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1. INTRODUCTION

This manual has been prepared for training supervisory 
maintenance personnel in industrial establishments in the 
People's Democratic Republic of Yemen (PDRY) and is intended 
to be used with the accompanying six-week training course.
The particular conditions of maintenance and plant manage­
ment in PDRY were observed by the consultant's team leader 
in a ten-day mission to Aden in March 1983. At the end of 
the mission, the team leader, Head of Maintenance Section 
in the Ministry of Industry and the mainterance adviser to 
the Ministry elaborated an outline for the manual and the 
training course. The contents of each chapter of the manual 
and course were then elaborated in Switzerland by the three 
members of the consultant's team. The major works consulted 
are listed in Appendix 1, Documentation.
Since most of the more important factories in PDRY already 
have a maintenance system, some qualified maintenance 
personnel, and perform maintenance planning, the emphasis 
of the present manual and course is upon:

improving the system of maintenance
carrying out a fuller implementation of the system
analyzing maintenance records and evaluating the 
performance of the maintenance service
developing action plans for improvements to the 
maintenance service
training maintenance personnel
planning the maintenance service for new plants at the 
pre-investment and implementation stages.

Chapters 2 through 7 aim at reinforcing the knowledge of 
supervisory maintenance personnel and at instructing junior 
maintenance personnel. The chapters 8 through 15 have the 
objective of advancing the knowledge of all the partici­
pants in the course by starting with training in manag;ng 
the maintenance system and progressing to planning the 
maintenance system of a new industrial facility from the 
pre-investment stage.
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The final chapter deals with solving special problems in 
PDRY such as:

- maintenance and repair of water treatment systems
- maintenance of steam boilers
- electrical maintenance.
The participants in the course, will receive supplemental 
training materials such as check lists, reprints of ar­
ticles, and special technical information to aid in procure­
ment decisions. These materials should be bound into the 
manual by the participants.
A glossary is included as Appendix 2. Space has been 
provided for Arabic translations and for notes to be made 
by the participants. The glossary serves also as an index 
to the manual by giving page numbers where the term in 
question is explained in the manual.
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2. AIMS, COSTS AND BENEFITS OF MAINTENANCE

Each equipment, machine, fixed asset, factory, tool, 
building, vehicule and so on, has originally been built, 
bought, or rented for a special purpose, which usually is 
to contribute to the production of some sort of goods or 
services.

Good maintenance requires many conditions:
good knowledge and understanding of the equipment and of 
the way it works
good sensivity of eyes, ears, touch, and even smell, to 
able to detect as quickly as possible what may be wrong
availability of all the materials which machines need, 
such as lubricants, cooling water, cleaning materials as 
well as all the vital spare parts which might suddenly 
be necessary
an attitude of responsibility by the people who use, 
operate, or look after the equipment for its produc­
tivity and for proper working conditions
planning and preparation of all the various tasks to be 
done; men, tools, and materials must be ready and at 
hand. Then the work done in each task must be recorded 
as completely and precisely as possible for future use 
and for better efficiency
a high sense of team-work and the understanding of the 
needs of production; general management must understand 
and promote team-work.

2.1 Aims and objectives
The aim of maintenance is to achieve the highest 
economic level of efficiency from plant and equipment, 
with satisfactory utilisation factors. To reach this 
goal, the production "downtime" has to be kept to a 
minimum. The equipment must be kept in good working 
order in such a way that production is satisfactory in 
quality and quantity.
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In most cases it is advisable to define the objectives 
in clear terms. There are two main types of objectives:

operational objectives
cost objectives

The only way to avoid misunderstandings is to clearly 
define the expected results and the means by which they 
should be achieved.
Here are some examples of operational and cost 
objectives:

Operational objectives
. To maintain equipment in top operating

condition and in good, safe working conditions 
for operators.

. To ensure maximum availability of plant and 
equipment.

. To provide service that will avoid breakdown at 
all times.

. To extend plant life.

. To maintain plant and equipment with maximum 
economy and to replace them at predetermined 
periods.

. To ensure high-quality performance.

. To ensure safe and efficient operation at all 
times.

. To maximise output .

. To maintain a reasonable appearance of plant.

. To keep the plant clean at all times and free
from obstructions to the flow of work, materials, 
vehicles, and people.



5

Cost objectives
. To minimise maintenance expenditure.
. To provide maintenance service within the limits 

of the budgeted amount.
. To proportion maintenance expenditures among the 

plant and equipment on the basis of age and rate 
of utilisation.

A complete revision of objectives and policies could 
take place at two-yearly intervals.

2.2 Costs
The costs of maintenance can and should be calculated 
in advance, especially as these costs are usually 
underestimated. All the costs must be budgeted, exactly 
recorded, controled and analysed. With an efficient 
organisation, the costs can be limited, reducing the 
price of the product and giving the factory a higher 
efficiency and productivity.

2.3 Benefits
The benefits of maintenance are considerable, but 
difficult tc estimate in advance, as maintenance 
consists first of all in keeping production "downtime" 
to a minimum and achieving the highest economic level 
of efficiency from plant and equipment. Good mainte­
nance prolongs the life of equipment and defers the 
need for outlay on replacement of fixed assets. One 
specific difficulty in estimating the benefits of effi­
cient maintenance is that it can only be done by com­
parison with a former, less efficient, organisation 
inside the same plant, or by comparison with other, 
similar plants. For the maintenance personnel it is 
very important that the record-keeping and the analysis 
of breakdowns and corrective actions are done carefully 
in order to determine the level of their own efficien­
cy.
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CYCLE OF FIXED ASSETS

3.1 First phase
When a new industrial investment is considered, the 
planning engineers usually know practically all the 
conditions the planned equipment should fulfill. 
However, there is one important point - technically and 
financially - which is very often neglected: it is the 
total of the anticipated maintenance costs, the neces­
sary quantities of spare parts and the period over 
which these costs are to be written off. With efficient 
maintenance, this period can be substantially pro­
longed, but with a lack of proper preparation at the 
planning stage, this period might be much shorter than 
foreseen and the firm might have losses as a result. 
Therefore, before deciding which firm will get the 
order for the new equipment, special caution is needed 
and guarantees will have to be carefully studied. All 
the possibilities of after-sale service, the possibili­
ties of delivery of spare parts and the possibility to 
get, if necessary, the help of specialists of the maker 
of the equipment must be considered. All these problems 
should be discussed thoroughly with the persons respon­
sible for the future maintenance services. Only then 
should the order be placed.

3.2 Second phase
Before the new equipment arrives on the site, the 
future maintenance crew must be ready. By far the beot, 
cheapest and most efficient way to work is to have the 
maintenance crew doing all the installation with the 
help, direction and supervision of the specialists sent 
by the manufacturer of the new equipment. In this way, 
the crew learns from the very beginning all the charac­
teristics, details and "tricks" of the new equipment. 
This method helps greatly to avoid mistakes and im­
proper handling and can significantly reduce mainte­
nance costs.
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3.3 Third phase
Then comes the normal service period of the equipment.
As explained in other chapters, each maintenance-work, 
the used materials and spare-parts should be exactly and 
completely recorded and accounted.

3.4 Fourth phase
The costs of necessary overhauls, the running repairs, 
the adjustments and the replacement of worn spare parts 
reach a relatively high level, the frequency of down­
time increases and the down-time periods tend to get 
longer, and the production falls. Then the moment has 
come to decide whether the equipment has reached its 
"retiring age": is productivity too small to support 
the maintenance-costs?

3.5 Fifth and last phase
In certain special cases it may be possible to use the 
old equipment for a simpler and easier job, perhaps in 
another factory. Generally, however, its only remaining 
value is scrap, minus the cost of demolition.
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4. ROLE OF MAINTENANCE IN PLANT MANAGEMENT

The foremost objective of plant management is the produc­
tion of a maximum of goods of an optimum quality and at a 
minimum cost. The temptation to neglect maintenance is 
great, because maintenance does not actually produce, but 
does cost.
Therefore, general management must have the necessary 
knowledge and understanding of the vital importance of an 
efficient and well-organised maintenance service so that it 
can appreciate the benefits of maintenance compared to the 
costs.
It is too easy to see maintenance as a hindrance to short­
term efficiency, especially since production managers want 
to produce the maximum in a minimum of time and at minimum 
cost.
The plant management, therefore, has to find a compromise 
between two opposite viewpoints, the first being efficient, 
energetic and active, and the second being wise, reason­
able, prudent and thinking of the future. This second 
viewpoint is, of course, the one which recognizes the value 
of proper maintenance.
This compromise can lead to conflicts between two equally 
qualified persons: the production manager and the mainte­
nance-engineer. The general manager has then to be the 
arbitrator.
In a well-organised plant, the production manager should 
have a good understanding of the absolute necessity of 
proper maintenance, and the maintenance-engineer should 
understand the pressure under which the production manager 
may sometimes be when he "absolutely" has to finish a 
certain order for a certain date - even if it means forcing 
the machinery and neglecting normal servicing.
In addition to all the technical, administrative and 
organising capabilities which a maintenance-manager should 
have, he should also be good at dealing with people.
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Another apparent conflict between production and mainte­
nance is that production seems to be, above all, a physical 
and creative activity of predominant importance in the 
factory, whereas maintenance seems to be a somewhat more 
intellectual activity requiring much foresight. If produc­
tion ressembles the muscles, hands and arms of the body, 
maintenance is more like part of the brain. The results of 
production are immediately visible, whilst the fruits of 
maintenance show only in the long run. While production 
should be daring and aggressive, maintenance must be 
careful, prudent, and provident. Maintenance is a service 
available to production, but this does not mean that the 
importance of maintenance is secondary. In the long run, 
maintenance carries the responsibility of the future of the 
whole plant.
It is a mistake to put one service above the other, as both 
maintenance and production are absolutely indispensable and 
both have their own importance. Each service requires 
certain qualities and characteristics from its responsible 
leaders.
A well-run plant can be compared to a cart with two wheels, 
one being the production, the other the maintenance. If 
only one wheel turns, the cart will go in circles and will 
not advance. If the speed of both wheels is not harmonised, 
the cart will be zigzagging on its course.
The main role of maintenance in plant management is there­
fore to understand, to plan, and to foresee all the needs 
of the plant for remaining in good condition so that 
production can be efficient and cost effective as long as 
possible.
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MAINTENANCE METHODS, PROCEDURES AND TERMINOLOGY

In efficient maintenance management, maintenance has four 
levels of priority. The general rule is to achieve a 
capability of responding to emergencies while taking care 
of the ongoing planned maintenance.

Emergency
Emergencies cannot in fact be "planned" - only the 
responses to them. The objective of "planned mainte­
nance" is to maximize the non-emergency component of 
maintenance work.
Routinely Scheduled
After the emergencies, this is the basic core of the 
maintenance schedule: lubrication, inspection for wear, 
space and so on.
Urgent
Urgent tasks to get equipment back in operation are 
known to be needed at some point, and can be scheduled 
in a reasonably flexible manner, even around "emergen­
cies". Urgent maintenance is not concerned with getting 
production going again, but with backstopping it with 
essential overhaul and remedial work.
Normal
Normal maintenance operations are worked in as staff 
and time become available. These tasks have a leeway of 
time. An example might be an engine overhaul, or 
rebuilding an aging piece of equipment. It has to be 
done, but does not have to be done immediately. Inclu­
ded in this category are such things as fixing the 
roof, arranging for new offices, and some kinds cf 
equipment overhauls. In this category of maintenance 
work, there may be a substantial "capital" expenditure 
as well as direct labour and materials.
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Routinely scheduled, urgent and normal maintenance are 
planned. Unplanned maintenance should be for emergencies 
only.
Good management can cope with most emergencies. One way is 
to have contingency plans. Police forces are a good ana­
logy. The business of a police force, for domestic securi­
ty, is to plan to be able to cope with unexpected emergen­
cies. The objective is "response".
Deciding on the level of investment appropriate to emer­
gency management is a difficult task for top management. 
Planning for emergenices almost seems anti-business: the 
well-run enterprise is not subject to such things. But 
emergencies do occur, and require a place in the planning 
of maintenance priorities.
Presented below are explanations of the usual terminology 
used in describing maintenance methods and procedures.
5.1 Routine maintenance

Lubrication 
Cleaning 

- Adjustment 
Replacement 
Inspection

5.2 Equipment Inspection
Failure location, trouble shooting 
Service life estimation

5.3 Repairs
Rehabilitation work
Plating
Welding
Finishing
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5.4 Prevention
Rust prevention, corrosionproofing
Dustproofing
Frictionproofing
Vibration damping
Overhaul

5.5 Productive Maintenance
Maintenance prevention is the careful selection of 
equipment during planning and installation for:
. less trouble in general 
. less failure and break-down time 
. easy handling 
. longer service
. easy, quick and less expensive maintenance
It includes the provision for evaluation tests and 
inspection of equipment upon reception.
Preventive Maintenance is done while equipment is in 
use :
. Correction of improper operation of the machine 
. Routine maintenance to prevent deterioration 
. Lubrication 
. Cleaning 
. Adjustment 
. Replacement
Improvement of maintainability
. Perform preventive maintenance 
. Perform scheduled maintenance 
. Improve work methods for repair 
. Select tools and materials carefully
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5.6 Corrective Maintenance
This term applies to vork done:

In case of failure, to analyse causes and take 
actions
To improve and modify equipment for reducing 
deterioration and lengthening the service period.
To improve and modify equipment to facilitate 
routine maintenance, inspection, and repair.

5.7 Total Productive Maintenance
This term means the set of maintenance measures 
required to ensure that equipment functions as expected 
at minimum cost and without failure.
The main duties of the maintenance department in "cotai 
productive maintenance" are to:

Make recommendations to the operation (production) 
departement for performing overhauls, inspection, 
maintenance and repair; perform the required work
Guide and consult operation department on methods of 
use of equipment and on maintenance

- Analyse failures and corrective measures
Improve equipment
Improve maintenance techniques and establish 
maintenance standards through research and 
development
Record maintenance work and comprehensively evaluate 
maintenance performance
Cooperate with planning department.
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5.8 Failures and the service life of equipment
The time period in which equipment can function 
properly is limited by three types of failures:
- Initial failure, due to discrepancies in design and 

manufacture.
Countermeasure : Perform test-run and inspection upon 
reception. Perform dynamic control during running in 
period.

- Random failure, due to improper handling in 
operation.
Countermeasure : Proper handling in operation and 
proper routine maintenance.
Wear-out failure, due to excessive wear. 
Countermeasure : Preventive and corrective 
maintenance.

5.9 Types of equipment deterioration 
Degradation failure
Here, equipment gradually decreases in performance 
while in use and causes loss due to the degraded 
efficiency even if failures do not actually occur.
(Examples: Chemical reactor tower, electrolytic 
cell, electric furnace, compressor for ammonia 
synthesis)

Sudden failure
In this case, although there is not much degradation 
in performance while in use, equipment suddenly 
fails or breaks down because of partial damage or 
for other reasons, but is recovered by replacement 
of parts.
(Examples: Broken shaft of a machine, broken 
electrical parts, broken internal pressure vessel)

Quality Deterioration
Here, equipment gradually deteriorates to the extent 
that the quality of products is lowered.
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The methods for counteracting these types of equipment 
deterioration are shown in the figure below.
Figure 1; Countermeasures against equipment deterioration
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6. STRUCTURE AND ORGANISATION OF MAINTENANCE

The establishment of an efficient maintenance service 
requires the combined efforts of all concerned; every 
member of the organisation must be receptive to it. It is 
up to management to issue the relevant directives and to 
give their full support to the maintenance executive. The 
effectiveness of the system depends on sound interaction of 
the main participating departments namely: plant enginee­
ring, production, cost accounting, stores, purchasing and 
personnel. Since each of these has a particular point of 
view, management may have to act as the arbitrator an to 
incorporate details in the plan which will lead to the best 
overall results.
Smooth operation of the service requires the following 
aspects to be clearly defined and understood:

the position of maintenance within the company
the internal organisation of the department
the functions and responsibility of key personnel.

6.1 Structure
The position of maintenance within the overall struc­
ture of the company has a great impact on the effective­
ness of this function.
Depending upon its position in the company structure, 
maintenance may be able to attract more co-operation 
from all functions, obtain more technical assistance 
or create more interest on the part of management.
The basic organisational guidelines for the maintenance 
function are as follow:

All activities relating to installation of plant and 
maintenance of equipment should come under one 
authority, even in small companies where either the 
chief engineer or the manager himself will be in 
charge of maintenance.
The chief maintenance executive should report to as 
high an authority as is feasible, preferably the 
plant manager who can ensure a balance in the clash 
of interests between production and maintenance.
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An organisation chart is helpful in establishing the 
position of maintenance and other functions
A chart presents only the formal side of the system. 
Informaly, relationships will depend on personali­
ties. Discussions leading to the adoption of a chart 
are always helpful. Above, all it is important to 
get management's approval of the final chart and 
backing for its implementation.
The standing of all the maintenance staff is greatly 
enhanced by the status of their chief. The higher 
the authority the maintenance manager commands, the 
more favourable is the effect on his team.
Maintenance should not be responsible to production. 
It is a primary function which cannot be managed as 
a part-time activity of the production manager. If 
in certain departments repairmen are required on a 
full-time bases they can be so assigned and still be 
responsible to maintenance. This is one aspect of 
decentralisation.
There is no universal organisation chart which can 
fit all situations. Every company has features 
peculiar to itself and these, too, change sometimes.
It is usually accepted that plant engineering com­
bines the function of planning for improvement and 
the expansion of installations with their upkeep. 
These functions complement each other. The super­
vision of power plant and utilities, e.g. steam, 
water, compressed air, are normally assigned to 
maintenance, sometimes under a separate foreman. 
Maintenance stores come undisputedly under plant 
engineering.
Purchasing of spares, as well as maintenance of 
transportation vehicles, must be assigned according 
to the size of the enterprise and a designated 
degree of expediency.
Figure 2 represents the basic relationship that 
could exist between the various technical functions 
and should be developed as changes occur.

It must again be emphasised that drawing up an organi­
sation chart of this sort should involve all depart­
ments .



