but if they are estimated as a percentage of
direct expense there is this real danger of unrealistic estimates, as above. It is
equally easy to show that the same danger lies in estimating these overheads as a
percentage of higher first cost of a facility having greater reliability, lower main-
tenance and greater efficiency than the alternative.

Future cost estimates should also include allowances for major maintenance
items which occur infrequently. For a large transmitting station these would
include such items as rewinding and oil changes for large transformers, damage
to coupling hut equipment by lightning, breakage of antenna elements in high
winds, replacement of wooden transmission line poles, and repainting of masts
and towers for aircraft warning purposes.

MAINTENANCE PROGRAMME FACTORS

From an economic standpoint, a reasonably good balance is needed between the
complement of test equipment and maintenance spare parts. If test equipment is
available to permit fault finding to a component part level on a major unit, then
those parts should be available in spares if field replacement is feasible. Conversely,
there will be little object in having a large stock of many component parts in
spares stock if the station complement of test equipment is so limited that fault
finding capability cannot identify the failure of such parts.

The following are some of the factors of a maintenance programme which
influence the annual operating and maintenance charges of a typical large broad-
cast station:

(a) Test equipment items and special test facilities available on the station.
The repairable level of each major unit is directly related to the test facilities
and test equipment maintained on site, since the ability to satisfactorily
complete arepair depends on the capability of identifying a faulty component
or unit. A typical list of basic test equipment provided for one high power
high frequency broadcast station is shown in Table 16.1. Most of the items
of test equipment in the Table are individual items and would be used in
special set-ups as test requirements dictate. Other items would usually be
combined into fixed test facilities for greater all round utility. The items
include all the equipment necessary to demonstrate most specified trans-
mitter performance characteristics.

(b) Test facility space requirements and test equipment storage.
Certain of the test equipment items may be combined into test facilities and,
in many cases, not used merely nearby the transmitting or control equipment.
Examples are:
(i) Mobile test equipment rack which is a rack on wheels for ease in moving
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Table 16.1 TYPICAL TEST EQUIPMENT FOR HIGH POWER H.F. BROADCAST
STATION
Qty Description oty Description
1 Audio oscillator 20-20 000 Hz 2 Volt-Ohm-Milliamp meter
1 Resistance impedance bridge 1 Square wave generator with h.v.
probe
3 Current transformer 1 Megohmeter
1 Industrial tester 2 VTVM-audio frequency
1/Xmtr Modulation monitor 1 Ammeter d.c. precision
1 Distortion analyser 1 Voltmeter a.c. precision
1 Oscilloscope-single beam with 1 Ammeter a.c. clamp-on
associated input amps, input 1 Variable transformer
probes, adaptors and camera 1 Manometer
1 Digital voltmeter 1 Tachometer
1 Frequency counter to 30 MHz 1 Hi-pot tester 0-70 kV
1 Low power r.f. load 5 W 1 Corona detector with general
1 Attenuator 110 dB purpose oscilloscope
1 Noise and field intensity meter 1 VTVM-high voltage
with tuning heads 3.5-300 MHz 1 Oil tester unit
1 Fundamental reject filter 1 Water conductivity test set
3.5-30 MHz 1 Crowbar test device
1 VTIVM 2.0-30 MHz with probe 1 Microammeter
kit 1set Thermometers
1 Signal generator 2.0-30 MHz 1 H.f. receiver 3.0-30 MHz
1/Xmtr Capacitive voltage divider 1 Pulse generator
1 Portable d.c. power supplies 1 Bridge r.f. 400 kHz-60 MHz
1 Portable a.c. power supplies 1 Mobile test instrument bench
1 Mobile test instrument cart 1set  Probes, adaptors and auxiliary
1 set Extender cables attachment to extend the
1 set Test instrument cables usefulness of the basic test

equipment

between equipment areas and the workshops, test rooms or storage

areas.

(ii) Hi-pot test facility.
Essentially all the use of this facility is for testing components which
will be brought to the hi-pot tester. This heavy equipment may there-
fore be located in a specific area of the building as an essentially fixed
installation. Other individual items of test equipment will require
storage space. Usually a test equipment room is provided for such a large
complement of equipment.

Spare parts, sub assemblies (printed circuit cards etc.) and spare units to be

maintained.

The recommended spares list will consist of items selected according to the

likelihood of failure within a given length of time, and of quantity expected

to be required over a specified period ranging from 3 months to one or even
more years. Unless otherwise specified in a contract, a manufacturer would
generally recommend that the unit spares list for a new type installation
contain items and quantities adequate for at least one year of service. The
capital cost of all spare parts held at a large transmitting station may be of

the order of £150000 although one very large transmitting station with 19

transmitters has a stores inventory of £300000 which includes £115 000

spare tube stock.

©
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Spare parts may be divided into the following two groups:

(i) Depot Spares.
One set of depot spares would generally be provided per station. These
would include:
Large transformers and reactors
Tubes
Vacuum capacitors and large filter capacitors
Blower motors, servo motors and pumps
Steam condenser or other heat exchangers
Circuit breakers, including high voltage vacuum switches
Interface equipment assemblies or units
Printed circuit cards
Sub assembly units or plug-in units

(ii) Unit Spares.
One set of unit spares would be provided for each transmitter installed.
These include component parts required for day-to-day maintenance
and minor sub-assemblies. Factors which will have an effect on the spare
items and quantities used at a station include the number of hours per
day that the station operates, environmental conditions such as tempera-
ture, humidity and rainfall of the locality, dust conditions on site,
amount of airborne salt, the care with which maintenance staff perform
their duties in part replacement and the thoroughness and care shown
in routine maintenance.

(d) Spare parts storage.

()

®

Part of the capital cost of providing the station buildings should provide for
adequate space for the storage of spare parts with accessibility generally
arranged in accordance with demand. Where building construction costs are
high, the use of outdoor storage areas for items such as transformers may be
mandatory. However, while cost may be saved by not providing indoor
shelter for these items, experience has shown that maintenance costs are
increased. Paint work deteriorates, insulators are often damaged by careless
workmen, and they are not always readily accessible for oil and insulation
testing purposes during heavy and prolonged periods of rain, particularly as
exist in many tropical areas.

It is of considerable convenience, and the most economic to the mainten-
ance function, to have spare parts stored close to the operational equipment.
Large heavy components such as transformers may however be located in a
separate area, but decisions in this regard are largely of a logistics nature and
are influenced by many factors.

Replenishment of spare parts stock.

It is good management to ensure that the rate of use of spare parts is closely
monitored so that the cost of maintaining the equipment can be checked
against usage, estimated costs and budgetary allowance. Also, it allows for
proper scheduling of replacement items in suitable quantities. Some items
will be readily available, when ordered, from suppliers shelf stocks, but
others will be in a long-lead category if stocks are limited or manufacture-to-
order is involved.

Clerical functions.

There is a considerable amount of clerical work associated with the overall

245



MAINTENANCE AND OPERATING COSTS

(8)

()

station maintenance activities. The main functions may be classified as

follows:

(i) Recording of equipment failures and notation of faults found.

(i) Analysis of failures and summaries of action taken to minimise a
recurrence.

(iii) Preparation of despatch and receiving records and associated transfer
records for items repaired off-site.

If any shipments of materials must be made to foreign countries,
for repair for example, the shipping and receiving function is further
complicated by the need for preparation of customs paperwork in
addition to the usual waybills and other shipping paperwork.

(iv) Maintenance of records of spares on hand, recording usage and re-
ordering.

(v) Maintenance of special inventories for items such as vacuum tubes and
capacitors, the regular tests such as oil tests on transformers etc.

(vi) Maintenance of records of test equipment and the control of calibra-
tion routines.

(vii) Updating of drawings, instruction manuals and handbooks for all
equipment installed, or held spare and also for all test equipment.

(viil) Keeping of records of fuel usage, power and water consumption and
other items associated with the station operation.

(ix) Keeping of records associated with the servicing of buildings and site.

(x) Maintaining asset registers for test equipment and tools.

Staff training.

Modern radio equipment incorporates many circuits of advanced design,

particularly in the control and supervisory circuits. Some interface equip-

ment associated with highly automated computer controlled transmitters,

for example, involves design disciplines noticeably different from those

involved in the transmitter proper, and includes complex circuitry of

advanced and sophisticated nature. Some manufacturers prepare training

courses to enable local maintenance staff to be instructed in the proper

operation and maintenance of the equipment.

The cost of preparation of material including instruction books, slides
etc. and for providing highly skilled instructors can be an expensive item.
However, without properly instructed staff in charge of the equipment the
full advantages of the installation might not be fully achievable.

It is also obvious that the maintenance technician plays an important
role in ensuring reliable and satisfactory operation of the installed equip-
ment and facilities, and his effectiveness ultimately depends on his calibre
and the soundness of the training he has received on the equipment.

Repair work.

Many equipment components or items which may fail within a period of
operation will be discarded items where repair is not possible or economic-
ally feasible. Certain other items however will be repairable, depending on
the nature and extent of failures, and when repaired these items may be
returned to service or to spare parts holding. Economics will not always
govern a decision whether to proceed with an expensive repair or purchase
a new unit. In some cases, models may be obsolete and manufacturers
may not be in a position to supply an identical replacement part or unit.

The workshop at the station will be able to handle repairs, depending
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on the facilities available and capabilities of the staff. Many stations have
elaborate workshop plant to facilitate repair work and at least one station
has silver plating equipment to cater for repairs to matrix switch contacts
and coils. There will always be some items which will have to be sent outside
where specialist facilties are available.

In many cases, failed items have to be returned to the original manu-
facturer for repair or adjustment. This however can be an expensive mainten-
ance charge, particularly when long distance overseas shipment is involved.
It is important from an economic point, at least, to develop sources of repair
as close as possible to the station. This also saves time which can be extremely
important if the station does not possess a spare for the unit which has
been sent away. Three important items which fall under this category
are:

(i) Transformers and heavy machines.
Repairs for such items as transformers, reactors, and motors, are usually
more economical than complete replacement, unless very extensively
damaged. Some items of this type used in transmitting equipment are
quite large. An e.h.t. transformer for a 250 kW transmitter may weigh
8 tonnes or more, and the development of repair sources at or close to
the station is a factor of economical importance. Shop facilities to
carry out the work must be adequate as much work would be of a
specialist nature. The availability of adequate handling equipment on
the station is an obvious necessity.

(i) Vacuum capacitors and switches.
The availability of repair facilities for these components at other than
the manufacturer’s workshop is highly unlikely since facilities and
techniques required for repair are essentially the same as those required
for the original manufacture of the item. Manufacturers of large vacuum
tubes and similar vacuum capacitors are possibilities however, where
return to the original manufacturer represents a considerable economic
factor. Such local sources of repair could be well worth investigating.

In the case of failure within warranty, the original manufacturer

would undoubtedly be employed. However, the value of the remaining
warranty life should be balanced against the cost of return to the
manufacturer for repair.

(iil) Vacuum tubes.
Comments for vacuum capacitors apply with equal force to the repair
of vacuum tubes. The larger tubes used with high power transmitters
are economically repairable especially if the value of remaining warranty
life exceeds the cost of returning to manufacturer’s facilities. Where
spare supplies of tubes are sufficient, the time required for repair and
return will be of small importance and the least expensive means of
transportation for repair can be used to advantage.

PREVENTATIVE MAINTENANCE

Past amounts of maintenance expenditures are sometimes not a good guide in
determining how much is enough. Mistakes in past spending can go undetected
for long periods of time. The results of expenditure on maintenance, particularly
on equipment performance, are often not visible. Too little spending may be as
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bad as too much. In this area the test of reduced costs is not valid.

A certain level of preventative maintenance is desirable in the form of routine
inspections and systematic recording and review of selected parameters. Such
procedures help to provide warnings of approaching end-of-life conditions. They
also help to serve as a continuing training aid in the rapid testing and correction
of troubles that may occur on the equipment.

Preventative maintenance suggestions are nearly always included in the equip-
ment manuals supplied by the manufacturer. Such maintenance is often termed
‘routine’ maintenance since it should be done at regular intervals as part of station
routines. The outlines and suggestions for preventative maintenance given in
equipment manuals can only be interpreted as manufacturers’ suggestions and
recommendations to be used as a guide for.station maintenance personnelin the
preparation of preventative maintenance schedules at the particular stations.

The circumstances and conditions at different station locations vary widely,
directly affecting maintenance needs at each station and requiring corresponding
alteration in maintenance schedules. For example, the frequency of performing
certain maintenance tasks may have to be increased at stations where mainten-
ance personnel are subject to frequent reassignment to other duties or stations,
and time spent at the station is short. Also, cleaning and lubrication procedures
are generally based on a specified number of operating hours, but where local
temperatures are high, and dusty conditions prevail, an appropriate change in
the maintenance periods may be desirable. Decisions in these areas must be made
by station management, using the instruction manual as a guide only.

Station maintenance supervisory personnel should use the equipment manual
information as a basis, supplemented by a thorough familiarisation of the
mechanical and electrical features of the equipment, to prepare the preventative
maintenance schedule applicable to the station needs. The schedule should
identify the mechanical attention necessary and the electrical performance tests
by reference to sources of detailed information in the manuals and commission-
ing reports to ensure that results obtained are dependable.

Table 16.2 shows a basic routine maintenance schedule recommended by the
manufacturer of a water cooled 500 kW high frequency broadcast transmitter
installed in the mid 1960s. The working schedule used by the station staff was
expanded into much greater detail. Many high power water cooled installations
have now been replaced by more efficient vapour cooled installations.

In the case of a long haul microwave radio relay system, special maintenance
problems exist because of the separation of the stations. For a long route the
establishment of several maintenance centres may be necessary. The numbers
and location would be dictated by several factors which would include geographic
and economic factors, demands of the system, availability of technically com-
petent staff and the time taken for staff to reach stations. For many large modern
systems it is practice for only minor maintenance or adjustment tasks to be
carried out on equipment at the repeater stations. Workmen are generally provided
with only sufficient test equipment to localise troubles and with spare panels or
units to replace a faulty unit. The defective units are taken to a central repair
centre specially equipped and staffed to carry out any necessary work. To be
effective, this type of organisation requires vehicles, special transport crates for
the equipment, mobile power plants, and often a complete mobile repeater with
antenna and transportable tower in case of a major plant fault, if traffic on the
route justifies such equipment.
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Table 16.2 TYPICAL BASIC ROUTINE MAINTENANCE SCHEDULE FOR 500 kW
H.F. BROADCAST TRANSMITTER
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General inspection after shut-down. Check blower bearings and filter screens.

Check pump glands.

Check air gaps and clean any arc marks.

Check contacts on all inductors and clean inductor turns.

Clean glass and ceramic of all power tubes and vacuum capacitors.

Check water level in distilled water tanks.

Check trip plunger on mains circuit breaker to make sure it is free to operate smoothly.
Check for arc marks on contact fingers of p.a. tank line shorting contactors.

Check distilled water leakage current.

Operate each tuning servo mechanism separately to check tuning motor operation.
Dust-off panels and meters.

WEEKLY

Check and record specific gravity of circuit breaker storage batteries and adjust charging
rate. Check battery water level and refill with distilled water as necessary.

Clean internal parts of transmitter including all insulators, insulating panels, transformer
and capacitor bushings and secondary ‘goose neck’ of 15 kV rectifier filament trans-
formers.

Inspect all relays, clean and adjust.

Inspect contact fingers of all contactors, clean and dress as necessary. Clean pole faces
of magnetic types. Check operation manually.

Clean all terminal blocks and terminal boards.

Clean transfer switches in 15 kV rectifier.

Test air flow interlocks.

Test door interlocks by tapping doors to make sure vibration will not cause momentary
interlock circuit interruption.

Check contacts and operation of earthing switch.

Check operation of all relays and contactors associated with amplifier transfer system
and service as necessary.

Make overall frequency noise, and distortion measurements.

Check calibration of output power meter.

Check foreign matter content in distilled water.

Tighten set screws in motor tuning mechanisms and inspect limit switches and helipots.
Clean output tank line.

MONTHLY

Clean power tube prongs and sockets.

Clean all blower blades including the small type blowers.

Check grease and oil in all rotating machinery including tuning motors and clocks.
Check all air filters and change if necessary.

QUARTERLY

General detailed close inspection of every unit in transmitter, with whatever tests of
parts seem advisable.

Check spare power tubes in operating circuits.

Clean transmission line insulators and check all grounding or bonding joints for corrosion
or electrolysis.

Check all wire terminals for loose connections and tighten if neccssary.

SEMI-ANNUALLY
Test transformer oil, and filter if necessary. Use standard 22 kV flash test.
Clean the bakelite bases of the tube transfer switches in rectifier unit and coat these
bases with the recommended compound.
Drain the distilled water system, clean thoroughly. Refill with new water.
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As far as the external plant provided for radio installations is concerned,
experience indicates that the reliability of the plant in service and therefore the
cost of maintenance is essentially determined during the plant design and con-
struction stage. Due to its nature, some external plant such as masts, towers, line
switching systems, antenna systems, transmission lines, waveguides, underground
control cables etc, lends itself only to a limited degree to preventative mainten-
ance. Where the station is operational for long hours the maintenance of high
power external plant can be hazardous because of induced voltages from nearby
working systems. The preventative maintenance cost of external plant tends to be
much higher than for internal equipment per unit because of extensive safety
precautions required when staff are working in the field. A line switching matrix
in particular, when handling high powers, often causes problems because of high
induced voltages, difficulties of access to some parts, remote control features
and high speed switch movement.

The regular measurement of the electrical parameters of antenna systems can
also be considered as a form of preventative maintenance. It has been found in
practice that deterioration of the efficiency of an omni-directional antenna
system generally shows up as a change in base impedance and similar easily
measurable changes are likely to occur in the individual radiators of a directional
system. Therefore with directional systems, periodical checks of the self imped-
ance of each radiator should show any deterioration of either or both radiators—
if it is a two element system—but unfortunately the self impedance is not of
significance in the direct calculation of antenna input power, as it is in an omni-
directional system.

Annual maintenance inspection of a directional system would generally
include measurement of the following:

(a) The self impedance of the individual radiators. This will enable any deteriora-
tion of the individual radiator characteristics to be checked.

(b) The amplitude and relative phase of the individual radiator base currents.

(¢) The power input to the antenna system common driving point.

(d) Field intensity measurements at some four or more points, preferably those
points included in the initial station commissioning and the field survey.

Some examples of preventative maintenance activities on external plant
include monitoring of gas pressure alarm systems fitted to coaxial feeders,
coaxial transmission lines and waveguides, the painting or galvanising of struc-
tures, preservative treatment of wooden transmission line and antenna support
poles, corrosion mitigation of underground plant and treatment of threads of
guy anchor tensioning rods. A considerable proportion of the plant, particularly
antenna systems, is located high above ground level or enclosed in an outer
sheath and so is not easily accessible for direct or immediate maintenance effort
except at specially provided access points. For such plant, maintenance effort is
largely limited to fault clearance.

In cases of mechanical damage to existing plant, due for instance to heavy
winds, it is often not economically possible to relocate the plant or to give it
additional protection once it is installed. In other cases, particularly with regard
to antenna and line jointing and terminating operations, it is possible to improve
the plant reliability by correcting weaknesses revealed by past fault performance.

Since reliability and maintenance cost of external plant is essentially deter-
mined by the form of initial construction, it is necessary to closely relate fault
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information to material design and installation practices, to permit modifications
at an early date and avoid unfavourable fault incidents and maintenance costs
trends being prolonged. Before new types of external plant are introduced into
general use, controlled field trials may be required to gain experience in installa-
tion techniques and information about their reliability and maintenance costs.

An example of the importance of this aspect occurred with the introduction
of epoxy loaded support insulators for a 106 m medium frequency radiator at a
50 kW broadcast station. The epoxy insulators at the base and sectionalising
points collapsed within six days of commissioning the station. Fortunately the
mast did not fully collapse, but nevertheless considerable expenditure was
involved in restoration of the structure. The epoxy insulators were unsuitable
for the particular application and standard porcelain units were later installed.

Preventative maintenance programmes must be carefully and regularly scruti-
nised to ensure that a balanced programme is followed. Excessive maintenance
activity can often result in poor overall system performance and many also
place increased financial burden on overhead operational charges. Some unneces-
sary maintenance routines result from:

(a) Repetitive routines being performed too frequently. An examination of
some routines scheduled for monthly intervals has shown quarterly perform-
ance to be quite adequate.

(b) Additional routines being injected into the programme following a fault
occurrence. There is a tendency to increase routine frequency or to add
routines, following a fault, in an attempt to prevent a re-occurrence of the
fault.

(c) Overhaul works being carried out under the guise of routine maintenance,
and subjecting the equipment to accelerated deterioration.

(d) Additional routines being performed in order to give training to new staff
and trainees.

(e) Use of working equipment to carry out routines on equipment or com-
ponents such as tubes, transformers and modules held as spare parts.

(f) Unnecessary logging of parameters and status reports requiring excessive
use of automatic or manual recording and switching devices.

CORRECTIVE MAINTENANCE

Corrective maintenance consists of faultfinding and of subsequent repair processes.
The fault finding process is the act of isolating a fault to a defective component,
assembly or module after equipment has failed to operate at maximum efficiency
or has failed to operate at all. The repair process consists of the replacement of
the defective item in order to return the equipment to service.

In.general, the fault finding processes require personnel who possess a good
understanding of the equipment and who are experienced in diagnosing the
indications of failure. These personnel must be appropriately qualified to work
on the particular equipment, they must have adequate and proper test facilities
and equipment and be experienced in the use of this test equipment in order to
be able to function efficiently. The extent to which fault finding is possible in
modern complex radio equipment depends heavily on these maintenance person-
nel, their knowledge, experience, and the facilities available to them. The test
equipment necessary for this work can be a very expensive item in the mainten-
ance expenditure.
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Selected analogue readings can be automatically logged at predetermined
intervals, the program compiles a list of required analogue readings and a set of
readings is printed out for each transmitter in operation at the time to provide a
permanent record of the parameters. This type of repetitive control and monitor
function is performed more efficiently, accurately and rapidly by the system
than could be carried out by the maintenance staff.

From a maintenance and operation viewpoint, the main advantages of the
system may be summarized as:

(2) Fewer operations and maintenance personnel are required to staff a large
station.

(b) It standardises maintenance schedules and routines.

(c) It reduces diagnostic or fault location time and so allows off-air time to
be kept to a minimum.

(d) Reduces the possibility of operator error in tuning, switching, adjustment
etc. compared with a manual system.

(e) Provides continuous routining and fault logging.

The control room of a high frequency broadcast station employing this type
of digital control system is shown in Figure 16.1. The equipment associated
with the system is installed against the far wall of the room.

FAULT ANALYSIS

A system providing prompt and accurate indicators of plant and equipment

performance is required for both the direction of attention to facilities in

service which are showing weaknesses in construction and performance and for

the modification of current designs and methods with a view to overcoming the

revealed weaknesses. These indicators should be used for:

(a) Local follow-up action to deal with particular situations revealed by the
system.

(b) Modifications of existing materials and installation practices to overcome
weaknesses found in service.

(¢) Introduction of new materials and installation practices designed to improve
equipment and plant performance.

It is most important that weaknesses in design or installation practices with
new materials are recorded and studied through a quick and accurate scheme of
fault recording and analysis. In addition it is necessary that engineers be able to
make the installed equipment and plant more reliable by correcting the weak-
nesses shown by the fault recording system. This requires that they know both
the type of weaknesses occurring and its location in the equipment. It is well
known that equipment reliability can never be better than that of the weakest
component.

Fault reports prepared by the maintenance staff are of particular importance
to the controlling engineer. In order to obtain data on which to assess failure
probability, he must be provided with fault reports from the field. Field reports
are essential if reliability is to be improved. They are used in what is virtually an
information feedback system in order to keep designers, manufacturers, installers
and of course the maintenance group, aware of the ways in which the equipment
failed and to pinpoint items which can be improved.
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Another important use to which the fault report is put is that, as a result of
analysis, some guidance is afforded to the maintenance group as to what spares
should be kept in the supply line. With one large operating organisation an
investigation showed that for every tube in use in their equipment there were
four in the supply line. A knowledge of the probability of failure could have
guided the ordering staff on which spares to order rather than to take a random
guess and have certain items over-ordered and others inadequately supplied.

