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INTRODUCTION

An Incentive (1) is sornething that incites to action - stimulates and mo-
tivates man and mankind to poerform, e g to turn out more and better
work. This paper deals wi'h Incentives for Maintenance (M), in parti-

cular industrial M as applied in manufacturing and service industries,

The basic function of M is to keep plant, machinery and equipm;nt in
& condition that will meet normal operating roquirements. There are
many sub-functions within M, o 8 M Inspection, Preventive M, Cor-
rective M, Breakdown M and Overhaul. And these sub-functions can
again be dsvided in sub-sub-functions which furthermore cln be looked
‘upon from a technological as well as an organizational an;lo. Other
pPapers deal with these functions and subjects in detail.

In order to discuss I for M it is, howove_r. necessary to have a clear
plcture of the many components and facets of M. We must know where
we are, and where we want to move, We must know what can, and
should, be accomplished through the introduction of improved techno-
logical and organizational methods and techniques and we must know
where the introduction and up-keep of the improved methods and tech-
niquss can be supported through 1. And we must have a base from
where to measurs iho performance in order to calculate the renume-

ration or reward for ths extra efforts applied.

We must also know what motivates man. Some motivational factors are
universal while some vary {rem country to country, depending oa social
conditiens and cultural heritage.




The installation of a sound incentive system involves many applied

sciences such as engineering, administration, suciology and pshy-

chology,

M is not a function that canr, or should, be looked upon in sﬁlendid
isolation. M’s performance depends Leavily on other functions within
an enterprise, in particular PProduction and Procurement, And first
and foremost performance depends on the attitude and outlook of top -
management and its ability to organize and administer all functions

within the enterprise in a balanced and well co-ordinnted manner,

1 for M at the plant level is not the {irst or even one of t:'he first tools
to use to improve the M situation within an enterp‘ril”e. There are
many pre-requisites that have 10 be met before we should think of
iatroducing I for M, Pre-requisites which by themsclves will assist
in improved M,

1. THE DUAL ASPECTS OF M

As already mentioned earlier, M can Le looked upon in a number of

ways. Two aspects appear to Le of particular significance:

1. M as a function that keeps machinery and equipment down-time

below desired levels.

2, Masan indirect cost clement that increases product price with-

out adding to its value,




1t is tempting to overemphasize the first one in order to achisve a
low level of machinery and equipment down-time, This is in the in-
terests of the operating departments although it may result in in-

crsased M costs,

Increased M costs will attract the eye of the cost control departmaent
and efforte are likely to be initiated to reduce the M costs. This may
result in Jese M work which again may result in more break-downs
and less availability of machinery and equipment - the operating de-
partment will suffer and output will decrease.

It is up to top-management of an enterprise to kecep & happy balance
between the two opposing M aspects,

M work can, ae any other work, be organised according to good in-
dfutr!al Mmanagement principles and practices. But the organisation of
M can also be faced with an almost impassible task, namely if the ma-
chinery and equipment is not suited for the production, nbt suited for
the operators that attend to it and not suited for the environment in
which it works. Any machinery and equipment is designed to function
wnder certain conditions. It is up (o those who plan the factory and
order the machinery and equipment to consider these factors care-
felly, And it 1s up te toy-mm.u';unt - and perhaps Government offi-
cials, in particular in developing countries - to control that it is done,

The cost of production facilities and their contribution to the manufac-
turing costs should not just be besed upon the purchase price of the
facllities. How many years will it be usable? What is required every
Yoas to keep it in desired operating condition? What will this cost in
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respect of M labour, material and overhead? These costs must be esti-
mated and udded to the purchase price. And we may find that the equip-
ment with the lowest price may not be the equipment that gencrates

the lowest over-all cost.

It is much easicr to prepare for a good M system when the enterprisc
ie at the planning stage than when it has started production. And it
will be much easier to install an I system that will assist management’s

efforts to keep actual operating resulis in line with the original plans.