Figure 2£ The Position of plant engineering and 
related departments within the 
organisational structure.
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An organisation structure lik^ the one in Figure 2 has 
the following advantages:

Maintenance stores become the direct responsibility 
of the plant engineer and if stocks occasionally run 
out, he has nobody to blame but himself. Naturally, 
it implies that supplies are ordered and purchased 
according to the agreed budget. This will eliminate 
the passing on of responsibility to anybody else.
Close co-ordination is possible between the purchase 
and installation of new plant and its subsequent 
maintenance. The plant engineer in many firms also 
develops special tooling and handling equipment. On 
a smaller scale, however, no distinction at all is 
made between these functions.
From Figure 2 it becomes clear that everything that 
has to be maintained comes within the plant 
engineer's jurisdiction in one way or the another. 
Some of the disputed areas are power installations, 
transport and handling equipment, production too­
ling, building maintenance and instrumentation. 
Solution for providing services for these groups may 
be found in subcontracting or in subdividing the 
maintenance department into specialised teams.

Figure 2 shows that the proper position of authority to 
which maintenance should report is to the person who 
oversees production as well, namely the plant manager 
who can thus exert influence on both functions when 
this becomes necessary.

6.2 Internal organisation of maintenance service
The internal structure of vhe maintenance department 
also has an effort on its operation. If it is splinte­
red into small groups, each responsible to a different 
department, it will be virtually useless to the com­
pany. Such is the case when various production depart­
ments have their own service-men responsible to a local 
supervisor. Or it may be that equipment is ordered by 
the engineering department and its installation is 
carried out by outside contractors, by-passing the 
maintenance department altogether.
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In order to arrive at the best team organisation, the 
functions of maintenance can be classified as follows:

trades, e,g, mechanical, electrical, building, 
instrumentation, etc.
types of service, e.g. lubrication, inspection, 
repairs, overhauls, etc.
areas or groups of equipment
planning aspect of services, e.g. emergency repairs, 
routine or regular service, fixed location assign­
ments (boiler-room), etc.

The organisational structure in any one factory will 
usually represent a mixture of these, since it is 
rarely possible to prescribe specific solutions. The 
examples in Figures 3 and 4 illustrate some of the more 
common cases.
Table 1 shows the advantages and disadvantages of 
centralisation and decentralisation of maintenance.
There are distinct advantages and disadvantages in each 
alternative. The final arrangement depends on the 
benfits to be derived when all factors have been taken 
into account.
The overall merits of decentralisation are decisive 
where both speed of service and specialised know-how 
are required. Where expensive materials are processed 
or machine time is very valuable, immediate service is 
essential. When repairmen are constantly away from the 
central shops while they are in fact required in other 
locations, the situation should be investigated. An 
analysis of calls will indicate whether decentrali­
sation would be beneficial. In any case, a decision 
should be based on an objective evaluation of the known 
facts, such as the specialised requirements of certain 
shops, the walking time to location and the frequency 
of calls.
Decentralisation is a solution which should be selecti­
vely applied. Within the maintenance department, 
however, it will not harm the organisation if only one 
area or function is decentralised, for example, a 
traditional boiler-attendant who operates on his own 
away from the group.
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Figure 3: Maintenance-team organisation in a 
small firm.

MAINTENANCE SUPERVISOR

Repairs and 
installation

Routine
services

Repairs Inspection Repairs and Routine 
installation

Figure 4 : Maintenance-section organisation in a 
medium-sized manufacturing company.

MAINTENANCE MANAGER

Installation Routine Repair Fixed
and

overhauls-
services- crews- assignments-

lubncation, Emergencies boiler-room;
planned insocct'on; and others compressors;

overhauls and 
shutdowns

adjustments tool stores

Building trades Mechanical Electrical

I
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Table 1 : Advantages and disadvantages of 
decentralisation.

Advantages Disadvantage!

Ease of planning Longer walking distances

Centralised
Ease of supervision No specialisation 

possible
Well-equipped shops

Effective control of 
manpower

Speedy service Duplication of tools

Specialised know-how Dual authority
Decentralised

Constant attention to plant Poor records

Less paperwork Poor skill utilisation

*
I



6 - 3 Responsibilities of the key personnel
Definding the responsibility of key personnel is 
essential for ensuring their effective work.
Figures 5, 6a and 6b show job descriptions for the 
works or plant engineer, the maintenance foreman, and 
the maintenance supervisor.
A periodical revision should be carried out to present 
job descriptions from becoming obsolete.
A function which is often missing in smaller teams is 
that of a clerk-planner. In a maintenance department of 
twelve craftsmen such a job may prove well justified.
It must be borne in mind that most production workers 
have their regular assignments, work orders, inspec­
tors, workteams, tools and materials, but in mainte­
nance these elements are never constant; they have to 
be combined afresh for every job.
The issuing of job cards, the recording of work done 
and the time spent on jobs, the issue of service 
schedules and the follow-up on the availability of 
spares are routines that should exist in even the 
smallest operations. To expect a foreman to deal with 
them all would be both unrealistic and detrimental as 
his normal duties would inevitably suffer.
Job descriptions such as these enable a person to act 
with confidence within the defined limits. They should 
be well prepared; care should be taken to ensure that 
there are no gaps in procedures and that there is no 
overlapping in duties between related functions. They 
should also undergo periodic revision.
Since there is no guarantee against people moving on to 
other jobs, or retiring, job descriptions are a great 
help when new persons take over. They also provide a 
clear-cut framework for people seeking promotion. The 
title coupled with wider responsibilities often serves 
as an incentive for ambitious workers.
Eventually, it will be found that job evaluation and a 
sound salary structure become a necessity. It is wise, 
therefore, to anticipate such situations by laying the 
foundation at an early stage.
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Figure 5: Job description of the plant engineer.

1. Position and title Plant engineer (works engineer)

2. Department Plant engineering and maintenance

3. Responsible to Plant manager (works manager)

4. Basic function Administration of plant engineering

5. Immediate subordinates Maintenance supervisors, plant utilities manager and 
plant development

6. Duties To manage the installation of new equipment and provide 
for suitable maintenance services
To  develop effective maintenance methods and procedures 
and to  keep practices up to date
To  plan and submit yearly budget requirements 

To provide management with control data 

To maintain working relationships with all departments and 
other service functions

7. Responsibilities To supervise implementation of the maintenance programme 

To achieve the aims of his functions within the allocated 
budget
To provide at all times safe working conditions for his 
subordinates
To plan the installation of new equipment with provision for 
convenient access for servicing
To utilise all resources in the most economical way

8. Authority To act within his engineering capacity 

To instruct his staff in their respective jobs 

To set down the scope and limits of his subordinates' jobs 

To organise the plant engineering a r f  maintenance activities 

To act within the accepted expenditure practices
To report to management on the activities of his 
department
To advise on the purchase and replacement of equipment 
To act within his function so as to achieve maximum 
efficiency



Figure 6a : Job description of the maintenance 
foreman.

1. Position and title

2. Department

3. Responsible to

4. Immediate subordinates

5. Basic function

6. Duties

7. Responsibilities ■

8. Authority

Maintenance foreman or craft foreman 

Maintenance section 

Maintenance supervisor or manager 

Craft workers and apprentices 

Supervise repair and service teams

To assign jobs to tradesmen, to follow up on 
progress end to inspect finished jobs 

To assist and train workers in the performance 
of their work
To plan each day's work for all workers and to 
plan ahead
To balance teams according to workload 

To determine priorities 

T o  maintain in efficient condition workshops, 
tools and stores
To  carry out the prescribed recording procedures

To submit reports on the use of workers' time,
on attendance and overtime
To use tools and materials efficiently
To ensure safe working conditions
To carry out management's instructions and
policies
To folios, standard practices and procedures 

To withdraw necessary materials from stores 

To accept or reject work 

To advise on training needs and promotions 

To deal with grievances 

To approve overtime



vigure 6b Job description of the maintenance 
supervisor.

1. Position »nd title 

7  Department 

3. Responsible to 

A. Immediate subordinates

5. Basic function 

3. Duties

7. R esponsibilities

8. A u th o rity

Maintenance supervisor

Maintenance section

Maintenance manager

Mechanical, electrical and building
craft foremen

Management of maintenance services

(a ) To supervise installation, maintenance and overhaul 
of all mechanical and electrical equipment on the 
premises

(b) To organise the maintenance procedures
fc) To  co-ordinate his section's work with production

(d) To utilise information regarding all plant to the 
best advantage of the company

(e) To report to management regularly
(f)  To assist production in the development o f special 

tools
(g) To  maintain proper discipline in the shop
(h) To  supervise craft foremen and training o f craftsmen

(a) To maximise availability of equipment for production
f t )  To  ensure safe working conditions, and the provision

of safety equipment
fc) To  ensure an adequate supply of tools and materials

fe) To  direct the work of his subordinates
(b)  T o  authorise repairs and overhauls involving costs of 

up to £200
(c) To  sub-contract jobs up to £50

id )  T o  order «pares, tools and materials as required with 
the allowed budget

fef T o  advise on the replacement of equipment
ff)  To  advise on the yearly budget allocation
(g) To  authorise overtime work, training and promotion 

within his section
fh) T o  advise on the employment of maintenance personnel
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7. SETTING UP A MAINTENANCE SYSTEM

The system really begins with the determining of 
maintenance policies and objectives for the plant, which 
might be still in the planning stage or already 
commissioned and running for some time, as will be the case 
for some of the factories in PDRY.
The remaining steps are somewhat different for the planned 
factory and the existing factory.

7.1 Planned factory
For the planned factory the steps in setting up the 
system are:
- Ordering and approving purchase:

. Check machine speicification 

. Compare utilisation capacity to demand 

. Check for novel operating features 

. Check for h.p. rating, floor space requirements 

. Ascertain limitations in use 

. Compare with existing equipment 

. Make mental assessment of maintenance needs 

. Request essential spares
- Initial maintenance planning:

. Formulate plan

. Formulate a budget and include it in the financing 
plan

. Recruit the necessary personnel

. Train the personnel in the plan, the completion of 
maintenance records and in carrying out the 
standard procedures

- Receipt and acceptance:
. Check receipt of all items 
. Inspect for eventual damage 
. Read owner's manual
. Check for protective measures, lubricants, coating, 
anti-vibration packing

. Check wrapping and packaging for components 

. Preserve packing-list and other documents 

. Open separate file, if one of a kind 

. Prepare minimum spares list

. Assign plant number and fill in equipment record 
card



- Installation and test-run (commissioning):
. Check proposed location for space, electrical
connections, air attachment, drainage run-off, etc. 

. Issue work order for the installation 

. Prepare area and move equipment to location 

. Lubricate as per instructions 

. Inspect connections and test-run

. Manual in hand, verify functions of all operating 
components

. Test-run until proper sequence is established 

. Instruct operators in all details 

. Draw up operating and emergency instructions 

. Apply safety markings 

. Complete and sign job card
- Producing:

. Perform planned maintenance

. Make corrections to plan (correct, as necessary, 
schedules, procedures, instructions)

. Test the forms for making maintenance records: are 
they providing the necessary information? Correct 
as required and train personnel to properly 
complete the modified forms.

7.2 Plant producing already
For a plant which has been producing already, the 
remaining steps in setting up the maintenance system 
are the following:
- Initial survey of each items of equipment:

. Locate all documentation that the manufacturer 
supplied with the equipment 

. Ascertain completeness of documentation and order 
missing documents 

. Fill in an equipment card

. Determine which spares are essential and check 
stores; order where missing

- Control of operation:
Compare actual operating practices to those 
recommended by the manufacturer and correct as 
required.
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- Control of lubricants:
Compare lubricants actually used to those recommended
by the manufacturer; correct as needed.

- Initial maintenance planning:
. Formulate plan
. Formulate budget and have it officially adopted by 
management (who must communicate it to the Ministry 
of Industry)

. Secure financial resources required

. Train required personnel - recruiting new personnel 
as needed - in the plan, the completion of 
maintenance records and in carrying out the 
standard procedures

- Introduction of the system:
. Perform planned maintenance
. Make corrections to plan (correct, as necessary, 
schedules, procedures, instructions)

. Test the forms for making maintenance records: are 
they providing the necessary information? Correct 
as required and train personnel to properly 
complete the modified forms

7.3 The maintenance plan
It is useful here to recall the elements of the
maintenance plan:
- Organisation of the maintenance system
- Inventory of equipment
- Maintenance schedules
- Maintenance work specifications
- Maintenance control system
- Manpower schedule
- Maintenance records (for work carried out and for 

reporting to management)
- Support (technical information, spare parts, tools, 

etc. )
- Communications (agreements with production, schedules 

for reporting to management and the Ministry)
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- Schedules and plans for overhauls
- Costing procedures
- Training

7.4 Maintenance records
The basic required records and their "flow" are shown 
in the Figure below.
Figure 7 : The basic components and flow of paperwork 

in the maintenance department.

Identification 
capacity, 
specifications, 
accessories, etc.

Equipment card

Basic dart

Schedules

Service schedules: 
Lubrication 
Inspection 
Spares list

H is to ry

♦
Repairs
Overhauls
Replacements
Installation

The "Unified Maintenance Instruction" prepared for the 
Ministry of Industry in PDRY contains models for some 
of these basic records. Analysis of these by the IMCE 
team shows that some modifications of the records would 
be useful, and that some new records should be 
introduced. Each record is treated separately below.

J.
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"Plant Inventory List"
A useful addition wculd be the defining of the actual 
condition of the equipment. Then the record would 
appear as show belov:
Figure 8; A plant and equipment list representing 

data in elementary form.

This record gives answers to such questions as the 
following:
. How much maintenance work is expected in Department 
A?

. How many electric motors are there in the packaging 
department?

. Which of the machines need replacing?

. Which of the presses needs most attention?

. What is the insurance value of our plant?
"Plant Inventory Card"
It is usefor for this card to be as complete as 
possible. The following additions, then, would be 
welcome:
. Financial data 
. Service schedules
. History of repairs (which can be written on the 
back of the card)
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The existing "History of Maintenance" form could be 
used for this purpose, but it should be noted that 
complete information should be given on each spare 
part used, for example:
- Name of manufacturer
- Part number
An example of a more complete equipment record card is 
shown below.
Fiqure 9: An equipment record card (schematic) giving

technical data, cost and servicing schedules. 
The reverse would normally contain the 
history of repairs.

EOUtPMENT RECORD CARD

Norm of unit Sahtf no Locstion Pftnt no.

Manufactured by____ _ Year manufactured ._ . . .. ._ Purtfiase order no ..
__ ..... ........... ...................... Date installed ...........................

Local agent _ —  ........ .....  ...... ... Date disposei  of _ ____ ____ invoice reference
___ ____ _... ... _ Reason. _........_  .... __  _____

______ —  _. . . —................ __  Scrap value obtained ___ - • “ — ........... — -

Technical data and description: Weight... .......  ......
[ 1 Speeds and feeds

Capacities Dimensions
kW and hp rating
Water, Ream and air --------  . — /

Total floor Rtace ... --------------

Foundations . _

.....- .

Accesaories: Motors, A. V, W, phases, rev,'mm, hp, type
Pumps, cfm. nv/pnm
Control» and instrumentation

F m tn c itl f ifu ro t Sonnet schoduiet

Purchase price .- —  —  - Lubrication instruction sheet no.................
Cost of accessories ---------- -------  -
installation cost --------------- - . .

Total investment Spare parts hit no . . . ----------- - —

Overhaul instructions sheet no.... ___
Yearly depreciation .. .. _ . . . . . .  % .. .____ _____ Other schedules - — ------  ' - .............................

Acct. no.. Cor centra no.. . . — ■ - ......................... —
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Note the space reserved for "Service schedules". Here 
should also be included the references numbers of all 
documents relating to the particular equipment for 
which the card has been made. Thus, the list on the 
document "Annex IV-3, Plant File for Technical 
Information, Documents, and Forms" of the Unitary 
Maintenance Instruction should be included.
- "Maintenance Request" and "Repair Order"

These two different forms are part of, respectively 
the Maintenance Manual for Industries in PDR Yemen 
and the Unitary Maintenance Instruction
A standard "work order" or "job card" would be 
preferable. It would include more information as 
shown in the model form on the following pages.
It should be noted, however, that some jobs may not 
require a job card at all. For example, if there is a 
standing order for a certain operation to be done at 
regular intervals, or in the case of an occasional 
adjustment of a machine lasting not more than ten 
minutes, these jobs do not need a work order. Jobs 
lasting up to ten minutes (this practice may differ 
in various factories) can be accumulated on a weekly 
card made expressly for that purpose.



Accf. no. D e tt i li

Shop no. 1

IMMEDIATE
MAINTENANCE WORK ORDER NO

Plant no.

Shop no. 2

Power house

Maintenance

Shipping

T  ransport

Etnerg/repair

Installation

After/insp.

Development

Overhaul

Fitter/mech.

Electrician

Builder

Painter/carp.

Labourer

Assembly shop

Date ordered..... To be ready

Details of work :

Remarks/ suggest ions:

Date completed .

COST s u m m a r y

Itemt

Labour hrs. 

Purchases 

Malls, issued 

Contracted, etc.

Bit Act

H-
ee 10: The maintenance work-order form 

front.



Figure 11 : Reverse side of maintenance work- 
order form.

ON-JOB HOURS RECORD

Worker no. Dete From To From To Hrs.

Total Total

Sketch:



Should the procedure normally require an estimate in 
man-hours and costs, space should be provided tor 
that purpose. For jobs above a certain sum 
authorisation has to be obtained and recorded as 
well, with date and signature of the person 
authorising its implementation. In some cases the 
supervisor has to re-check and diagnose the fault on 
the spot and issue instructions accordingly. This 
could easily be accommodated in the space reserved 
for "Details of work". The hour of stoppage and of 
start-up is sometimes deemed important; however, this 
detail is best recorded by the machine operators who 
come under the responsibility of the production 
department. There is, after all, no way for a 
maintenance man to know or to find out the exact time 
of stoppage. Design of the form should be such that 
each person involved in the procedure should deal 
with a defined space on it, possibly framed by 
heavier lines and appearing in the sequence to be 
followed. The size should allow the card to be 
inserted into a breast-pocket and both sides of the 
form should be used. Space provided for an eventual 
sketch is usually wasted and it seems preferable to 
attach a separate sheet for that purpose.