The development of modern computing machinery has opened the way to the
rapid, economic and accurate summation of radio equipment fault records and
the analysis of these records for determination of the most reliable and economi-
cal maintenance and installation practices. This analysis is produced from data
which is essentially prepared by the maintenance staff responsible for the system.
The computer program for, say, a broadband radio relay system takes into
account times and outages on both the main and protection bearers and corre-
lates traffic time lost, main bearer outages and protection bearer utilisations as
they occur. Information presented to the engineer allows him to readily assess
the effectiveness of the maintenance being carried out on the route, the reliability
and usage rate of various components.

An analysis carried out of the major causes of equipment failures, other than
tubes, associated with broadcast, television, radar and radio communication
equipment has shown that the cause can be classified under the following
headings:

(a) Engineering.
About 35% of the total causes could be placed in this group and were due
mainly to omissions, miscalculation, incorrect design approach and poor
judgment on the part of designers.

(b) Installation, Construction, Operation and Maintenance.
In this group 30% were traced to incorrect handling or procedures because
of inadequate instruction, materials, testing procedures or training.

(c) Components.
About 25% were due to components which failed because of inherent defects.

(d) Manufacturing.
This accounted for the remaining 10% of causes and resulted from plant and
equipment not being manufactured, built, tested or inspected in accordance
with the specifications.

TYPICAL MAINTENANCE AND OPERATION COST EXAMPLES

The following examples are indicative of maintenance and operational costs
associated with various types of radio equipment and plant. They do not all
represent the latest state-of-the-art equipment but are taken from typical instal-
lations some of which have been in service for many years. The costs apply only
to the equipment and plant operation and maintenance, and do not include
capital recovery charges, rates or taxes. Because cost factors vary with current
labour rates, location, climate etc. and as there is frequency wide variation
between different countries, the figures should not be considered as firm but
simply as a guide to the method of cost determination or calculation as practised
by many radio engineers. In some of the examples nominal values only have
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Table 16.3 TRANSMITTING TUBES, AVERAGE LIFE FIGURES

Average life Average life

Tube type Tube type

(103 hrs) (103 hrs)
F8388 10.0 4-125 A 5.0
F8133 5.0 6146 50
4CX3000 A 5.0 5763 50
4-400A 50 5879 5.0
QBL5/3500 50 RK25 10.0
TBL6/20 3.2 RW3 12.0
V238A/1K 40 EC157 6.0
W17/3G 4.0 V239C/1K 4.0
2239/1G 4.0 Z237/1K 4.0
5J/180E 40 KR761 9.0
KR762 10.0 V233A/1K 40
KR763 9.0 4CX350A 5.0
4CV100 000C 10.0 4/400A 30
4220Z 6.6 124 A 5.0
42227 8.0 5563 A 5.0
42792 8.0 2K56 12.5
4270A 100 V230A/1K 6.0
3C/270A 6.4 V190C/1M 6.0
40782 22.0 QB5/1750 5.0
833 A 12.0 CR192 34
3Q/221E 40 2V/561E 6.0
TG10® 19.0 31/192E 6.6
3J221E 10.0 3J/261E 5.0
3C/150A 11.0 9C25 6.0
TB/1250 5.0 5976 9.0
357A 50 3X2500F3 40
827R 6.5 3X3000A1 55
857B 8.5 BR189 6.0
880 4.2 CVv2383 4.6
889R 3.0 N1001 50
892R 40 N1002 6.0
5762 55 TWC3 10.0
6166 7.0 QY4/250 9.0
13E1 3.0 CR1100 100
ML-5682 10.0 GL8701 A 10.0

been used but with knowledge of local charges applicable at the time, the real
cost can be easily determined by substitutions in the worked examples.

Most of the transmitting tube average life figures used in the examples have
been taken from the list shown in Table 16.3. The figures have been averaged on
a 7 years basis, but a few of the tubes, for instance some vapour cooled tubes,
are of only comparatively recent manufacture and long term average figures are
not yet available. The figures are useful guides in estimating the annual costs
associated with transmitting tube replacements at broadcast, television and radio
communication stations.

EXAMPLE 16.1

Medium frequency broadcast transmitter, water cooled model, with output
power of 1 MW. Power supplied at a rate of 1.75 pence per kWh. Staff comprised
two men on each shift. Transmission hours 6000 per year.
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Power

(a) Power required for say 40% average programme
modulation = 2200 kW
(b) Rate of 1.75p per kWh
Hourly rate for power = £38.50 = £38.50

Power Tubes

(a) 18 tubesat £2900 = £52200
(b) 12 tubesat £1550 = £18 600
£70 800

(c) Filament life of 10 000 hours for major tubes
Hourly cost of major tubes = £7.08
(d) Cost of minor tubes in transmitter = £900
(e) Filament life of 5000 hours for minor tubes,
Hourly cost of minor tubes = £0.18
Total hourly cost for all tubes = £ 726

General Maintenance

(a) Replacement parts taken over an average of 5 years = £4200
(b) Miscellaneous, including distilled water, nitrogen gas,
lubricants, transformer oil, silver plating etc. = £1800
Total cost per year = £6000
(c) For 6000 hours of operation per year, then hourly cost of
maintenance = £ 1.00

Staff

(a) For a basic labour cost of £4.50 per manhour (excluding
administration and overhead) and assuming average 2 workmen

on duty for full period
Hourly rate for staff = £ 9.00
Total hourly operations cost = £55.76

Annual operating and maintenance charges for this 1 MW transmitter equip-
ment only amount to 6000 x £55.76 = £334 560.

Cost per watt output = 33p.

Modern vapour cooled transmitters of this power range are much more efficient
than water cooled models. A typical transmitter would have an efficiency better
than 60% for 40% modulation conditions and consequently the hourly power
charges would be substantially less than the £38.5, as in the example. Fewer
tubes are used in the more recent designs and this also contributes to an overall
maintenance cost saving. The physical size has been substantially reduced and
this is a further advantage in that building floor space requirements are reduced.

Reliability of operation and a minimum of maintenance is a feature of
modern high power broadcast transmitters. This is brought about by:
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(a) Close attention to detail in the design of individual components making up
the transmitter.

(b) Special attention to the manufacture, inspection and testing of these
components.

(c) Selection of components of appropriate ratings in relation to the electrical
stresses under both normal and abnormal operating conditions and to their
environment during storage, handling, transport, installation and operation.

(d) A reasonable degree of inbuilt redundancy.

(¢) High quality of assembly, installation, inspection and testing of the trans-
mitter after installation on site.

EXAMPLE 16.2

High frequency broadcast transmitter, vapour cooled model, with output power
of 250 kW. Power supplied at a rate of 1.8 pence per kWh. Staff comprised
average of two men on each shift employed on the operation and maintenance.
Annual programme transmission hours were 6000.

Power

(a) Power required for say 40% average programme
modulation = 575 kW
(b) Rate of 1.8 pence per kWh

Hourly rate for power = £10.35 £10.35

Power Tubes

(a) 4 tubesat £3600 = £14400
(b) 3 tubesat £ 600 = £ 1800

£16200

(c) Filament life of 10 000 hours for (a) and 5000 hours for (b),
Hourly cost of major tubes = £1.80

(d) Cost of minor tubes in transmitter = £200

(e) Filament life of 5000 hours for minor tubes
Hourly cost of minor tubes = £0.04
Total hourly cost for all tubes = £1.84

£ 184

General Maintenance

(a) Replacement parts, taken over an average of 4 years
=£3100

(b) Miscellaneous, including filters, deionized water,
rubber gaskets, lubricants = £750
Total cost per year = £3850

(c) For 6000 hours of operation per year,
Hourly cost of maintenance parts = £0.64

Staff

(a) For a basic labour cost of £4.50 per manhour (excluding
administration and overhead) and assuming average 2

£ 0.64
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workmen on duty for full period,
Hourly rate for staff

£ 9.00
£21.83

Total hourly operations cost

Annual operating and maintenance charges for this 250 kW transmitter
equipment only, amount to 6000 x £21.83 = £130980.

Cost per watt output = 52p.

The efficiency and reliability of transmitters are being continually improved
by manufacturers. Many short wave and medium wave 250 kW transmitters have
only four power tubes, two of which are in the final stage of the modulator and
the other two being driven and final output stages in the radio frequency amplifier.
Even 500 kW transmitters are now in service with only one tube in the radio
frequency output stage.

EXAMPLE 16.3

Medium frequency broadcast transmitter, air cooled, twin 5 kW units in parallel.
Power was charged at rate of 2.5 pence per kWh. Transmitter was operated on an
unattended basis and equivalent daily manhours spent on maintenance averaged
over a full year was 0.3 men. Transmission hours were 6000 per year.

Power

(a) Power required for say 40% average programme modulation
13.5 kW per 5 kW unit i.e. Total = 27 kW

(b) Rate of 2.5 per kWh, Hourly rate for power = £0.68 = £0.68
Power Tubes
(a) 6tubesat £185 = £1110
(b) 10 tubesat £ 30 = £ 300
£1410
(c) Filament life of 5000 hours,
Hourly cost for tubes = £0.28 = £0.28
General Maintenance
(a) Replacement parts taken over an average of 6 years = £1400
(b) Miscellaneous, including filters, lubricants etc. = £250
Total cost per year = £1650
(c) For 6000 hours of operation per year
Hourly cost of maintenance = £0.28 = £0.28
Staff
(a) For a basic labour cost of £4.50 per manhour (excluding
administration and overhead) and assuming average 0.3
equivalent men on duty for full period,
Hourly rate for staff = £135
Total hourly operations cost = £2.59
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Annual operating and maintenance charges for this two parallel 5 kW trans-
mitter equipment only amount to 6000 x £2.59 = £15 540.

Cost per watt output = £1.55.

The main reasons for the introduction of automatic and remote control of
broadcast transmitters are primarily economic considerations and staffing dif-
ficulties. However, the engineering reliability ‘trade-off’ requires analysis, and
before changing an existing transmitter over to automatic working, it is essential
to record and analyse the performance data. Improved techniques, such as the
use of solid state devices, lead to higher reliability but to take advantage of this,
additional training of maintenance staff with emphasis on the functional approach
to equipment maintenance may be necessary.

Unattended operation of transmitters involves a somewhat different approach
to equipment and plant performance compared with the situation where skilled
staff are continuously in attendance. The equipment performance can be con-
sidered as being in four main levels of classification:

(a) Commissioning level.
This is the optimum level to which the installation is capable of being
adjusted and is obtained at the commissioning stage just prior to placing the
equipment in service.

(b) Annual inspection line-up level.
It is normal practice with the majority of organisations for each transmitter
installation to be subjected to a detailed annual inspection which includes
adjustment, alignment and extensive performance measurements. After
completion of the inspection, the equipment will have been adjusted to a
level which is optimum when taking into account the operational situation
and life of the equipment.

Whenever a fault has been rectified in the equipment it should be re-

adjusted to this line-up level condition.

{c) Minimum performance level.
In addition to annual inspections, it is normal for maintenance staff to visit
unattended radio equipment at about quarterly intervals to ensure that the
equipment is maintaining a performance above a minimum level which will
vary with the type and nature of the installation. Should the equipment be
found on test and inspection to be of performance below the set minimum,
action is taken to restore it to a higher level, preferably the annual line-up level.

(d) Action level.
At thislevel the performance of the equipment has fallen below the minimum
performance level or has developed a fault. Both conditions would be
detected by the monitoring facilities and would require immediate action
by maintenance staff. In order to ensure that the monitoring facilities are
functioning properly it is often practice for maintenance staff to make a
routine safety inspection, at about monthly intervals, of important major
installations.

EXAMPLE 16 4
VHF television transmitter, twin 10 kW vision transmitters in parallel and twin
2 kW sound f.m. transmitters. Power was supplied at a rate of 2.5 pence per

kWh. Staff comprised two men continuously employed during hours of trans-
mission. Hours of operation were 5000 per year.
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Power

(a) Average power required for vision transmitters
(b) Average power required for sound transmitters

Total average power

(c) Rate of 2.5 pence per kWh,
Hourly rate for power

Power Tubes
Vision
(a) 2 tubes at £875, fil. life 7000 hours

(b) 6 tubes at £30, fil. life 9000 hours
(c) 20 tubes at £25, fil. life 3000 hours

Sound

(d) 4 tubes at £250, fil. life 10 000 hours
(e) 4 tubes at £30, fil. life 6000 hours
(f) Hourly cost of major tubes = £0.55
(g) Cost of minor tubes in transmitters = £650
(h) Filament life of 5000 hours.
Hourly cost of minor tubes = £0.13
Total hourly cost of all tubes

General Maintenance

(a) Replacement parts taken over an average 5 years = £3000
(b) Miscellaneous including filters, lubricants etc. = £410

Total cost per year = £3410
(c) For 5000 hours of operation per year
Hourly cost of maintenance

Staff

(a) For a basic labour cost of £4.50 per manhour (excluding
administration and overhead) and assuming average 2

workmen on duty for full operational period,
Hourly rate for staff

Total hourly operations cost

52 kW
10 kW

62 kW

£1.55

£0.68

£0.68

£9.00

= £1191

Annual operating and maintenance charges for this 10 kW/2 kW transmitter

equipment only, amount to 5000 x £11.91 = £59 500.

EXAMPLE 16.5

A solid state broadband microwave radio relay bearer with protection bearer and
supervisory facilities was to be installed between two terminals 1600 km apart.
There were to be 40 repeaters and one intermediate repair centre about midway
between the terminals. Panel repair for the whole of the route was to be carried
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out at the intermediate repair centre. Each terminal staff was to maintain the
route 280 km out, approx. 7 repeaters, and the intermediate repair centre was
to be responsible for the remainder. All stations were to generate power locally.
The equipment manufacturer had guaranteed a reliability index of 0.14 failures
per site per annum per bearer, and the ratio of degradation faults to outage
faults was assumed to be 3:1;

The estimated cost of maintaining the proposed system was determined as

follows:

Labour, Radio and Power Equipment .

(a) Fault clearance, LF

(®)

The number of visits per site per annum for 1 + 1 two way system =
014x4x4=22

Because the equipment to be installed was a new development by the
manufacturer, it was expected that it would be about two years before the
guaranteed reliability would be achieved and in view of this, the upper
figure of 3 visits was assumed for the study.

Staff loading for fault clearance purposes is equal to (3T + 3) manhours
persite per annum where T is the average travelling time per site and allowing
one hour at each site per visit for checking equipment, changing plug-in
units and reporting to the maintenance control centre.

To the above loading must be added an allowance for attending to power
equipment and from past experience on similar power equipment, this was
assumed to be equal to the radio equipment commitment. Hence total fault
clearance loading.

LF =2(3T + 3) manhours per site per annum
For No. 1 terminal (one terminal, seven repeaters)
_ 8x2(3x280km +3)
~ 40km/h

= 384 manhours per annum

LF manhours

For No. 2 terminal (one terminal, seven repeaters)
LF = 384 manhours per annum

For maintenance repair centre

_27x2(3x1040 + 3)

) 40

= 4374 manhours per annum

LF manhours

Total manhour requirements for fault clearance = 384 + 384 + 4374

= 5142 manhours p.a.

Performance Measurements, LP.

Monthly tests would involve demodulating stations only. For three demodu-
lating stations and two terminals and assuming two men were involved at
each station, LP = 10 men x 12 monthly tests x 2 bearers X & day plus
travelling time. .. LP = 996 manhours.
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Six monthly end-to-end tests were assumed to be done in connection with
monthly tests and take an additional 4 hours per bearer so that additional
manhours required would be 10 men x 2 tests x 4 day = 80 manhours.
Total manhour requirements for performance measurements

=996 + 80
= 1076 manhours per annum

Power plant Inspections and Maintenance, LB.

To be carried out bi-monthly by power plant specialist staff, assuming 4

hours per site plus travelling time.

LB = 43 sites x 4 hours X 6 inspections per year plus travelling time (80
hours)

= 1112 manhours per annum

Annual Inspection and Line-up, LI.

These series of measurements would involve tests on the equipment within
each site, test from each site to adjacent repeaters, tests from each site to
the adjacent radio terminal and also baseband section tests. It was expected
that this work would involve a two man inspection team for 12 weeks per
annum including travelling time.

LI=2x8 x5 x 12 manhours

= 960 manhours per annum
Special Visits, LS.
These visits would probably arise from a situation where a failure does not
respond to the normal treatment or where an obscure fault has to be tracked
down through a number of stations before the faulty unit is located. They
may also follow a particularly severe weather disturbance.

Experience has shown that a two-man team involving about 400 man-
hours per annum plus say 40 hours travelling should be allowed.

LS = 440 manhours per annum.

Units Repair, LR.

As seen above, it was expected that 3 units from each site would require
repair action each year. If 3 units per site per year require attention and if
average repair rate is 2 per week.

LR = 3 units X 43 sites X 20 manhours

= 2580 manhours
Manhour summary
=LF+LP+1LB+LI+LS+LR
=5142+ 1076 + 1112 + 960 + 440 + 2580
= 11310 manhours

Because of the long distances to be travelled, the remoteness of many
stations and safety aspects in connection with certain work, and also the
need to train apprentices, etc. there would be many occasions where more
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than one man would embark on some journeys. An additional loading of
about 15% is justified from experience with similar routes.

Hence total manhour requirements = 13 000 manhours per annum.

For a basic manhour rate of £4.50 excluding administration and overhead
charges;

Labour = 13 000 x £4.50
= £58 500 per annum

Labour, Towers, Antennas and Sites, LT

Annual visit would be involved by radio lines group comprising four men. Full
day would be spent at each site on checking tcwer, bolts etc., antennas, feeders,
cleaning-up site etc.

Total manhours including travelling

3200 x 4
LT=(43x8x4)+£_Za——)

=1376 + 320
= 1696 manhours.

To allow for at least one visit per annum on the route for fault on waveguide,
antenna etc. or special site attention on the route, 304 manhours were allocated.
Hence total manhour requirements = 2000 manhours.

For basic manhour rate of £4.50 excluding administration and overhead
charges,

Labour = 2000 x £4.50
= £9000

Materials

From experience gained with solid state system operating under the same environ-
mental conditions, material estimates for the route were:

£4515
344

£4859 (say, £5000)

Radio equipment £105 x 43
Towers, antennas, sites etc. £8 x 43

Total

Power

Estimated power costs = 10p per kWh. For an overall average of 500 W for each
station.

0
X i(—)— X —— X 24 x 365 per annum
1000 100

£19 000 (approx.) per annum

Power cost

Motor Vehicles
32000 km at 6.25p per km

£2000
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Summary Annual Costs

Labour = £67500
Materials = £ 5000
Power = £19000
Transport = £ 2000

Total = £93 500

. 93500
Cost per route kilometer =
1600

= £58.4 per annum

Some of the factors which influence the time taken to correct faults include:

(a)
(b)
©
(d)
(©

()
(8)
(h)
@

Sol

(a)
(b)

()
(@)
(e)
()
(®)

(h)

The promptness of notification of a fault or non-standard condition to the
maintenance staff.

The existence of a coincident fault on other equipment such as the protec-
tion bearer or supervisory alarm system.

The amount of information regarding the particular trouble which is fed
back to the maintenance staff and also available at the site.

The time taken by the maintenance staff to travel to the site.

The type and availability of spares. Spares which comprise complete units or
modules will allow much more rapid restoration of service because consider-
able time can often be spent in isolation of a particular component.

The testing facilities and equipment available at the site.

The ability of the technician despatched to correct the fault.

The availability of transport and staff at the time.

The number of repeaters. Experience has shown that as the number of
repeaters on a route increases, the standard per repeater provided by the
maintenance organisation tends to decrease.

id state bearer equipment is noted for the following properties:

Reliability is very high.

Performance does not degrade steadily with time to the same degree as
tube equipment.

Lower capital and operating costs.

Lower power consumption for equivalent output.

Smaller physical size resulting in less building space requirements.

Because of the complexity of some components (integrated circuits etc.)
and miniaturised characteristics, equipment is not suitable for field repair.
Replacement units may be large to reduce that number of interfaces or
small to improve the flexibility of spares holding.

Interface between units may have complex specifications (impedance, level,
frequency, amplitude response, group delay response, isolation performance
etc.)

There is a basic difference between the maintenance requirements of solid

state equipment and tube equipment. This requires a complete re-assessment

of

the maintenance practices which have developed for tube type systems if the
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full potential of solid state equipment is to be realised. The difference in main-
tenance requirements arises from the different ways in which the two types of
equipment are repaired. Tube type equipment is invariably repaired on site,
usually by a local technician or occasionally by a visiting specialist from a
remote central station. This is the traditional method of maintenance for tube
equipment and is adopted because faults can usually be cleared locally and the
equipment cannot often be readily moved to a repair centre.

On the other hand, the on-site repair of solid state equipment is generally
impractical, if not impossible. However, the equipment can be readily trans-
ported to a remote repair centre because of the plug-in unit construction and com-
pact form of equipment. The two basic facts about solid state equipment are:

(a) Only a small number of units will need repair.
(b) Repair must be done by a specialist in a well equipped centre.

Experience has shown that a single repair centre is the best arrangement and
duplication of centres is only permissible when work load or perhaps excessive
transport problems make it necessary. Underloaded repair centres will be doubly
inefficient because the staff will not get sufficient experience to do their job
properly. In the Example, the repair centre was to be located approximately
midway between the two terminals and although each terminal would hold
spare plug-in units to service about 7 repeaters, the repair of the faulty units
would be carried out at the repair centre.

The main functions of the repair centre may be classified as follows:

(a) To provide a centralised area of environment appropriate for the work to
be performed, and staffed with skilled personnel.

To ensure careful quality control of workmanship and testing processes,
the following are important:
(i) The use of clean air conditioned areas for repair, adjustment and testing.
(if) Training of the maintenance staff to high standards.
(iii) Strict control of the storage, handling and transport of materials,
equipment and testing instruments.
(iv) Stringent visual, mechanical and electrical inspection and testing of
repair, adjustment, alignment or performance testing.
(v) Recording of all equipment faults on history sheets.
(vi) Thorough environmental testing of units before return to the field.

(b) Repair and re-alignment of plug-in units returned from the stations.
Provided that the equipment is purchased to a specification which controls
interchangeability of units, the alignment of repaired units in the repair
centre should include the following techniques applied to every unit to
ensure its suitability as a replacement:

(i) Alignment to factory tolerance limits.

(i) Sweeping and spectrum analysing tests.

(iii) High temperature tests and temperature cycling.
(iv) Vibration tests.

(c¢) Investigation of causes of faults and development of modifications to elimin-
ate faults and maintain performance level.

Progressive deterioration of performance over the life of the equipment
should not be an acceptable objective. Replacement units must be quality
controlled to ensure that when used in normal proportions, they cause
negligible overall deterioration in performance. Such residual deterioration,
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which could be cumulative over the years, should be removed by on-site
re-alignment at the time of the annual inspection.

(d) Revision of test procedures being carried out on the route.

(e) Maintenance and calibration of test equipment.
In addition to normal electronic test gear it is desirable that the repair
centre should be fitted out with a Heat chamber, Cold source, and a Vibration
tester.

(f) Provision of expert advice and guidance to staff associated with the mainten-
ance of radio relay equipment.
Because the performance and reliability of solid state radio relay systems are
largely dependent on the quality of the repair and alignment carried out at
the repair centre, it is usual to employ highly skilled and experienced techni-
cal staff who possess the most expert knowledge in the radio relay repair
field.

EXAMPLE 16.6

Repainting of 220 m guyed medium frequency broadcast radiator in accordance
with aircraft obstruction marking requirements. The mast was triangular cross
section with 2.4 m sides.

Materials

Paint, thinners, turpentine, paint brushes, wire brushes,

scrapers, garnet paper, cleaning rags, rope etc. = £1050
Labour

Removal of old loose paint by scraping and brushing (200

manhours), application of primer, undercoat and final gloss

coat (75 manhours per coat) plus ineffective time due to

climbing, travelling to job 15 km per day, cleaning-up at

£4.50 per hour excluding administration and overhead. = £2870
Incidentals

Vehicle =£ 30
Management

Including supervision, inspection, documentation etc. = £1150

Total = £5100

In a repaint work the condition of the old paintwork is a major factor in the
overall cost of the project. The removal of blistered, cracked or powdered paint
is a time consuming exercise. Repaint works on some 168 m selfsupporting
towers have been as high as £30 000 involving some 4000 manhours.