The history of organizcd M is short. It is only within the last couple
of decades that advanced management principles have been applied to

M in enterprises in the industrialized countries,

The need for managing M more effcctively is caused by several reasons,

sor: 3 of which are

.l. Introduction of morc and more sophisticated equipment requiring
highor and higher skilled craftsmen for M,

2 :lelted supply of nkillcd craftsmen with required qualiﬂcatl.ono.
. . Rapidly increasing wages for the craftsmen,

The sophisticated manufacturing equipment was introducod partly as a
result of the incessantly accellerating technological development and
partly because of the need to offsct increased labour wages and short-

age of labour.
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This resulted in an unfavourable trend in the number and cost of M-
workers to production workers, Equipment down-time tended to go
up because of a shortage and subsequent high turnover of M-workers,

Management was forced to do something - and they did it.

Industrial Engincering principles were applied to M and gndu'ally mo-
dified to suit the particular needs and problems of M, To’bqin with
the aim was mainly to optimize the quality of M scrvices and mini-
muo the M costs. Later on a more over-all and broadminded app-
roach has come into the picture. This dovelopment has recently been
further aggregated because of the approach to M problems as they
appear in military systems, x) where M factors like Rolub.ﬂity and
Availability of equipment in many cases may be a question of survi-
val or not, Although this criteria may be the best incentive for man
and mankind to do something constructively, {t falls outside the ;copo
of this paper. But the achicvements will'undoubtably make their im-
pact felt even in the design of industrial machinery and equipment in

the future.

Elfective administration of M activities can only be cxercised through
sound application of three wollknown elements of scientific manage-

1 . Ot.ll! sation
&. Measurement
3. Control

Experience from industries in Europe and North Americs shows that
it is possible to reduce M costs from 15 - 4¢3 % and at the same time
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incrense the availability of machinery und equipment (reduce down-

time). What can the developing countries learn from this experience?

The following is an a;tcmpt to describe the experience of 1 for M in
industrialized countries so il can sarve as foundation for a discussion
on what industries in ;leveloping countries can apply. And in this con-
nection it should not be {orgotten that industries in developing count-
ries are not something uniform or standardized, One can find indu-
stries where everything {rom equipment to mansgemaeant is at par
with similar enterprises in the old industirialired countries. But one
can dlo find industries of & very low standard. Most are somewhere

inbetween.

3.  PRE-RPQUISITES FOR OPTIMIZATION OF M EFFORTS

Before we can think of optimizing M efforts through the introduction of
various forms of incentives at the plant level, a number of pre-requi-

sites have to e et

M must function within a well defined organizational structurc. An app-
ropriate flcw of in(orfnation and data on M must be designed. Proper
planning, scheduling and control of M must be introduced. Supply of
spare parts and matcrial must be propcerly arranged. M manpower
must be brughf up to a specified level of competence. The M work-
oﬁojn mit have a layout that satisfies the needs for repair and over-
haul, md the bulk of the Qorking methods must be standardised accor-

ding to the best principles of work stmplification,




Organizational structu re

The organizational structure within the M depariment und between M

and other departments is an extremely important pre-requisite for

successful M operations. A successful structure in one company will, :
.h‘o\vovcr.l not necessarily suit another company. 1t must be taylor

made in each case, Somc rules can, however, be given,

Aims and objectives for the M dopartment must be defincd. A possible

set of objectives would be to:

- Minimiza lc;-t production time due to M.

-« Reduce M costa and achieve ihe best use of money spent,

- Optimhc u;c of M manpower, tools, cqhipment and materials,

= Improve M in the broadest sense - including both the technicul as-

pects and the service given to the production department.

= Achieve better management control of quality, time used and ma-

terial concerned.