7.5 Service instructions
Service instructions relate to regular, repetitive 
operations that should be carried out during the 
lifetime of the equipment. These include:
- lubricating instructions
- inspection routines
- periodic adjustments
- "preventive replacement" of components
- cleaning and protective measures
- instructions for overhauls
- spare parts lists
Figure 12 shows the recommended method for handling 
service instructions. Different groups of instructions 
should be on separate sheets and each group filed in a 
separate binder. These can then be handed to persons 
responsible for the various services. The spares list 
binder, for instance should be made available to the 
spares stores and a copy kept with maintenance. Since 
they are only "recommended" lists they have only 
reference value. However, a final and approved list 
must also be to hand for stock-control purposes.
Looking in greater detail at lubrication services the 
following procedure emerges for each machine: usually 
there is a diagram of the machine indicating 
lubrication points and a list explaining how each point 
should be serviced. There may also be a sheet where the 
points have been grouped according to required periods 
of attention. The complete set of sheets referring to 
all the equipment constitutes the lubrication binder.
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Figure 12: Recommended method of handling service 
instructions. Different groups of 
instructions have separate sheets, and 
each group is filed in a separate 
binder, since they will be carried 
out by different teams.

I

Inspection
service
manual

Spares
lists
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7.6 Organisation of the Service Files
Of course, it is important to keep good order in the 
service files.
The following figure illustrates an arrangement.
Figure 13: Schematic arrangement of service files.

In this example a file for cranes is 
shown.

Motors Pumps

Lubrication

— Weakly

—  Monthly

—  Quarterly

—  Half-yearly

—  Yearly

Elevators

Safety
inspection

Cra Lathes Drilling 
machines

Replacements Overhauls Protective
painting

Shop A Shop B Dept 1

Mo Pu E, Cr La

LUBRICATION SCHEDULECRANES
Idateil

The basic documents to be included in the file are:
- inspection check lists (see Figure 14)
- frequency of service (see Figure 15)
- routine maintenance schedule (see Figure 15)
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Figure 14: Four types of form for service 
instructions allowing repeated 
use either for one or for several 
units.

Type A

SEMI A NN U AL INSPECTION CHECKLIST Code no.

EQ I IP M F N T
Location

No. In s tru c tio n s Craft Check Correction Remarks

TypeB

SEM I-ANNUAL INSPECTION CHECKLIST
Code no.

EQ1 IIP M F N T
Location

No. In structio ns Craft
January 70 July 7 0

Ch. Correction Ch. Correction

TypeC

SEM I-ANNUAL INSPECTION CHECKLIST
Code no.

EQUIPMENT............. ................................................................................
Location

No. In stru c tio n s Craft
Boiler no. 1 Boiler no. 2

Ch Correction Ch. Correction

SEMI ANNUAL INSPECTION CHECKLIST |-----nQ '—

EQUIPMENT ..............  |----- ;----------------{ Location

1 n s tru c tio n s  | Craft
!

Boiler no. 1 | Boiier no. 2

Jan. Jul. | Jan. Jul.

ii
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Figure 15: Routine servicing of machine tools.
Planning and recording by groups of 
machines is more efficient.

J I G  B O R E R S

L A T H E S

D R I L L  P R E S S E S

Frequency o f  service _
Number of 

machine

Plant no.
Codr Frmj.

Time P l a n t  n o .
pe t

tènie» ome t o t 102 103 10* to s to o 107

Lubrication:
A 3x

Mechanical Service: O 4*

*> 6 k

E h c tr ia l Soviet:
2x

D«t.

Sipiature

(Type C form)

COMPREHENSIVE ANNUAL ROUTINE SCHEDULE MACHINE TOOLS

A-Mechanical 
O • Electrical 
* - Lubrication 
G- Inspection

Service Plant
W E E K S

Uechirm  ^ nn1. no.
' 2 4 5 6 7 • 9 ” n 13 14 15 IS 17 IS IS n c .

101 A *  | o

Drill 102 A o
presses 103 A * i I o

104 A * o

3x ytarly
105 A * o
106 A * o
107 A * o

501 □ A 0
Lathe 202 □ A 0

203 □ A 0
6k yearly 204 L° A 0 1

505 M L - l A 0

Jig borers i 0 “ T “11_
1 L _ l L .

etc. ■ M M------- 1~ m — ;— r~ i— r n — n — r  i — i— r  ■ I ~  i— i— n ------------

♦
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7.7 Other useful documents
Practice has confirmed the usefulness of several other 
types of maintenance records, namely the:
- visual check list (see Figure 16)
- performance test chart (see Figure 17)
- lubrication record (see Figure 18)
- stores issue voucher (see Figure 19)
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Figure 16: A visual checklist for inspecting
lathes: a typical type. A form that 
can easily be adapted for repeated 
use by extending the "remarks" 
column to the right.

THE UNIMATIC ENGINEERING CO. LTD. 

VISUAL CHECK UP SHEET 

LATHES

MAKE AND TYPE

SHOP DATE INSTALLED

P»m to be checked - Remarks on condition.
✓  —O.X.; X - fe u lty ; X X -  Very bad lubrication, and operation

HEADSTOCK
Bearings
Gears end spindie 
Pilot bar
Chuck (pneum. hand) or collet 
Guards

LATHE BED 
Slideweys 
Bed covers 
Guards

SLtOING SADDLE 
Slides
Lead screw end mechanism 
Feed mechanism Is) lengthwise 
Feed mechanism (b) across 
Stop carrier 
C<wers

CROSS SLIDE 
Slides
Feed screw and index dial 
Stops
Tool post, front 
Tool post, rear

TAILSTOCK OR TURRET 
Base slide
Capstan (or taiittock) slide 
Turret
Stops end macheniwn 
Ster wheel
Feed mechanism, traverse 
Tailstock barrel and lock (C.L.)

DRIVE
Forward, stop, reverse 
Speed handles 
Brakes and clutch 
Gearbox 
Belts and guard

LUBRICANTS 
Oil pump and indicators 
Coolant pump 
Suds pipes

MISCELLANEOUS 
Lighting fixtures 
Electric swiichgear 
Electric motor

(e) Whet spares are requtred >
(b) I» » new coat of paint advisable*
(c) I* there excessive vibration when on heavy load7 

Is there excessive vibration when on light load?
id) Overall condition Very good. Average, Poor.
(e) This plant is used Continuously, Frequently, 

Occasionally



Figure 17: Example of a performance test chart 
for capstan lathes.

PRACTICAL

TiSTS

cross slid e TURRET
a Turning round a Turning round
b Turning cylindrical b Turning cylindrical
e Feeing square c Turret repeal position
d Tool post report position
• Faed dial report accuracy

Fill in the boxes | | with the values found during measurement

I

t



Figure 18: A lubrication diagram in which the
frames refer to different periods of 
service and the circles and triangles 
to the types of service.

I
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STORES ISSUE VOUCHER No 951

To: S tore  Keeper ...............................  F 3 C t 0 r y :  ORIGINAL

From: (S e c t io n )  ...............................  Date: .................................

A /C . Code ........................

To: S tore  Keeper ...............................  F 3 C t 0 r y :  ORIGINAL

From: (S e c t io n )  ...............................  Date: .................................

A /C . Code ........................

S tore
Code

I tern 
No.

D e s c r ip t io n  o f  
item

D e s t in a t io n  o f  item: 
Equipment no. 
and d e s c r ip t io n

U n it
Q uantity

Rate
Value

R equir. S upp l. V.D. F i l e

Requested By: .............................................  Issued By:

Approved By: .............................................  Received By: ...............................  Date

*3H-iQ
c
<D
vc
Wr+O
rt>w
in
cnen>
<o
cozr
CD

!<

•c»
cr>
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8. CALCULATING THE COSTS OF MAINTENANCE

The costs of the maintenance service are calculated for two 
reasons :
- to determine how much of the total manufacturing cost is 

attributable to maintenance
- to determine variances from the budget for maintenance 

for the past year, in order to budget funds for 
maintenance for the coming year.

This first reason is the concern of general management. The 
determination of the costs of the maintenance service 
allows the management to:
- compare the costs of one year to those of another
- compare the ratio of maintenance costs to total 
manufacturing costs for the factory in PDRY to typical 
ratios for the industry.

These comparisons allow management to better control the 
operation of the factory.
The variances from the maintenance budget are just as 
important for the maintenance manager as for the general 
manager, because the former must be able to present to 
management:
- an evaluation of the maintenance service: why less money 

or more money was spent on maintenance during the year 
than was budgeted

- proposals for improving the maintenance service
- proposals for undertaking special maintenance projects
- proposals for acquiring new equipment
- analysis of the cost advantages or disadvantages of using 

outside contractors for some maintenance work.
If the maintenance manager is to convince management that 
more funds are needed for the coming year, his calculations 
of costs must be accurately done and well explained. The 
"explanation" is treated in the next chapter on analysis 
and budgeting.
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There are two main classifications of maintenance costs: 
capital expenditures and revenue expenditures

8.1 Capital expenditures for the maintenance service
These are part of the maintenance costs and cover 
the various kinds of maintenance investments which are 
written off through depreciation to account for 
deterioration of the investments with time or for 
obsolence when maintenance equipment becomes 
out-of-date in terms of inadequate production, high 
operation costs or uneconomic services.
The capital expenditures cover:
- initial maintenance investments (workshops, tools, 

diagnostic equipment, etc.)
- renewal or replacement of equipment
- various improvements
- major parts or components.
These costs are usually handled by the general 
management and the accountants and do not directly 
concern maintenance personnel. Of course, by 
maintaining the maintenance department's machines, 
equipment, and premises, their useful service period 
will be longer and the capital expenditures reduced in 
the long run.

8.2 Revenue expenditures of the maintenance service
These are incurred in maintaining the plant's fixed 
assets and property in safe and satisfactory condition
These expenditures are usually divided into four 
sub-classifications :
- Costs of routine or preventive maintenance including

. inspection 

. cleaning 

. lubrication 

. routine servicing 

. site overhaul 
, painting



49

- Costs fo repairs and overhauls (unscheduled 
maintenance) including:
. running repairs and adjustments 
. miscellaneous repairs and overhauls 
. breakdown maintenance

- Costs of improvements to maintainability
- Costs of other tasks (such as special projects) done 
by maintenance personnel.

Each "revenue expenditure" directly concerns the 
maintenance manager and includes one or more 
cost elements, namely:
- Labour : the direct cost of the time chargeable to a 

specific job or activity.
- Materials : plant, equipment and supplies (for 

example, general stores and sundries, spare parts 
and components.

General overhead is left to the accounting department. 
This cost element comprises those portions of the 
firm's operational overheads allocated to maintenance, 
for example the maintenance service's proportionate 
"share" of the total costs to the firm for:
- purchasing and stores service
- transport service
- accident prevention and safety
- training
- canteen services
- medical services
- testing and research
- engineering
- administration.
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In order to calculate the costs of the maintenance 
service one needs all the elements shown in the "Dual 
purpose form" shown in Figure 20 across the top line:
- manpower category
- time worked, including overtime (hours)
- salary per hour
- labour costs (product of the latter two items)
- costs of spare parts and other materials
- costs of tools and maintenance equipment
- costs of outside work done (under contract).

Adding all of these elements across yields the total 
cost for each of the four types types of maintenance 
work.

If the costing form is used periodically, for example 
for monthly cost reports, the yearly cost-report will 
be very easy to establish; and, in turn, the next 
year's budget can be prepared readily.
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9. ANALYSIS AND BUDGETING

9.1 Ground rules
Each maintenance service, whatever the size or the type 
of industry should have a clear idea about its role, its 
position and its responsibility inside the firm, its 
objectives, the benefits expected from its work, the 
means by which it shall proceed, and the limits in 
which it shall work towards its objectives.
Knowing these ground rules, it becomes possible, after 
a certain period, to determine whether the maintenance 
service is completely and efficiently doing its job 
and attaining its objectives.
The ground rules must not only be the opinion of the 
person responsable for the maintenance but, above all, 
fit in with the general policy of the management and 
also be accepted by the other departments, especially 
by the production department.

9.2 "Snapshot"
In order to measure the results achieved by the 
maintenance service in a given year, it is useful to 
have a "snapshot" of the plant and the situation of 
maintenance at the beginning of the year. Such a 
"snapshot" is composed of a brief description of the 
following:

Objectives of the maintenance department
Position of maintenance within the company's 
structure
Technology: modern, average, or old-fashioned
Degree of mechanisation and automation of the 
plant
Degree of standardisation 

- Condition of the plant: good, average, or poor 
Percentage of down-time which is acceptable
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Frequency of shut-downs of the plant
- Number of work shifts

Number and skills of maintenance men
Equipment of the maintenance-service
Stocks of spare parts:
. sufficient?
. properly organised?
Skills of operators
Use of contractors for maintenance-work

A comparison of one year's "snapshot" to another's 
shows a very general evolution of the plant and the 
maintenance function.
However, real analysis of the maintenance service is 
much more thorough, as is shown below.

9.3 Analysis of costs and budgeting
The different kinds of maintenance work to be analysed 
are :

routine or preventive maintance
prepairs and overhauls
improvements of maintainability
other tasks performed by maintenance personnel.

For each of these are determined:
whether the work was done within the budget of the 
previous year
the reasons for any variations 
the likely cost for the next year.

For "Improvements to maintainability" and "Other 
tasks", the projects done in the past year may be "one 
time" projects and have no carry over to the next year. 
In such cases, the analysis deals with evaluations of 
the maintenance department's performance during the 
past year, and new projects are costed for the coming 
year.
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Table 2 illustrates an analysis done for a factory in 
Yemen using data from 1983. The costs for each kind of 
maintenance work are separated into labour costs and 
materials costs, and totals for each are found.

The column "Explanation of Results" is used for stating 
the reasons for variations from the past year's budget. 
A variation means either that:

the budget for the past year was estimated 
inaccurately;

or that
- there are problems in the maintenance service which 

have to be resolved.

In the next column "Implications for Maintenance Plan 
1984", one indicates the kinds of actions necessary to 
address the results stated in the previous column.

Finally, these actions are costed under the relevant 
columns of Table 2 in the section "Preparing Budget".

In either case, the budget for the next year takes both 
possibilities into account.

Table 2 is a very useful tool for the general manager 
as well as for the maintenance manager. On one or two 
pages a complete analysis is given for one year along 
with a budget for the next.

The work which goes into developing these one or two 
pages is not so simple. The following provides some 
useful tips on doing the background work for the 
analysis.

The material on which a serious analysis can be started 
are all the various documents and records. Secondly, by 
systematic observation and questionning, more facts can 
be collected.
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The analysis should find answers to a great number of 
fundamental questions:

Do the personnel:
. understand the plant's policies and objectives?
. have good knowledge of the plant's equipment, 
weak points, and origins of breakdowns?

. know and understand all of the different kinds of 
maintenance work?

. have a good sense for the plant's cost- problems?

. have good knowledge of the materials used in 
maintenance?

What is the level of maintenance standards?
. what instructions are given?
. has the plant the necessary tools, materials and 
equipment to reach the prescribed standards?

. is the necessary paper-work done, filed properly 
and used?

- What is the quality of the lubrication instruc­
tions? Are they known and used properly by mainte­
nance workers or operators?
How well are repairs of failures organised and 
undertaken?
How well is the spare part control organised and 
how well is the replacement of missing spare parts 
done?

- What are the plans for improving the maintenance 
by training courses, introduction of more modern 
and efficient methods, and continuous controls?

- What are the obstacles to improvements to the 
maintenance service?

- What incentives are being applied for encouraging 
improvements?



The analysis of the maintenance records for a given 
year should also lead to actions for improving the 
maintenance service. For example, the analysis should 
enable the maintenance manager to:

Determine which equipment should be improved 
(modified) in order to prevent failures from 
occuring

- Determine which parts of equipment should be studied 
for estimating their useful service period
Determine which equipment should be inspected in 
order to establish or revise inspection standards
Determine which maintenance work would be more 
suitable for contracting rather than for performing 
in-plant
Determine the maintenance work that can be done to 
shorten repair and preventive maintenance times

- Determine the parts for which drawings need to be 
made
Determine the steps to take for establishing 
standard time limits for doing maintenance work
Establish or revise spare parts standards as needed

- Revise operating manuals
Clear up differences among different teams as to the 
responsibility for certain tasks
Draw conclusions for design changes for improving 
reliability and maintainability.

Of course, the analysis must also treat costs, the 
subject of the previous chapter.
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10. SPARE PARTS

Usually the supplier recommends which spares should be 
ordered with new equipment. Here one has to be careful, as 
some suppliers have the tendency to recommend the ordering 
of much too many spare parts. But it does happen sometimes 
that the supplier does not know the working conditions of 
the equipment (climate, type of energy, kind of available 
maintenance) in the client's country and recommends too 
little.
To determine the necessary quantities, one should know what 
is already in the plant, what can be easily bought in the 
country, and what could be made in the plant itself. It is 
also important to know what guarantees the supplier can 
offer in sending more spare parts, according to transport, 
export/import- and other administrative difficulties, 
delays, strikes, etc. The reliability, efficiency and 
commercial honesty of the supplier must also be taken into 
account, as well as the credibility of the given delivery- 
dates. This is especially important when the frequency of 
use of new spares is fixed in advance, as in planned 
complete overhauls.
The planning and organisation of a spare part service 
varies greatly according to the size and the kinds of fixed 
assets of the factory. However, a few basic principles 
always remain the same.
All the spare parts and materials have to be stored in such 
a way that they are kept in perfect working order, are 
easily found and obtainable. At any time, the quantities of 
each part must be known. This implies an administrative 
system adapted to the size and the needs of the plant. All 
the details of such systems are given in the "Maintenance 
Manual for Industries in PDR Yemen" prepared by Mr. F.H. 
Schueller. The chosen system must also allow a very 
easy and simple way to record the required 
quantities of new spares at the right time.
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The most important aspects of spare parts stores are: 
the perfect order and cleanliness of the stocks 

- the quick availability of the necessary spares 
the permanent control of the stocks 
routine and timely replacement of missing parts 
a well organised system of reconditioning of spares 
the scrapping of useless spares.

Finally, the responsibility of the stores must be 
entrusted to a qualified and very reliable person. The 
financial responsibility is immense, for, if he neg­
lects to recorder spare parts in due time, it might 
lead to a long down-time and great losses to produc­
tion. On the other hand, if the exact inventory is not 
kept, too many spare parts might be ordered and stored, 
thus blocking important financial means that might be 
urgently needed for meeting other needs.