If specific cost data based on past experience is not available, it is necessary
to determine the area to be cleaned or painted before the estimate can be
prepared. Paint has only about 80% effective covering capability when applied
aloft due to losses from high wind, spillage and inadequate brushing.

Mast and towers used for radio engineering purposes are generally described
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in terms of weight and linear dimensions. Angle steel commonly used in these
structures varies from about 10 to 90 kg weight per square metre of painting
area. The lower range is minimal for the smaller lattice type structures and the
upper range for the larger more massive types. Thus if the weight of the steel-
work of the mast or tower is known, a fair approximation may be made of the
painting area.

A primer will not adhere to a surface which has rust, grease or loose paint and
these should be cleaned off and the surface wire brushed. The final coat consists
of a hard enamel, white and international orange, in alternating bands of equal
width. Black and white bands are frequently used in lieu, where the surrounding
terrain is of a reddish-brown colour.

First class enamel when correctly applied with primer and undercoat has good
wearing qualities. The life isinfluenced considerably by the environmental factors.
Paint on structures close to the sea, particularly in tropical locations, seldom has
a life exceeding 3-4 years, whereas for a dry inland rural environment a life up
to 10 years may be obtained before repainting becomes necessary.

The cost of painting masts and towers is high and consequently illconsidered
and badly applied schemes will result in short life and often the removal of old
paint can be a very expensive operation. The normal methods of paint removal,
with chemical solutions and flame, are seldom used on structures because of
hazards in their use during the high wind conditions experienced on tall structures.
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Chapter 17

Retirement

REASONS FOR RETIREMENT

Reasons for retirement of equipment or plant may be classified as follows:

(@

®
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The installed equipment or plant has failed in service and will no longer
function.

Equipment and plant fail for many reasons. Moving parts such as motors,
relays, contacts, switches etc. fail from wear and tear. Wooden poles used
for antennas and transmission lines fail as a result of decay, steel work of
antenna systems fail from corrosion or overloading, wires may fail from
fatigue or corrosion, dielectric materials may fail as a result of excessive
internal heating, filaments of tubes and lamps fail from burnout, and
batteries fail from chemical and physical changes. There are many other
examples and it will be noticed that a common feature in this group is that
many of the failures may be considered to be roughly proportional to time.
This division is a simplification of the actual facts, since hardly any sort of
deterioration is a function of time alone, or of use alone. The deterioration
of oil in an oil filled transformer, for example, though mainly a matter of
time depends also upon temperature and therefore use, while items normally
proportional to use such as transmission line switches are also affected to
some extent by time. Failure may also be caused by the action of elements,
such as high winds, lightning, ice, floods, earthquake, vibration etc. particu-
larly on external plant.

Although many failures can be corrected by replacing the faulty unit it is
not always the case. The equipment may be so old that vital replacement
parts or units may no longer be obtainable. Also in the case of a structure,
corrosion may be so extensive that the structure is a hazard, if left in situ.
In these cases there is no alternative but to retire the plant. A mast or tower
which has collapsed would also be in this category.

The equipment or plant does not have sufficient capacity to meet current
needs.

The equipment may be unable to cope with growing service demands, due
to exhaustion of capacity. A microwave radio system may not have capacity
to cater for an unexpected increase in traffic loading, a generating unit may
have insufficient output to meet the demands of additional installed trans-
mitters and transmission lines and antenna matching equipment may be
unable to handle an increase in transmitter output power. These are some
typical examples.

Careful forecasting of growth and proper initial planning can reduce
retirements in this category,but it is generally acknowledged that the liability
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to retirement from this cause is related to the development rate, a high rate
increases the liability and vice versa. Any undertaking involving the borrow-
ing of money and its conversion into equipment to provide service is
dependent for its profitableness upon a delicate calculation as to the relative
suitability of various types and capacity of equipment and plant, and the
probable public demand for the service. Even though these may be all correct
at the time of the investment, they may be upset by new circumstances and
it may then be worth while to retire the equipment even though still in
working order. Probably the most outstanding cause of radio equipment and
plant retirement has been inadequacy caused by the growth of service.
The equipment may be obsolete because of changes in conditions or service
it must now render.
This type of depreciation is distinguished from those previously considered
by the fact that it is a change not in the asset itself, but in its environment,
which destroys its economic suitability. It just as certainly results in the
asset becoming inadequate, but it is frequently due not to the asset itself
getting worse, but to the alternatives getting better. Familiar examples of
this include the considerable advantages obtained in a point-to-point service
by changing from double side band to single side band operation, frequency
modulation operation compared with amplitude modulation operation, log
periodic antenna compared with a large number of separate dipoles and air
cooled tubes compared with water cooled types for transmitter powers to
about 100 kW.

The four main reasons often advanced for retirement of equipment on
the grounds of obsolescence are:

The non-availability of maintenance parts.
Excessive utilisation of expensive floor space.
High mains power consumption.

Higher overall operational and maintenance costs.

There is not necessarily any connection between the depreciation of equip-
ment and its efficiency. The service life of equipment may be nearly exhausted
and yet that equipment may be functioning as efficiently as new. Many
engineers and museums have very early models of radio equipment which
are just as efficient in their operation as when orginally constructed. In cases
where equipment is retired for functional reasons its service efficiency may
be quite impaired, but its capacity for service is just as certainly exhausted if
it is inadequate or fails to conform with technical requirements, as if it had
deteriorated through wear and tear decay, corrosion or by the action of the
elements.

More efficient equipment or plant which will operate at lower cost is
available.

If out-of-date equipment costs more to run than its modern equivalent
replacement, the degree of depreciation from this cause can be ascertained
by capitalising the additional annual charges at the rate proper to the modern
equivalent. Examples of more efficient equipment which may give more
economical overall operation include transistorised equipment in place of
the tube type, vapour cooled high power transmitter in place of a water
cooled installation and automatic transmitter control equipment in place of
a manual system.
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(e) Changes in the art.
Because of the rapid advancement in radio and electronic technology in
recent years, changes in the state-of-the-art have a considerable influence on
the retirement of equipment and plant. Duplication of spares, test equip-
ment, maintenance techniques and training effort are involved in keeping
several versions of equipment in service together. The problems associated
with interface equipment to allow various versions of equipment to work
together is a major problem in many areas and it has often been found to be
more economic to retire some plant, even though only a few years old,
because of the high cost of design and manufacture of interface equipment.
(f) Some new method of providing service may become available.

The satellite is an outstanding example of this reason. Not many years ago,
high frequency radio bearers carried a large percentage of overseas traffic.
Improvements in submarine cable techniques and particularly amplifiers
with long life led to a large cable laying programme, to challenge radio
methods. This was shortly followed by satellite developments with micro-
wave radio bearers. Not only is the satellite playing an important role in
overseas communications including television relaying, but the techniques
are also being used to handle large volumes of internal traffic in many
countries.

The first two reasons allow no alternative in the decision which must be made.
If service is to continue or to be increased, new equipment has to be purchased.
The economic study in these circumstances is confined to the alternative invest-
ment type.

The third situation is one in which the necessity for replacing the existing
equipment is usually apparent. If designs have changed so that the existing equip-
ment provides an inferior type service, the only alternatives are either to buy
new equipment or probably to go out of business.

The remaining reasons, where matters of efficiency and improved technology
are involved, do not lend themselves to clear cut decisions without proper
detailed study. If no change were to be made to the installation, service would
continue to be provided even though the cost would be higher than with a more
efficient installation. To determine whether or not such equipment should be
replaced, it is necessary to compare the annual charges that must be met if the
existing equipment is retained, with those which would occur if new equipment
were employed. A correct answer depends upon a proper determination and
analysis of the charges in the two cases.

At some time in the life of nearly all equipment and plant a decision must be
made as to whether it should be retired and replaced, and it is necessary for the
engineer to have a means of determining when is the most economic time for
the retirement and replacement to take place. A knowledge of depreciation
procedures and service life is necessary in order to make this decision on rational
grounds.

RETIREMENT COST

The retirement cost is the estimated cost of recovery of equipment or plant, net
of any residual value remaining at the end of its estimated life. The cost of
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recovery of a facility at the end of its life occupies a position analogous to that
of capital cost in that it is part of the cost of providing service over the life of
the equipment. It should be noted that we are concerned here with its value at
the end of its economic life and should not be confused with the end of the
study period. It should be taken into account even when it occurs after the end
of the study period. The retirement cost may be a negative value if the residual
or scrap value of the equipment is estimated to be higher than the costs of
removal and disposal.

An unusual retirement situation occurs when it becomes necessary to dis-
mantle towers which have been erected on buildings or in other such difficult
situations. In one exercise it was necessary to dismantle a 55 m insulated self-
supporting tower from the top of a tall building in a large city. The tower was
originally provided some 20 years earlier at a cost of £5500 to serve as the
radiator for a medium frequency broadcast transmitter located in the building.
The cost of recovery of the structure was £8500 and the steel realised £200 as
scrap metal.

REPLACEMENT BASED ON ANNUAL COSTS

The annual cost of keeping existing equipment or plant in service consists of the
sum of those costs associated with the maintenance and operations. The annual
cost for new plant will include the estimated maintenance and operation charges
plus the annual capital recovery payments for the new capital. The capital
recovery payments on the existing installation are not taken into consideration
in an economic study based on annual costs because these will have to be paid
whether or not the replacement is made. The capital investment of the existing
plant was paid for at the time of installation and any future change of policy will
not affect this. This aspect is illustrated in the following example,

EXAMPLE 17.1

A second hand transmitter purchased to meet a point-to-point communication
need was estimated to have a life of 5 years and at the end of that period to have
a nil residual value after dismantling costs had been considered. Thus it was
necessary to replace the installed cost of the transmitter, in this case £3000, at
the end of the 5 year period and also pay interest on the loan required to pur-
chase and install the unit.

Twelve months after placing the equipment in operation, it was found that
the removal and re-installation had had a serious affect on the performance. The
old wiring had broken away at many points, insulation on wiring which had
hardened over the years had cracked and broken away, and a considerable
amount of dust had entered control circuit relay sets during road transport to
the new site. The maintenance and operating costs were greatly in excess of the
estimates. An economic study was required to determine whether to continue
with the existing installation or to invest in a new transmitter estimated to cost
£6500 installed. Because of the poor condition of the existing installation, it was
estimated that the residual value would still be zero even after only one years’
service. The estimated residual value of a new transmitter after 5 years was
estimated to be £3500. Applicable interest rate was 5%.
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Existing Transmitter

(2) Annual material maintenance costs based on expenses

of previous year = £ 900
(b) Annual operating costs
(i) Power 6 kW at 4p per kWh continuously = £ 2102
(ii) Labour for maintenance and operations,
2000 hours at £4.50 per hour excluding
administration and overheads = £ 9000
(c) Incidental costs, associated with external dummy load =£ 23
Annual cost = £12025
New Transmitter
(a) Installed cost of transmitter = £6500
(b) Estimated residual value after 5 years service = £3500
(c) Capital recovery payments (£6500 — £3500) x 0.23097 = £ 693
(d) Interest payment on residual value £3500 x 5% =£ 175
(e) Estimated annual material maintenance costs
including tubes =4£ 525
(f) Annual operating costs
(i) Power 5 kW at 4p per kWh continuously = £ 1752
(i) Labour for maintenance and operations, 800 hours
at £4.50 per hour excluding administration and overhead = £ 3600
(g) Incidental costs associated with internal dummy load =£ 13
Annual cost = £ 6758

The study showed that it was more economical to invest in the new trans-
mitter although this involved incurring a large debt and continuing to pay off
the orginal one. The repayments on the original investment will have to be met
whether the existing transmitter is used or not. To consider the repayments in
the study would mean adding them to both calculations and this would not in
any way change the cost differences. The original transaction is a sunk cost. The
reasons that warranted the original transaction have changed.

In replacement studies the time involved is the future, which is unrelated to
the past. In some instances the past history of equipment or plant performance
is valuable in estimating future costs, but any costs included in the past have no
effect on the present turn-in value of the existing facility. Its book value and
present value would be the same only under the extremely rare condition that
the equipment depreciated in exactly the same manner predicted when it was
installed, employing the same value for money. Thus any annual capital recovery
calculation made at the time of the original installation is discarded.

LIFE OF EQUIPMENT OR PLANT

This period is usually the anticipated average life of the equipment or plant. It is
sometimes called the economic life of the plant and is a current estimate of the
period over which the plant will be needed to provide potential or actual service,
including any period between installation and utilisation. The life may be spent
in more than one location and extends from initial installation to final retire-
ment.
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In many new cases the life may be defined by the conditions of the problem.
For example, a study may call for installation of a thin-ine microwave radio
relay system to feed a television transmitter one hundred and fifty kilometres
away pending the provision of a permanent system to be installed five years later
to provide for both telephony circuits and the television channel. Obviously the
study must provide that capital invested in the installation, engineering and in
any material not expected to be reused in the permanent installation or another
location, will be repaid in five years.

It is quite impracticable to predict the economic life period of a particular
piece of equipment based on a formula. For example, the fact that a well en-
gineered steel pole open wire transmission line deteriorates very little with time
does not preclude the possibility of an early decision to replace it with a coaxial
transmission line because of, say, a particularly bad problem of cobwebs and
heavy dew in a humid forest area. Similarly like-for-like equipment can be dis-
placed by sudden obsolescence prior to the optimum life established by its

Table 17.1 AVERAGE SERVICE LIFE OF RADIO EQUIPMENT AND PLANT

Average Average
Item service life Item service life
(yrs) (yrs)
Amplifiers Antennas
(i) Tube type 15 (i) M.f. mast and towers 40
(i) Transistor type 25 (if) H.f. wire type 18
(iii) H.f. rotatable 18
Radio relay equipment
(i) Tube type 15 Base station, SO0 W 15
(ii) Solid state type 25 Mobile transceivers
(i) Tube type 10
Channelling equipment, (ii) Solid state type 15
solid state 25 Transmitters
Meters 18 (i S00W m.f. 18
Tape recorders 10 (i) 500 W h.f. 15
Programme input equipment 25 (iii) 2000 W m.f. 20
Transformers, oil filled 25 (iv) 2000 W h.f. 18
Accumulators, 500 Ah. 12 (v 10000 W m.f. 25
Teletype-transmitter control 15 (vi) 10000 W h.f. 22
Control desks 20 (vii) 50 000 W m.f. 25
Portable test equipment 15 (viii) 50 000 W h.f. 22
Fixed test equipment 20 (ix) 250000 W m.f. 25
Tools (x) 250000 W h.f. 22
(i) Hand 10 Antenna coupling units 10-250 kW 20
(ii) Portable elec. 12 Earth mats 35
Receivers, m.f.-h.f. 20 Diesel engine generating plant
Transmission lines (i) Charge/discharge 20
(i) High power (ii) Emergency 200 kVA 20
Open wire 30 Wind driven generators 12
Coaxial above ground 35 Woodpoles-pressure treated 30
Coaxial buried 30 Buried lead covered control cables 20
(ii) Receiving Buried galvanised iron ducts 25
Open wire 20 Buildings
Coaxial buried 25 (iy Brick 75
Mechanical aids 12 (ii) Shelter types 35
Air conditioner
(i) Package 12
(ii) Fixed plant 20
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deterioration gradient. A tube type radio relay system can be displaced before
the date necessitated by its increased operating costs, when high reliability, low
operating cost solid state equipment becomes available. Also, the life of some
items may depend on the life of other items, for instance the life of a solid
dielectric coaxial cable system may be limited by its voltage handling capability.
The applied voltage may be increased beyond the safe limit due to an increase in
the station transmitter power.

Table 17.1 lists some items of equipment and plant used in radio engineering
together with typical economic lives. In particular cases equipment or plant may
wear more rapidly than normal or may have to be abandoned prematurely for
any number of reasons. Also, some comparisons may involve special plant with
designed lives to suit particular circumstances, for instance to cater for a high
isoceraunic environment. In these cases and also in cases involving plant not
listed in the Table, the planned economic life should be assessed, and adopted as
the life for use in economic comparison studies.

The economic life should be distinguished from the physical life of the equip-
ment or plant. The physical life may exceed the estimate of economic life and
relates to a capability to provide a service. On the other hand, the economic life
is over when it is no longer required for serving its designed purpose. This may
arise because the plant has been superseded, for example tube type portable
radio receiver sets, or has become technologically obsolete, for example manually
controlled filament transformers for transmitting tubes. The concept of economic
life embraces a consideration of the physical life of the equipment or plant and
the above modifying factors. The termination of economic life signals replace-
ment but not necessarily disposal of the equipment.

OPTIMAL REPLACEMENT AGE

In the operation of practically any asset, the nature of which involves expenditure
on the maintenance and operation through its life, the costs will as a general rule
increase as the life of the asset increases. It is frequently desirable to know at the
time that new equipment or plant is being commissioned, just how long it should
be kept operational before being replaced, in order to achieve maximum economy.
An assessment of the appropriate time to replace the equipment or plant with
one performing similar duties can be made if the relevant information concern-
ing operating costs and the residual value can be estimated.
In making this study three assumptions must be made:

(a) The equipment or plant is replaced by an item approximately identical with
the original type.

(b) The same standard of maintenance to ensure dependability, and that proper
operation is maintained throughout its life.

(c) Standards of operating conditions are established.

EXAMPLE 17.2

To illustrate the point, a study is to be made to determine at what age an item of
radio equipment should be replaced to obtain the most economical annual cost.
For simplicity, the operation, maintenance and replacement costs have been
grouped as one cost which is assumed to increase with time. The realisable value
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is reduced with age which means that some loss is sustained by deferring the
retirement of the equipment from service.

The capital installed cost of the equipment is £12000 and because of the
severe environmental conditions, it is estimated to have a physical life of 12
years. The annual maintenance costs and changing realisable values over this
12 year period are shown in Table 17.2.

Table 17.2 ANNUAL MAINTENANCE COSTS AND

REALISABLE VALUE
Annual Realisable value at
Year maintenance end of year
costs (£) &)
1 280 9000
2 375 7000
3 450 5000
4 550 4000
5 750 3000
6 1000 2500
7 1500 2200
8 2200 2000
9 3000 1500
10 4000 1000
11 4500 500
12 5000 Nil

In order to compare the annual costs necessary to retain the equipment in
operation for the various ages of its life, the expenditure for maintenance and
the reduction in realisable value are converted to a present worth at the begin-
ning of the installation period. The resultant present worths can then be recon-
verted to an equivalent uniform annual payment over the various ages by using
the capital recovery factor. The results are shown in Table 17.3.

With an interest rate of 5% the study shows that the least annual cost of
maintaining the equipment is when it has a life between 7 and 8 years. The
equivalent uniform annual payments may be plotted in graph form for simplicity
and Figure 17.1 represents the results of Table 17.3. However it should be noted
that the age of minimum annual charge is not necessarily the economic life of
the equipment after which it should be replaced. What it does indicate is that
this will be the minimum annual charge in the life of new equipment and this
can be used for comparison with the cost of maintaining existing equipment in
service.

RE-USE OF EQUIPMENT OR PLANT

Radio equipment and plant may be replaced for several reasons. In some cases,
for example in increasing the power of a broadcast station, it may be desirable to
buy new equipment rather than redesign and build-up the existing installation,
even though the equipment may be capable of providing many more years of
useful service. This applies particularly where transmitters, receivers and engine-
generators have been provided for standby purposes and often receive compara-
tively little use over a long period. They would not be as efficient as modern
units because of technological improvements.

275



9LT

Table 17.3 CALCULATION OF EQUIVALENT UNIFORM ANNUAL CHARGE

Capital Equivalent
Year n Paymentsin P.W. factor P.W.of payments P.W. of all payments Residual value P, W. of residual  P.W. of recovery uniform annual

year n 5% in nth year for n years after n years value expenditure factor charge

0 12000 1.0000 12 000
1 280 0.9524 267 12267 9000 8572 3695 1.05000 3880
2 375 0.9070 340 12607 7000 6349 6258 0.53780 3366
3 450 0.8638 389 12996 5000 4319 8677 0.36721 3186
4 550 0.8227 452 13448 4000 3291 10157 0.28201 2864
5 750 0.7835 588 14036 3000 2351 11685 0.23097 2699
6 1000 0.7462 746 14782 2500 1866 12916 0.19702 2545
7 1500 0.7107 1066 15848 2200 1564 14284 0.17282 2469
8 2200 0.6768 1489 17 337 2000 1354 15983 0.15472 2473
9 3000 0.6446 1934 19271 1500 967 18 304 0.14069 2575
10 4000 0.6139 2456 21727 1000 614 21113 0.12950 2734
11 4500 0.5847 2631 24 358 500 292 24 066 0.12039 2897
12 5000 0.5568 2784 27142 Nil Nil 27142 0.11283 3062
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Figure 17.1 Optimal replacement age

The main point to be taken into account when considering the re-use of
equipment or plant at another project situation is that the alternative which
involves the replacement, bears the cost of:

(a) Recovery of the equipment or plant. The recovery cost is likely to be greater
if re-use is contemplated and it is carefully taken out, instead of being
ripped out for scrap.

(b) Transportation to workshops for overhaul or to the new site for re-installation.

(c) Overhaul.

(d) Installation and setting to work at the new site.

(e) Storage charges pending re-use.

At the same time the alternative scheme must be given credit for the materials
being re-used. The credit is assessed as the cost of an installation which would be
involved in providing the same service at the new site, This credit value minus
the cost of recovery, transportation, overhaul, storage and re-installation is
equivalent to the second hand value of the equipment or plant being replaced
and is a net credit to the replacement scheme. It can also be considered as a
debit to the retention scheme.

In an economic comparison study to determine whether to retain the existing
installation or sell it at its second hand value, the procedure is the same as
comparing whether or not to buy some similar equipment at its second hand
price. Capital recovery charges are debited against the installation based on the
second hand price and taken over a period equivalent to the remaining economic
life. The difference, financially, will be the same whether the installation is
retained and no new expenditure is incurred or is disposed of at its second hand
price and cash is received or again, whether new equipment is not purchased,
with no expenditure being incurred or the equipment is bought at its second
hand price, when expenditure is incurred. In both cases either the installation is
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held or the cash, but not both. This is illustrated in an example of a study made
to determine whether to replace or scrap part of an existing radio transmitting
station installation.

EXAMPLE 17.2

The first scheme involved alteration to the existing installation to allow for
remote control and monitoring at a cost of £5000, and the provision of additional
power supply equipment to cater for increase in power output, at a cost of
£10000. The station equipment was to be completely overhauled concurrently
with the upgrading and was expected to have an economic life of 20 years. Total
annual maintenance and operating costs were estimated to be £9000, including
mains power consumption costs.

The second scheme involved the recovery of the existing installation and
replacement with a new type of equipment which would provide for all necessary
requirements, The cost of the new equipment, installed and set to work was
estimated at £45000 and the annual maintenance and operating charges at
£7500. The cost of recovery, transport and disposal of the old installation was
estimated to just cover the value as scrap.

The annual charges of the two schemes at 5% interest rate were calculated as
follows:

Retention Scheme

(a) Capital recovery cost (£5000 + £10000) x 0.08024 = £ 1204
(b) Annual maintenance and operating costs of upgraded

installation = £ 9000

Total annual cost = £10204

Replacement Scheme
(a) Capital recovery cost (£45 000 x 0.08024) = £ 3611
(b) Annual maintenance and operating costs of

new installation = £ 7500

Total annual cost = £11111

From an economic point, the first scheme is the more attractive because the
cost difference in annual charges is £907 less.