11. MANAGING THE MAINTENANCE SYSTEM IN A FACTORY IN PDRY

While the various factories in the PDRY have different 
qualities and styles of general management and maintenance 
management, some general recommendations can be given for 
making step-by-step improvements in maintenance manage­
ment. The latter can only be continuously improved if 
general management gives it an appropriately high priority. 
Moreover, communications between the maintenance manager, 
the general manager, and the manager of finance/accounting 
must improve.

11.1 Steps for improving the environment for maintenance 
management in the PDRY

- Improve communications with General Management
Perhaps the most important step towards improving 
the environment for maintenance would be for the 
maintenance manager and the general manager to 
agree on a system for reporting the results of the 
maintenance department. Especially important would 
be the monthly reporting of costs and the ana­
lyzing of results and drawing-up of a new mainte­
nance budget at the end of the year.
By agreeing on and using this essential reporting 
system, both the maintenance manager and the 
general manager would be able to see in writing 
the results of a month's or a year's maintenance 
work and would be better able to arrive at deci­
sions on policy, manpower, and purchasing for 
maintenance.
Improve the system for maintenance
The maintenance manager should, of course, apply 
the basic lessons of this training course: how to 
set up or improve a system for maintenance. The 
recommendations of the consultants for each 
factory's system should be acted on immediately.
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Transfer all physical maintenance of equipment 
from maintenance manager to the maintenance staff
As stressed in the classroom portion of the 
training course, one of the main objectives of the 
course is to show the maintenance manager ways of 
getting free to manage rather than doing mainte­
nance. Improving the basic system is not enough, 
of course; the maintenance staff must become 
responsible enough and skilled enough to do its 
part. In any case, the transfer cannot happen if 
general management does not make it a policy of 
high priority.

Secure the resources necessary
The maintenance manager, on his own initiative, 
must :

Negotiate for the funds, materials, and facili­
ties he needs to improve the maintenance 
system:
. printing of job cards, etc.

buying file storage equipment: card files, 
file cabinets, etc.
securing a proper office/appropriately 
upgrading the office of the maintenance 
manager.

Negotiate for funds to improve the quality of 
maintenance work:
. procuring needed tools and diagnostic equip­
ment

. training staff.

Develop and present to general management a plan 
for eliminating major obstacles to doing good 
maintenance work ________________________ _
Much of the maintenance department's time - and 
especially that of the manager - is spent on 
trying to cope with chronic infrastructure 
problems such as those caused by faulty feed water 
treatment and marginal electrical systems.

!



By attacking such problems in a resolute way, the 
company would probably save money in the long run 
and the maintenance manager would be free to 
improve the maintenance of productive equipment.
Part of this plan, of course, is cost analysis.
The maintenance manager must be able to support 
his plan with estimates of cost savings which 
would result.
Only after these basic steps are done can one 
seriously talk about the other aspects of managing 
maintenance such as:
- leadership
- supervision
- control.

All these are very nice, but first the maintenance 
manager must have:

something to lead (a team)
something to supervise (a team working in a 
maintenance system)
something to control (team-work done in a 
maintenance system).



12. TRAINING MAINTENANCE PERSONNEL

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

As mentioned in the previous chapter, the maintenance 
staff must be trained adequately so that:
- the maintenance manager can be free to do managing 

instead cf doing maintenance;
maintenance can be done well and in a systematic way.

Training must become part of the system. The more that 
maintenance is done according to the system, the more time 
the maintenance manager will have for training. Below are 
given some recommendations on training.

12.1 Selection
It is assumed that maintenance workers have been 
selected carefully for their tasks.
Selection should be done so that workers with 
adequate basic skills are hired in order to minimize 
the need for training other than the required for the 
worker to:

understand the objectives of the factory
- generally understand the processes in production

learn his maintenance tasks.
It is not appropriate, for example, to hire "elec­
tricians" whose theoretical knowledge is so weak that 
they must be trained in electricity.
As personal qualities, maintenance workers should be 
cost-conscious and dependable.

12.2 Deciding on who will do training
It must be asked in each factory whether the mainten­
ance manager really has any time to do training. The 
answer is that in all cases he must find time to do 
some training:

I
i



in the application of the maintenance system 
- in some maintenance tasks.
At the same time, he should delegate some of this 
responsibility to his assistant if he has one. Here, 
it can only be said that in factories where the 
maintenance manager is now overworked, he should have 
an assistant. The latter could be very helpful in 
coordinating the introduction and application of the 
maintenance system.
It must also be decided whether to call on sources 
outside the factory for training. For example, there 
are courses sponsored or scheduled by the Ministry of 
Industry (in lubrication for example), which might 
also be able to arrange courses in:

water treatment
electrical maintenance
spare parts stores management.

Another very important source of training some 
factories is the periodic checking and servicing done 
by technician/trainers sent by equipment suppliers or 
joint venture partners. While maintenance staff are 
often working side by side with the technician/- 
trainer, the real training done is sometimes negli­
gible because:

the technician/trainer does not speak Arabic and 
no interpreter is provided
the maintenance workers are not supervised
the technician/trainer has developed a negative 
attitude toward trying to train in the particular 
environment.

With adequate supervision and some kind of control by 
the maintenance manager of what the maintenance 
workers have learned, the overall result can be 
greatly improved.



12.3 Determining the training programme
The programme should be kept simple and should first 
focus on correcting major problems and on the applica­
tion of the maintenance system. For the latter, a 
standardized training programme can be developed, 
using for example, elements of this course. A 
training outline would have to be developed by the 
trainer for classroom-type training sessions. The 
training aimed at correcting major problems should be 
based on the results of the analysis (as in Chapter 
9), and should be flexible.
The maintenance manager should carefully prepare for 
the visits of technician/trainers sent by equipment 
suppliers or joint venture partners.

12.4 Preparing the trainee for training
The trainee should be made aware of exactly what is 
expected of him, that he will be tested, and that 
there are certain standards to meet.

12.5 Controlling the training programme
As a first measure, records of time spent on 
different types of training should be kept; the costs 
of training must be known.
Classroom testing can be done for the more formal 
kinds of training. Tests should be short but 
comprehensive enough to give the trainer a good 
understanding of the progress being made.
Tests using machines and equipment can be done on 
productive equipment and, when available, on spare 
sub-assemblies of equipment. The maintenance manager 
must decide which equipment is best for training.
Standards for the performance of trainees must be 
developed by the trainer so that he can judge whether 
the training is effective, for the group as well as 
for each trainee.
The trainer should make an assessment of each 
trainee's performance and discuss it with him.



12.6 Following-up the training programme
After the programme, the performance of the trainees 
must be monitored to reveal their degree of retention 
of concepts and skills taught.
If the follow-up shows that very few trainees appear 
to have benefitted much from the training, then there 
are probably some deficiencies in the training 
programme which must be corrected.



13. PLANNING FOR MAINTENANCE IN A NEW INDUSTRIAL FACILITY 
IN PDRY

Two cases are treated in this chapter:
New facility for an industrial branch where a factory 
already exists;
New facility for implanting an industrial branch in 
PDRY for the first time.

Distinctions are also made between planning new facilities 
in the public and private sectors. This chapter supple­
ments Chapter IV of UNIDO's "Introduction to Maintenance 
Planning in Manufacturing Establishments", which provides 
some useful guidelines and checklists.

13.1 Deciding on what new equipment to purchase in an
industrial branch where a factory already exists in 
PDRY ___________
In this case, quite a lot of knowledge on the main­
tainability of the machines and equipment of the 
existing factory has been amassed over the years by 
different people in the factory from operators and 
maintenance staff to the General Manager. This 
knowledge must be tapped, organized, and analyzed so 
that the new facility will reflect the positive 
aspects of the existing facility and have designed-in 
improvements over the negative aspects.
For public sector companies, this knowledge may be 
difficult to tap by the planners at the Ministry of 
Industry, because most of it is stored mentally by 
factory personnel rather than in well-organized, 
written reports. Likewise, the planner of a new 
private facility could have some of the same problems 
unless he has "hands-on" knowledge of the existing 
problems in maintainability at the existing factory. 
For both planners, accurate and complete maintenance 
records and yearly analyses at the existing factory 
would greatly facilitate the planning of the new 
facility. In any case, the planner would have to 
consult operators, maintenance staff, the General 
Manager to learn the exact reasons for any problems 
in maintainability; he should not rely completely on 
written records, however complete and precise they 
may appear.



Moreover, it should be stressed that experience with 
the existing plant is not sufficient in itself for 
guiding all decisions on purchasing new plant, 
because completely different machines and equipment 
might very well be under consideration for meeting, 
for example, the quality and output-rate specifica­
tions for the new facility.
In such a case, the planner needs quite a lot of new 
information on maintainability in order to make a 
proper evaluation. Once he has all the information 
from the equipment supplier, the planner should make 
a tentative evaluation and then discuss it with the 
key personnel at the existing factory. They can help 
the planner to establish the correct priorities in 
his evaluation.
The views of outside experts might also be very 
helpful, and UNIDO's field advisers might be able to 
give advice.

13.2 Deciding on what equipment to purchase for implanting 
a new industrial branch in the PDRY
For such a facility, the evaluation cannot take into 
account past experience in the country, and good 
outside advice is essential. Of course, the planner, 
whether from the public or private sector, can do 
much of the evaluation himself, but he should col­
laborate with at least two others:

an experienced maintenance manager from one of the 
more modern factories in the PDRY
a foreign, neutral engineer/consultant; a UNIDO 
adviser, for example.

Such collaboration would help to prevent the over­
looking of some critical points (or at worst, even 
the entire question of maintainability) and would 
promote the consideration of an adequately wide range 
of alternatives.



13.3 Integrating new equipment into an existing planned 
maintenance system________________________________
For the case of an extension to, or an upgrading of, 
existing facilities, the maintenance manager should 
prepare the necessary documents and start to train 
maintenance workers during procurement and commis­
sioning. He must revise his maintenance plan and his 
budget.
During installation, the maintenance workers should 
do as much of the fitting as practicable so that they 
become familiar with the special features of the new 
equipment. If necessary, an interpreter should work 
with the foreign installation/start-up crew, who 
should provide training in maintenance as well as in 
operation. The chief of this crew can be consulted on 
the adequacy of the maintenance manager's plan for 
maintaining the equipment, including his budget for 
spares.

13.4 Providing a planned maintenance system for an 
entirely new facility________________________
For any entirely new facility, public or private, the 
maintenance system starts, of course, with the choice 
of easily maintainable equipment. The evaluation of 
maintainability for each item (done before pur­
chasing) provides the planner with all the infor­
mation he needs to start setting up a planned main­
tenance system, for example:

number and types of maintenance personnel
allowable split (if any) in maintenance tasks 
between operators and maintenance workers
maintenance tasks required
spare parts requirements and estimates of 
frequency of replacement of parts
training requirements.

Thus, even during procurement, the maintenance 
planner can set out a tentative plan and budget for 
maintenance at the new facility.



At installation and start-up, the plan and budget can 
be modified to reflect the advice of the suppliers' 
technicians. During this period, the maintenance 
"system" is initiated by involving the maintenance 
workers in the installation and start-up work. This 
is "hands-on" training and may be just as valuable as 
the "system" itself. The maintenance manager, of 
course, is also trained in this way, and he must 
verify that his subordinates understand the instruc­
tions given by the suppliers' technicians.
Moreover, the maintenance manager must organize the 
large number of technical documents which accompany 
the new equipment and must see that the maintenance 
planning documents indicate correct references to the 
technical data and instructions for each item of 
equipment.
In PDRY; the success of the maintenance function in a 
new facility may depend largely upon the degree of 
understanding by the maintenance manager of the 
requirements of the new equipment. For this reason, 
he must have enough time and initiative to see that all 
his questions on maintaining the equipment are 
answered early.



14. SPECIAL PROBLEMS IN PDRY

During the consultant's preliminary mission it was found 
that several chronic problems in maintenance in PDRY merit 
special attention in training in maintenance:

steam boiler operation and maintanence
electrical maintenance.

These are treated separately below:

14.1 Steam boiler operation and maintenance; water treatment

Steam boilers are used to provide process heat in 
several factories in PDRY including:

Dairy
Soft drinks 

- Rubber sandals 
Tomato paste.

The degree of proper operation and maintenance of the 
boilers in each factory varies greatly, with the rubber 
sandals factory apparently showing the best perform­
ance .
The skills for operating and maintaining boilers cor­
rectly do exist in PDRY, but they are dispersed thinly. 
An expert attached to the Ministry of Agriculture 
appears to be very knowledgeable and capable, and he 
has been called upon frequently to remedy problems in 
several factories. He has been invited to present a 
lecture to the participants.
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It should be emphasized that proper operation and 
maintenance of boilers is a requirement for safety as 
well as for achieving operating efficiency, high 
performance, and extending the service period.
A useful reference on safety is:

Handbook of Industrial Loss Prevention,
Factory Mutual System, second edition,
McGraw-Hill, 1976.
Reference no. in Information and Documentation 
Center of the Ministry of Industry:
614.8 (021)
FMEC
1218

Chapter 38, "Boiler furnaces - fuel explosions", 
provides useful information on:

causes and prevention of explosions
safety recommendations
permissive start and firing sequence
components of boilers
diagrams and drawings showing piping, functioning, 
etc.

The remaining part of this section deals with water 
treatment for boilers. Proper water treatment is 
necessary for:

maximizing operating efficiency 
optimizing the use of fuel and water 
extending the service period.
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Make-up water for boilers in PDRY must be treated in 
two stages:

treatment of the water from the source to remove 
hardness
treatment of the boiler feed water.

In short, the treatment is done to prevent deposits 
from forming in the heat transfer elements of the 
boiler. Deposits are an undesirable insulation and 
impede the transfer of heat. Deposits can also attack 
the metal tubes in the boiler so that the tube walls 
become thin and prone to failure.
Deposits of scale will reduce heat transfer and even­
tually elevate the temperatures of working surfaces. 
Scale coupled with overheating will start an acceler­
ating process which must be stopped. If not, the boiler 
will become less efficient and prone to failure.
Even if deposits do not cause failure, they always 
waste fuel.
In modern boilers, the temperatures of boiler tubes are 
high and the heat transfer rate is high. For new 
boilers, then, high quality water is needed and de­
posits must be prevented.
A particular problem occurs with the use of returned 
condensate in order to increase energy efficiency. When 
the condensate is returned at higher "cycles of con­
centration" , it may contain high concentrations of 
metallic corrosive products:

iron, in particular
copper, to a lesser extent.

Many chemical treatment programs do not handle these 
elements well enough.
The presence of porous deposits aggravates the problem 
of iron by leading to a concentration of hydroxyl ions 
beneath the deposits.
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The result is corrosion under the deposits which de­
grades tube metal and increases the levels of corrosive 
products in boiler water.
Ion exchangers for make-up water softening or deminer­
alization can increase the cycle of feed-water concen­
tration and minimize blowdown. However, ion exchange 
reduces make-up water hardness and thus returns iron 
and copper to the boiler in higher quantities. Iron and 
copper then become a higher percentage of the total 
impurities in the feed-water. This must be counter­
acted.
Another problem of higher cycles of concentration is 
that if the quality of feed water changes suddenly, 
scale can form rapidly. Therefore, the water treatment 
program should allow for such shocks to the system.
There are two types of treatment for boiler feed-water:

Precipitating treatment
Solubilizing treatment.

The most common precipitating treatment is the "con­
ventional phosphate" type. The principle is based on 
the presence of orthophosphate, silica, and hydroxide 
in water to prevent the formation of calcium and magne­
sium scale on boiler surfaces. Calcium and magnesium 
ions are precipitated as a "sludge" which is much less 
adherent than scale. To reduce even further the adherence 
of the sludge, organic and polymeric conditioners can 
be added.
It should be remembered that any sludge is detrimental 
to modern boilers.
Some limitations of the precipitating method are the 
following:

the process has no ability to prevent the formation 
of iron hydroxide deposits
magnesium phosphate, highly adherent, can form 
during periods of excessive phosphate concentration; 
this often occurs in plants where sodium zeolite 
softeners are frequently overrun.
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Solubilizing treatment methods keep hardness ions in 
soluble form, rather than forming precipitates. Thus, 
■Fewer suspended solids are present in the boiler water.
This method reduces the potential fcr:

agglomeration
"baking-on" of deposits
sludge binding.

In addition, precipitation of "side-reaction sludges" 
cannot occur (basic magnesium and iron phosphate).
There are two kinds of chemicals used in solubilizing 
treatment:

those which change the chemical structure of 
impurities
those which alter the action of the impurities.

The first are called "chelants" and are sodium salts of 
the organic acids EDTA or NTA.
Chelants result in better control of iron than in 
precipitating treatment. Magnesium sludges can occur, 
but can be dispersed by organic or polymeric con­
ditioners.
A major disadvantage of using chelants is that a high 
degree of control is reguired: a low residual value of 
chelant must be kept, because:

chelants are expensive
- high chelant concentrations can cause corrosion.

For these reasons it is recommended that treatment of 
boiler feed-water by chelants not be practiced in PDRY.
The investment department of the Ministry of Industry 
should not approve such treatment.
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The other type of solubilizing treatment is preferable 
for PDRY. This type changes the action of the impuri­
ties rather than their chemical structure. The chemi­
cals used for treatment abort the growth of scale 
crystals and disperse the aborted crystals.
The advantage is that exact control is not required.
Another advantage, over precipitating treatment, is 
that sludge formation is minimized, resulting in a 
lower potential for problems with iron-bound or 
baked-on sludges
Iron dispersion is better than with the use of 
chelants.
Additional chemicals can be added to control deposits. 
Iron and copper can be chemically reduced by the 
addition of hydrazine.

★ ★ ★

In summary, the following points are stressed:
the precipitating method and the solubilizing method 
are both suitable for PDRY, but the chelant method 
is not suitable.
treatment of boiler feed-water must be done and done 
carefully; operators and maintenance personnel must 
be adequately trained.
adequate skills exist in PDRY but they are thinly 
dispersed.
treatment programs must be carefully designed and 
implemented.
corrective treatment systems can be designed: it is 
possible to remove old deposits by modifying the 
treatment of boiler feed-water. Much know-how is 
required, however.