The existing installation was however of a type which could be economically
used at another station which was being expanded at the time. When this aspect
was taken into account the costs involved in the replacement schemes were
shown to be:

(a) Careful recovery of the equipment to minimise damage =
(b) Crating and package of materials =
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(c) Transport to workshop for overhaul and later transport

to the new site = £ 100

(d) Overhaul cost, including new components for frequency
change etc. = £1200
(e) Installation costs at new site = £2100
(f) Incidental costs = £ 200
Total annual cost = £4000

The inclusive capital cost for providing an identical new installation at the
new site was estimated to be £18 000. The net residual value of the replaced
equipment was therefore £18 000 — £4000 = £14 000. The study then showed:

Retention Scheme

(a) Capital recovery on upgrading existing installation to

meet new requirements (£5000 + £10000) x 0.08024 = £ 1204
(b) Capital recovery on the residual value of the equipment
(£18 000 — £4000) x 0.08024 = £ 1123
(c) Annual maintenance and operating costs of upgraded
installation = £ 9000
Total annual cost = £11327
Replacement Scheme
(2) Capital recovery cost (£45 000 x 0.08024) = £ 3611
(b) Annual maintenance and operating costs of new
installation = £ 7500
Total annual cost = £11111

The replacement scheme was theretore the more economical by £216 per
annum. The capital recovery charges on the residual value of the equipment in
the retention scheme are considered an annual charge on the non-realisation of
the second hand value.

In studies where the remaining life of the installation being considered for
replacement is less than the life of the replacing installation, the study is generally
carried out on a present worth basis over the remaining life of the installation
being considered for replacement.

The possibility of re-use of equipment or plant for installation elsewhere
depends not only on the physical and electrical condition of the installation, but
also whether there will in fact be a use for it at the end of its period of require-
ment at its present location. The engineer must keep in mind in any study with
re-use under consideration, that a more desirable alternative may become avail-
able by the time the re-installation has to take place.
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Chapter 18

Depreciation

VALUE DEPRECIATION

The present value of equipment or plant is in general less than the original cost,
and radio facilities are no exception. This decrease in value is due to a number of
causes, among which are deterioration due to exposure, use, obsolescence or the
introduction of more efficient types of equipment and plant to provide the same
service. Technological development may be such that new equipment, a duplicate
of the old, can be produced at a lower cost and operate at a higher efficiency. It
is normal practice to counterbalance this depreciation in value by setting up a
depreciation account. An adequate part of the total capital expiry must be
assumed to have taken place each year of the useful life of the facility and this
must be made good or paid for as an essential operation or overhead expense
before the results of working can be declared. Prudence naturally demands that
some yearly provision be made for depreciation but whether made or not the
cost has been incurred and sooner or later must be reckoned with.,

The initial capital cost of an item or facility can be considered as payment in
advance for the service it provides. As an example, the purchase of a broadcast
transmitter is part of the payment for so many hours of transmission. However,
land and access roads required for the establishment of stations are assumed to
be imperishable and no depreciation cost is incurred. The annual cost of using
the capital involved consists of the interest payments only and no charge is made
for replacing the capital.

The payments to the depreciation account are such that the cumulative total
over a period equal to the average life of the installation, after due allowance has
been made for its residual value, amount to the initial cost. This account plus the
residual value would normally be used to pay for renewal of the installation,
assuming on the average that materials, labour and incidental costs are constant.
Depreciation provision is a component of operational costs, not an allocation of
surplus. It cannot be taken away from profits, because until it has been provided
no profits can be said to exist. This interpretation of depreciation is in line with
that of the accountant who aims at returning the original capital outlay to the
investor on withdrawal of the installation from operation or service.

In practice, the situation is usually complicated by the replacement consisting
either of a different size or type, or else of an installation provided at a different
price level. The former variation, if it can be foreseen, need not affect the
depreciation provision made for the initial installation. If the replacement is
bigger, its extra cost can legitimately be covered by an increased borrowing on
capital, coupled with the institution of large depreciation provision on the new
purchase, The variation due to price level, however, is a much more difficult
problem and is discussed subsequently.
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Generally, in engineering, depreciation is not calculated by endeavouring to
determine a value of the installation at the end of each year and then deducting
this amount from that determined at the end of the previous year. It can be
calculated in several formalised ways, so that the procedure is one of allocation
rather than valuation. The engineer in making an economic study deals with the
same phenomena as the accountant in depreciation accounting, but whereas the
accountant deals with broad average situations, peculiar to existing installations
and to current periods, the engineer is concerned with more specific situations
involving, in the main, future periods. The engineer is interested in those factors
which are susceptible to future control, while the accountant is interested in
total costs.

The rate at which deterioration takes place will vary with different installations
and plant and can best be assessed in the light of experience. On account of this
difference in the rate of deterioration, there have arisen several different methods
of computing depreciation. Which method to use in any given instance or situation
can best be determined by experience and is a matter for the engineer to decide.

STRAIGHT LINE DEPRECIATION

This method of depreciation which is the most popular method of unit accounting
is sometimes alternatively known as the fixed instalment method.

The straight line formula, as its name implies, assumes that the depreciation
each year is the same amount. The value falls in a straight line from its initial cost
at the beginning of its economic life to the estimated salvage value at the end.
The amount of depreciation in any one year can be expressed as follows:

initial cost — estimated salvage value

Straight Line Depreciation =
estimated life (years)

The rate of depreciation is

100
estimated life (years)

per cent per annum

the rate in this case being expressed per cent of the wearing value.
An antenna switching matrix costing initially £200000 to install and with a
salvage value of £2000 after 25 years service would have a depreciation of

£200 000 — £2000
25

as calculated by the straight line depreciation method.

If the salvage value is estimated to be zero, the straight line depreciation
would be £200000/25 = £8000 per annum,

Instead of a time base, a service base may be used, so that the depreciation
can be charged as so much per unit of service. As an example, if a transmitter is
estimated to work for 150 000 hours during its useful life, after which it will be
scrapped, and its service life is estimated to be 25 years, sufficient information is
available to be able to calculate the depreciation in terms of transmitter hours.

= £7920 per annum
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The advantages of the straight line method of depreciation are:

(a) It is simple and calculations are straight forward.
(b) The depreciation instalments completely write off the initial capital cost
over the estimated life period of the facility.

The disadvantages are:

(a) It makes no allowance for the interest on the depreciation fund.
(b) It does not balance the inequality of operating and maintenance charges
which tend to increase with time.

FIXED PERCENTAGE DEPRECIATION

In this method, a fixed percentage of the remaining capital (book value) from
the preceding year may be computed for each year. The percentage may be 10,
20 or other value, and always leaves a final value in the last year which may be
considered as salvage value.

If the fixed percentage depreciation method is applied to the previous example
at the rate of 10%, the depreciation in the first year amounts to: 10% X
£200000 = £20000. In the second year the depreciation charge would be:
10% x (£200000 — £20000) = £18000. In the third year the depreciation
would be 10% x £162 000 = £16 200 and so on until the 25th year.

This method represents more accurately the actual value of many installations.
Many types of radio plant, particularly mechanical aids, depreciate much more
readily in their first years of life than later, and even after they have reached the
end of their useful life they may, if adequately maintained, continue to give
service for several years.

The main disadvantages of this method are:

(a) No allowance is made for interest on the depreciation fund.

(b) Because the charge varies from year to year, it introduces problems where
price-fixing is involved.

(c) It cannot be used with an asset which has zero salvage value at the end of
its estimated life.

Its main advantage is that it ensures that the depreciation which is written off
in the early years of the life of the asset is at a high rate, thus offsetting the fact
that it is most likely that the maintenance and operation charges will be at a low
value during the early part of the life.

SINKING FUND DEPRECIATION

In this method equal annual instalments are assumed to be invested and to earn
interest, so that at the time of retirement the paid-off principal plus accrued
compound interest equals the value of the installation The payments are assumed
to be made into a special fund, called a sinking fund.

The amount which is charged to the depreciation reserve consists of this
sinking fund payment together with the added interest on the accumulated sinking
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fund and the book value of the installation at any time is taken to be the initial
capital installation value less the amount accumulated in the sinking fund. It is
to be noted that the interest is on the sinking fund accumulation and not on the
original capital.

The annual instalments are lower than the straight line method but when the
effect of interest on capital is considered the overall result is the same. This is
because, with the straight line method, the outstanding capital on which interest
is payable is steadily reduced whereas with the sinking fund method the whole
of the original capital is charged with interest until the installation is retired.
Another point is that the sum of the annual charges which are the annual sinking
fund deposits, plus interest on all previous deposits, together with the interest on
the undepreciated value, is constant with the sinking fund method.

If the sinking fund depreciation method is applied to the antenna switching
matrix example at an interest rate of 10%, then the uniform end-of-the.year
payment into the sinking fund will, for a Sinking Fund Factor of 0.01017 be:

(£200000 — £2000) x 0.01017 = £2013 per annum.

The uniform end-of-year payment will be the payment into the sinking fund
for the first year. In following years however the amount to be depreciated will
increase because of the interest which is added. In the above example, the 10%
interest will increase the payment in the second year to £2214.

The advantage of the sinking fund method of depreciation is that it is based
on sound principles of compounding or discounting.

The disadvantages are:

(a) The depreciation fund does not grow rapidly enough in the first few years
and consequently there could be aloss in the event of the installation being
prematurely retired.

(b) The alleged intricasy and the need for accurate accounting.

ANNUITY METHOD

In this method, an equal amount is set aside each year for the service life of the
installation and accumulated to the end of the period. If the present value of the
sums set aside isequal to the cost of the installation, then the accumulated amount
at the end of n years of the sums set aside is equal to the accumulated amount of
the cost of the installation. Thus, at the end of the service life there is more than
enough to replace the installation at the original cost. There is in addition, the
compound interest on the original cost for n years. Thus, the annual payment is
the same as that into a sinking fund which is to be used to extinguish the debt
due at the end of the service life with interest.

The difference between the annual payments in the sinking fund method and
the annuity method is simply the annual interest on the original cost. Whether
the installation does or does not have a scrap value at the end of its service life, it
can be shown that the difference in the annual payment is the annual interest on
the original cost.

This method of depreciation rests upon the assumption that the cost of
operation dependsin part upon interest on the capital invested in the installation.
On this assumption depreciation is a constant annual charge sufficient to cover
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both the decrease in value of the installation and interest on the declining value.
Forif the money wasnotinvested in the installation it could be profitably invested
in securities etc.

SUM-OF-THE-YEAR'’S DIGITS METHOD

There is some similarity to the fixed percentage technique with this method but
the principal reason for its retention is because the computations are more
quickly made.

An illustration will suffice to make this method clear. From the matrix switch
example at the beginning, the years of life of the switch are 25. At the end of the
first year, the years of life are 24 and so on. Now

254+24+23+22 ... +4+3+2+1=352

This number 352 is said to be the sum of the years of life and is the base number.
The depreciation at the end of the first year is assumed to be 25/325 of the total
depreciation of (£200000 — £2 000). The depreciation at the end of the second
year is assumed to be 24/325 of the total depreciation and so on.

Of the five methods of depreciation accounting discussed, the straight line
method and the sinking fund method are the methods most frequently
encountered in practice in computing depreciation for radio engineering
installations. In neither case is interest on the original cost considered in building
up a replacement fund. In the straight line method, no interest is computed on
the annual payments into the replacement fund. In the sinking fund method,
interest is computed on the annual payment into the replacement fund. Thus the
constant annual payment by the sinking fund method is less than by the straight
line method.

A factor frequently used and of special significance in engineering economic
studies is the uniform series capital recovery factor. It consists of the sinking
fund factor plus the interest rate on the capital. When the capital investment is
multiplied by the factor, it gives the uniform annual payments over n periods of
time which are required to recover the capital investment and the interest to be
paid on it. The factor can be easily calculated from tables of single payment
compound amount factors. When the residual value of the installation is zero the
capital recovery factor which includes the interest payments can be applied
directly. If the installation suffered no loss in value during its life, and its residual
value was the same as the original cost, the annual cost of using the capital would
consist of interest charges only. No charge would be made for replacement of
the capital. This applies particularly to the land required for station installations.

TYPICAL DEPRECIATION EXAMPLES

The following examples are typical of the studies carried out in connection with
depreciation of the various types of radio equipment and plant.

EXAMPLE 18.1

Two transmitters of different manufacture, efficiency and physical size, but
providing the same type of service are to put into service on a point-to-point link

285



DEPRECIATION

on a continuous operating basis. They are to be installed in a rented building at a
charge of £1.00 per square metre of floor area and because of a particularly severe
environment are expected to have alife of only 10 years on site.

Details of the two units are as follows:

Transmitter No. 1

(a) Capital cost installed = £5000

(b) Area occupied, including area for stores 200 m?

(¢) Operating and maintenance costs, including
overhead and power

£5256 per annum

(d) Salvage value £1600

Transmitter No. 2

(a) Capital cost installed = £3500

(b) Area occupied, including area for stores = 391 m?

(¢) Operating and maintenance costs, including
overhead and power £5100 per annum
(d) Salvage value £600
On the basis of 5% interest rate and the straight line depreciation method it is
desired to determine at what operating time per annum the two transmitters will
cost the same amount.

Transmitter No. 1

(a) Annual interest charge £5000 x 0.05 =£250
(b) Annual depreciation, neglecting interest
on deposit (£5000 — £1600)/10 = £340
(¢) Annual rental for building space =£200
Total =£790
Transmitter No. 2
(a) Annual interest charge £35000 x 0.05 =£175
(b) Annual depreciation, neglecting interest on
deposit (£3500 — £600)/10 = £290
(¢) Annual rental for building space =£391
Total =£856

Annual difference in these costs is £856 — £790 = £66.
On the basis of continuous operation, (i.e. 365 x 24 = 8760 hours per year) the
operating costs are:

Transmitter No. 2

5100 x 100

p per hour = 58.2 p per hour
8760
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Transmitter No. 1
M p per hour = 60 p per hour
8760

The difference in operating costs is therefore:

(60 —-582)p = 1.8 p per hour

To cover the annual cost difference the required operating time is:

66 x 100
1.8

= 3667 hours
=153 days

hours

EXAMPLE 18.2

For equipment such as a single channel v.h.f. radio telephone system which is
often installed on a short term basis in more than one situation, to meet an
immediate communication need pending major cable relief, it is necessary to
consider the cost of more than one installation and recovery.

A v:h.f. single channel system comprising two terminals, is estimated to have
an average life of six yearsin any one situation and an economic life of 18 years.
This would mean installation and recovery three times during its economic life.
The costs involved in each case are estimated to be:

(2) Equipment cost, including radio equipment, antennas

and towers for two terminals = £7000
(b) Installations,including tower foundations and
commissioning both terminals = £5000
(¢) Transport costs = £ 150
(d) Administration and overhead charges = £1450
Total installation cost = £13600
(e) Recovery, including making good any damage = £ 400
(f) Installation at another site, including new foundations
for towers = £5000
(g) Transport costs = £ 150
(h) Administration and overhead charges = £1450
Total installation cost = £7000
(1) Scrap value of materials after 18 years service = £ 350
(i) Charges associated with recovery, including administration,
overhead and transport = £ 350
Residual value at end of economic life =  Nil

With an average life of 6 years at each situation, three installations are involved.
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First Installation

Residual value = Original cost — recovery and reinstallation costs
= £13 600 — £7000

=£ 6600
Percentage residual value = 6—-6-?)—0 x 100
=48.53%

Second Installation

Equipment and plant which during their complete service life are issued and
returned to store are generally accounted for at their first cost until finally retired
and scrapped.

Hence residual value and the percentage residual value for the second install-
ation will be the same as the first, under normal conditions.

Third Installation

As the equipment and plant are scrapped after the third installation the residual
value after recovery and disposal will be nil.

For depreciation purposes based on the life of one installation, it is necessary
to assess an average residual value of one installation based on an assessed residual
value at each recovery. As the residual value at the end of the final installation
is nil:

48.53+4853+0
Average residual value = %

3
=32.35%

If we assume a straight line method of depreciation the percentage depreciation
rate is:

_ (100 — 32.35) %
6
In this case = 11.28 per cent of £13 600 = £1534.

It is a relatively simple matter to show that this method provides for ample
payments to the depreciation reserve.

The total capital outlay during the 18 years of service by the system
= £13 600 + £7000 + £7000

= £27 600
and the payments to the depreciation reserve = 18 x £1534 = £27 612.
EXAMPLE 18.3

The following example illustrates the application of straight line and sinking fund
methods of depreciation for a typical 50 kW medium frequency broadcast station
with an anti-fading radiator.
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The transmitting station cost £860 000 to establish. The transmitter building
cost £400000 and a combined standby power/workshop building £150000.
Radio equipment inside the buildings and including power plant cost £200 000
and external plant including the antenna cost £110000.

The building was estimated to have an economic life of 60 years after which
the salvage value would be nil, while the estimated life of the radio installation
was 25 years with a salvage value of £12 000.

With an interest rate of 5%, it is desired to ascertain the total annual deprecia-

tion charges in the 7th year after commissioning of the station, and also the
book values.

(a) Straight line method

(1) Transmitter building = £400000
(ii) Power and workshop building =£150000
Total = £550000

(iii) Annual depreciation charge for buildings

550000
= =£9166
(iv) Radio internal equipment = £200 000
(v) Radio external plant =£110000
Total = £310000

(vi) Annual depreciation charge for technical facilities
_ (£310000 — £12000)

=£11920
25
Total annual depreciation charge
£9166 +£11920 =£21086

The book value of the installation after a period of 7 years is £550000 +
£310000 — 7(£21 086) = £712 398.

(b) Sinking Fund Method

(i) Buildings, 60 year life
Depreciation in first year = £550000 x 0.00282 = £1551.
The amount to be charged to the fundin the 7th year
=£1551(8.142 — 6.801)= £1551 x 1.341 = £2080.
(ii) Radio installation, 25 year life
Depreciation in Ist year = £298 000 x 0.02095 = £6243.
The amount to be charged to the fund in the 7th year
=£6243(8.142 — 6.801) = £6243 x 1.341 = £8372.
(iii) Total depreciation in the 7th year = £2080 + £8372 = £10452
(iv) The book value of the two station buildings after 7 years
= £550000 — (£1551 x 8.142) = £550000 — £12 628 = £537372.
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The book value of the radio installation after 7 years

= £310000 — (£6243 x 8.142) = £310000 — £50830 = £259170.
Hence the total book value of the installation after a period of 7 years is
= £537372 + £259 170 = £796 542.

EXAMPLE 18.4

The following example illustrates the application of the fixed percentage depre-
ciation method. It should be noted that this method cannot be used where an
installation has zero salvage value at the end of its estimated life.

A h.f. transceiver was to be fitted to a trawler as part of a prawning venture at
a total installed cost of £2200. Because of previous experience with radio equip-
ment operating under similar environmental conditions, it was estimated that the
unit would be scrapped after 5 years and realise £110.

Since the depreciation under this method is a fixed percentage k of the value
at the beginning of the year.

k=1_/110
v 2200

=1— /005
=1-0.54928
= 0.4507 = 45.07%

The following lists for each year the depreciation and the value at the end of
each year of the transceiver.

Year 45.07% of Depreciation Value at end of year
®) (£) (£)
0 — — 2200
1 2200 991 1209
2 1209 545 664
3 664 229 365
4 365 165 200
5 200 90 110

An important point about this method of depreciation is the sudden drop in
valuation during the first years of use of the transceiver.

Although the service life assessment is needed, an inaccurate value does not
seriously affect the correctness of the accounting since the balance diminishes
relatively slowly in the latter years, and the annual contribution is small.

EXAMPLE 18.5

Many radio installations consist of several different items of equipment and
plant. These items often have different initial costs, different scrap values and

have different service lives.
The vapour phase cooling system of a high power transmitter is a typical
example as it consists of the following major items:
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Item Cost (£) Scrap Value (£) Life (years)
Heat exchanger and piping 12000 0 25
Fan and motor 400 50 15
Deionizer unit 200 20 10

The engineer was required to determine the total annual depreciation and the
composite life of this installation on a 5% basis.

Obviously, the total annual depreciation charge for such a unit is the sum of
the annual depreciation charges for the several parts.

The total annual depreciation is equal to:

_ 12000 350 180
CAF(25) CAF(15) CAF(10)
12000 350 180
+ +
47727 21579  12.578

Il

£251.4 +£16.2 + £14.3

Hence total annual depreciation charge = £281.9
The wearing value is £12 000 + £350 + £180=£12 530
and the composite life is

12530
log (1 +
281.9

x 0.05)

= years
log 1.05

log2.2  0.3424
log 1.05 0.0212

16.1 years

It is of interest in this particular example that a life of 25 years was assumed
for the heat exchanger at the time that the study was conducted. However in
the actual field installation where three units were installed all three were
replaced after only 5 years service due to severe corrosion problems experienced
with the copper cooling fins of the radiator elements. Fins on the heat exchanger
of the station air conditioning system were similarly corroded.

FURTHER READING

MARSTON, A. R., WINFREY, R. and HEMSTEAD, J. C., Engineering Valua-
tion and Depreciation, McGraw-Hill, New York, 1953

NASH, L. R., Anatomy of Depreciation, Public Utility Reports, Washington,
D.C., 1947

SPENCER, M. H. and SIEGELMAN, L., Managerial FEconomics, Irwin, Home-
wood, Il., 1959
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Chapter 19

Cost Comparison Studies

The aim of cost comparison studies is to determine which of several alternatives,
providing approximately the same facilities has the least cost expressed as the
present worth of all associated expenditure and to show the difference between
the alternatives.

There are many factors involved in a cost comparison and for the specific
system all must be considered. In the case of a communication system between
two points, for example, they may include:

(a) The first cost of the installation of all associated communication equipment
required for the system, and not just the cost of the radio bearer.

(b) The first costs of all the support facilities including buildings, site, access
roads, fencing, drainage, fuel storage, power etc.

(¢) The various alternative types of systems which could provide the desired
communication needs. These may include high frequency, line-of-sight
microwave relay, tropospheric scatter, satellite, submarine or telephone
cable systems.

(d) The annual maintenance and operation charges including wages and salaries
for personnel, power, fuel, annual inspections, spare parts, transportation,
administration, overhead expenses, taxes etc.

(e) The needs for ensuring the security of the system such as fire protection,
vandalism, environmental conditions (high winds etc.), susceptibility to
jamming or other forms of electrical interference etc.

(f) Traffic studies to assess circuit requirements for future years in order to
determine capacity and the expected revenue from the installation.

It is necessary to compare the alternatives over a period sufficiently long to
reveal the cost adequately, but not too long, because the reliability of forecasts
decreases with the length of the period covered. The length of the period chosen
will depend on the nature of the scheme, but normally for radio engineering
purposes would seldom exceed 20 years.

The studies are concerned with relative costs and in the interests of simpli-
city costs common to all alternatives are ignored. The comparison therefore
does not establish the total cost of any plan nor does it reveal the profitability
or otherwise of a project. The costs take into account all the payments which
must be made at various times over the study period in acquiring equipment and
plant, in installing and maintaining it in service, and in obtaining the facilities
which the plant is designed to supply.

In addition to comparing costs of alternative systems, cost studies allow the
engineer to determine the relative cost of each major element of the project.
Broadcast station estimates, for example, include the costs of transmitters,
programme input equipment, test equipment, antenna, transmission lines,
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matching equipment, power supply, programme lines, maintenance spares and
other equipment, and their installation. It also includes the cost of purchasing
the site, construction of buildings, access roads and connection to the power
mains. This sort of general perspective is valuable in focusing attention on the
relative importance of the various parts of the project and showing where effort
at reducing costs will be the most rewarding, if the project is successful.

The cost of a plan can be divided into four basic sections: Capital Cost;
Maintenance Cost; Operating Cost; Retirement Cost.

Subject to some reservations, they constitute the cost of a plan and form the
basic material on which present worth studies are based. Payments which took
place before the beginning of the study period are not considered as part of the
cost of a plan. They are sunk costs and remain unaffected by any later decision.

The following selected examples are typical of economic comparison studies
carried out in radio engineering practice. Costs used are not necessarily in line
with present day values but are used simply to illustrate the method of working
the problem.

EXAMPLE 19.1

Broadband Radio Relay System and Coaxial Cable

A communication system was to be provided between two centres to give
initially 1200 channels for telephony plus a television circuit. The centres were
1600 km apart with two intermediate major stations. Commercial power was
available only at the terminals and the two intermediate stations. An economic
comparison was to be made between a broadband system and a 2 tube coaxial
cable system. A 4 tube coaxial cable was also to be taken into reckoning in
consideration of possible heavy future demand.