I
à
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14.2 Electrical maintenance

The consultants found during the first two missions 
that many factories in PDRY do not have complete 
electrical schematic diagrams for the plant as a whole 
as well as for individual pieces of equipment. The 
electrical schematic diagram for the whole plant is 
absolutely necessary for the proper running and main­
taining of the factory. A suggested remedy for this 
problem is that electrical engineers from the Ministry 
of Industry of from the Technical College assist plant 
electricians in establishing the necessary diagrams. 
Students at the Technical College could satisfy the 
requirement for in-plant experience in this way and at 
the same time render a most valuable service to indu­
stry.
Without such schematic diagrams, the electrical main­
tenance worker loses much time in finding and repairing 
fault and may even cause severe damage by being forced 
to use a trial-and-error approach.
The following are some practical tips on electrical 
maintenance.
The expense of preventive maintenance is small compared 
to the cost of repairing extensive damage when un­
expected trouble develops in electrical equipment 
important to plant production. Major mechanical or 
electrical changes found necessary by periodic inspec­
tions can usually be planned so that the equipment can 
be shut down without affecting plant output. With 
improper maintenance a failure or breakdown may occur 
at a time when a machine is loaded and full output is 
required. Such unexpected shutdowns may seriously 
affect production.
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A regularly scheduled preventive-maintenance program is 
the most important factor in correcting electrical 
defects and preventing electrical breakdowns. Following 
are the fundamentals:

Keep eguipment clean, dry, tight, and friction-free.
Check periodically for signs of overheating.
Lubricate regularly and properly (too much oil or 
grease may be as bad as too little).
Keep protective devices in good operating condition, 
check ratings or settings to be sure they are 
correct, and make periodic tests under actual 
overload conditions.
Set up a maintenance schedule for important eguip­
ment.

Inspections should be made by a competent electrician, 
familiar with the manufacturer's instructions, and 
equipped with instruments, gages, tools, and other 
accessories for all necessary tests. Special attention 
should be given to equipment in hazardous locations.
Electrical equipment manufacturers and electric field 
service organizations are available to provide main­
tenance inspections of electrical equipment to supple­
ment the plant's regular maintenance procedures.
Complete records should be kept for each unit of 
electrical equipment. They are extremely helpful in 
emergencies to identify quickly and secure replacement 
parts or even entire units needed before operations can 
be resumed. Properly recorded data will indicate when 
repairs can be anticipated or a general overhauling 
should be scheduled. Certain types of record, for 
example, periodic insulations-resistance tests may show 
that failure is imminent and corrective measures 
urgent.
Include all pertinent information, such as unit number, 
complete electrical rating or nameplate data, winding 
connections, coil design, references to electrical 
drawings of the installation, location, and use. Show 
the dates when the device was installed, inspected, 
rebuilt, repaired, or cleaned, and the results of 
inspections or tests.
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An adequate supply of spare parts for important produc­
tion units, which experience shows are likely to fail 
or wear rapidly, should be kept on hand.
Dust, lint, dirt, oil, and moisture separately or in 
combination are injurious to electrical insulation. 
Cleanless is very important.
A separate hand-out copied from the Factory Mutual 
System's "Handbook of Industrial Loss Prevention" 
indicates maintenance procedures for:
- wiring

cabinets and conduit boxes
- fuses and thermal cutouts 

light fixtures
motors

- motor-control equipment
- A-C generators

D-C generators, rotary converters 
oil circuit breakers 
air circuit breakers
oil-insulated or Askarel-insulated transformers 
self-cooled dry transformers 
sealed-tank, gas-filled dry transformers 
induction voltage regulators 
current and potential transformers.

Additional topics treated in this hand-out are: 
insulation-resistance tests 
minor electrical defects 
drying wet electrical equipment.

1



Chapter 32

ELECTRICAL M A I N T E N A N C E

A p p r o x i m a t e l y  one ou! o f  every five industrial 
fires is of e l e e i r u . i l  origin I O ' »  experience shows 
that p r o p e r  m a i n t e n a n c e  would pievcnt about hall 
of these tires Proper maintenance also increases 
the useful life of electrical equipment.
The procedures outlined for the care of the com­

mon types of industrial electrical equipment arc in­
tended to serve as a guide to good maintenance. The 
recommended program should help prevent electrical 
breakdowns. It is based on average or specified con­
ditions: the frequency of inspections, cleaning, and 
other maintenance is subject to modification, depend­
ing upon the duty imposed on the equipment and 
upon local conditions. Special apparatus not men­
tioned should be cared for as directed by the 
manufacturer.
Three kinds of maintenance are recognized : ( 1 ) 

repairs after a failure or breakdown; (2) ordinary 
maintenance, which consists of repairs, adjustment, 
or replacement of parts shown to be necessary by 
visual inspection?; at irregular intervals before a 
breakdown occurs; and (3) preventive maintenance, 
which consists of regularly scheduled inspections and 
periodic dismantling of equipment to check every 
detail likely to cause trouble.
The expense of preventive maintenance is small 

compared to the cost of repairing extensive damage 
when unexpected trouble develops in clectiie.il equip­
ment impur taut to plant production. Major me­
chanical or electrical changes found necessary by 
periodic inspections can usually be plannned so that 
the equipment can be shut down without affecting 
plant output. With improper maintenance a failure 
or breakdown may occur at a time when a machine 
is loaded and full output is required. Such unex­
pected shutdowns may seriously affect production.
A regularly scheduled preventive-maintenance pro­

gram is the most important factor in correcting elec­
trical defects and preventing electrical breakdowns. 
Following are the fundamentals:
1. Keep equipment clean, dry. lighl. and friciion- 

f ret.
2. Check periodically for signs of overheating
3. Lubricate regularly and properly (loo much oil 

or grease may be as bad as too lin le).
4 Keep pmteclive devices in good operating condi­

tion, check ratings or settings to be sure they arc 
correct and make periodic lesis under actual overload 
conditions
, -V Scl up a maintenance schedule for important 
equipment

Inspections should be made by a competent ele 
trician. familiar with the manufacturer's instructions 
ami equipped with instruments, gages, tools, and 
oilier accessories for all necessary tests Special at 
tention should be given to equipment in hazardous 
locations

Electrical equipment manufacturers and eleeirie 
field service organizations are available to provide 
maintenance inspections of electrical equipment to 
supplement the plant’s regular maintenance pro­
cedures
Complete records should be kept for each unit 

of electrical equipment (Figs. 32-1 and 32-2). They 
are extremely helpful in emergencies to identify 
quickly and secure replacement parts or even entire 
units needed before operations can be resumed. 
Properly recorded data will indicate when repairs 
can be anticipated or a general overhauling should 
be scheduled. Certain types of record, for example, 
periodic insulation-resistance tests (Fig 32-3), may 
show that failure is imminent and corrective measures 
urgent

Include all pcrtincnl information, such as unit 
number, complete electrical rating or nameplate data, 
winding connections, coil design, references to electri­
cal drawings of the installation, location, and use. 
Show the dales when the device was installed, in­
spected. rebuilt, icpairrd. or cleaned, and Ihe results 
of inspection» oi lests.

An adequate supply of spare parts for important 
production units, which experience shows are likely 
to fail or wear rapidly, should be kept on hand

Dust. lint. dirt, oil, and moisture separately or 
in combination are injurious to electrical insulation 
Cleanliness is xery important.

W iring . . Approximately one-third of the fires of 
electrical origin arc caused by wiring.

M u n lh lv

1. F.xamine wiring that is subject to considerable 
vibration. lighten loose fillings, loose supports, lock 
nuts, and bushings.

A  n n u a l h
I Make a complete inspection of wiring
2. Check ampere luael on impoii.iul eiuuils II 

excessive, provide additional circuits or redistribute 
the excess to oilier circuits that arc not ioaded to 
capacity.

3. Note the condition and amount of temporary 
wiring Replace with permanent construction anx
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KOTO# C m i t r O B  t  C3NTN01 M AINT ENANC E I E C O I O
J

Fit,. 2 TvpiLal motor, generator, anil control maintenance record.

temporary wiring that j* in regular use Remove 
temporary wirm;: nn longer ncecic't.

4. Suppoil loose wiies. cables, or conduit
5. Clean and paint corroded conduit and boxes
6. Protect wires at motor terminals that are ex­

posed to physical damage or oily conditions. If flexi­
bility is required and there is considerable vibration, 
use Type SO or oil-resistant Type ST cord with 
watertight fittings
7. Check the protective-grounding connections of 

low-voltage wiring systems and conduit or metal-race­
way systems.
8. Inspect manholes of underground-cable sys­

tems. See that the flameproofing of the cables is 
in good condition.
9. Measure the insulation resistance of wiring 

Resistance should be at least 1 megohm per 1,000- 
volt rating of the conductor insulation.

C ab inets an d  C o n d u it B o x e s
M n n t h lw  Inspect and clean cabinets and conduit 

boxes in locations where there is considerable lint 
or dust. If conditions are bad. a weekly cleaning 
may he desirable.

Fig 12-3. Typical insulation-resistance curve for motor. 
The pronounced drop in insulation resistance shows the 
windings lo be in a precarious condition and in need of 
prompt attention Later tests show the insulation again 
in safe condition as a result of cleaning and varnishing 
the windings

I Blow oiil dusl and lint with compressed an
2. Remove any foreign material.
3 Cover all unused conduit openings.
4. Sec that doors and covers arc in good condition 

and kept closed Cover gaskets should he in good 
condition and in place.
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5. See that units me solidly bonded Ingclhci t.»t 
grounding.

F u se s  M id T h erm a l C u to u ts
S e m i a n n u a l l y Inspect fuses and thermal cutouts, 

unless experience indicates that more frequent checks 
are needed. The proper frequency of inspections 
of fuses and thermal cutouts varies in different indus­
tries and with different local conditions.
1. Check the ratings of all fuses and thermal cut­

outs. Attach a list of the correct fuse ratings for 
each circuit to the inside of the cover of cabinets 
and cutout boxes to insure correct replacement of 
blown fuses.

2. Watch for evidence of overheating of cartridge 
fuses. Replace those having discolored and weak­
ened fiber casings and remove the cause of overheat­
ing. Use suitable clamps to maintain good con­
tacts where fuse clips have lost their tension, or re­
place the fuse clips.
3. Watch for fuses that have been bridged with 

wire, metal strips, disks, etc. Replace with fuses 
and take steps to eliminate the practice.
4. Sec that covers of thermal cutouts are in place, 

and check healer ratings.
Light Fixtures. The following recommendations 

apply both to incandescent and fluorescent fixtures:
S e m i a n n u a l l y
1. Replace worn or damaged pendent cords, 

preferably with pipe pendants so that eventually all 
cord pendants will be eliminated.
2. Replace broken lamp or tube holders, and install 

substantial guards if the lamps or fixtures are exposed 
to physical damage.

M o to rs . Approximately one-fifth of all electrical 
fires in industrial plants are caused by motors, more 
than by any other type of electrical equipment except 
wiring. About two-thirds of the motor fires occur 
in open motors of over 5 hp.

W e e k ly
1. Blow out open motors in moderately dusty or 

limy locations with dry compressed air under pressure 
not exceeding 50 psi. (Blow out more often if there 
Is considerable dust or lint.) Suction cleaning de 
vices are also available for cleaning motors.
2. Check oil in sleeve Ixanngs See lluii oil 11n;• s 

move freely. Make sure that the proper oil is being 
used.
3. Check the temperature of bearings and other 

parts by hand. If uncomfortably hot, measure tem­
perature with thermometer. For average applica­
tions, temperatures of bearings and other parts should 
not exceed 90° C  (194F).
4. Check the condition of commutators, slip 

rings, brush holders, and brushes.
S e m i a n n u a l l y
I. Drain, wash out, and renew oil in sleeve 

bearings.
" 2. Check grease in ball and roller bearings. Hear­
ings sealed for life require no additional lubrication
3 Check motor input (amperes)

4. Check motor hold-down boils, end-shield bolt* 
and pulley, coupling, gear, and journal keys or set
screws.

A n n u a l l y . Dismantle, clean, and overhaul open 
motors of over 5-hp rating as follows.

1. Wash off oily deposits with a petroleum 
naphtha solvent having a flash point of ut least 
I10F. Approved wash cans and tanks should be 
used for washing with flammable solvents. Avoid 
the use of low-flash-point solvents; they introduce 
severe fire and explosion hazards If motors are 
too large for wash tanks, cleaning should be per­
formed in a well-ventilated safe location. Various 
nonflammable chlorinated solvents or practically non­
flammable mixtures may be used. They introduce 
problems of toxicity, however, unless proper ventila­
tion is provided, and they may be injurious to certain 
insulations.
2. Check all electrical connections for looseness.
3. Check the condition of coil insulation; replace 

loose slot wedges and loose or corroded banding 
wires. Examine amortisseur windings on syn­
chronous motors and squirrel-cage windings on induc­
tion motors for broken brazed joints Or looac 
connections.
4. Check bearing wear and rotor clearance. 

Check more often than yearly, if necessary, depend­
ing on the type of motor and bearing and type of 
drive. Examine noisy bearings promptly.
5. Clean out and renew grease in ball- or roller­

bearing housings. Do not use too much grease. 
Make sure the proper grade and quality are supplied. 
Bearings sealed for life require no lubrication
6. Measure insulation resistance If it is low and 

the presence of moislmc in the insulation is indicated 
dry out the motor at not over 115 C (23*4 Fi for 
6 to 12 hr or until insulation resistance remains 
constant. The insulation lesisunce of the armature 
of motors having Class A or Class B insulation 
should be at least 1 additional megohm per 1.000-volt 
rating of the machine.
7 If varnish has deteriorated, dip windings in insu­

lating varnish and bake two to four times depending 
on operating conditions. Follow varnish maker’s, 
recommendations regarding type of varnish, baking 
time, and temperature. Follow recommended safe* 
guards for dipping and baking in order to prevent 
fires and explosions. If facilities for dipping MU 
baking are not available, apply a coal of air-drying 
insulating varnish to the insulated windings. ■>

E v e r y  T h r e e  Y e a r s
Dismantle, clean, and overhaul totally enclosed 

motes of over 5-hp rating, following the same proce­
dure as for open motors.

M o to r -c o n tr o l E q u ip m en t
M o n th ! - Under average conditions inspect and 

clean motor-control equipment monthly, but if it, 
operates many times a jay. inspect and clean weekly. 
The proper frequency of inspecting and overhauling 
of this equipment depends upon the frequency of 
motor starts and other local conditions.

1. Inspect copper-arcing tips, if rough, dress with 
sandpaper or a fine file.
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2. Clean and tighten all connections and lubricate 
bearings.
3. Check the level and condition of oil in oil-im­

mersed equipment.
4. Keep covers dosed and latched and enclosure' 

tight.

A n n u a l ly
1. Renew contacts when approximately two-thirds 

of their thickness is worn away.
2. Remove deposits from arc chutes and barriers.
3. Renew barriers before they are burned through.
4. Check contact pressure and alignment.
y  Check controllers for undesirable grounds.
6. Check settings of all automatic-tripping units, 

and test their operation, including that of the tripping 
mechanism.

A*C G en era tors
■ A. S t e a m - tu r lu n e - d r i v e n ,  A i r - e o o l e d

A n n u a l ly , except as noted
..l.a. Make a thorough visual internal examination 
'of both the recirculating and nonrecirculating types. 
Have the examination done by a qualified person, 
preferably a representative of the manufacturer. 
After the first two years of operation of the recircu­
lating air-cooled types, however, the examination may 
be made every two years for the next 13 years and 
annually thereafter.

b, In a d d i t io n  to the visual examination, include
the fo l lo w in g :

Rernov* the end bells.
Clean the  stator  and fie ld w ind ings .
Revarnish s ta to r  co ils  where co n d i t io n s  re­

quire.
Check stator and field windings for looseness 

In slots, tightness o f slot wedges, condition and tight­
ness of blocks and spacers, condition and tightness 
of twine lashings, evidence of tape separation, and 
evidence of damage to the insulution due to corona 
discharge.

Examine rotor-retaining rings and slot wedge 
for signs of overheating and cracking.

Check the bearings.
Check collector rings, brushes, and brush

holders.
Service the exciter.
Immediately correct any improper condition 

such is looseness, abrasion, tape separation, etc.
Check vibration of machine before and after 

each overhaul
2. Test the insulation resistance of the rotor and 

stutar windings.
3. 'Follbwing a satisfactory insulation-resistance 

lest, make a dielectric: absorption, overpotential, or 
insulation power factor test. After the first two 
years, this examination may be made every two years 
for the next IK years but annually thereafter.
4. Carefully inspect Ihc oil lines, steam lines, 

valves, fillings, and other hot surfaces of the turbine
Inspect all oil lines for the generator 
Immediately eliminate all oil leaks and vibra­

tion in parts that might cause leaks

Protect connections for gages and similar ac­
cessories from mechanical damage.

Maintain adequate insulation on all steam pipes, 
steam chests, stop valves, and other hot surfaces to 
prevent ignition in event of nil escape.

B . S t e a m - tu r b in e - d r i v e n .  I l y d r o g i  n - i  o o le d
A n n u a l l y , except as noted
1. Make a thorough visual examination After 

the first two years of operation, the examination 
may he m ule every four years for the next 16 years 
and annually thereafter.
2. Carefully service each machine as outlined in 

detail under items lb and 2 to 4, inclusive, for Air­
cooled Generators.

C  H y d r a u l i c  T u r b in e -  a n d  E n g in e - d r i v e n  S y n ­
c h r o n o u s  C o n d e n s e r s  a n d  F r e q u e n c y  C h a n g e r s

A n n u a l l y , except as noted
1. Carefully inspect, test, and service air-cooled 

machines as outlined in items I, 2. and 3 under 
Steam-turbine-driven A-C Air-cooled Generators.
2. Examine and service hydrogen-cooled hydraulic 

turbine-driven generators and hydrogen-cooled syn­
chronous condensers as specified for steam-turbine- 
driven. hvdrogen-cooied A-C generators.

D -C  Gcncralors, R otary  C o n v er te rs
W e e k ly . Inspect bearings, commutators, brushes, 

and brush holders. Recondition if needed.
A n n u a l l y , lest insulation resistance.
E v e r y  T w o  Y e a r s
1. Check bearings and air gaps.
2. Recondition commutators, brushes, brush rig­

ging. and slip rings.
3. Clean windings and revarnish them if conditions 

require.
4. Examine rotor-band wires for corrosion or 

looseness. Replace if necessary.
5. Check rotor coils, slashers, and coil braces for 

looseness or mechanical defects.
O il C ircu it B rea k ers
A f t e r  E v e r y  A u t o m a t i c  O p e r a t io n  d u r i n g  F a u l t  

C o n d i t i o n s . Inspect breaker and test condition of 
oil and contacts of important breakers.

A n n u a l l y . Make complete inspection and over­
haul at least once a year, according to the following 
outline. The frequency of complete maintenance in­
spections is usually based on the number of circuit- 
breaker operations or the condition of the oil.

I. Tesi oil. If the dielectric strength of the oil 
tests lower than 22 kv, recondition or replace it.

2 Thoroughly clean all parts, inside and outside, 
and iuhricate pjrls requiring it. Particular attention 
should be given lo cleaning of operating and tripping 
mechanisms and bushings.
3 Check conlact alignment and adjustment, and 

replace contacts if necessary.
4. Dress lightly rough places on contacts wi:h 

sandpaper or a fine file.
5. See that lift rods of oil circuit breakers are 

not warped or cracked.

32-5
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h. Sec' tlttlt Itlli lies .lint [I Il't'Cls .lie proprrly .III 
justed anil n.il badly worn or cot lodcil.
7. See that flexible sbunls, if any. are in pood 

condition and securely fastened.
8. Examine main-current, path for evidence of 

overheating, which may be caused by poor main 
contacts, insufficient capacity of leads, or defective 
soldered joints
9. Check pins, bolts, nuts, and general hardware; 

tighten where necessary and replace damaged or worn 
parts.

10 See that auxiliary switches are tightly mounted 
and that contacts arc in pood condition
11. Check control wiring for loose connections.
12. Check settings of automatic-tripping units and 

test their operation, including a test of the minimum 
control-circuit voltage required to trip important 
breakers.

13. Check adequacy and reliability of circuit- 
breaker tripping current source (motor generator sets, 
rectifiers, batteries).
14. Lubricate bear ings, pears, etc., in  accordance 

w i t h  manufacturer's recom m e n d a t io n s .
15. C h e c k  adequacy o f  the  in te r ru p t in g  capac i ty  

w henever  change-  arc m a d i  that w o t iM  increase th. 
ava i lab le  s h o r t - c i i c u i l  c u r ren t

A ir C ircu it B rea k ers
't iter Every A m .mutfic Operation during F iw l l  

( . n , i t l m n \ Inspi.i breaker and clack condition of 
contacts of important breakers

Annua l ly

Make a complete inspection following the prove 
dure outlined in items 2 to li inc lus ive ,  u nd e r  Oil 
Circuit Breakers. Clean Ihc arc-quenching or d e ­
ionizing mechanism of air circuit breakers. See tha t 
arc chambers are properly aligned and securely 
fastened.

O il- in su la ted  o r  A sk a re l-in su la ted  T ra n sfo rm ers .
These transformers usually operate for years with 
little attention and are often neglected unless a reg­
ular schedule of inspections is followed.

Weekly

1 f ' h e c k  t r a n s fo r m e r  tem p e ra tu re  T h e  o i l  tern 
perature of se l l -co o le d  t r a n s fo im e i s  ■ lu .i i ld  not ex 
ceed 80' C and tha t  of o i l - im m e rs e d  w a te r -coo led  
transformers should not exceed 75 I even f o r  shor t 
periods
2. Check liquid level and look for leaks
3. Check frangible relief diaphragm of the con 

servator type.
4. Investigate the cause of any unusual noise.
M on th ly

1. Check the load (amperes) on important trans 
formers if changes have been made in power 
consumption.
2 Clean dirt and dust from exterior
S e l l l l i l l l l l l n i t i i S c i v i i ' -  11 a i r , f i l l  me i (0 ,0 0 0  k \ ; i  

apd larger as follows.
1. Test the dielectric strength and acidity of the 

oil or askarel. If the oil tests lower than 22 kv or

the  ask.u.-l  low e r  than 25 kv ,  rep lace ot icco tk l l t ioP  
it.

2 Clean and test bushings for invisible cracks and 
other defects.
3. Measure insulation resistance of primary and 

secondary windings.
4. Check tap changers and load-ratio-control ap­

paratus when provided.
5. Check ground connections of transformer cases.
A  in it ia l ly
Service transformers rated 100 to 10,000 kva. 

Follow the same procedure as for 10,000 kva and
huger units.

E v e r y  F iv e  Y e a r s
1. Remove manhole covers and make an internal 

inspection.
2. Check internal connections and check for evi­

dence of moisture and heating, such as charred insu­
l a t io n  o r  o d o r  o f  overhea ted  insulation.

3. C he c k  surfaces o! co ils  and core for dirt or 
sludge If s ludg ing  is ex idem , it m a y  be necessary 
to l i f t  the i o  c ; m j  clean the .o re .  , o : K  ;.nd inside 
ot ¡lie , . i 4

E v e r y  T e i :  ) ,os

1 D i o p  the l iq u id  leve l e x p o . ,  :-vc V>»rv a " ;
- lent! )  to d e b ' iu  ¡e :S. u ri: o' . ¡ u ' . v  . i i ‘ .
t i o r  ■ and м  . I ' .1 ■ i .

2 M a l e  a . a r c b  t r ' o r . .  ' .  •
i l! dull ■' О - ■ ■ - : ■ :

w ith  a Mo'.im o' . u .m  ...! i a, • V ...
Air-hlasl Dry Transformers. l i■. u- i.e, -■ 

used w i th  r o t . i r i - i  o n s e t  lei m - ; . i l l a t io n s

И e e k ty

I C heck  the  in and out tem p e ra tu re s  o f  u v ,  ng 
a i r  and  t ra n s fo rm e r  te m pera tu re .

2. B lo w  ou t  accum u la te d  d i r t  ana  dust w ith  d-y 
compressed a i r  at pressure o f  a bou t  2 '  р ч

3 R e m o v e  di i ;  a nd a I1 t o t e . c n  , ш , , h V  or 
t i,i I li uni  ' hr  . or  c h a r y  4  '

A n r . u a l h

Scrv icc : I ,in■ f..г ri ■ i ■ I. ,| I, •.. -
I Measure ir.su' 11■ r: ■ .e ; :

secondary w n J iu g s
2. Clean Ihc windings and an passages thorough;.
3. Check opetat ton and tightness ot d mpc. .
4. Check for anv loo-u  ....... .:r: J

tc r io ra ted  insu la t ion .
Self-cooled Dry Transformers. Mv,, 1 >.

above 600  vo lts
Preferably install only in clean, dry location*. n
W e e k ly . Blow out with dry compressed air at 

pressure of about 25 psi if conducting dusts «я
fou n d .

E v e r y  T h r e e  M o n t h s
I Cluck load i amperes) and temperature of the 

transformers. Increasing transformer temperature! 
at normal loads indicate need of more frequeaf 
cleaning.
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2. Blow out accumulated dust or lint with dry 
compressed air at pressure of about 25 psi.

A n n u a l l y
1. Remove all covers and clean windings with a 

vacuum cleaner, blower, or clean, dry compressed 
air at pressure of about 25 psi. Give particular 
attention to cieaning top and bottom ends of winding 
assemblies and to cleaning out ventilating ducts. 
Liquid cleaners are undesirable because of deteriorat­
ing effects on most insulating materials.
2. Clean bushings, lead supports, tap changers, 

terminal boards, and insulating surfaces.
3. Tighten loose connections.
4. Look for signs of overheating and of voltage 

creepage over insulating surfaces.
5. Service tap changers and fan motors if provided.
6. Measure insulation resistance of primary and 

secondary windings.
Fin Class B dry-lype transformers, the insulation 

resistance should be at least 2 megohms per 1,000 
volts of rating but in no case less than 2 megohms 
total.

S ealed -tan k , G as-filled  D r y  T r a n sfo rm er s . The
sealed, gas-filled dry transformer is enclosed in a 
steel tank that is filled with nitrogen or perfluoropro- 
pane under several pounds' pressure and hermetically 
sealed.

W e e k ly . Check gas pressure to make sure that 
there is proper internal pressure.

E v e r y  T h r e e  M o n t h s . Check load (amperes).
A n n u a l l y*
1. Measure insulation resistance of primary and 

secondary windings
2. Keep exterior finish clean and prevent corrosion.
In d u ction  V o lta g e  R eg u la to rs
A n n u a l l y
1. Service the external operating mechanism.
2 Measure the insulation resistance of the 

windings.
3. Test the dielectric strength of the oil. If the 

oil tests lower than 22 kv. replace or recondition 
it.

E v e r y  F iv e  Y e a r s Remove cover and make care­
ful internal inspection.

C urrent an d  P o ten tia l T ra n sfo rm ers
A n n u a l l y
I. Inspect, clean if dirty or dusty
2 Measure insulation resistance.
Relays
Seen la n n n a l ly . Inspect relays a n ot

contacts
A n n u a l l y
1. Clean relay contacts and repla,.. .essary
2. Inspect bearings for wear.
3 Check the calibration of relays; operate them to 

determine whether thev will function intemltd

under fault conditions by setting up artificial condi­
tions under simulated loads.

l.igliliHiig A rresters
A n n u a l l y (preferably in the spring)
1. Inspect; clean exposed insulating surfaces if 

dirty or dusty.
2. Note any mechanical damage.
3. Check connections and test resistance of ground 

connection. If resistance to ground is more than 5 
ohms, make necessary changes to reduce it to 5 ohms 
or less. If arresters fail to give proper protection 
although resistance to ground is satisfactory, they 
should be tested and reconditioned by the manu­
facturer or replaced.

S to ra g e  B a tter ies
D a i ly . L heck the voltage ol important batteries.
M o n t h l y . Check the liquid level and specific 

gravity

I N S U L A T I O N -R E S I S T A N C E  T E S T S
Insulation-resistance tests should be made peri­

odically, as previously indicated, and the results 
plotted. The trend shown by the graph is much 
more valuable than individual readings. Excep­
tionally low readings or sudden changes should be 
carefully investigated.
The insulation resistance of wiring on a winding 

is the resistance (in megohms) offered to a d-c volt­
age. lending to produce a leakage of current through 
the insulation and over the surface of the insulation 
Insulation resistance is a function of the winding 
temperature and of the moisture and dirt present, 
as well as the condition of the insulation material. 
Although the insulation resistance is not a definite 
measure of the dielectric strength of the insulation, 
insulation resistance values will give an indication 
of the suitability of a winding for operation or for 
an overpotential test.
The insulation-resistance test mainly indicates the 

contamination of the insulation surface and solid 
insulation by moisture and other contaminants. 
Usually a high value of insulation resistance is an 
indication of clean, dry insulation but is not evidence 
that the insulation is free from physical or mechani­
cal weakness Such weakness may be of a type 
that does not affect insulation resistance at low volt­
age but may be the cause of breakdown upon the 
application of normal working voltage.
Insulation resistance measurements can usually be 

made with an instrument known as a "megger.” 
This instrument consists essentially of a direct-indicat­
ing ohnimcter with a hand- or motor-operated d-c 
generator When lesi-, aie made, the electiical equip­
ment should be disconnected from all sources of 
power and windings should be short-circuited and 
grounded before and after each test to drain off 
all residual charges.
Insulation resistance varies with changes in tem­

perature, in humidity, in test voltage, and in duration 
o f  ies| co llage  application. Consequently, when in-
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stilatimi resistances measured .it different limes lire 
lo be compared or plotted, they should he measured 
at a definite temperature, voltage, and duration of 
applied voltage.
The insulation-resistance test should preferably be 

made by applying 500 volts of direct current for 
1 min at a winding temperature or conductor tem­
perature of 40 C. If the tests cannot be made at 
the same winding or conducici temperatine, all read­
ings should be reduced to a common temperature 
basis.
In applying a temperature correction the insulation 

resistance of Class A' insulated armature windings of 
rotating machines and dry transformers can be 
assumed to double for each 9°C reduction in winding 
temperature; that of Class B: insulated armature 
windings of rotating machines and dry transformers 
to double for each I8°C reduction in winding tem­
perature; and that of oil-insulated transformers to 
double for each 10CC reduction in winding tem­
perature.

In su la tio n  R e s is ta n c e  o f  R o ta tin g  M a c h in e s .
Graphs of the insulation resistance with all readings 
corrected to 40'C should be kept, and a relatively 
low value or a sudden change in insulation resistance 
should be carefully investigated. If the measured 
value of the insulation resistance after correction 
to 40 C is found to be less than the computed mini­
mum insulation-resistance value and cannot be 
brought up to this value by cleaning, drying, and 
varnishing the windings and making other minor re­
pairs, the insulation is not suitable for an overpoten- 
tial test and the machine is not considered suitable 
for continued service unless the winding is replaced
Following is the insulation-resistance loimul.i corn 

monly used for testing windings of rotating machines:
Recommended minimum insulation resistance <R > 

formula for a-c and d-c machine armature windings and 
for field windings of a-c and d-e machines.

R m = k v  4 1

where R m is the recommended (c o m p u t e d I minimum 
insulation resistance in megohms at 40°C of the entire 
machine winding (/?,„ at 40'C is the effect of I megohm 
per 1,000 volts plus 1 megohm) and k v is the rated ma­
chine voltage in kilovolts

M e a s u r e d  V a lu e  n f  I n s u la t io n  R e s i s t im i  e

The measured value of insulation rrsi-.lance R cor- 
tecled lo 4l)°C should be determined hy applying 5110 
volts direct current bel ween ihc winding and frame fur 
I min The value of insulation resistance observed and 
the temperature of the winding at the time of the in­
sulation-resistance test (t°C) should he recorded

R  = R , X k ,  40’C
where R  = m e a su re d value of insulation resistance cor­

rected to 40”C, megohms
R , = observed value of insulation resistance at t°C, megohms

' (  ' l as* A  i n s u l a t io n consis t»; o f  M i l o m o h . s i lk ,  t u n e r . a n d
• i 111 i l . i r . .TV 1 ni» m . t l r r il-, w h i i 1 r i th .  r ' • n p r e e n  if< <1 w i t h  n i • m
m i . r i! mi . , II.JM..1 ill l . l f l  < ' . h ..,1,1 1 iMtl 1 .Moti  I I.  'I MV.t . f t . i i
w i i h  . . .Ph i I m m  f i l l e r  h ht Molle. 1’ SI n V .11 .. | . ,f 11. r 1 1 Ml .  i <1 VI m i l  .1
p r o p y i l l ' . M i  Ml ms a n d  s l u ’iMS 1 > 1 u ( f 1 1 h V ' ; k < I.il> a n d o t h e r
c e l l u l i t e der iva t ive » . of  s i m I j r p r o p e r t i e s  a n d  ( 4 '  o r g a n o .
v a rm s h e s ( e n a r r i v i )  as a p p l i e d to c o n d u c t o r s

:  C l a s s B  i n s u l a t io n co ns is t s of m i c a . i isbestos  a lass  f i b er . a n d
s i m i l a r  m a t e r i a l s  w i t h s u i t a b l e bem d m g sub s ta n ce s

k  -lire tcmpernlitre coefficient of insulation 
resistance as observed for temperalure t°C. 
It is 1.0 when the temperature of the winding 
is 40°C, for Class A insulation the coefficient 
is approximately halved for 5 to 10*C re­
duction in winding temperature; for Class B 
insulation the coefficient is approximately 
halved for 15 to 20"C reduction in winding 
temperature

R  the measured value of insulation resistance after 
correction (o 40*C, should be at least that of the recom­
mended '.c o m p u te d ) value R m.

D ie lec tr ic  A b so rp tio n  T e s t  o f  R o ta tin g  M ach in es,
I he dielectric absorption (time-resistance) method 
for measuring the resistance- of electrical insulation 
principally differs from the short-time or spot insula­
tion-resistance test in that the time of the test is 
lengthened. A dielectric absorption test essentially 
furnishes data concerning the relative condition of 
the insulation with respect to moisture and other 
contaminants. It is included among the nondestruc­
tive types of maintenance tests.
The value of insulation resistance of a winding 

will generally increase as the time of application 
of the d-c test voltage is extended. For a clean 
and dry winding in good condition, the increase will 
usually reach a fairly steady value in about 10 to 
15 min. If the winding is dirty or wet, a steady 
value will generally be reached in only 1 to ? min 
after the voltage is applied. I b i s  variation is caused 
by the dielectric absorption in the insolation

Insiil.ilion-icsi'taiiac mc.isiircmcnis fiji d i e ' - . ’ ; - ,  
absorption tests can be ni.ulc v.ith insulation te'o- 
tance testers in which t he lest ’.oll.iri. is -or • •«! 
by uo l o i  - o pe r at e d generators, reel diet- o r  h ■ 
In n u k i n g  the J i c i e c t i i c  a b s o r p t i o n  lest,  a test vol'  
of 50(1 wills direct  c i u n . n l  s ho ul d be a p f i n l  lor 
10 min. A graph of the insulation resistance in 
megohms as a function of time should be plotted 
with readings taken at 2- to 3-min intervals Tem­
perature readings are not necessary as long as the 
machine temperature does not change appreciably 
during the test.