The following points are relevant:

(a) Multiplex equipment was regarded as being approximately equivalent for
each solution and was not taken into consideration. Similarly, signalling
equipment was taken as common to both systems.

(b) Although survey work for the two systems takes different forms, experience
has shown that the estimates would both be about the same cost and this
charge also was deleted from the comparison study.

(c¢) In the assessment of building costs, no account was taken of proposed new
buildings at the two intermediate stations as these buildings were common
to all studies. Existing buildings were available for the terminal equipment.

(d) All costs were based on same-date prices. It was assumed that escalation
would be approximately the same for all solutions and was not taken into
account.

(e) It was difficult to provide an assessment of equipment obsolescence. It was
considered likely that economic obsolescence would antedate any significant
degradation in equipment performance.

Capital cost of radio equipment including installation costs was as follows:

Item Cost (£M)
(a) Radio equipment, including feeders and antennas 2.6
(b) Towers, including foundations 1.0
(c) Power supply, including fuel storage facilities 1.3
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(d) Equipment shelters

(e) Spare parts for radio equipment and power plant
(f) Test equipment for four stations

(g) Workshop and repair facilities

(h) Sites, including access roads, fencing and site works
(i) Freight charges

(i) Engineering administration and overhead, documentation,

vehicles, training, supervision and commissioning

Capital cost of a coaxial cable system, including installation costs was:

Ttem

(a) Cable, nylon jacketed, lead sheath and
polythene lightning protection sheath

(b) Cable installation, laid solid mole plough
and rock excavation

(c) Contingencies, 25%

(d) Freight of cable to pegs

(e) Carrier equipment, 12 MHz system installed

(f) Test equipment for main stations

(g) Power plant

(h) Spare parts, including spare cable section

(i) Freight of material other than cable

(j) Sites including access tracks to buried manholes,
property gates, right-of-way etc.

(k) Engineering administration and overhead, docu-
mentation, mechanical aids, vehicles, training,
supervision, camps and commissioning

Total installed cost

An economic comparison study gave the following costs:

Radio relay

system (£M)
Capital Cost 7.7
Obsolescence Towers
Shelters }40 yIs
Site Works
Equipment 25 yrs

Annual charges 5%

Capital recovery 0.511
Maintenance charges 0.085
Present worth of annual
charges (20 y period)  7.43
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2 Tube coaxial
cable system (£M)

8.2

Cable

Site Works } 40 yrs

Equipment 25 yrs

0.495
0.065

6.98

0.65
0.25
0.22
0.03
0.72
0.07
0.86
7.7
2 Tube 4 Tube
(&M) (£M)
4.0 5.0
1.3 1.4
0.32 0.35
051 0.63
0.8 0.8
0.15 0.15
0.12 0.12
0.05 0.06
0.07 0.07
0.04 0.04
0.84 0.98
8.2 9.6

4 Tube coaxial
cable system (£M)

9.6

Cable

Site Works § 40 ¥1s

Equipment 25 yrs

0.576
0.065

7.99
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The figures do not include any duty or sales tax or other form of taxation,
rates or rentals which may be applicable. The economic life of the cable was
taken as 40 years as experience had shown this to be a reasonable period in an
ideal situation. However, in the particular example the route was along a path
which had a particularly aggressive environment. Lightning was severe, isoceraunic
levels up to 90, and termites were of major concern to existing underground
construction. Although a nylon sheath was proposed to combat termites and a
50 mil polythene sleeve for lightning protection, the technique had not been
fully field proven at the time.

If it is assumed that the life of the cable should be reduced from 40 to 25
years, the same as the carrier equipment, because of the environmental con-
ditions, it is interesting to note the effect on the study. The life of the radio
plant has been assumed to remain the same as lightning and termites are con-
sidered to have negligible effect on a properly engineered system. Special earthing
provision for the towers has already been included in the tower costs.

Radio relay 2 Tube coaxial 4 Tube coaxial
system (£M) cable system (EM) cable system (£M)
Capital Cost 7.7 8.2 9.6
Obsolescence . Towers
Shelters }40 yIS Cable 25 yrs Cable 25 yrs
Site Works
Annual charges 5%
Capital recovery 0511 0.581 0.680
Maintenance charges 0.085 0.065 0.065
Present worth of annual
charges (20 y period) 7.43 9.1 10.5

For a plant life of 40 years for the coaxial cable, the 2 tube system is the
most economical arrangement based on the present worth of annual charges.
However, for a plant life of 25 years for cables, the radio system is the most
economical arrangement. This highlights the need not to conclude too hastily
from figures presented from an economic comparison study without proper
examination of all the facts and the assumptions made. In the first place, any
economic comparison of this type is an attempt to reduce constant conditions,
a situation which involves time and is thus subject to variations with time.

A major factor in this particular problem is the expected life of the cable, an
estimate of probable condition 25 years hence and this poses two questions:

Are the environmental conditions such that the useful life of the cable will
be reduced to 25 years?

How effective will the nylon jacket be against termites and the polythene
sleeve for lightning protection?

Another factor which must be kept in mind is the influence of world copper
and lead prices on cable. Experience in recent years has shown that the market
is subject to unexpected price rises, which add sharply to the price of cable.

In making a decision, other factors which cannot be evaluated in money
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terms must also be considered. For example, it may be possible to secure radio
equipment in sufficient time to meet the target date whereas to produce 1600
km of coaxial cable may be a long term operation. Also, specialist radio staff
may not be readily available to maintain the radio system, whereas staff may
be already stationed along the route to maintain cable type equipment.

A further aspect which is important in an examination of main line com-
munication circuits is the question of reliability. In the example, the reliability
of the radio system was based on 5 hours total cutage per year. Experience with
typical modern systems indicates, however, that 2 hours total outage per year
or 99.98% can be achieved. This does not take into consideration any planned
outages. The reliability estimate for the cable route was based on statistical data
taken from other installed broadband cable systems and modified according to
estimates of improved reliability arising from experience with:

(a) Ploughed cables which are free from early year faults caused by backfill,
after trenching.

(b) The remote location of the route which would pass through only a small
percentage of built-up areas which have been shown to be the areas of
greatest likelihood of mechanical damage to buried cables.

{c) Modern buried transistorised cable systems which have a small incidence
of component failure.

On this basis one cable fault and one carrier equipment fault per annum for
the 1600 km route was estimated with a mean outage time of 7 hours and 1.5
hours respectively in the case of the 2 tube cable, or 99.90% reliability, and 6
hours and 1.5 hours respectively in the case of 4 tube cable or 99.91% relia-
bility. The 4 tube cable if fitted with repeaters on the spare tubes would offer
slightly greater reliability than the 2 tube cable, but with the likely staff dis-
persal along the long route, travelling time would probably constitute the
greater part of the outage time.

It is often necessary to meet a requirement for wayside traffic on a route as
long as in this example, and in this regard radio could provide sub-baseband
channel circuits. Some needs may require the addition of v.h.f. or u.h.f. short
haul radio systems at additional cost. Alternatively, drop and insert facilities
could be provided. Both 2 tube and 4 tube cable systems provide a flexibility
to serve circuit requirements to small offices along the route, and can readily
cater for greater developments if necessary, by supergroup dropout, should
some point become an area of substantial development.

Cost considerations are, of course, of major importance but in planning a
main line system, geographical and technical consideration must be taken into
account. The type of terrain over which the system has to be installed, accessi-
bility of selected sites for installation of intermediate repeater stations and the
availability of power may well be predominating factors governing the choice

of a system,
Even where the geographic features do not clearly indicate the advantage of,

say, a radio system, the calculation of the relative costs may be no easy exercise.
At large city terminal or intermediate stations, road and footpath excavation
work for coaxial cable laying is generally a very expensive operation. Where
congestion exists, other utility services may have to be shifted, manholes may
have to be rebuilt and in some cases these problems and difficulties may well
override the more costly items of the equivalent radio system. Economic
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comparison studies should therefore be made only after full knowledge has
been gained of the proposed route and the problems involved, in order to make
such a cost comparison realistic.

EXAMPLE 19.2

Parallel and Standby Transmitters

A medium frequency broadcast station was to be established on the outskirts of
a large town with an authorised output power of 10 kW. In examining the tenders
for the transmitters, the engineer was faced with the problem of deciding between
two schemes offered. One comprised two 5 kW transmitters normally operated
in parallel to give the desired 10 kW to line, but with the capacity for providing
a 5 kW standby transmission on one transmitter, should the other unit be faulty
or be down for maintenance. The second offer comprised a 10 kW transmitter
and a 2 kW separate unit. The 2 kW unit was to act as standby for the 10 kW
unit.

The following points were relevant:

(a) The programme input equipment, transmission lines, antenna system and
emergency power were common for both systems and were not taken into
consideration.

(b) The floor space requirements for two 5 kW units plus combining unit was
almost identical with that required for the 10 kW plus 2 kW unit.

(c) Because of proximity of the site to the built-up area, management expected
to vacate the site after 18 years and to install a new installation on another

site.

The estimated salvage value of the transmitters after this period was:
(i) twin 5 kW units, including spares held = £2000
(ii) 10 kW unit, including spares held =£1700
(iii) 2 kW unit including spares held =£ 500

Although the 2 kW transmitter would have had relatively little use by the
end of the period, there would probably be small demand on the market
because of rapid changes in the state-of-the-art and improved efficiency
which usually takes place with transmitting equipment over such a long
period.

(d) The station was to be fitted with a recovered power plant considerably in
excess of requirements and it was assumed that no extra capital costs would
be incurred to cater for periods when the 10 kW and 2 kW units were run-up
together, prior to changeover.

(e) The capital cost of the two 5 kW units plus combining unit, installed, and
commissioned was £50 000. Spare parts amounted to £5000.

(f) The capital cost of the 10 kW unit installed and commissioned was £35 000.
Spare parts amounted to £6000.

(g) The capital cost of the 2 kW unit installed and commissioned was £12 000.
Spare parts amounted to £2200.

(h) The 10 kW/2 kW combination required a transmission line switching system
estimated to cost £1500.

(i) The annual operating and maintenance charges including labour, parts and
power for the twin 5 kW units were estimated to be £17 800 while the
10 kW/2 kW combination were estimated to be £17450.
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(j) Interest rate of 10% was applicable for the economic study.
(i) Twin 5 kW Units
Capital recovery

(£55000 —£2000) x 0.12193 = £ 6462
Interest on salvage value of

recovered transmitter (£2000 x 0.1) =£ 200
Annual operating and maintenance charges = £17 800

Total = £24462

(i) 10 kW/2 kW Units
Capital recovery 10 kW trans.

(£41000 —£1700) x 0.12193 = £ 4792

Capital recovery 2 kW trans.

(£14200 —£500) x 0.12193 = £ 1670

Capital recovery line switch

(£1500 x 0.12193) =£ 183

Interest on salvage value of recovered

transmitters (£2200 x 0.1) =£ 220

Annual operating and maintenance charges = £17450
Total = £24315

The economic comparison study shows that the 10 kW/2 kW combination is
the more economical solution to the extent of £147 per annum. However, the
advantages of a twin 5 kW unit are as follows:

(2) During daily maintenance periods and during failure of one 5 kW transmitter,
transmission would be retained at 5 kW level. When the 10 kW is down for
maintenance of fault attention, transmission would be carried on with the
2 kW transmitter. This would give reduced field strength and may cause loss
of listeners particularly in the fringe area.

(b) Less capital is tied up in spare parts. Because of common components the
two 5 kW units involve a spare holding of £5000 compared with £8200 for
the 10 kW/2 kW combination.

(c) Two similar type models are likely to result in greater efficiency in fault
finding by staff than two separate items of equipment each with its own
peculiar circuit characteristics.

EXAMPLE 19.3

Staffed and Unstaffed Transmitter
A medium frequency broadcast station consisted of two 50 kW transmitters on
different frequencies operating into a dual frequency radiating system. The
station was continuously staffed for the full 18 hours per day of transmission
from a staff team which included one property labourer. An economic com-
parison was required to determine the relative economics of making the station
unattended compared with the staffed arrangement.

Each 50 kW transmitter had an associated 10 kW standby unit which was
capable of operation into either the main 183 m dual frequency radiator or into
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an individual small 37 m standby radiator. Programme monitoring of the station
transmissions was already being carried out from the studios some 20 km away.
An auto start diesel engine generating set was installed, but load switching was
manually controlled.

The following points were relevant to the study:

(a) The installation of remote control equipment would not affect the equip-
ment or plant maintenance charges (excluding labour) already being incurred.

(b) The property labourer would be retained full time for property upkeep and
to assist visiting technical staff as necessary.

(c) The station installation was relatively new and no major technical diffi-
culties would be involved in the introduction of the remote control facilities.

(d) It was estimated from past records that 45 manhours per week, plus
travelling time from the studios, would be required for routine maintenance
and fault attention.

Manual Operation Charges
(a) Labour, including penalty rates for weekends and

holidays, 9500 manhours at £4.50 excluding

administration and overhead =£42750
(b) Transport allowance to staff =£ 850

Total annual charge = £43 600

Remote Operation Charges
Capital cost of interface equipment for:

(a) Transmitters 2 x 50 kW and 2 x 10 kW
(b) Programme input equipment
(¢) Antenna switching
(d) Power plant
(e) Remote control equipment

Cost includes all charges associated with purchase of equipment, installation
and modifications to equipment at the transmitting station and estimated to be
£100000.
(a) Capital recovery of capital charge assuming 25 year

life at 5% (£100 000 x 0.07095) = £ 7095

(b) Additional power and maintenance costs associated

with remote control equipment = £ 1600
(c) Station labour costs, including travelling time

2800 manhours at £4.50 excluding administration

and overhead = £12 600
(d) Transport allowance to staff =£ 230
(e) Annual rental for two control circuits between

studio and transmitting station = £ 1000

Total annual charge = £22525

It is seen that there is an annual saving of £21075 by operating the station
remotely from the studios.
Significant savings in staff labour costs can be achieved by the unattended
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operation of transmitting stations. Against this saving in operational expenditure,
the conversion to unattended operation involves some capital expenditure on
additional control and supervisory equipment. Experience has indicated that
problems associated with remote control of transmitters are not exclusively
those of circuit design. Care has to be taken to-ensure that the building facilities
such as fire protection are adequate, and that proper documentation and
adequate test facilities are provided to assist in routine maintenance, plant per-
formance measurements and fault clearance.

Point-to-point radiocommunication systems introduce particular unattended
problems as it is no simple matter to determine the accuracy of a transmission
system on a continuous basis. Both the transmitted and received signals should
be available at a single point to enable comparisons to be made but even then the
situation is not completely satisfactory because the fault could be in either the
transmit or receive path. For some types of point-to-point circuits, error correct-
ing systems can be provided, and in these cases the signal received contains
practically the same intelligence as the original message. However, this is not
applicable to all communication situations and some compromise solution must
be sought. The compromise usually consists in selecting a critical portion of a
transmission system and considering this portion independently. For example,
the output signal of a transmitter can be compared with the input to determine
whether exact correlation exists. The same procedure cannot, however, be
applied to an overall situation because the signal at the input to the receiving
terminal has impressed on it noise etc. due to the transmitting terminal and to
the propagation medium.

A major problem associated with remote operation of transmitters associated
with broadcasting is that of qualitative programme monitoring. If the trans-
mitter is located reasonably close to the studios this generally presents little
difficulty. Either direct off-air pickup or a return programme line will provide
adequate supervision. For stations in a remote locality the problem is a difficult
one. One system in use comprises an automatic monitor which simply compares
the incoming programme with that from a reference source which may be an
off-air pickup. It compares a programme of unknown technical quality dubbed,
‘compared programme’, with a programme that is known to be satisfactory, called
‘reference programme’. If the quality of the compared programme falls below a
certain standard the equipment may either give an alarm or initiate executive
action to deal with the trouble. Another system uses an absolute monitor which
transmits information on the content of the signal on two low level tones in the
upper end of the audio band. However, because of the restricted frequency
response of some long open wire or cable programme lines this method may not
always be practicable.

Control and supervisory circuits extended to the remote station should be
kept to a minimum because of the high rental of circuits, particularly if long
distances are involved. Control facilities are required for switching the programme
channels, the transmitters and antennas. Supervisory facilities are required for
these conditions, plus fire, programme fail, and other station alarms.

The introduction of unattended operation of broadcast and television trans-
mitters can in the majority of cases be justified on the basis of savings in labour
cost. The resulting problem is two fold. Firstly, how to provide the means to
accomplish this, and secondly how to improve the reliability of the equipment if
necessary, to ensure that these economies in staffing are in fact realised. Thisis a
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trade-off between design for reliability and cost of maintaining the equipment.
In the past, reliability has been measured in terms of the outage time which has
resulted mostly from power failures, and only marginal gain could be foreseen
by an improvement in reliability of station equipment itself.

However, interest is now generally directed to the reduction in those outages
which require an unscheduled visit by a technician. This eliminates power failures
and implies faults, rather than progressive, and thus predictable, loss of perfor-
mance. They occur more commonly in quiescent paths such as control equipment
and thus bring the need for a new approach to the design of component parts
and units.

EXAMPLE 19 4

Power Supplies for a Radio Relay Station

An economic comparison study was to be made of various methods of providing
power to a remote microwave radio relay solid state repeater requiring 200 W at
24 V d.c. on a continuous basis. Four propositions were to be studied on 5%
interest basis. These were:

(a) Extension of a single wire earth return power line for 20 km with a tariff
of 11 pence per kWh. A single bank of 200 Ah batteries was to operate on
float.

(b) Provision of two 1.5 kW diesel engine generating units feeding two sets of
500 Ah batteries operating on a charge/discharge basis.

(c) Provision of one 2 kW brushless type wind generating unit feeding two sets
of 500 Ah batteries operating on a charge/discharge basis.

(d) Provision of 240 W thermo-electric generator floating a set of 200 Ah
batteries.

Scheme 1
(a) Cost of extending power line 20 km as per Authority
quote = £30 000. Assuming life of line 35 years,

capital recovery (£30000 x 0.06107) = £1832
(b) Annual power charges at 11 pence per kWh at 85%
efficiency, trickle charge =£ 227

(c) Installed cost of 24 V, 200 Ah battery system including
batteries, charges, regulator, freight and installation
charges = £1000. Assuming life 12 years, capital

recovery (£1000 x 0.11283) =£ 113
(d) Annual battery maintenance including labour, travelling
costs, averaged over 10 years from station 60 km distant =£ 100

(e) Capital cost of building space for charger and batteries

£2000. Assuming building life 35 years, capital recovery

(£2000 x 0.06107) £ 122
(f) Miscellaneous, including building maintenance costs etc. =f£ 61

Total annual charge = £2455

2455 x 1000
24 x 365 x 200
£1.40

Actual cost per kWh
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Scheme 2

(2)

(b)

(c)
(d)

(e)
("

(8)

(h)

Cost of two 1.5 kW diesel engine generating sets, including

control units, fuel supply system, foundations, freight to

site and installation charges = £8000.

Assuming life of 20 years, capital recovery

(£8000 x 0.08024) =L 642
Engine maintenance parts including greases and

lubricating oils based on 10 year period =£ 150
Fuel delivered to site =£ 140
Labour charges associated with regular bi-monthly

inspections at £4.50 per hour excluding administration

but including travelling time from head station 60 km,

averaged over 10 year period. =£ 250
Vehicle costs =£ 100
Two banks 500 Ah batteries including charge/discharge

panel, battery cupboards, freight to site and installation

charges = £1800. Assuming life 12 years, capital recovery

(£1800 x 0.11283) =£ 203
Bi-monthly battery maintenance carried out in conjunction

with engine visits, averaged over 10 year period and includes

one cell replacement per bank and travelling time from head

station 60 km =£ 150
Capital cost of building accommodation for batteries and

engine sets = £10 000. Assuming life 35 years, capital

recovery (£10 000 x 0.06107) =£ 611
Miscellaneous, including building and site maintenance

charges =£ 312

Total annual charge = £2558

2558 x 1000
24 x 365 x 200
= £1.46

Actual cost per kWh =

Scheme 3

(a)

(®)

©

(d)
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Cost of 2 kW brushless wind generator including freight,

voltage regulator and installation, £5000. Charger designed

for high wind loading conditions.

Assuming life 12 years, capital recovery (£5000 x 0.11283) =£ 564
Tower for wind generator, 160 km/h wind loading,

including foundations, freight and erection costs. Tower

medium duty self supporting type 30 m height = £13 000.

Assuming 40 year life, capital recovery (£13 000 x 0.05828) =£ 758
Maintenance charges including regular 3 monthly

inspections averaged over 10 years from previous instal-

lations and including travelling time from head station

60 km =£ 135
Vehicle costs =£ 64
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(e) Two banks 500 Ah batteries including charge/discharge
panel, battery cupboard, freight to site and installation
charges = £1800. Assuming life 12 years, capital
recovery (£1800 x 0.11283

(f) Bi-monthly battery maintenance, averaged over 10 year
period and includes one cell replacement per bank and
travelling time from head station 60 km

(g) Bi-monthly booster charge for batteries by portable
engine-generating set carried by maintenance staff,
including annual charges and operating expenses of the
unit shared with other stations

(h) Capital cost of building accommodation for batteries
= £3500. Assuming life 35 years, capital recovery
(£3500 x 0.06107)

(i) Miscellaneous including building maintenance charges

It was assumed that the wind generator could be
accommodated on site without additional site costs

=£ 203

=£ 150

=£ 158

214
110

i
[ o)

Total annual charge = £2356

2356 x 1000
24 x 365 x 200
£1.34

Annual cost per kWh

Scheme 4

(a) Cost of 24 V 240 W thermo-electric generator, including
regulator, piping system, freight to site installation charges
and spare burner, £8000. Assuming life 25 years for system,
capital recovery (£8000 x 0.07095)

(b) Cost of shelter for plant and gas tanks, concrete base, and
iron stand for tanks, including cartage materials to site
and labour = £350. Assuming life 35 years, capital
recovery (£350 x 0.06107)

(c) Generator maintenance including burner replacement,
averaged over 10 years

(d) Vehicle cost, maintenance staff 60 km from head station

(e) Gas cylinders delivered to site 60 km from depot, including
labour 2 men and travelling time

(f) Installed cost of 24 V, 200 Ah battery system including
batteries, charger, freight and installation charges =
£900. Assuming life 12 years, capital recovery
(900 x 0.11283)

(g) Labour charges associated with regular 3 monthly
inspections of generator, battery maintenance at £4.50
manhour excluding administration but including travelling
time from station 60 km averaged over 10 years and
battery booster charge as necessary

=£ 568

=£ 21

=£ 30
=£ 90

= £1100

=£ 102

=£ 145
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(h) Capital cost of building space for batteries etc. £2000.
Assuming life 35 years, capital recovery (£2000 x 0.06107) =£ 122
(i) Miscellaneous including building maintenance =£ 65

Total annual charge = 543

2243 x 1000
Annual cost perkWh = ————————
24 x 365 x 200
= £1.28
Summarising, the cost of supplying 200 W on the assumptions made are:

(a) Extension of mains £1.40 per kWh
(b) Twin diesel generating sets £1.46 per kWh
(¢) 2 kW brushless wind generator £1.34 per kWh
(d) Thermo-electric generator £1.28 per kWh

Improved technology and reduced manufacturing costs have brought another
power source, solar cells, into reckoning for remote radiocommunication stations.
Elimination of diesel generators or the regular replenishment of bottled gas
supplies is an important contribution to reducing overall maintenance costs
although some tropical areas may still require diesel or thermo-electric back-ups
during monsoon periods when there may be long periods of cloud cover. The
cost of solar cells which comprise about a third of the basic cost of the power
system has decreased considerably in the last few years and further reductions
appear likely.

One solar system developed for a 500 km broadband microwave relay route
with 13 repeaters has an output of 132 W and is used in conjunction with a
1500 Ah battery system. The installed cost of the system was approximately
£150 per watt.

EXAMPLE 19.5

Transmission Lines
A balanced four wire transmission line 360 m in length was to be provided
between a high frequency transmitter of 500 kW carrier output power and a
curtain antenna. The conductors to be used were to have an effective diameter
of 15 mm and a comparison was to be made between lines constructed of copper
and aluminium conductors.