An appreciable increase in insulation resistance 
during the time that the voltage is applied or a stead­
ily rising curve is usually an indication thal the wind­
ing is clean and dry. A quickly flattening curve 
generally indicates a moist or dirty winding. This 
curve is the result of current leaking through or 
over the surface of the winding insulation, offsetting 
Ihc cuircnl due to dielectric ahsorption.
The slope of the insulation resistance is iitu>- . ir­

is often exptessed as the "I’olarizutum In.ir- ” 1 h:
index is the ratio of the 10 to 1 min insulation 
resistance. The polarization index for a-c or d-c 
machine windings should be at least 1.5 for unitl 
with Class A (105C) insulation and at least 2.0 
for units with Class B (130°C) insulation.
If the results of the dielectric absorption lest are 

found lo be unsatisfactory and cannot be improv«d 
by cleaning, drying, and varnishing the windings and 
making other minot repairs, the insulation is not 
suitable for an overpotential test and the machine 
is not considered suitable for continued service unless 
the winding is replaced.
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O verpotentia l T e ste  o f  R o ta tin g  M a c h in e s . Over­

potential tests indicate the insulating strength of the 
winding insulation. Essentially, this test is the only 
way to establish that the winding is capable of with­
standing the specific applied voltage. Alternating 
potential overvoltage or direct potential overvoltage 
test, may be used. I he lest, whether alternating 
cut rent or direct current, stresses the insulation at 
a predetermined value above the normal operating 
voltage. Such a test helps to guard against un­
scheduled outages of equipment that may be caused 
by insulation deterioration. If the winding with­
stands the test, it is presumed to be strong enough 
n ,tand op under operating conditions until the next 

test is made. If the insulation fails during the test, 
the .u'rerit and enemy involved are small. There 
n no J .uiivi of extensive arc damage such as often 
occurs it the failure happens during normal 
operation.
An oset potential test should not be made on ma­

chines rated 10.000 kva or less unless either the 
Oio'i imic ;nc.i!.i! .on resistance or polarization index 
s.i iies ,:, e s.uisfacloi y. Bctore ovei potential tests 
arc made on machines rated above 10,000 kva, it 
is advisable that both the insulation resistance and 
polarization index values be satisfactory.
Overpotential tests are made with high-voltage in­

sulation testers having an output range at least as 
high as the voltage to be applied to the windings. 
Low-output current is employed in this test.
It. making the over potential test, a specified test 

voltage to giound should be applied to the armature 
or field winding for 1 min. Recommended values 

f a-c *'■ r d-c Voltages that may be used are indicated 
: clow

Ovcrpotrntial Tests of Armature Windings

, . ’ r .' i . d,
' • , ' Mir

I n t e l  M.e n l : l ’ l a n e

If the armature insulation does not successfully 
withstand one of these overpotential tests, the arma­
ture should preferably be completely rewound By 
replacing defective coils, however, the armature may 
withstand the overpotential test In this case, if the 
winding is 20 years or less old. it can be considered 
suitable for two more years of continued service 
Over 20 years old, it is suitable for one more year 
of service provided the next annual insulation-resis­
tance test is satisfactory

O v erp o ten tia l T ests  o f  F ie ld  W in d in gs
P n t f f i  vo l t a g e  o f  
f i e l d  i n n d t r i i j

125
230

A ( r m t )  tent, 
m l t o r j e  to  g r o u u d  

It l>/ )l lC' i  f u r  I Uj I n 1.000 
1,300

If the field winding docs not withstand the over- 
potential test, either the field winding should be re­
placed or the defective coils replaced and the overpo- 
tcnti.il lest repeated.

In su la tio n  P o w e r-fa cto r  T ests  o f  R o ta tin g  M a ­
ch in es. P ow er  factor tests are used to detect specific

types of insulation deterioration. Indication of mois­
ture, dirt, voids in the insulation, and deterioration 
by ionization (corona) can be determined. Insula­
tion testing companies ean perform the tests or pro­
vide lest equipment to the machine user I he tests 
ire generally classified as rmnilestrtictive.
I he powei laetoi ol the .lalot insolation is prin 

cipally affected by the type of insulation, the test 
voltage, and the moisture and voids in the insulation. 
An increase in the power factor over a period of 
lime indicates deterioration. Power-factor tests are 
generally made with specially designed medium-volt- 
age test equipment In making the tests, a-c voltages 
over a range not exceeding 125 per cent of the 
phase-to-ground rated voltage are normally applied 
to the windings The results recorded are compared 
with those fmni prc‘ ions tests on the same or similar 
machines. If the results are unsatisfactory and can­
not be improved by cleaning, drying, and making 
minor repairs, the insulation is not suitable for an 
overpotential test and the machine is not suitable 
for continued service unless the winding is replaced.
M I N O R  E L E C T R IC A L  D E F E C T S

Minor defects are responsible for about half of 
the fires resulting from electrical causes. The neces­
sary corrective measures are obvious in  most cases. 
It is particularly important to make corrections in 
occupancies where process materials are readily ig­
nited by electrical defects, as, for instance, in textile 
plants.

I lie following is a list of the more common minor 
electrical defects and their remedies.

Wiring
1 Loose open wiring: wires hanging o n  pipes,

beams, or nails; wires touching each other, or wires 
cxpo-ct lo mechanical injury. R e m e d y . Tighten 
op en woes repl ace missing or loose knobs and cleats; 
o- insulate vs uli por c el ai n tubes where wires are in 
sonlasi '.'.lb beam-,, pipes, o r  olbei objects Guard 
agai nst  mechanical damage.
2 Conduit oi electrical metallic tubing: lo o s e ,  

poorly supported, badlv corroded, or broken fittings. 
R e m e d y . Fasten conduit rigidly with proper clips 
or hangers. Replace and tighten missing or lo o se  
lock nuts and bushings Replace corroded conduit 
and broken fittings.
3 Oil-soaked wiring. Remedy. Replace with

oil-resistant wires.
4 Flexible metal-clad cable: corroded, oil-soaked, 

pulled out of connectors, or metal covering broken 
or flattened R e m c d v . Support with clips or 
staples, replace corroded and oil-soaked sections, pro­
tect against oil, or use oil-resistant wires in conduit. 
Keep cable tightly fastened in connectors and replace 
damaged sections.

5 Temporary wiring R e ' ie d y .  Replace with
permanent installation.

L igh tin g  E q u ip m en t
P e n d e n t  Futures

1. Missing or loose brass shells on lamp sockets 
or broken or loose porcelain or composition sockets. 
R i-m n lv  Replace missing brass shells; keep shells
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snapped tightly in place. Replace hiokcn porcelain 
or composition sockets, and keep tightly assembled.

2. Lamp holders loose on threaded pipe stems. 
Remedy. Screw socket up firmly, and tighten set 
screw in cap. Replace fixture wire if worn

t Missing guards in missing vaporlight or explo- 
sionprool globes on lamps in oicupanues with highly 
combustible or readily ignitible nuitcnals or gases. 
Remedy. Provide substantial guards, vaporlight 
globes, or explosionproof or dust-ignition-proof fix­
tures Keep storage of any combustible material 
away from lamps.

4. Makeshift paper lamp shades. R m n e d y .  
Remove paper shades and replace with metal or glass 
shades.

5 Chain-pull or key sockets in limy occupancies. 
Remedy. Provide keyless sockets controlled by 
wall switches or ceiling pull switches.

6. Fiber bushings broken or missing from cap of 
brass lamp socket Remedy Replace fiber bushing.

7. Cords badly worn. Remedy  Replace with 
Type SO flexible cord.

x Cord pendants in hazardous location- R e m -  
e i t \  Replace with lixyil iiihiie mum o: itcid pipe 
pendants

9. Long drop cords wound arounj nails, pipes, 
or beams. Remedy. Remove cords from nails or 
other supports. If necessary, relocate fixture to give 
light where needed.

E x t e n s i o n  L u m p s
1. Cords worn or oil-soaked. Remedy. Replace 

cord with lypc SO flexible coni.
2. Ordinary attachment plugs m linn eic.e 

Remedy. Install arc-confining itiachmcnl plugs.
V No lamp guard. R , i m d \  Ptowdc guard It 

W  linty location provide h . c a v c l  i . ehil’. a! ,i
M o to rs
1. Windings: oily or dirty ventilating passage-

plugged with dlr.l. lint. etc. R , i m d \  Dismantle 
motors. Wash windings with sale solvents pain' 
with insulating varnish if conditions require, and 
clean ventilating passages

2. Hot bearings. Remedy. Check lor faulty 
lubrication, misalignment, improper belt tension, or 
worn hearings

' Scvcie sp,liking at Inn.lies on commtthilors oi 
slip rings. H tm cdv.  Rvstitlaec voniiniitalois m slip 
rings if badly worn. Replace worn brushes; keep 
brush rigging clean.

4. Leads oily or dirty Insulation worn and e x ­
posed to mechanical  damage.  R e m e d y .  Replace 
with leads having oil icsistant insulation, and prnl i i l  
with flexible metal conduit  oi rigid conduit

M o to r  C o n tro lle r s
1 I t ' la I h ol  I II t nil/  ' IIIIIJK II I loi  l i ed  i n Id,x I , , t

I I I  riuuuiir | *i I S I I ion I ' e t m d ,  til | i .ill I l l s  il OI ho l d
lllg Cllll

2 Hot c a s e  on Marling compens.itoi. R t  m e d \  
Inspect tor low or dirty oil or poor contacts. C lean 
oi! reservoir, renew oil, and keep reservoir tilled to 
proper level. Dress or replace contacts.

1. k in d  ics is tan ccs  p o o r ly  loca te d  o r  n o t insu la ted  
fro m  co m b u s tib le  su rfaces R e m e d y .  L oca te  where 
dust and l in t  c a n n o t accum u la te  and  w here  v e n tila ­
tio n  is adequate . P ro v id e  n o n c o m b u s tib le  heat insu­
la t io n  betw een g rid s  and c o m b u s tib le  surfaces.

4 D ir t ,  dus t, o r  c o r io s io n  on m agne t faces or 
o il ie r  n iv la l [ 'a i ls  Remedy  C le a n  m agnet faces 
and o th e r m e ta l p a rts  p e r io d ic a lly .

5. C o v e rs  n o t t ig h t ly  closed o r  so dam aged  th a t 
th e y  ca n n o t be c losed ; open k n o cko u ts  on  sides o f 
c o n t ro lle r  enclosures. R e m e d y .  K eep  covers in 
good c o n d itio n  and t ig h t ly  closed a t a ll  tim es. P lug 
a ll unnecessary open ings.

(>. Cases covered  w ith  o il o r in te r io r  o il-soaked . 
R e m e d y . R eloca te  o r  o th e rw ise  a rran g e  c o n tro lle r  
so th a t o i l  does n o t accum u la te  o n  o r  in  i t ,  and 
clean th o ro u g h ly  R ep lace o il-s o a k e d  w ires
7. Contacts arcing unduly. R e m e d y . Dress or 

replace contacts.
8. A rc  chutes  o r  b a rr ie rs  be tw een con tac ts  burned, 

b roke n , o r  m iss ing . R e m e d y .  R ep lace  w ith  new 
a iv  chutes o r b a rr ie rs .

u C o n tro l le r  cases ti l le d  w ith  d u - t l in t ,  o r  fo re ign
111,11 Cl Mil Ri O h  ts ■ l |' M l I ■ I u ’ l ■ M ! 1 V V
posed to  severe lust ot d in  u 'm in i o n r e lo s . i l e  or 
rep lace w ith  d lis t l ig h t cases.

10 Loose  co n n e c tio n s  w here  v ib ra t io n  is severe. 
R e m e d y  C heck  fre q u e n tly  and keep connections 
tight.

O v ercu rren l P ro tec tiv e  D e v ic es
F u s e s

I I c m i l c  Ol k n ife  M ade c . i i l r i i lg c  I Use’ s; contaels 
co rro d e d  or o x id iz e d  R e m e d y ,  ( le a n  and polish 
con tac t surfaces

’ I a r  d tp s  o i u "  i I I  fi ’ i;- o- -i he. u ■

. lean -;;p-. . ta.1 u v •. 1 ,c ■ ■, 
con tac t.

t Cases b in n e d  h o ia -n  of to 
P r o v i d e  ne-VV eases, e 's e u ih ii I l ls .  I l i 'h i l ; .

4 I Use- tum ped w ith  u n r .  n u ll. .o p p . ; ’ ’ i Of
e ither ( iin ip e r. R r m e a \  R em ove ju in p c t at t p-o 
vide- p ro p e r size fuse fo r  c irc u it.

5. C ir c u it  o v e rf tis e d : ra t in g  o f fuse lin k s  in re­
f i l l. ib ie  fuse exceeds am pere  ra t in g  o f  fuse. R e m ­
e d y . P ro v id e  fuses o f  p ro p e r ra tin g , and in s ta ll on ly  
p in p c r  n u m b e r o f fuse lin k s  as d e te rm in e d  hv am pere 
t at m g o l | use.

f>. L d ison -base  p lu g  fuses: co in  o r  m e ta l d is k  back 
o f  fuse sh u n tin g  fuse. R e m e d y .  R em ove  co in  or 
d isk  and p ro v id e  fuse o l p rop e t la t in g ,

7. Fuses n o t enclosed in m e ta l box  in areas co n ­
ta in in g  ' ’o m h u s tih lc  fibers  o r  o th e r  easily  ig n itib le  
co m bu s tib les . R e m e d y .  P ro v id e  t ig h t m e ta l en­
c losure .

8, O td in a ry  fuses in  haza rdous  loc a tio n s . R e m -  

i d y  R em ove n r in s ta ll ir, i-x p h 'S io n p ro o f m dust
i in t i  in n -p i i ii it r in h is i io  m l ih h  I'm tin- h s  iim n

l l u e m o l  O v e r l o a d  (  t i l o u l s

1. Caps  m iss ing . R e m e d y .  P ro v id e  new caps.
2. h tis ih le  lin k s  rep laced  w ith  w ire  loops. R e m ­

e d y . R eplace w ire  loops w ith  fu s ib le  lin k s .
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DRYING WET ELECTRICAL EQUIPMENT 32-11
R e la y s
1 Plunger overload relays with leather bellows: 

leather stiff from lack of attention. R e m e d y  This 
relay is obsolete. Replan- with new nseilo.nl iel.i\

2 I liei inal icluss toi inolni inmiing piolcction 
loo large lor propei protection ot motor Hramiv. 
Replace with relays tha> will not permit overloading 
in excess of 25 per cent for 40 C rise motors and 
15 per cent for all other types of motors

3. 1 hernial relays bypassed. R e m e d y .  Remove 
bypass and provide proper thermal relay.

t T. L'-n. c-lo al relay h le ikcj to prevent
r  "  b  K t  n r n s , '  > - ! o . k  a n d  . . n i i . v i  i i m -
. ■ S-,. in ! , LI, .Led

liulosed Iti'in lliu iline Snitches
1. Switch blades loose where fastened to insulating 

bar. R e n u d y . Tighten blades or provide new 
switch.

2. Switch blades burned or oxidized front overheat­
ing nr poor contacts. R e n n d \  Clean and dress 
blades, provide new contact clips if tension is gone, 
or replace with new switch.

3 Rod attached to handle for external operation 
disconnected from insulating bar attached to switch 
blade. R e m e d y . Attach rod to insulating bai if 
spare attachments available oi replace switch.

-1 ‘spiine Ini snap action broken, disconnected, 
or missing R e m e d y .  Replace or reconnect spring.

T ran sform ers
1 Leaking tanks, /f im n /t. Repair leak rclill 

to proper level.
2 Duly bushings R e i n e d "  Clean bushings
' VA lode n-platform or timl'ei supports rotted and 

weakened I t u m d ■ . Rcpljee with steel or con­
crete supports.

4 Low insulating liquid. R e m e d y  Keep liquid 
at proper level as indicated on gage.

5 Low dielectric strength of insulating liquid 
R e m e d x  Test insulating liquid. The dielectric 
slicngth of oil and of askarel should be not less 
than 22.000 and 25,000 volts, respectively.

6 Air cooled types: accumulations of dirt or con­
ducting dusts on windings R e m e d y .  Blow out 
windings and dean insulators periodically

? Cracked (bass on liquid gage R e m e d y .  Re­
place glass

S w itch b oard s
Clothes lockers and other combustibles slored be­

hind or in close proximity to switchboard. R e n u d y .  

Keep area around switchboard clean and free of 
combustibles at all times.

L igh tn in g  R o d s
1 Air terminals corroded or broken off R u n -  

i d \  Replace with new air tciminals extending 30 
in above top of protected structure.

2. Down conductor broken. R e m e d y .  Repair 
conductor.

3 Down londiicloi guaulcd ap.iitlsl iniuiy a! 
ground with iron pipe R e m e d y .  Replace pipe w th  
nonleirotis pipe or bond both ends of iion pipe lo 
down i (inductor.

L ig h tn in g  A rresters
1. A rre s te rs  covered  w ith  d ir t  o i c h e m ic a l d e ­

posits R e m e d y  ( lean th o ro u g h ly  and keep clehn.
loll  lia.l h. Oil' ll I t ' lot 'H OI discuti 

iiccled Kt  m .  ./1 Ki comici. I.
L  tu ro u n d  leads h io k c n  td f o i d is c o iin e c k 'i l. 

R e m e d y .  R econnec t.

D R Y I N G  AVI- I E L E C T K IC A L  E Q U I P M E N T
l - le e t i ic a l e q u ip m c ri' th a t has hcen su bm erged  in 

fle sh  w a te r usua lly  can be d rie d  ou t w ith  l i t t le  d a m ­
age i f  p ro m p tly  a n ti p io p n iy  hand led . I V I . tv m av 
resu lt in  b re a k d o w n  o f  in s u la tio n  and sh o rt c irc u its  
tha t w il l  dam age e q u ip m e n t. I t  is not sa fe  to  app ly 
fu l l  vo lta g e  lo  w et e le c tr ic a l system s u n t il  tests show  
tha t they have s u ll ic ie n t in s u la tio n  ics is ia nce .

S a lt w a te r p resents a m o re  d if f ic u l t  p ro b le m . 
W a sh in g  w ith  w a rm  fresh  w a te r and d ry in g  is som e­
tim es successfu l, b u t re w in d in g  m o to rs  and  gene ra to rs  
and re p la c in g  w ire s  and cables are o fle n  re e l .sa ry

D r y in g  Wires a n d  Cables. O p e n  w i r i n g  s y s t e m s  
w il l  p ro b a b ly  re q u ire  n o  a tte n tio n  e xcep t at cab ine ts, 
c u to u t boxes, and  o u tle ts .

C o n d u i t  \ y \ t e m s  s h ou ld  be d ra in e d , c lea re d  o f  fo r ­
e ign  m a te r ia l,  and th o ro u g h ly  d r ie d  o u t. C overs  o f  
c o n d u it f itt in g s  s h o u ld  be ic tn o v e d . and. w he re  ncecv 
sa ry . lo w  p o in ts  in  the  system  s h o u ld  be opened 
up to  assure th o ro u g h  d ra in in g . A f te r  the c o n d u it 
system  is d ra in e d , the  safest and  m ost e c o n o m ic a l 
p io c c i lu ic  is to  p u ll  o u t the  w ires , sw ab  o u t the 
c o n d u it,  and in s ta ll new  w ires . In  any  case, short 
ru ns  o f  sm a ll w h in e  s h ou ld  be re p la ce d , p e rm it t in g  
p ro m p t re s to ra tio n  o f  se rv ice  and  a v o id in g  serious 
m ic i r i ip t io n s  la te r I f  excessive h e a tin g  o l in s u la tio n  
occurs , it is u s u a lly  d if f ic u l t  to  w ith d ra w  the  w ire s  
tin t) it may ¡sc necessary to  rep lace  bo th  c o n d u it 
and w ires.