The following points were relevant in the study:

(2) All construction costs including labour, poles, insulators, foundations etc.
but excluding the line conductors and fittings were of equal value in the
two schemes.

(b) Attenuation of a sample line of copper conductors was measured at 0.17 dB
per 300 m at the operating {requency.

(c) Attenuation of a sample line of aluminium conductors was measured at
0.2 dB per 300 m at the operating frequency.

For the line to be constructed of copper conductors:
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(a) Total line attenuation = ?16—0 x 0.17 dB
300
= 0.204dB
(b) Power loss at (say) 600 kW average = 27.5 kW
(¢) For a basic onsite operating and maintenance cost of 40 pence per radio
frequency watt output from transmitter, then the cost of the transmission
line losses

27.5 x 1000 x 40
100

1

£11 000 per annum.

This loss however is incurred only if the line is in use for the full period of
transmission throughout the year. The usual situation is that some antennas are
in use for only a few hours per day. If, however, the subject line forms part of a
common circuit between transmitter and the line matrix switch then an equiva-
lent 33% usage would be an average figure at a typical large station.

On this basis the line loss

£11000 x 33
100

£3630 per annum,

For the line to be constructed of aluminium conductors:

360
(a) Total line attenuation = 00 x 0.2dB

= 0.24dB
(b) Power loss at (say) 600 kW average = 32.4 kW
(¢) Annual cost of transmission line losses

32.4 x 1000 x 40 x 33
100 x 100

£4276 per annum.

Net saving by using copper conductors
= £4276 —£3630
= £646 per annum.

Material costs associated with the two lines including conductors, terminations,
equipotential clamps etc. were approx.:

Copper = £4000
Aluminium = £1400.

The increased capital cost of a copper line was £2600, but it would result in a
saving of line loss of £646 per annum. Hence from a financial aspect, the copper
line additional costs would be recouped in four years.
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Because of the high cost of copper and inferior tensile strength of copper and
aluminium for low sag conditions, many lines are constructed of copperweld or
alumoweld. Some also use tubing for the bottom conductor to reduce the overall
weight. Since the reduced amount of high conductivity material used in copper-
weld and alumoweld conductors results in lower overall cost, the cost differential
of the two types of lines would be much smaller. Preference would then probably
be decided on other issues, such as environment.

Transmission lines are a major cost item in the establishment of a station.
The cost of some lines exceed £60 per metre and close attention to site layout
plans is essential to minimise capital expenditure. Also losses in the line mean
less power radiated by the antenna. Because line losses increase with frequency,
antennas operating at the high frequencies are connected to the lines of shortest
length, where practicable.

At one large international broadcast station with 19 transmitters of aggregate
power nearly 2000 kW, the total length of transmission lines is more than
36 600 m with the longest single line being about 1300 m.
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Introduction

This Section has been prepared as a guide for staff to safe working in radio and
radar installations and in particular in broadcast and television stations and to
assist management faced with the need to draft or update rules and regulations
applying to their technical facilities and staff. It outlines rules and recommended
safe practices in current use which will help engineers, technicians and other
staff to perform their work safely and to avoid accidents and injuries.

Most Governments now have legislation and controls to create and maintain
a safe overall environment. The legislation is administered under various names
but Health and Safety at Work Act, Occupational Safety and Health Act etc. are
typical. Most of the Acts require the employer to provide and maintain plant
and systems that are safe and without risk to health, to provide such information,
instruction, training and supervision to ensure the safety and health of his
employees, to provide a working environment that is safe, to maintain the place
of work in a condition that is safe and without risk to health, and to provide and
maintain a means of access and egress from the workplace that is safe and with-
out risk. The employee, on his part, is required to take reasonable care for the
safety and health of himself and of other people who may be affected by his acts
or omissions at work. Also, the employee is required to co-operate with his
employer in relation to any duty or requirement imposed on his employer by
statutory provisions to enable that duty to be complied with or be performed.

Although safety is the responsibility of everyone—the individual worker, the
supervisors, the engineers and management—it is management’s responsibility
to set down guidelines and rules and to give the leadership and drive necessary
to instill in the staff a safe working attitude. It must set an example by showing a
continued interest in safety by ensuring that the employees can work in an
environment free from hazard with equipment that has been designed for safe
construction, operation and maintenance.

Every station management should have a safety policy with local safety rules
always being made with this policy in mind. The primary object of the rules
must be to ensure the personal safety of the station staff and of third parties. All
staff should be required to observe them with breaches being treated seriously,
even if no accident occurs. Station supervisors should play a major role in safety
training, counselling, checking and by setting a good example.

Safety includes both the safety of staff who work on technical facilities and
the safety of the equipment or plant. Equipment or plant malfunction, failure or
damage may in turn result in personal injury to the staff working on the facility
so the interactions between safety to staff and safety of equipment or plant are
significant.

All technical staff must read station safety rules carefully, ask questions
about their work and train themselves to form the habit of carrying out their
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work safely. It is important that they develop an appreciation of the potential
dangers which exist on their station. An unsafe worker is a danger to himself,
his fellow workers and the equipment with which he works. Safety comes first in
any operation, and time and thought must be given to doing the job in a safe
way.

Most accidents at radio stations are due to human fallibility such as the
failure to use safety equipment and safe methods. Not many are due to imperfec-
tions in the radio equipment or plant. Elimination of all unsafe conditions and
unsafe acts is the only sure way to eliminate accidents.



Part 1

Philosophy and Responsibility



Chapter 20
Philosophy and Plans

SAFETY ENGINEERING PHILOSOPHY

Such basic factors as adequate training, supervision by properly qualified person-
nel, correctly installed equipment, safe access to all equipment for maintenance
purposes, the availability of the correct instruments, apparatus and tools and the
knowledge of how to use them are all important safety practices in most fields
of engineering. A full and proper appreciation of the various hazards involved in
performing work is vital.

There are, however, additional hazards in the field of radio engineering. These
include high voltages used with high power transmitters, the radio frequency
voltages encountered on transmission lines and antenna systems, electrically
charged components, burns from hot water and vapour phase cooling systems of
transmitting tubes, the biologically hazardous situation created by intense
electromagnetic fields, the risks of high winds, rain and ice associated with work
on tall masts and towers and the danger of working on compressed air operated
switches in transmitters and transmission line matrix systems. Wherever possible
work on unsafe apparatus and live circuits should be avoided but where there is
no alternative then the work should be recognised as constituting an especially
dangerous situation for which special safety precautions are necessary.

Adequate maintenance programmes, frequent inspections and, above all, the
education of workmen must be recognised as essential prerequisites for safe
work. These are the responsibility of the organisation at all management levels.
Supervisors must exercise constant vigilance to ensure that rules are obeyed and
best practices followed. Printed rules cannot provide for every contingency, and
situations can arise where additional safety devices or new precautions are
necessary. Here the role of the supervisor is of prime importance and he should
be encouraged to suggest new safeguards wherever necessary. It is recognised
that cost must always be taken into account when expenditure on equipment
and working procedures are under consideration, but the safety of workmen
must remain a prime objective.

Those persons directly associated with the management of the organisation
are, however, not the only ones who have responsibility for accident prevention.
In the final analysis, every person in the organisation must carry a share of the
responsibility. Even those engaged in work not associated with the technical
equipment, such as labourers, cleaners and office workers, should carry out
safety instructions and see to it that neither they nor any fellow workers are
injured through an unsafe act that may be attributed to their own inattention,
negligence or thoughtlessness.

The basic philosophy should be to concentrate on the detection of hazards
and then to eliminate them as far as possible. This applies to all phases of the
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work from planning, to design, construction, installation, testing, operations and
maintenance. Thus, engineers engaged on developing methods and establishing
standard practices should endeavour to apply the eliminate-the-hazard-first
approach, where possible. However, it is recognised that there are times when
certain constraints, such as funds, exist and the engineer is expected to produce
the most practical and the safest design within these limitations. If an engineer
has processed a job, and has left an avoidable hazard in it, he has not fully met
his responsibility. In many instances, accidents occurred on a job because the
work had not been adequately studied or engineered.

Accident possibilities, if they seem remote, are apt to be discounted. While
this point of view has some practical merit, it may also be destructively dis-
arming. Unless all possibilities have been determined by thorough analysis, it is
likely that false conclusions will be drawn and severe hazards will exist without
provision for adequate control. All plant and equipment on a radio station should
be safe, regardless of the calibre of the workmen assigned to its operation and
maintenance. The transmitter hall and high voltage vault areas should be just as
safe as the programme input room. In planning installation works and operational
activities, the engineer should make sure that supervisors in charge of the work
know the specific hazards involved in each operation and know how best to
eliminate or control them.

Safety programmes are aimed at preventing workmen injuring themselves and
others. It is generally accomplished through the use of safeguards, e.g. mechanical,
electrical etc., supplemented by instruction at regular intervals. The continuing
educational programme is necessary because, unfortunately, the absence of
accidents lulls personnel working in hazardous areas or they may be so used to
the presence of danger that they are no longer conscious of it. Ironically, the
more a person knows about the hazards of his work, the more complacent his
attitude sometimes becomes. Commenting on 1800 serious electrical injuries
over a two year period in California, Allison® says,

“Don’t assume that these victims knew nothing about electricity. The list of
injured and killed includes a large number of electrical engineers, superintendents,
managers, service and maintenance men and electricians. So it should come as no
surprise that experience has proved that one cannot expect everyone to under-
stand all the hazards and to exercise due care alt the time.”

For these reasons the designers of station equipment should ensure that the
preliminary designs are carefully examined to determine where injury might
occur to installation, operations, and maintenance workmen. The final design
should provide inherent protection against breakdown, damage to insulation,
erroneous operation and the risks associated with electrical or mechanical failures.
It has often been a point of discussion as to why technological progress and
mechanisation have not led to any marked improvement in the safety of radio
station staff. The fact is that over the past fifteen years or so, there hasbeen a
veritable revolution in methods, particularly in the maintenance and operation
of radio engineering equipment.

The use of a comparatively large maintenance and operations staff was an
essential characteristic of earlier stations but this has been superseded by pro-
cesses requiring fewer staff and making use of increasingly complex equipment
of higher power. As the equipment has become more complex, fewer but more
skilled operators have been required. The absence, or errors, of even one such
workman can, as a result, threaten a significant proportion of the station’s
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maintenance schedules. An effective accident control programme therefore is an
increasingly important factor. Moreover, a more responsive safety effort is
required of the skilled maintenance expert than the relatively unskilled workman.
The probability that they will encounter a varying risk pattern is a challenge to
the designer’s ingenuity, if he is to assist effectively in the control of equipment
and personnel accidents.

A reduction in the total number of accidents on a particular radio engineering
project does not necessarily involve a proportionate reduction in the hazards for
each individual workman. Sometimes there is an increase, since high powers and
automation make the mistakes of the workman more serious. In fact, the nature
of the hazard has altered. The deterioration that has occurred in some areas can
be attributed to the following factors:

(a) Inadequate vocational qualifications of staff to cope with the complexity
of modern radio and electronic equipment. Ignorance of the presence of
dangerous potentials on components may lead to a serious shock. For
instance, many electric shocks and also other injuries from equipment have
occurred when operators were unaware of the manner and sequence by
which circuits were energised. Adjustment and maintenance of equipment
should be carried out by properly trained and adequately qualified workmen.

(b) Careless installation, operation and maintenance practices, particularly in
relation to protection facilities. Standards of safety require that all intrinsic-
ally dangerous components or parts should be so protected, wherever
situated in the equipment or plant, that no operator can perform an unsafe
act in relation to them. This of course is setting a high objective, but
examinations of some modern broadcast transmitters, made by safety con-
scious manufacturers having the foregoing principles in mind, show that
such a standard is not unobtainable.

There is unfortunately a tendency on the part of some designers to pay
more attention to safety features when the equipment is intended for use by
unskilled persons, or to minimise safety features on relatively low voltage
equipment. Therefore, there may be increased possibility that an accident
will happen to a skilled but careless workman. This is a matter which the
workman must keep in mind all the time. He must realise that no safety
device can be counted on for 100% reliability.

There is also the problem of failure of some components during normal
testing and fault finding procedures. For example, staff should be aware
that small electrolytic capacitors can explode violently if inadvertently
connected in the reverse direction. The contents include shredded metal
and caustic electrolyte, and are very dangerous as they are ejected from
the capacitor at high velocity. A particular danger can occur when newly
fabricated circuit boards are being bench tested at near to eye level.

The explosion phenomenon is not only confined to polarity reversal during
testing. Many cases of explosion have occurred in working equipment. Figure
20.1 shows one electrolytic capacitor which exploded resulting in catastrophic
failure of the system. The noise from the explosion was heard by staff in an
adjacent room even through the unit was fully enclosed and situated in a room
with a high noise level. The capacitor was a 500 uF unit rated at 20 V and formed
part of the power supply unit of a city paging transmitter. Considerable damage
occurred to the power amplifier and driver stages. The capacitor was 10 mm in
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Typical management provisions® include the following:

(a) The issue of a statement of safety policy and responsibilities.

(b) The adoption of arrangements for joint consultation with employees on safety
matters.

(c) The appointment of safety co-ordinators.

(d) The provision of safe work places and a safe working environment.

(e) The provision of safe plant, machinery and equipment.

(f) The adoption of safe work methods and appropriate training and placement
of employees.

(g) The adoption of occupational hygiene principles and control of harmful
chemicals and physical agents.

(h) The adoption of measures to minimise the risk of and harmful effects of fire
and explosion.

(i) The provision of appropriate personal protective equipment and the adoption
of measures to ensure its proper use.

(j) The establishment of medical, health and first aid services.

(k) The maintenance of injury and accident records and arrangements for
accident investigation.

The employee also has an obligation under the code. This is briefly summarised
as follows:

(a) Each employee shall have responsibility for safe working consistent with the
extent of his control over or influence on working conditions and methods.

(b) Each employee shall take such action as is within his competence and
responsibility or report or make such recommendation to a higher level as
he deems necessary to avoid, eliminate or minimise hazards of which he is
aware in regard to working conditions or methods.

(c) Each employee shall observe all instructions issued to protect his safety or
the safety of others.

(d) Each employee shall make proper use, or to the extent of his responsibility
ensure that proper use is made, of all safeguards, safety devices, personal
protective equipment and other appliances provided for safety purposes.

(¢) No employee shall, or shall cause another employee to, interfere with,
remove, displace or render ineffective any safeguard, safety device, personal
protective equipment or other appliance provided for safety purposes,
except where necessary as part of an approved maintenance or repair
procedure.

INTERPRETATION OF SAFETY RULES

Safety practices may vary considerably in detail from one station to another,
and yet both stations may have good safety records. The heart of the matter is
that safe and consistent working procedures for the particular location must be
set up, and the workforce should be thoroughly familiar with, and willing to
abide by, these procedures. However, knowledge of the proceduresis not enough—
there must be keen interest in safety on the part of both worker and manage-
ment, and hence ways and means of creating and maintaining interest in safety
are required to develop and maintain the vigilance necessary to prevent accidents.

Supervisors should ensure that no job is done more easily or quickly at the
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expense of safety, and that no man is ever urged to greater output if there is any
question of a seriously decreased safety factor. In planning every job, safety for
personnel is a major consideration and often the principal one, particularly when
working on high voltage equipment or on masts and towers.

Supervisors must be constantly on the alert for problems resulting from the
transfer of employees who have been working on low power equipment and
antenna systems to jobs involving high powers. Where such transitions occur,
supervisors must ensure specific job safety instructions are issued and followed
through.

A careless workman is a potential hazard not only to himself, but also to his
fellow workmen. The majority of accidents, including electric shock, occur
because someone was careless. Carelessness by supervisors and qualified technical
workmen cannot be excused, because on a large radio station complex, many
unskilled workers may be employed and in many situations they depend greatly
upon the knowledge and skill of technical people, for their safety.

After an accident has occurred, the hazard causing it usually stands out
unmistakeably. Accident prevention calls for the identification, recognition and
location of hazards in advance of the work operations, and this requires continual
vigilance and care on the part of all people involved in planning and performing
the work. By the proper design of tools and equipment, and by wise selection of
material used on the job, many hazards can be removed from the work scene.

It is recognised that hazards cannot be entirely eliminated in all cases, and the
big problem in formulating rules is to decide how far it is practicable or necessary
to go in reducing hazards. It is not sufficient to provide against possible hazards
in installation and new construction only. Deterioration in materials and per-
formance makes it essential that a check be kept on conditions and performance,
and that adequate safety be preserved by inspection, checking, testing and
maintenance. Some rules may specify quantitatively the amount of deterioration
permissible before replacement, but in general this must depend upon the good
judgment of engineers and supervisors.

All new employees should be carefully instructed as to the hazards of the
work and be issued with a copy of station safety rules. The workman’s immediate
supervisor should ensure that the rules have been read and understood correctly,
and the workman should be called upon at any time to show his knowledge of
the rules. Workmen should not only comply with the rules but also use all
safety devices provided, work carefully, and co-operate in activities having as
their object the prevention of accidents.

Supervisors should warn staff of the hazards involved in the wearing of
personal accessories such as metal rings and wrist watches. The accessories have
been responsible for many electric shocks and burns, and some organisations
make it a mandatory rule that they not be worn by staff working on radio and
electrical equipment. Wrist watches, particularly those with metal bands, and
rings, besides being excellent electrical conductors create conditions ideal for
the flow of electric current. The area of contact on the skin is considerable,
pressure is usually firm and the skin beneath the accessor is usually moist and
offers good conductivity because of acids and salts in solution.

One survey conducted among electronic workers revealed that 20% had been
the victims of shock or severe burns resulting directly from the wearing of metal
accessories. Some workers also revealed experience of expanding type metal
watch bands being caught on live high voltage terminals.
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CLASSIFICATION OF ACCIDENTS

Accident statistics point to a certain number of hazards than can be identified in
the installation, operation and maintenance of radio equipment and plant. An
examination of several hundred accidents of all degrees of seriousness, including
fatal accidents at broadcasting and television stations, has enabled the classifica-
tion shown in Table 20.1 to be made. More than 85% of the accidents were due
to the human element such as failure to use safety devices and safe methods.

Table 20.1 CLASSIFICATION OF ACCIDENTS

Accident cause Percentage

Handling equipment and materials on ground 2
Tripping over objects or slipping on floor 1
Contacting sharp objects or bumping into objects

Contact with live conductors and components

Falls from structures, platforms and ladders

Falling or moving objects

Hand tool operations

Mechanical aids and machinery operations

Erection of structures and antennas

Test equipment operations

Working on tube hot water systems

Use of welding equipment

Operation of explosive powered tools and explosives

Handling harmful substances

Compressed air operations

Other causes

NMOORNNWWAERR-IWVWONDWL
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For the purpose of the Table, accidents are defined as those in which it was
found necessary to use first aid facilities on the victim either at the workface or
in hospital. Of fatal accidents included in the statistics, three contacted trans-
mitter e.h.t. supplies, eight were killed during mast erection operations and one
was crushed by a mechanical aid.

By comparison with the number of accidents in factories, homes or on the
roads, the number of accidents at radio stations is relatively small. However,
some lives are lost and there must be continual effort to reduce this loss.

LESSONS TO BE LEARNED

From an examination of many of the reports associated with the accidents in
the Table some lessons which can be learned are:

(a) It is important to detect and eliminate hazards before they cause accidents.

(b) The cause of each accident should be ascertained and steps taken to elimin-
ate the hazard and prevent a recurrence.

(c) The prevention of accidents is not only good ethics but also a wise economic
investment.

(d) In the majority of cases, accidents can be prevented.

(e) The majority of accidents are due to similar causes, irrespective of the size
of the organisation.

(f) There is one or more causes for every accident, they do not just happen.
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Important lessons can also be learned from the design, installation, operation
or maintenance of the equipment or plant involved in some of the accidents.
These may be summarised as follows:

(a) All equipment must be properly earthed. In the case of high power trans-
mitting equipment, an earth system of low impedance at the operating
frequency is essential.

(b) Appropriate interlocking of control circuits and equipment must be provided.

(c) Equipment should have adequate built-in short circuit capability and be
provided also with protective devices such as fuses, relays, vacuum switches
and the like.

(d) High voltage equipment must be enclosed in earthed metal or insulated type
enclosures, where practicable.

(e) No equipment or plant should be operated without authority or warning.
Typical unsafe acts include closing switches without authority, failure to
place warning signs or signalmen where needed and failure to block or
guard equipment against unexpected movement,

(f) Protective equipment must be used. Failure to use rubber gloves, insulating
mats or sleeves around energised equipment, failure to use protective equip-
ment for eyes, ears, head, feet and body where necessary contributed to
many of the accidents.

(g) The components comprising the equipment should be of high quality to
recognised standards, and correctly installed in the equipment.

(h) Equipment and plant must be adequately and effectively maintained.

(i) Correct operating, installation or erection practices must be followed.

EMERGENCY ORGANISATION PLANS

No radio station can be made completely immune from disaster. Fire, explosion,
mast collapse, flood or cyclone may strike even the most carefully protected
station. When the emergency comes, proper action can make the difference
between a minor incident and a major catastrophe. If a serious loss does occur, a
restoration plan prepared in advance may mean, especially in the case of a large
commercially operated establishment, the difference between returning to
normal operation with a minimum of delay or going out of business.

Catastrophic fires, in particular, occur all too frequently, even at establish-
ments that are physically well protected, and no form or amount of insurance
can replace some of the consequences of a disaster—lost time, effort and lives.
The importance of having a complete plan to enable a station to cope with
sudden emergencies is well appreciated by the management of most organisations.
Periodic revisions and continual improvement to the plan will ensure that it will
be the best plan to implement should an emergency occur.

While fire is one of the best known, and most often studied, emergency situa-
tion, there are other natural disasters which can cause havoc at a radio station.
These include hurricanes, cyclones, electric storms, floods, explosions, and earth-
quakes. Bomb threats, vandalism and civil disturbances have also become a
problem in recent years.

Many large radio stations, particularly those involved in high power inter-
national broadcasting activities, involve very large investments and station com-
plexes exceeding £14 million are in existence. It is essential, therefore, that
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management be properly prepared to cater for emergency situations. It must
decide in a general way how existing facilities fit into the organisation’s long
range objectives, so that if an important antenna system, switching matrix,
transmitter, power house or even the entire station is lost, it will be in a good
position to decide quickly what action can and should be implemented immedi-
ately to restore operation on site or to re-establish elsewhere.

Management must also see that responsibilities are clearly defined, that good
communications are maintained, and that all staff on the station periodically
receive proper training, to cope with possible emergency situations. The more
decentralised and diversified the operations of an organisation, the better its
ability to recover from a disaster. It is essential that far more authority and
responsibility be delegated to certain station staff during time of disaster than
is normally given. Management has to determine which members of the staff
are to take over in these circumstances and must ensure that they receive all
necessary help and support to prepare them for this work. Because most large
station establishments are operated on a shift basis the station manager and
other key personnel may not be immediately available on site. The disaster
organisation plan should therefore include a succession list of persons to take
over the responsibilities.

Because most staff will have had little experience in emergency situations
on the station, it is understandable that at some levels there could be a degree
of disinterest, even ranging on scepticism, about the risk of say a large fire,
the threat to life and the problems of re-establishment. Management has to
supply the leadership, direction and support necessary for a good emergency
plan. It must show the way and by precept and example establish the interest
and co-operation of the station staff.

DEVELOPMENT OF EMERGENCY PLANS

In the development of an emergency organisation plan, some of the important
actions which management must take, may be summarised as follows:

(a) Train and periodically check all station personnel in emergency procedures,
including station shut-down, raising the alarm, fire fighting, first aid and also
salvage including the use of waterproof covers to protect equipment from
water.

(b) Assign and periodically check specific responsibilities.

(c) Post emergency instructions in appropriate locations throughout the station.

(d) Establish close liaison with local fire department, first aid services and civil
defence organisation.

(e) Prepare a written detailed plan covering the use of alternative facilities,
including the necessary arrangements and procedures for transportation of
replacement equipment or spare parts, and support personnel.

(f) Familiarise personnel who would carry out the emergency plan with the
alternative facilities, and test all details of the plan in advance.

Whether the station is staffed or not, emergencies can happen at any time.
It is essential therefore that there always be some person nominated to take
charge. Where the station is continuously staffed, an officer should be appointed
on each of the shifts to take charge. In practice, this generally becomes the
responsibility of the shift leader. In any case he should be:
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(a) Trained in the proper operation of all fire fighting plant and appliances on
the station.

(b) Familiar with every part of the station equipment and plant, and with exist-
ing and potential hazards.

(c) Trained in first aid.

(d) Capable of effectively taking complete charge of all staff, irrespective of
trade groupings, should the need arise. He should have the complete authority
of management to take whatever steps he considers necessary at the time to
deal with the situation, particularly where the safety of the staff is involved.

When disaster strikes, management is often faced in many situations with the
problem of restoring order out of chaos. To minimise the effect of disaster con-
sideration should be given to the following:

(a) Where staff are in attendance, an evacuation plan, which is known and fully
understood by everybody, will help minimise accidents and may save lives.

All doors of buildings, transmitter and vault enclosures should be easily
opened from the inside, even though they may be locked from the outside.
Padlocks or similar devices which require a key should not be provided on
any door or gate which may require opening in the event of emergency
exit by a workman, unless a key is located permanently near the lock.
Bells associated with fire alarms or panic alarms should be so placed that
they can be heard in every room which may be frequented by staff.

A case is on record where a building in which the studio of the local
broadcasting station was located, caught fire, and the announcer unaware
of the fire continued his duties. The sound-proofing of the studio had
prevented him hearing the fire bells outside.

(b) The very nature of the work at some large stations involving work on high
power equipment and tall structures, operation of mechanical aids, opera-
tion of high voltage generating plant, etc., makes it essential that any emerg-
ency organisation should include a first aid rescue crew. This rescue crew is
needed particularly during the periods of work when large scale construction
and rearrangements are in progress. Nevertheless, the nucleus should even be
part of every shift where large numbers of people are on duty.

The importance of this need is emphasised by the case of a rigging crew
erecting an antenna on a television tower. A sudden gust of wind swung the
antenna and it knocked one of the riggers unconscious and caused a bad cut
in an artery of one arm. His fellow worker could do no more than hold his
thumb on the artery because of the situation of himself and the victim. The
winch man on the ground who saw the accident immediately raised a panic
alarm and the station first aid rescue crew were quickly on the scene.

(c¢) Vital circuit and equipment records should be safeguarded, as the loss of
circuits, diagrams and other drawings of station equipment and plant could
have an effect more crippling than the physical destruction. Duplicate copies
should be held at a location remote from the station.

At one m.f. broadcasting station, a fire occurred inside a modulator
control cubicle extensively damaging wiring and terminal blocks. The only
wiring diagram of the transmitter had been mounted in a frame on the wall
of the cubicle and was badly charred by the fire. It took staff two days to
restore service, owing to the lack of wiring information.

(d) The great benefit of standby power plant, transmitters, antennas and other
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(e)

®

(8)

(h)
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critical plant and equipment, in minimising the effects of disaster should be
considered during the planning of a station or at times of upgrading of
facilities. Standby facilities also provide for greater service reliability and
flexibility during normal conditions.

Alternative means of communication should be provided so that in an
emergency some form of communication can be established. At many large
stations, public address systems are common, radiocommunication is main-
tained with certain vehicles including the fire tender, and portable com-
pressed air operated panic alarms stategically located are provided to summon
aid in an emergency.

Where programmes are provided to the station by microwave radio links,
the order wires on this system can be used as an alternative means of outside
communications should the normal telephone cable network be out of
service.

In order to restore facilities as quickly as possible, a pre-arranged plan should
be developed. Key men of the various trades groups should know what
could be done if the normal facilities were lost.

Several failures of sectionalising insulators and inductors have been re-
ported from m.f. stations using antifading radiators and it is wise practice
with these structures to design the base matching network to provide for
matching with the radiator normal, and also for the case should the section-
alising insulator or coil become faulty.

At some stations, a knife switch is provided at the sectionalising point to
electrically bridge the mast sections and further switches are provided in the
matching hut to allow immediate predetermined change to the network to
meet the changed mast condition. At one 50 kW station where this facility
had been provided, a most unusual situation arose. A guy insulator near the
top of the structure had failed and during the operation of replacing the
insulator, the top part of the mast crashed to the ground and damaged the
standby radiator. Fortunately, there was sufficient inductance and capacit-
ance available in the matching network to allow a rematch on the shorter
mast and the station resumed transmission after a short break.

Another case of emergency action occurred when the power amplifier
stage of a 10 kW m.f. transmitter was severely damaged when lightning
struck the 230 m radiator and entered the transmitter tank circuit via the
transmission line. The transmitter was of the low level modulation type and
the operator isolated the power amplifier stage and coupled the 500 W
penultimate stage to the transmission line and resumed transmission.

In an organisation controlling several stations, it would be expected
that mobile generating plant, a self-contained transmitter, link system and
the like, would be held at a central point for immediate transport to any of
the stations.

The prompt restoration of service after an emergency is often desired, and
this aspect should be fully covered in the emergency plan. By commencing
immediate salvage operations much equipment can be reused or damage
minimised. For example, the quick removal of water from equipment
cubicles, cable ducts, chases etc., can do much to hold damage to a minimum
after a fire, particularly if the fire had been reasonably contained.

Management is often primarily concerned with the safety of its own station
staff, the security of its property and the uninterrupted flow of its services,



PHILOSOPHY AND PLANS

whether they be broadcasting, television, or other form of activity. There is
however another important consideration. There is the responsibility to co-
operate with other authorities for general community protection. This
involves working closely with various local and national authorities such as
police and civil defence organisations.

(i) One aspect which is of importance to management is public relations in the
event of a disaster. The public, and especially families of the staff working
on the station, are entitled to prompt information.

An officer who has direct access to top management should be authorised
to deal with reporters, local authorities, civil defence organisation and others
who quickly descend on any scene of disaster.

STORM EMERGENCIES

Storm warnings are usually issued in sufficient time by meteorological authorities
to permit emergency precautions to be implemented. Many large radio stations,
particularly those operating in tropical areas where hurricanes, cyclones, and the
like are prevalent, have pre-arranged plans to deal with these situations. Often
the operating staff is supplemented by other shift operators and maintenance
workmen, by recalling people for duty.

On receipt of advice of the approach of a cyclone etc., it is practice at several
stations located in tropical areas to put many of the following measures into
operation:

(a) Board up all large glass windows with shutters provided for the purpose.
Particular attention to be given to those windows in transmitter halls and
control rooms.

(b) Fit special hoods over transmitting air inlets to prevent water being sucked
into the air duct cooling system.

(¢) Fit additional temporary bracing to transmitter air outlet ducts, where these
project on the roof.

(d) Start up emergency power plant, and where this plant is capable of provid-
ing full power for the station, switch all station plant to this service and
isolate incoming mains at the switchboard.

(e) Check that station emergency battery lighting system is operating.

(f) Check fire alarm system is functioning by operating special test facility
provided on the unit.

(g) Check with all staff present that they know the fire drill.

(h) Check with all staff present that they know the first aid rescue drill.

(i) Check that tarpaulins and plastic covering held for emergency situations
are readily available.

(j) Cut off power to all buildings and areas not essentially requiring power.

(k) Check that automatic manhole drainage pumps are operational.

(1) Remove any chemicals that will heat or produce flammable gases in contact
with water to a safe area.

(m) Check that mast lighting is operating when conditions warrant, and if out
of order immediately advise the airport authorities.

(n) Check that antenna counterweight systems are free to operate and any
normal travel limit stops have been removed. Where automatic winches are
provided they should be fully operational.
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Announcers console

Network switching centre

Cable distribution frame

Tape and record libraries

Film processing room

False ceilings over studios

Power switch room

Tape recording and replay rooms
Orchestral studios

Considerable damage has been caused at some transmitting stations as a result
of the detonation of explosives. Masts and towers have been popular targets.
Areas where explosives and incendiary devices have been placed include:

(a) Inside the transmitter cubicle by lowering the device through the air exhaust
duct.

(b) Inside the power substation enclosure by using a long stick and string to
place the device at a vulnerable point.

(c) On the base insulator of a tall radiator by strapping with cord or tape.

(d) On the anchor block of a mast guy by binding the device to the tightening
screw.

(e) Near the antenna matching hut at the base of the mast.

(f) Inside the manhole carrying the programme circuits to the transmitter.

(g) At the base of the transmission line anchor frame near the transmitter
building.

Bomb threat warning may be received in a number of ways, viz:

(a) Telephone call to a person within the organisation,
(b) Telephone call to Police, or some other outside organisation,
(¢) Written threat.

In the event of a bomb threat being received by telephone, the person taking
the call should endeavour to obtain as much information as possible from the
caller. Some organisations who have had experience in dealing with these situa-
tions have a Bomb Threat Call Checklist Card placed near the telephone to
facilitate assembly of data on receipt of a bomb threat call.

Staff should be suitably instructed in the bomb threat situation so that they
may be fully prepared to meet it. Training programmes should be seen to possess
certain qualities if they are to be successful. For instance, they should be recog-
nised as having official support and backing and should offer high standards of
realism and interest.

An Emergency Control Officer should be nominated to provide co-ordination
and decision making for all emergency situations where large numbers of staff
are employed, such as at studios. The Emergency Control Officer’s primary
responsibility should be to effectively control and direct all phases of activity
relating to a bomb threat and subsequent search, evaluation and decision on the
course of action in consultation with organisations or experts as considered
appropriate to the circumstances.

As soon as is practicable after completion of an exercise dealing with a bomb
threat, a full de-briefing should be held. Only in this way can the operation be
evaluated so that lessons learned may be translated into planning for future
operations.
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SHUT-DOWN PROCEDURES

As part of the normal preparation for emergencies, plans should be drawn up for
emergency shut-down procedures at the station. To bring about the shut-down
of a large radio complex, it is often not just a simple operation of pushing a
button, throwing a switch or directing an individual. At many stations, particu-
larly where power is generated continuously on site, there may be complicated
procedures which must be followed.

Plans should be established for standard or routine shut-down procedure
when advance warning time of impending disaster is sufficient to accomplish this
in an orderly way without danger to personnel or damage to equipment and
plant. However, there must also be an established alternative plan for a crash
station shut-down to meet this situation, should it arise. Emergency mains
isolations or switches should be located in a prominent, easily accessible position
and clearly identified as such so that all station staff are able to disconnect
equipment in case of emergency. Particular emergency shut-down operations,
which may involve safety of workmen or damage to plant, should be thoroughly
examined in order to produce automatic built-in safety measures or fail safe
devices.

In emergency shut-down procedures, consideration must be given to the
special requirements of some form of lighting, means of ensuring that fire
alarm facilities including alarms and pumps are on standby, and to communica-
tions aspects. Emergency situations can arise at any time of day or night. When
they occur in the day time it is likely that there will be sufficient staff on duty
at the station to deal with many situations which may arise. However, during
night shifts, only minimum operating staff would be available and this aspect
should be considered in drawing up plans to deal with particular emergency
situations.

COUNTERMEASURES AGAINST FAILURE IN COMMUNICATION
NETWORKS

Breakdown in national telecommunication networks occurs in unexpected places
or in unexpected situations as a result of many causes. These causes can be man
made in the form of vandalism, major cable rupture by earth moving machinery,
and explosion as a result of gas leakage into ducts, collision by aircraft with
tower, or they can result from natural disasters such as flooding, fire, lightning
stroke, cyclonic or typhonic wind, heavy snowfall, earthquake and landslide.
Although many public telecommunication networks including broadcasting
and television networks have inbuilt flexibility and equipment redundancy it
isnot possible to cater for every situation and in the event of disaster well planned
provisions against disaster in the form of mobile type radiocommunication,
broadcasting or television systems of various capacities and frequencies will do
much to ensure the speedy restoration of the network. In the case of natural
disasters when the public are also directly affected because of loss of life, damage
to buildings, loss of transport and other essential services social reliance on the
telecommunications network is very intense and speedy restoration, even if only
by temporary facilities, will do much to ease peoples’ minds at a time when thev
anxiously await information on plans for assistance or other vital news.
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Fixed radiocommunication, broadcasting and television facilities now form
part of most permanent public telecommunication services and much can be
done during the design and installation stages to ensure that they are physically
strengthened particularly against high wind, lightning stroke, earthquake, flood,
landslide and heavy snowfall. Measures which should be taken into account
include strengthening of the tower and antennas and support brackets to with-
stand violent earthquake shock, or high wind loading, reinforcement of equip-
ment building, improved lightning protection facilities, automatic fire extinguish-
ing system, installation of fire shutters, fire protection doors and the use of non-
combustible building materials, security measures to prevent unauthorised entry
to buildings and the tower, protection against long duration failure of commercial
power by the installation of fixed emergency generating equipment or a mobile
unit or increased battery capacity, protection of antenna systems from build-up
of snow by the provision of shrouds or inbuilt electrical heating devices, design
of buildings near the tower to take into account falling snow and blocks of ice
dislodged from the tower and the decentralisation of radio terminals to improve
network reliability so that all major broadband systems do not pass through a
single station.

It is often impractical to provide the measure of security at every repeater or
translator to the same degree as at major city terminals and stations but improve-
ment in network reliability can be obtained by ensuring switching facilities are
provided to allow the dispersion of broadband traffic or programmes through
other paths should one particular route fail. In the case of the transmission of a
television or sound broadcast programme to a network of transmitters it is
practice in some countries to put the programme into a loop circuit configura-
tion. By this means if one section of the bearer system fails as a result of disaster
or catastrophic equipment failure at one or more stations, it is possible to change
over quickly either automatically or manually to another back-up route.

When telecommunication facilities are put out of service for any number of
reasons, early re-establishment of communication between isolated points or
areas should be ensured by having available a range of radiocommunication
facilities which will allow the disaster situation to be handled quickly and
effectively. The aim should be to restore normal operation as quickly as possible.
The extent of the back-up equipment will depend on many factors including
organisational policy, the geographical size of the network, density of traffic
in various parts of the network, the relative importance of traffic carried, the
degree of redundancy of equipment in the network, the extent of multi-routing
of transmission circuits and the physical security of station buildings, towers
and equipment,

The time taken to restore service is influenced by many factors. These include
site accessibility, the extent of damage, the age of the equipment, the availability
of spare parts, the arrangement of the spare parts i.e. whether component parts,
modules, units etc. the availability of manpower resources and the experience
and competency of the technical staff sent to the scene. When damage is too
extensive to allow on site repair it may be necessary to transfer temporary replace-
ment facilities to the site or a suitable nearby site.

Experience with many real and trial exercises on restoration of communica-
tions following a disaster emphasises the importance of radio links for the control
and direction of restoration activities. This involves the use of uh.f. links to
adjacent repeaters coupled to normal order wire facilities or where the disaster is

327



PHILOSOPHY AND PLANS

in a remote area the use of a high frequency link to a base station either in a
major city control point or country centre where it can be patched into a work-
ing communication circuit. In addition to the establishment of emergency
facilities for the technical staff and engineers carrying out the restoration of
communication services, facilities may be required by police, hospital, govern-
ment and local public bodies concerned with recovery activity. Single channel
systems operating in the v.h.f. connected to a switchboard at the nearest tele-
phone office or up to 24 channels in the u.h.f. band ceuld be established.

In the case of total or major damage to a microwave broadband repeater or
terminal station transportable radio equipment is available. Some of the units
available are very versatile. They can also be used to bridge failed junction circuits
between major telephone exchanges, to interconnect a transportable telephone
exchange into a network or to bridge a ruptured or damaged coaxial cable. Units
are available with rotary antennas and operating in broad frequency spectrum
segments between 1.7 GHz and 15.25 GHz with simplex, or duplex or stacked
channel operation. The units are lightweight and if site access roads are impass-
able they can be easily transported together with any necessary zip-up mast and
antennas to the site by helicopter. The overall versatility of the equipment in
physical configuration offers use in equipment rack installation, tripod mounting,
antenna tower location, table top or numerous combinations of these. Standard
system capacity is 1200 channels or a colour television transmission circuit.

The complete restoration of a service following breakdown requires several
stages of action which might be spread over a considerable period of time. The
time required for initial restoration of service has to be kept to an absolute
minimum but the period of restoration to normal is as a general rule not of
great consequence. Some types of failures such as collapse of a mast or tower
may require a long time for manufacture and construction of a replacement
but initial service restoration may be restored relatively quickly by using a
zip-up structure.
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Chapter 21
Staff Responsibilities

THE ENGINEER

It is the practice with many organisations employing large numbers of technical
staff to. have a co-ordinating committee to handle all major matters relating to
safety. Engineers play an important role on the committees and one or more
may be appointed as part-time ‘safety engineers’ with the task of establishment
and application of an efficacious system of accident prevention.

The safety engineer is a specialist appointed by management to deal on the
material and psychological planes with matters concerning the prevention of
accidents. The measures he may use may be technical, psychological or organisa-
tional in nature. Good safety performance, however, will only be accomplished
when the workmen themselves are impressed with the necessity of working
safely. Most technicians, riggers, radio linesmen, mechanics and all other trade
and group members, will willingly assume responsibility for the safety of them-
selves, their colleagues and equipment when management provides them with a
well designed installation, is sincerely interested in, and backs solidly, a good
safety programme and the men are equipped with the best safety tools and
facilities available to do their jobs.

Some of the specific responsibilities of the safety engineer may be listed as
follows:

(a) The regular audit of equipment and plant installation, maintenance and
operating procedures, specialised tools and testing facilities to ensure
facilities are working properly and staff are using them correctly and that in
using them they are not exposed to hazards.

(b) By instruction, counsel and advice, assist line management to fulfill its
responsibility for safety by the development, promotion, and maintenance
of a continuing safety education programme. This involves the training and
encouragement of staff to act safely and to do the job the right way.

(c) The direction or supervision of precautions for such catastrophies as fire,
storm damage, collapse of structures, explosions, staff transport accidents
and the organisation of the rescue service, in so far as there do not already
exist other special services.

(d) The maintenance, analysis and interpretation of accident and injury statistics,
accident cost data and follow up investigations into accidents.

(e) The maintenance of liaison with National Safety Councils and other such
bodies in so far as they concern the radio organisation.

(f) The dissemination of fundamental safety knowledge by the preparation of
safety booklets, manuals, bulletins, etc., for use by first line supervisors.

(g) Recommendations on procedures for the introduction into service of new
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installations, plant and apparatus in so far as operational safety is concerned.

(h) Inspection and clearance of new safety devices.

(i) Checking of designs of temporary facilities such as anchorages, guys, scaf-
folds, structures, equipment re-arrangement and power feeds for safety.

(j) Liaison with design engineers to ensure that facilities are free from inbuilt
hazards or operating difficulties.
Facilities should be made to fit the people who operate and maintain it and
not as so often happens, people having to fit the facility. In some installa-
tions valves associated with water return equipment of vapour phase cooling
systems have been installed in inaccessible points underneath major
components.

THE STATION MANAGER

A properly qualified and experienced officershould be in charge of the operation
and maintenance of the station plant and directly responsible for its safe opera-
tion. For the purpose of this exercise, the local officer-in-charge has been
designated as station manager, regardless of his local title.

In a large station complex involving more than one site and several different
trade group disciplines, the duties of the station manager may be delegated for
any particular section of the station work to a foreman, supervisor (or otherwise
designated senior staff member) who should report to the station manager as
required on all aspects of safety.

When the station is under normal operational control the officer-in-charge of
the shift should be responsible for ensuring that the directions of the station
manager are carried out, and that in all other respects, the safety rules are
observed.

When any of the station equipment or plant is undergoing test by installation
or specialist staff not normally under the control of the officer-in-charge of the
shift, the semior specialist officer should be responsible for the safety of the
equipment and staff working on it, and for any nonstandard conditions that may
be caused by other operational equipment.

The duties of the station manager in so far as his safety responsibilities are
concerned may be summarised as follows:

(a) To create and issue local safety instructions.

(b) To hold safety meetings with foremen, supervisors and other key personnel,
and to instruct them in safety procedures.

(¢) To make safety inspection tours of work areas at frequent and regular
intervals.
The station manager should have a definite system of regular inspection to
cover all equipment and plant on the station. Not only may hazards have
been overlooked in the planning and installation of newly installed facilities,
but more important, the daily wear and tear and changes made may cause
hazards to develop which are likely, in the absence of adequate and regular
inspection, to come to light only when they result in an accident.

(d) To arrange for the issue of hard hat and protective clothing.

(e) To take charge of the storage of flammable liquids and explosives.

(f) To arrange for ambulance, doctor or hospital services as required.
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() To ensure first aid equipment and safety aids are properly maintained and
readily available at all times.

(m) To keep in safe custody any key or device forming part of any safety
facility, where this is required by the rules.

(n) The station manager should not accept responsibility for the action of staff
of contractors working on the station equipment or plant which has not
been accepted. Nevertheless, he should ensure that nothing is done that
might endanger the safety of these workmen.

Equipment or plant which has been taken over from a contractor should
be subject immediately to the normal control and restrictions. The contrac-
tor’s staff should not be permitted to again work on the plant unless they
have the approval of the station manager and unless all work is carried out
strictly in accordance with the safety rules and procedures applicable at the
station.

(o) To promote good housekeeping,

There should be a proper place for all materials, tools and equipment and
they should be in their place when not in use. Waste materials from instal-
lation or maintenance work should be removed from the area of operations
immediately. When workmen must climb over or go around discarded
materials, equipment, tools or piles of rubbish, the danger of accidents is
increased unnecessarily. The station manager should be on the alert to
ensure that this danger is eliminated. Good housekeeping is a continuous
condition which must be given proper attention and thought.

Accidents which have occurred on radio stations due to poor house-
keeping include:

(i) Slipping on concrete floor as a result of oil leakage from a transformer
tap. A drip tray should have been provided.

(ii) Tripping over transmitting tube placed on floor during tube replacement
operation. The tube should have been placed in a socket position
provided on the tube trolley.

(iii) Tools dropped from a mast during erection. The workman should have
used a bag to hold his tools.

(iv) Injury to hand while handling transmitter packing crate lid. Nails
should have been removed before discarding the crate.

(p) To ensure that complete and up-to-date circuits of all equipment on the
station, together with all necessary operating instructions, are available at all
times to staff who may require them in the course of their work.

(q) To ensure that all staff concerned are advised immediately of any change in
critical circuit setting or adjustment, and are given all corresponding operat-
ing instructions.

(r) To impart to every workman on the station the understanding that the
violation of established safety rules will not be tolerated.

SUPERVISORY STAFF

Supervisors at all levels are responsible for the completion of work efficiently,
economically and safely, through their own efforts and those of the staff they
control. As maximum efficiency, economy, and safety cannot be secured without
the earnest support and co-operation of all staff, the role of the supervisor is a
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most responsible one. Supervisors are in a key position to help in achieving these

objectives. They know the work and are familiar with the risks and hazards in-

volved. They are constantly at the workface and have a degree of intimacy with

it unequalled by anyone else in the organisation. Furthermore, they are in a

position to know the individual workmen so well, their abilities, sense of co-

operation, safety habits and reaction to authority.

In many work situations it may be impracticable to eliminate the hazard
completely and steps must be taken to control its effects. In most cases the two
necessary ingredients for an accident—hazards and men-—are present, and both
must be controlled to prevent accidents. Hazards are controlled by the provision
of interlocks, guards and other appropriate devices, while the workmen are
controlled by the supervisor who sees that the men follow prescribed safety
procedures. Quite obviously the effectiveness of these methods of accident
prevention depends heavily on the supervisor and his ability to accurately locate
the hazards in the work environment, to effectively control them and the action
of his subordinates.

The main responsibilities with respect to safety, of the supervisor of each
trade group may be summarised as follows:

(a) To adopt such precautions as are within his power to prevent accidents and
to see that the safety rules are observed by workmen under his control.
Before commencing work in which potential hazards exist the supervisor
should hold a short safety session with the workmen involved to discuss the
hazards, and the safety practices to be adopted. It is important that the
workmen be encouraged to participate in these discussions.

(b) To ensure that all new employees are carefully instructed as to the hazards
of the work and how to avoid them, are issued with a copy of the station
safety rules, have read the rules and correctly understand them.