C om pressevi a ir  can fre q u e n tly  be used to  d ry  o u t 
co n d u its  i f  s u ita b le  m eans are a v a ila b le  fo r  tes ting  
the  r n s 11 ! ; 11 f i > n resistance- o f  the c o n d u c to rs  I f  the 
in s u la tio n  res is tance o f  w ue s  and cables tests ve ty 
low  .d ie t b lo w in g  out co n d u its  and d ry in g  th e  te rm i­
nals. it is best to  rep lace  the w ires  and  cables at 
once, as it is d o u b t fu l  th a t th e y  can be safely- 
res to red

I f  eom pressed a ir  o r  a ir  f ro m  in d u s tr ia l b lo w e rs  
is n o t a v a ila b le  and q u ic k  re s to ra tio n  o f  se rv ice  is 
im p e ra tiv e , il m ay be a dv isab le  te m p o ra r ily  lo  in s ta ll 
new cables suspended in the  ope t. These  s h ou ld  
he kept free  fro m  co n ta c t w ith  m eta l o r  w e t o b jec ts  
and s h ou ld  he o f  s u ffic ie n t le n g th  fo r  la te r  use in  
the  c o n d u it

M e l a l - i  h n l  C a b l e  m i d  D e v i c e s  Specia l a tte n tio n  
s h ou ld  he g iven  to  c irc u its  co n s is tin g  in w h o le  o r  
in  p a r t o f  m e ta l-c la d  cab le  and to  b rass-she ll l ig h t in g  
sockets and recep tac les, snap sw itches, o r o th e r  d e ­
vices c o m .lin in g  pap e r in  l ib r i  in s i l i.m on  lh a i m av 
have been s ii a lle c le J  as lo  m ake  co m p le te  fep laee- 
n ie n t necessary

I n n  i A l l  wet fuses sh ou ld  he rep laced  w ith  new 
ones I lie l ib o  sav ing  o l c a rtr id g e -ty p e  fuses w il l  
p ro b a b ly  he d is to rte d  and il s i i l i  d am p  m a y  c a r iy  
leakage i t i r r c n l  D ie  f i l le r  o f  p o w tie r - f i lle d  fuses 
i i i .iv be in k e d , n r ik n tg  them  u n f it fo r  service. P lu g
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fuses. even llic glass body IV|V m;n .iIno he sctiously 
affected by water.

D r y in g  E lec tr ic a l A p p a ra tu s . Elcetrie.il apparatus 
should be washed clean with fresh water and wiped 
as dry as possible w ith clean rags.
Fuli voltage should never be applied lo apparatus 

until insulation-resistance tests indicate that it is safe 
to sin so llunicd divine may result in a burnout 
that could be avoided if sufficient lime were taken.

S m u t !  a p p a r a tu s such as motors, motor starters, 
controllers, and protective equipment, can best be 
dried in well-ventilated baking ovens at temperatures 
not exceeding 1K0 F. The drying piocess should 
not be hastened by too much heat. Vacuum in addi­
tion to heat is effective in hastening the drying-out 
process. Oil-immersed apparatus should be free of 
water and moisture before it is put back into Service.

G e n e r a t o r s  a n t i  la rp e  a p p a r a tu s can be dried by 
erecting enclosures around them and applying ex­
ternal heat or by allowing low-voltage current to 
flow- through their windings. Enclosures of noncom­
bustible material, such as corrugated iron, corrugated 
asbestos, or gypsum board, are recommended; canvas 
enclosures may become ignited and seriously damage 
I lie apparatus. Drying enclosures should be well 
ventilated, using a motor-driven blower where possi­
ble Temperatures not exceeding 1W) F should be 
maintained in the enclosure by stear. pipes, portable 
electric heaters, or infra:ed he.it lamps kept at a 
safe distance from the insulation
If large apparatus is to be dried by the electrical 

method, it should first be partly dried bs external 
heat, followed by current through the windings at 
low voltage, sufficient only to produce a temperature 
not exceeding 1N0F inside the windings or 150 F 
on the exterior of the windings.
Separately excited generators may be dried by 

short-circuiting the windings at the terminals and 
running the machines at low speed with just enough 
field current to produce rated-full-load current in 
the main windings

In su la tio n -r es is ta n c e  T e sts . F ie t  t r ie  C ir c u i t s. In- 
siil.uion-rcsistance tests are necessary before restor­
ing electric circuits lo service because fuses and other 
overcurrent protective devices cannot give complete 
protection against high-resistance short circuits or 
leakage through wet or impaired insulation. Such 
leakage might be too small to blow fuses or trip 
circuit hicakets bill might cause heating and lire

Insulation-resistance tests are best made with a 
direct-reading insulation resistance tester l megger t 
capable of applying at least 500 volts

tests may also be made with a high-resistance 
d-c voltmeter and a source of d-t supply. The insu­
lation resistance can be computed from the following
formula:

"■ - R‘ (¿, - 0
where H i - insulation resistance, ohms 

H i = voltmeter resistance, ohms 
F. ~ voltage of power supply, volts 

F . = voltmeter reading when connected to 
the current supply in series with the in­
sulation resistance to be tested 

A source of direct current of at least 110 volts 
is preferable for making these tests. Insulation-resis­
tance measurements made with an a-c voltmeter and 
alternating current may be inaccurate and misleading 

Tests with an ohmmeter with a battery of low 
voltage will indicate circuits that are in very poor 
condition, but a high reading obtained with such 
an instrument is not an assurance that the circuit 
will be entirely safe against breakdown when full 
circuit voltage is applied.

If none of the above lest methods is available, 
an indication of the circuits can sometimes be ob­
tained with a good electricians magneto Some 
magnetos will ring through a resistance of 20.000 
to 40.000 ohms and assist in picking out the circuits 
that have too low an insulation le.sistance to be re­
turned to service with reasonable safety.
fitcuils of 2.300 volts and higher -Mould be given 

expci t aitenlion before Doing connected to their 
source of supplv.

F J c r tr ic a i  A  p p , ' t u n s . Insulation resistance be­
tween conductors and frame- of appar'iis ir-c 
'dried should be i'leasmcd ,.t ¡root sols lo is. or’.: n
p ii 'ea 's . ,  I In-  t .m  K  d e e  h> ; i | ' l , . a
direct current through a voltmeter oi prete: d'-.v by 
a megger. The insulation resistance of motors, gen­
erators. or transformer windings in otherwise good 
condition is practically inversely proportirnrd to the 
amount of moisture absorbed hv the insulation. The 
rate (if increase of insulation resistance, however, 
is more significant than any individual value of insu­
lation resistance.
When apparatus is being dried, under the super­

vision of an experienced electrician, it may be reason­
ably safe to put the apparatus in operation, carrying 
light loads, befo'c the re-a-tan.es indicated bv the 
formula are obt.uned. as me wind...:c and b. u 
lo the load will i-uu’v -e-ial; in ? i':: ‘ c;' : : pr ‘' ■ -a-rt
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Books/UNIDO documents

1. Maintenance Manual for Industries in P.D.R. Yemen, Frank 
Harry Schueller, adviser, Ministry of Industry, PDRY, 1980

2. Unitary Maintenance Instruction, Ministry of Industry, PDRY, 
September, 1981

3. Evaluation of Maintenance in the Range of Ministry of 
Industry, Ministry of Industry Maintenance/Industrial Safety 
Section

4. United Nations Industrial Development Organization 
Ref. ID/65/1971 Duisburg Symposium - Maintenance 
Ref. ID/WG.145/7, February 1973 Tokyo Symposium - 
maintenance
Ref. ID/40/4/1970 Engineering industry - developing 
countries
UNIDO DP/PDY/81/006, January 1982, Project document.

5. Maintenance Engineering, Organization & Management, Frank 
Gradon, Applied Science Publishers Ltd., London 1973

6. Systematic Maintenance Organization, V.Z. Priel, Macdonald & 
Evans Ltd. London 1974

7. Maintainability, Goldman & Slattery, John Wiley & Sons, Inc. 
New York, London, Sydney, 1964

8. Installing an Effective Preventive Maintenance Program, 
Kreamer & Sanders, American Management Association, 1967

9. Control of Maintenance Cost, Schiff, Schirger & McFarland, 
National Association of Accountants, New York, 1964

10. Modern Maintenance Management, E. Miller & J. Blood,
American Management Association, 1963

11. Introduction to Maintenance Planning in Manufacturing 
Establishments, UNIDO Ref. ID/156 - 1975,
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Articles

1. The Use of Predetermined Time Systems in Planning and 
Controlling Maintenance Activities, R.C. Cavendish, The 
Journal of Methods-Time Measurement, Volume XVIII Number 1, 
1973

2. Effective Maintenance Management, Stuart W. Stuart, The 
Journal of Methods-Time Measurement, Volume III, Number 4, 
1977

3. Maintenance Management - An Aid to Cost Effectiveness,
F.A. Townson, Works Management, Volume 26, Number 7, 
July/August, 1973

4. Maintenance Scheduling System, James H. Davis, Industrial 
Engineering, May, 1975

5. Maintenance costs: Some Trends, Joseph J. Johnstone and 
William E. Sharp, Factory, August, 1973

6. Maintenance Engineering: The Current State of the Art,
Tom Husband and B.A. Basker, The Production Engineer, 
February, 1976
IE,s Role in Maintenance, B.F. Williams, Industrial 
Engineering, June, 1974

7.
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Accessability^rP^.1 é cV-f=-̂ v

Accounting

Adequate

Adviser

Analysis

Annual Cr ̂ __•

Assembly

Assessment

Assistant ^  \_—

Auxiliary G-̂  i </U?J __

Availability ~ •6 ~ J



Benefit

Boiler

Book value •tf iS* *

Breakdown

jL.--' Lh=—

1 y \ ^ y



3

I

Capacity

Capital

Carry out ̂  „ c

Catalogue U^> l̂ \  

Cause c °

Centralised

Chart Oj j

Checklisty^s-»-^ K7—  ̂̂

Chronic (e.g. chronic problem) ^ ~rj-- -, J J Ü  ̂  r-l>- 

Cleanliness\^r —p ' —i 

Code (equipment codification) ^{SJJ 

Communication cC—» siueÛ»' i

Component"5-—^» r- -*^

Condition J U  e



C (continued)

Contaminati^fl^ju £Ac.'Ji i

Continuous

Contract maintenance \— ^

Control ¿1— '■£> c

Cooling

$

Correct

Correcting aj, p~

Correction

\Corrosion \_0 i \J

Cost ^

Craftsman '

Critical C£ c

Critical Path Method (CPM) 

Crucial ji— V». i 

Cycle

. fj
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Damage

Data

De-centralised J

Defect ^ i

Design

Deterioration c_l*LT 

Diagnosis p _ r r "

Diagnostic equipment ^  ".U J

Diagram Li \r,

Discipline^'V^L^j»^^ c*̂ C?

i,Documentation^-» ^
'  t r *

Downtime j * J  ,JU- ^  ^  J - V

i



E

Economy C g-
.  ̂*Effectiveness \— \̂_«j tf ŷ UĴ Cf-

Efficiency (of equipment) *

\ 9 \Emergency CJ V

Energy

Engi "“er -»

Enterprise

Evaluation

Expense pJS-aJ ̂  c-v*5 /



Factory

Failure c o Vj-U'

Fault - J lJL e r_^

Filter 'r >* e - •j+ £ -a ___

Fixed asset / J. ̂

Foreman

 ̂ \Frequency 3 3_/ - J> J>̂

Friction

c jVt'vV*F u n c t i o n



8

G

Gantt chart

Goal C/ 'ĵ S> <r G

H

Heat -*

History (of repairs, of maintenance, of production) Z'A'r ixo.'

Hydraulic



I

Idle y J i  ̂  U  vK)
* *

Implementation • \Je > —

Improvement — ■* C *^Sj

> . .Inadequate

Incentive <J2-̂ V l

Industry £-rJ\S*>

Initial J y c  ^ r ' 

InputyV> V, \_ - ¿* »-**->

Inspection ' V_e-0

Inspector \J» /

Inventory'}

Investment ̂



J

I
I
I

I

Job
Ò *

K

Know-how £

10

9



Layout * j /

Long-range-^' <)-*

Long-term

l -.Loss y <’*»/— -*■

Lost time UaJ'eiL*-'>J'

Lubricant

Lubrification V
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M

Machining ^  — 1

Maintenance contract ^ rl}'rrp^A

Manager ^  .

Man-hour
■ ^ /  c>f>

Manpower ^  "J.i ̂ \_^i

Manufacturing cost {;, ^

Maintainability i_ÎP-»Lsl'v r-~\iL»\ CS*~ fj

Method <3— «•■> J

Modifications

Monitor

Motivation c_JU=» y^c/ ^ 7-* =>

Motor >



N

Network analysis

0

Ob j ective^c^-^. r *  J

Obsolet^^I-'i'^ o^rKZ-^ jV^kiW>A;fry

Operating cost- <yf-
cÂ-J î j

Operation rate (of equipment) _> V" ^  * * ^

Optimum ( p iS ^ )  №  ^  ‘

'̂. r j ^Organisation '  '— ~

Output £  c V V *  c 

Overhaul J £

Overhça<?J;
t/
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Performance 4 / y

Plan ,Ja->

Policy

Potential U  ^  c

Power

Practice

Pre-conditioi}Ar^j!^1 * ^

Pre-investment ^>\J^— "-V11 cH"^¿ ¡r £ J  < '< & * ,* T^ T V
^  /

Preliminary ^   ̂ĉ -» '

Preparation /¡j_V *

Priority ^  *

C ^ y /Probable ‘  ->  ̂ *
'$*** ~

Probability \ ,_I t

Problem

Procedure
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P (continued)

Proces 4 c ¿ 4 ^  * \r^f

Procurement

* i
Production 2;

Productivity . ̂  \ * jl I r/_̂ > 

Programme V-' y

Properties of materials

Protection

Pump

Purchase /'v



i 
I 
I 
I
■ Qualification

I Quality ^

Quality assurance
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Range ^  4 ( f  ̂

Rate

c lltj,

ReadinesO'-oV/
i

Recommendation 

Recondition 

Record ^ —*

Reduction c HU-*-#

Redundancy 4

I " - ( c-<-o<-Refrigeration 

Reliability ^I>\J <£ i

Remedy ^

Renewa 1 ^ — T / w  J U --V^  ̂ ' '

Renewing

Repair £"**-*- ‘ "J-

Replace ^  , ~

/

cv .

4



R (continued)

Replacement d-'-r— ( 

Report y . J f  6 r

Risk .

Routine ( y y \ c . ( 0 ~ ^  *

Running-in ¡X \

di-'

Rust
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Safety — . £

Saving (s) 

Schedule f

Scrap * d

Scrapping

Service life (of equipment) t \ \ \ £ r ^ J \ -

Service manual IS , lL—  N2 ̂  S \ ^  r m.
)

Shift (work shift) . C o

Shortage r \ j C ^  t  j u j & -  C 

Short-term 'j

Skill -3

Skilled workman ^'-#s

Solution
C ♦  ̂ i

Solvent o ^ '  ' V/V

Spare parts

*



S (continued)

Standards ■ V

Steam generation 

Storage 

Supervisor

Supplier j j .

Supply H  

Support ^  -j.

System

Systematic approach
o'AÎA?



T

Table

Task «j

Teamwork t_>

Technician ^V*.

Technique

Technology

Terotechnology U* ¿ Z ~ > \

Test equipment

Time consuming ^

V/Tolerance^r\ZJ\r̂ 'u-^' - 

Tools

Trainer c—> j 

Training t

Transport * *  f  c

Transportation^?')-^>^v i>'>' ^ s \ ~ i 

Trouble shooting , V ia—^



Unit -w.

Urgent «>

Utility ^  g  I 

Utilities-^UJ^. ^o u Vc,
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V

Valve

w

Waste

r T

Wastage

Water treatment ^ L-L \ t*-» j t J-f-*

ìjO-JJ c_)- L»
Wear

Wear-out

Work-in-process ĉ .■I— 1
Work method — ,A *

«



En tant que société de conseils d ’entreprises 
reconnue et forte d ’une longue expérience, 
nous offrons à nos mandants un ensemble 
complet de services, dans quatre domaines 
principaux.

Dom aine d'intervention 1 : 
gestion d'entreprise
•  objectifs et stratégies d ’entreprise
•  analyse de l’entreprise
•  concepts d ’organisation et de direction
•  sélection de cadres
•  concepts de gestion du personnel
•  solution des problèmes de succession
•  calcul des coûts
•  programmes d ’amélioration de la 

rentabilité
•  mandats de gestion temporaires

Dom aine d ’intervention 2: marketing
•  stratégies produits/marchés
•  études de marché et analyse de la 

concurrence
•  réseau international de vente
•  recherche de partenaires à l’échelon 

mondial
•  expansion aux USA/Japon
•  prom otion des ventes
•  diversification
•  innovation/développement
•  logistique

Dom aine d’intervention 3: engineering
•  concepts de production
•  conception et projets d’usine
•  concepts des flux de matériaux et de 

stockage
•  gestion de projets (project-management)
•  analyse de valeur des frais généraux
•  rationalisation des flux de documents
•  logistique et gestion des matériaux

Dom aine d’intervention 4: informatique
•  stratégies et concepts globaux de l’infor­

mation
•  concepts de réalisation ED P  et choix du 

Hardware-Software
•  planification de détail et mise en fonction
•  expertise de votre système informatique
•  suivi de projets, consultation individuelle 

et gestion temporaire
•  prestations de services d ’un centre de 

calcul



ICME Conseils d’Entreprises Lausanne S.A., Avenue de Cour 61, CH-1001 Lausanne 
téléphone 021/27 3624, télex 24837 bgsach

ICME Untemehmensberatung, Restelbergstrasse 49, CH-8044 Zürich 
Telefon 01/3624060, Telex 815240 icmech