Failure of a supervisor to warn workmen who have very little or no know-
ledge of potential dangers of work on which they may be engaged can be
considerec as negligence.

(¢) To take steps to prevent unauthorised persons from approaching places
where work of a hazardous nature is being carried out.

(d) To prohibit the use of any machine, tool, test equipment or other device
unsuited to the work in hand or which has not been properly tested by
competent people,

(e) To encourage the wearing of safety apparel, such as safety glasses and hard
hats, in areas where their use is recommended or is mandatory.

(f) To ensure that workmen when working in isolated places, such as aloft on a

mast or tower and where a foreseeable event could result in serious injury,
are provided with a means of communication with other workmen.
Portable two-way radio equipment is provided on many stations for this
purpose. Also, many structures where staff may be required to carry out
adjustment work on antenna systems and sectionalising coils are fitted with
a telephone jack point.

(g) To first obtain the permission and clearance of the station manager before
permitting any member of his staff to work on equipment which is opera-
tional or undergoing test.

(h) When equipment or plant has failed in service and staff are engaged on
location and repair of the fault, he must see that under no circumstances is
life endangered in order to reduce the duration of the breakdown.
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(i) To ensure that safe handling and lifting methods are practised by workmen
under his control.
Whilst workmen are expected to carry a reasonable load, the supervisor
should see that where awkward or heavy material is being handled, adequate
staff or mechanical aids are used to do the work safely.

(j) To give full support to all safety activities, pracedures and programmes.

If more than one person is engaged on work on or about transmitters, trans-
mission lines, antennas, masts or towers which are energised or could be expected
to be energised orin any other hazardous area, then in the temporary absence of
the supervisor, one of the persons should be designated as officer locally in
charge of the work. The employee instructing the warkmen would be considered
to be in charge of the work.

THE PROBLEM OF THE SMALL STATION

One of the major problems confronting the safety movement is the failure of
small organisations engaged in radio engineering activities to prevent accidents to
staff. The importance of this is emphasised by the fact that small stations, such
as those employing say ten or less technical staff, employ a large percentage of
the total technical radio workforce,

Certainly the advantages of preventing accidents are just as important to the
small station management as to the very large station management but it is
surprising how many attempts to improve the safety performance of small
organisations, in general, have been far from fruitful. Some of the reasons why
many small groups have failed to achieve a high standard of safety have been due
to the following:

(a) Management of many small organisations has often been reluctant to make
funds available for works which would not show a definite and prompt
profit on the investment.

(b) Even a high accident rate in a small workforce produces accidents so in-
frequently that management has not been impressed by the seriousness of
the problem.

(c) The responsibility for safety throughout the organisation has not generally
been vested in any one particular officer.

(d) Where responsibility has been invested in one officer, such as the Chief
Engineer, management has not given him sufficient authority to ensure
implementation of an effective safety programme.

(e) Very few small stations maintain a record of accident statistics.

(f) Only a few of the organisations have shown interest in the activities of
national safety groups.

ORGANISATION CHART

An organisation chart, or written statement, clearly showing the division of
responsibility between officers and employees down to and including all super-
visors on the station should be posted conspicuously in offices, workshops,
depots and in other places where the number of employees and the nature of
the work warrant it. It should also be included as part of the book of safety rules.
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SAFETY RULES

A safety rule should not be established unless there is a need for a rule, the rule
can be followed, and the intention is to enforce it.

Enforcement of rules is necessary to ensure the complete success of any
safety programme. Disciplinary action should be avoided until management has
thoroughly discharged its safety obligations, and every effort has been exhausted
in securing voluntary co-operation. However, in the final anlaysis, disciplinary
action for failure to follow a rule must be taken or the rule will essentially cease
to exist. Management action must indicate beyond any doubt that certain safety
violations cannot be tolerated. Firmness in securing conformity with such
safety rules would be consistent with the wishes of the majority of staff on the
station.

Safety rule books should be furnished to every workman by the station
manager. Suggestions to management for changes in, and additions to the book,
would normally originate with the supervisors, but subordinate staff should be
encouraged to submit suggestions.

The main considerations in the establishment and maintenance of safety rules
are that:

(a) They be few in number, easily understood and practical.

(b) They be carefully explained to each workman when he receives the book
containing the rules.

(¢) Supervisory officers always set a good example by following the safety rules
themselves.

(d) Safety rules have equal application in all sections of the station work.

(e) No rule be published which cannot be enforced.

(f) Prompt corrective action be taken for failure to comply with safety rules,
the emphasis being on education of the group, rather than punishment of
the individual.

(g) Each published rule be covered by a general instruction issued by the
engineer or station manager.

(h) Each hazard covered by a safety rule be definitely demonstrable as unsafe.

(i) Safety operating practices not be called safety rules.

General safety rules which have been issued by one organisation for staff at
its radio stations are shown in the following Example.

EXAMPLE 21.1

RADIO STATION
GENERAL SAFETY RULES

The Safety Rules which are listed below have been formulated, not as restric-
tive measures, but as guides to workmen and supervisors in their co-operative
efforts to prevent accidents.

One of the important points to keep in mind about your job is the necessity
for working safely and following the safety regulations which apply for each
operation.

Certain safety rules have a substantial impact on the safety of an individual or
the entire workforce. A single violation might place the safety of many workmen

335



THE ENGINEER

in jeopardy. For these reasons, an intentional violation of the following Safety
Rules will result in immediate disciplinary action.

No Smoking

Smoking in Flammable Liquid Store Rooms, Battery Rooms, Control Rooms,
Tape Recorder Rooms, Power Generating Rooms, Filter Cleaning Rooms, near
Petrol Bowsers and other areas so designated on the station is strictly forbidden.

This rule is necessary because some materials in these rooms or areas are
highly flammable.

A match or cigarette carelessly thrown away could start a fire that would
endanger many lives.

In those areas where smoking is allowed, take care to use the ash trays pro-
vided and avoid doing anything that might start a fire.

Observe All Safety Keys, Locks and Tag Rules

Safety keys, locks and tags are used throughout station equipment to protect
personnel and equipment.

Unauthorised removal or replacement of locks, keys or tags, misuse of such
locks, keys or tags or operation of a control that has a tag attached is a very
serious offence.

Use Safety Devices

Workmen are paid to use the safety devices provided or installed on the equip-
ment and plant they operate. Use of such devices makes each job a lot safer and
in most cases easier.

For his personal protection, a workman is not permitted to make a safety
device inoperative or to remove it, Also, equipment must not be operated if the
safety device is not functioning properly.

Wear Personal Protective Devices

Personal protective devices such as safety glasses, hard hats, gloves and safety
belts are provided on certain jobs because of an indicated need.

It is emphasised that personal protective devices do not eliminate hazards.
They are a second line of defence which protects the workman from injury
provided that they are used.

Refusal to wear such devices may lead to disciplinary action.

Wear Proper Clothing

Staff working near machines or on masts and towers should not wear loose
fitting clothing.

Where heavy material is being handled, safety shoes should be worn. Staff
working near or on high voltage equipment, machines or on masts and towers
should wear appropriate footwear. Open toe or loose footwear will not be per-
mitted.

Metal finger rings must not be worn by staff who are required to work on
radio or electrical equipment.

Do Not Operate Unless Authorised

No equipment or plantisto be operated by any workman unless he is properly
qualified to operate the equipment or plant, and has the authority of his super-
visor to do so.
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To operate most equipment and plant on a radio station in a safe manner,
specific training and skill are required. Failure to obscrve this rule could be
dangerous to you and your fellow workmen.

Horseplay Prohibited

Horseplay is dangerous and a poor excuse for fun. Horseplay includes any act
which may startle or distract a person from his work. Horseplay has resulted in
serious injury, and even death, and will not be tolerated on station property.

Seek First Aid Promptly

Prompt first aid should be obtained for any injury, even though of a minor
nature.

The treatment may prevent complications and will enable your supervisor to
take steps to prevent a similar accident. The investigation by your supervisor
might reveal a hazardous condition that could lead to a more serious injury if
not promptly corrected.

Fire

Make yourself familiar with the local arrangements for giving an alarm and the
procedure to be followed in the event of fire outbreak. Notices giving details of
these arrangements are displayed prominently throughout the station.

Good Housekeeping

Tidy and systematic working methods should be employed in your work to
ensure that jobs are carried out safely and efficiently. In particular, do not leave
materials and tools lying on the floor where others may trip over them.

Remember that no job is finished unless left in a neat and tidy arrangement.

FIRST AID RULES

The safety rules book should contain or be accompanied by the following:

(a) A list of names, addresses and telephone numbers of doctors, ambulances,
fire brigade, civil defence units and members of the organisation who are to
be called in emergencies.

(b) A copy of rules of first aid, methods of resuscitation and fire extinguishment.

These first aid rules should be issued to every employee and also posted in
conspicuous locations throughout the station and in work vehicles.

When the nature of the accidents that occur on radio construction sites and
the conditions in which they occur are considered, it will be realised that the
availability of first aid facilities and the presence of personnel trained in first aid
are of major importance.

Radio stations are as a general rule in a remote or isolated location and
immediate assistance of medical aid may not be available. Certain accidents such
as electric shock or those accidents occurring aloft on structures need immediate
attention, and the chances of survival mainly depend on the promptness with
which such attention is given. In cases of electric shock where asphyxiation is
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caused by muscular contraction or paralysis of the respiratory system there is an
excellent chance that the victim canbe revived if artificial respiration is promptly
applied. There is a 95% chance of saving the injured person within the first
minute, but only 25% chance from the fifth minute onwards.

In addition, there are certain mistakes to be avoided in the minutes immed-
iately succeeding the accident; such mistakes can reduce the chances of successful
medical treatment. It is as important to know what should not be done in the
event of an accident, as it is to know what should be done. This shows how
desirable it is to have staff qualified in first aid on all operational shifts of the
station. Workmen or supervisors who have received practical training and who
are in charge of first aid boxes can save lives or reduce the extent of injuries.
The names of all qualified station first aiders should be posted near each first
aid box.

INSTRUCTING WORKMEN

Every new workman on the station should be told immediatly on taking up duty
that he will be required to observe safety rules. He should be informed of the
hazards of his work and advised how he can reduce the danger of accidents to
himself and fellow workmen. A procedure alone does not of itself bring safety
into an activity. There must be complete adherence to the procedure established
and this must be accomplished through education of the workmen and enforce-
ment of the rules.

With safety procedures involving such vital matters as lock-out, flag and/or tag
rules, education of any workman must begin the very first day he commences
work on the station. There can be no ignorance concerning this rule.

Every organisation should have a definite programme for training of personnel
along safety lines. Sufficient time and effort must be given to training the men in
the safe way to do their jobs. The men should be trained to select the safe as well
as proper tool, taught to get into the safest position and to make the proper use
of safety equipment. All of the safety procedures should be in writing and readily
available to every workman.

Special courses should be conducted by qualified instructors. These courses
may well include such things as emergency resuscitation, fire extinguishment,
basics of first aid, the use of safety equipment and mast top resuscitation
techniques for those staff required to work on masts and towers.

QUALIFICATIONS AND FITNESS OF EMPLOYEES

The organisation should use every reasonable means and precaution to assure itself
that each employee, particularly those holding positions of responsibility, is
technically qualified and is mentally and physically capable of performing his
work in accordance with the safety rules and any other applicable rulés, codes or
regulations.

For radio lines staff and riggers required to work on masts and towers, the
organisation should ensure that only those workmen certified medically fit for
this type of work are employed. To ensure the continued fitness for this employ-
ment, workmen should undergo periodical medical examinations.
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Aids and Facilities

SAFETY AIDS

A supply of first aid equipment, protective clothing, safety aids, fire extinguishing
plant and equipment sufficient to enable employees to meet the requirements of
the safety rules should be provided on every station. First aid and fire extin-
guishing equipment, in particular, should be provided in conspicuous and suitable
places throughout the station buildings, near line matrix switching equipment,
coupling huts, power house, line material storage depots and also in vehicles
used for construction work or the transport of staff,

The nature and extent of medical attention provided, and the first aid facilities,
must be sufficient for the needs of the employees, having regard to the hazardous
nature of the work at the station, and the distance from hospital or other
medical assistance.

Many minor injuries can be treated satisfactorily at the job site if adequate
first aid facilities are maintained. All staff on the station should be encouraged
to receive training in first aid, and supervisors must ensure that every workman
has been instructed as to how to secure first aid, when needed.

The kinds and quantities of safety aids, facilities, devices and equipment
which are required will depend on many factors. The following list is typical
of aids and facilities provided for a large staffed station:

(a) First aid outfits including stretchers.

(b) Insulating wearing apparel such as insulating gloves, insulating appliances
such as rods, and tongs for any necessary handling or testing of live equip-
ment or lines as well as insulating shields, covers, mats and platforms.

(c) Protective goggles and helmets of suitable materials and appropriate con-
struction.

(d) Portable signs such as ‘Men at Work’, “Danger’, and the like.

(e) Fire extinguishing devices either designed for safe use on live parts or
plainly marked that they must not be so used.

(f) Earthing devices for making protective earths.

(g) Fixed or portable lighting equipment.

(h) Test equipment and probes.

(i) Safety belts, ropes and ladders.

(j) Panic alarm and communication systems.

(k) Ear muffs and ear plugs.

High power transmitting stations, because of the large physical size of the
equipment, plant and facilities, make it possible for a workman to be trapped
inside a transmitter, antenna switching enclosure or room, vault room or electric
substation. In areas where this is possible, panic alarms with conspicuously
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Such protective devices and also electrical protective devices should not be
removed or rendered inoperative, unless the machine is stationary and has been
deliberately immobilised to prevent its operation while the protective devices
are out of action,

Permanent ‘Warning’ signs forbidding entrance to unauthorised persons
should be displayed in conspicuous places at all unattended and unlocked
entrances to equipment rooms, transmission line switching areas, antenna
matching huts and power rooms containing hazardous exposed current carrying
conductors moving parts. Suitable ‘Danger’ signs should be placed on or near
equipment or plant having exposed high voltage conductors. Figure 22.1 shows
an application of this philosophy to a 500 kW water cooled dissipative line at a
high frequency broadcast station. The message has been spelt out in three
languages.

The control room at a transmitting complex is often located in an area
remote from the equipment it controls, and an operator who takes local control
of a transmitter for test purposes may not be able to observe equipment in the
vault or water cooling and steam condensing areas. In these cases, fixed inter-
communication systems should be provided to allow communication between
workmen. A well designed system would allow for communication between all
main isolated sections of transmitters and between the control room and all high
voltage areas, antenna switching matrix, antenna matching huts, power house,
programme input rooms, and other critical areas.

Communication devices, which may be a telephone connected directly to
the control room or other continuously staffed point, are also desirable at
locations near antenna systems, particularly where the systems cover a large
area and involve tall structures or operate at high powers.

NOISE

The noise level of high velocity air blowers in some transmitter equipment, and
engine generating units in power rooms, may cause hearing damage, but signifi-
cant reduction of sound levels in many cases can often be both extremely
difficult and expensive. Measures to house noisy units and machinery in noise
insulating enclosures can be effective but in many cases create a host of other
problems. Where it is not practicable to eliminate high noise levels, suitable
reduction in level to operating staff may be achieved by the use of ear muffs
or ear plugs.

If operators are exposed to high noise levels for only a few times a month,
such as for regular testing of emergency generating plant and earplugs give
acceptable protection from that noise, then the provision of earplugs would
be more economical than ear muffs. Also, there will be environments such as
exist at stations in the tropics where the earplugs may be preferred to earmuffs
from a comfort point. However, ear muffs give greater attenuation to noise than
ear plugs. An external ear muff gives an attenuation of 25 to 40 decibels whereas
a waxed cotton wool ear plug gives about 20 decibels attenuation. Rubber plugs
have a range of attenuation of 18 to 25 decibels and a silicone rubber plug
individually moulded varies from 18 to 28 decibels depending on tightness of
fitting.

Figure 22.2 shows a typical ear muff provided for operators at one television
station comprising four transmitters with high velocity air blowers.
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the exits should lie in opposite directions. The provision of two exits so located
as to render the cutting off of both at one time extremely improbable is funda-
mental to safety.

The layout of equipment and ‘plant, particularly in high power transmitter
areas, matching huts for antenna systems, antenna switch buildings and enclosures
and other high voltage areas should be such as to provide access and egress in a
safe manner. A workman entering the room, building or enclosure should enter a
safe area and not one with exposed live equipment-and conducters. A workman
leaving the same area should enter a safe area. All doors and gates should open in
the direction of egress with the exception of sliding doors, which are permissible
in exits through fire walls between such areas as the transmitter and the trans-
former vault.

WORKING ALONE

No person should work alone on a transmitter or any other radio or electrical
equipment, or carry out testing or experimental work on such equipment where
the voltage, whether d.c., power frequency or radio frequency exceeds 350 V
peak between conductors, or between a conductor and earth, except in routine
operation or testing where live parts are properly guarded.

With some large organisations it is practice to have at least three operators on
every shift where high power transmitters are involved, particularly where
installed in an isolated location. The main consideration being safety rather than
equipment requirements. In the event of an operator being hurt, one would be
on hand to give immediate first aid to the victim while another would be free
to raise the alarm and seek medical assistance.

The continual observation of a workman engaged on the testing, adjustment
or maintenance of high voltage equipment must be mandatory because in the
event of a person being the victim of a severe electric shock or paralysed and
cannot let go, he is in either case virtually helpless to summon aid. Immediate
help can be given by those who recognise the problem, and then only if they
can see the victim and know what to do.

The importance of these rules is shown by the case of a workman carrying
out alterations to a transmission line switch located inside a wire enclosure at the
rear of a 10 kW broadcast transmitter. All equipment within the enclosure was
protected with the exception of a 10 kV busbar supplying e.h.t. to the trans-
mitter. The busbar was mounted about 2.4 m above floor level. A flashing red
light system was installed to operate when the enclosure door was opened with the
transmitter operational, but no gate switch interlock was fitted. The workman
disabled the flashing red lights, apparently because they were too close to his
work, mounted a small step ladder, and while working on the earthed switch his
head contacted the bare 10 kV conductor. He was killed instantly. Although
the presence of the live conductor was known the workman was allowed to work
alone in the hazardous situation without action being taken to properly guard
the conductor, and to locate an observer near the transmitter,

The practice of allowing workmen to remain inside an enclosure with live
high voltage equipment should not be permitted, other than under exceptional
circumstances and then only after a senior officer, preferably the engineer or
station manager, is completely satisfied that the workman is in a safe position,
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clear of all hazardous electrical and mechanical plant, and that he is under
constant observation by another workman who is outside the enclosure and who
can shut down the plant if necessary. The dangers of this practice should be
realised by all concerned, as several accidents have resulted from workmen
staying within high voltage enclosures while tests were being conducted. Every
possible avenue should be explored to obtain the necessary information or to
carry out the operation without a workman being placed in such a hazardous
area.

FIRE EXTINGUISHING FACILITIES

Adequate approved fire extinguishing equipment should be conveniently located
throughout the station and clearly marked. Any appliance which has not been
approved for use on energised equipment should be plainly and conspicuously
marked with a warning to that effect.

All fire extinguishing equipment should be inspected at regular intervals by
competent people, be easily identifiable and always be readily available. Care
must be taken to ensure units are not so close to the equipment they are designed
to protect that they might become inaccessible if the equipment catches fire.
Also, extinguishers must be placed outside small equipment buildings as well as
inside.

Workmen trained in the proper use of fire extinguishing equipment should be
on duty for every operational shift of the station. When work is performed out-
side normally staffed hours, the station manager should ensure that at least one
member of the staff working, additional to the shift supervisor, knows the action
to be taken should an emergency arise. All staff occupying supervisory positions,
whether on a permanent or temporary basis, should be instructed in the proper
use of all fire extinguishing equipment and services.

Equipment and rooms fitted with automatic CO, or similar systems should
be fitted with an interlock system to protect staff when they are working on
the equipment or in the room so fitted. The dangers of carbon dioxide when
used for fire extinguishing purposes are those of suffocation and of reduced
visibility. The officer making the system inoperative should hang a sign on the
doors leading to the area to indicate that the fire extinguishing equipment has
been disabled. Where the equipment is remotely controlled a notice should also
be displayed on the panel containing the remote control facilities. The restora-
tion of the system to its correct mode should be the responsibility of the officer
who disabled it.

Action to be taken when fire starts should be along the following lines:

(a) Isolate power from the equipment involved.

(b) Raise the alarm in accordance with local instructions.

(¢) Shut down all forced air cooling devices.

(d) Attack the fire with facilities available.

(e) Report the occurrence in accordance with local instructions.

FURTHER READING

TRYON, H., Fire Protection Handbook, National Fire Protection Association,
Boston, 1962
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Chapter 23

Electrical and Radio Equipment

WORKING NEAR HIGH VOLTAGE EQUIPMENT

The electrostatic discharges experienced by staff working near unshielded high
voltage equipment, such as transmitter tank circuits and high power antenna
matching networks, do not as a general rule constitute a direct hazard but they
may lead to accidents of a secondary nature. Currents even slightly in excess of
an individual’s threshold of perception might produce apprehension, fear or
other adverse reaction. A surprise might be associated with an involuntary move-
ment resulting in loss of balance, a fall, or contact with a high voltage conductor
or a dangerous mechanism, with serious injury as an after effect.

If a workman stands on a good earth, for example the copper floor of an
antenna matching hut, near a large high voltage inductor, and he has footwear
of zero resistance, then he will be at zero potential with respect to earth. A
capacitive current will flow from the high voltage inductor to his body and from
his body to the copper earth sheet. This capacitive current results from the
distributed capacitance between the high voltage inductor and his body. If,
however, his shoes are not of zero resistance, as is the normal case, or he is
standing on a wooden box, and he touches an earthed metal panel, then the
current will flow through his arm.

When the workman is insulated from earth, an arc will jump from his body to
an earthed metal object as soon as the distance between his body and the object
becomes sufficiently small enough. The charge between his body and earth will
be suddenly discharged and the workman’s potential immediately drops to zero.
The discharge occurs in the form of a damped oscillation which has an extremely
small duration but is associated with a relatively high current since the charge
is removed in a very short time. This high current of short duration causes a
shock, and unintentional reaction of the muscles, especially if the individual is
not prepared for the shock.

During the testing of one dual frequency 50 kW matching network an engineer
received burns to the toes of a foot as he passed one of the high voltage rejector
coils of the network. The floor of the building was covered with copper sheet.
The charge between his body and earth discharged through the metal brads on
his leather soled shoes and resulted in small but annoying burns to the toes.

A similar experience was cited by maintenance riggers during the early days
of the high power v.L.f. station at Rugby. When the workmen were transported
by lift to the top of any of the 270 m masts, no electrical effects were noticed
because of the shielding properties of the lattice steel mast. However, on the
open platform at the top near the antenna termination points, the field was
so intense that a workman could easily draw sparks from the brads of his
shoes. Some workmen related how they could read the Morse keying of the
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Although it is not usual to permit workmen to work on live medium frequency
radiators it is nevertheless still practised at a few stations, mainly to allow staff
to replace mast lighting lamps during the normal daylight hours of transmission.
In these situations the same capacitive discharge problem exists. Wooden ladders
without wire reinforcement in the stiles or fibreglass types are used to give the
necessary insulation, but during contact with the steel mast, and again on
breaking contact, the arc can be of some concern. The usual practice is to carry
a metal tool, and to contact the structure quickly and firmly. Once in contact
with the steel, the workman will not feel any arcing. On breaking away from the
structure, the tool is removed off the steel as the last act, when the body is on
the ladder and clear of the structure. Ladders must be long enough and placed so
as to make simultaneous touching of earth and any live part absolutely impossible.

EARTHING PROCEDURE

Proper earthing of radio and electrical equipment is extremely important parti-
cularly when working with high voltages. Conductors and equipment properly
earthed can be a life saver, but when earthed through the body of a workman
can be fatal.

When an enclosure contains equipment or conductors which may be subject
to peak voltages in excess of 1000 V and which are accessible when the enclosure
is opened without the use of a tool, earthing switches should be provided to
earth those high voltage parts, before access is possible.

When making temporary protective earths on a normally live circuit of radio
equipment, 