Definite lines of authority and responsibility must be cstablished for
iho M department(s) and other departments concerned with M in any

way,

The internal M organizational structure can be designed accdording to
two basic concepts: centralised and de-centralized M. In the centra-

lized case all requests go to a central M-planning function and from

there to a suitable M team. In the de-centralized case all major pro-

duction departments have been assigned M crews to fit their needs in |
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terms of specialization and volume of work, In almost every case,
when the de-centralized concept is uscd, there should be a central
group responsible for administration, stores, machining operations

i and levelling of work between the de-centralized groups,

Which concept is to be: preferred? This will depend on local conditions

and problems, in particular:

= Type of operation. 1f M chiefly is restricted to a few fields of ope-
g : ration, (process piping, clectrical equipment) the character of the

work and the amount and type of supervision will be affected.

’é - Geographical situation_and sizc of plant. One type of organixzation

| * {8 more effective in a compact plant while another may.bo more
suitable when opcrations are spread over a vast arca, If the plant
is very big, highly specialized work forces should be considered

in some fields.

= Scope of the M Operations. Should M not only maintain the equip-
ment, but also assist and perhaps be responsible for construction
work as well as installation and renovation of machinery and equip-

ment, the scope of the organization should be widc enough to handle

these more varied activitics. This is espocially the case when pro-

Ject administration is applied,

3.2 Flow of information and data

No M work can proceed eifectively in the long run without some type of

an information system. The purpose of such a system is:




= to handle the routine flow of Fequests for work, work orders and

material requisitions through the M organisation,
= to collect information for inansgement purposes,
= to distribute impulses from ma.agement,

To cover these activities there must as a back-bone be some sort of
8 work request and work order system with a material roquisition
oub-system. This system is algso used to give management necessary

control and guidance information. See appendix |,

The M information syoteni helps everybody concerned within produc-
‘tion and maintenance as well as higher management to obtain syste-

matic ansers to the foﬁowing questions:
5. fo ob is perform

. V)nt work needs to be done? In ;whn order of priority?
= What crafts from what area should do the work?

= When should the work be done?

= How long should it take?

- What will it cost?

= What methods should be used?

= What materials and what quantities are needed?

« Do we have too much, the right amount, or not enough manpower ?

it antmariiree s SN
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2. While the work is in progress

- Arc we keeping up with our schedule?
- Are we doing the work that we do, when we should do it?

- Are we using the proper methods to do the work?

3. After the work has heen conpleted

| «t = Did we do the work on time?
- Did we meet our labour/material cstimates?

- How effective was our M-force? Eﬁursoncies versus routine

jobs ? Utilization?

- How can we further improve our M operations?

The questions sound simple - and so are the answers, {f we have the

sppropriate information system.

In large enterprises the flow of information and daté is of such a mag-
nitude that the cost of computorizing the flow may well pay off within
one year or 30. The reason for this i# that the specd with which cost
control, planning and scheduling can be accomplished will result in
additional savings, Thrcre are such systems readily available as com-
putor software packages, covering virtually all inforimation needed with-

in a M organisation,

‘3,3 Planning, Scheduling and Control

The purpose of M planning (How a job is to be done) and scheduling

(When a job is to be donc) is to define the objectives and content of a




job and then get the right micn and facilities, at the right place at the
right time. A wcll designed and well functioning planning and schedu-

ling system will:

i, Reduce delays causcd by lack of coordination between production

and M scheculcs,

2, Reduce warted manpower by eliminating unnccessary travel time

for tools and materials nceded,

3. Reduce labour charges to a minimwmn by proper manning for each

job. 1f a job is a one-man Job, it should be carried out Ly one man,

4. Coordinate multi-craft jobs so that delays created by crafis waiting

for other crafts to finish up are minimised,

5. Reduce waiting time between jobs because the next order is already

prepared,

6. Prcvent searching for materials which are ordered but not yet re-

ceived,

The purpose of M control (What has been done) is to provide managers
and supervisors with a tool that will exhibit deviations {rom the plans

and schedules in order for them to take corrective actions,

gggrcl and Progu rement

"We do not have parts when we need them', is one of the most often

heard complaints from the M staff. 1f a M crew has to wait for spare

parts and materials it does not only delay the time required to Lring.




machinery and equipment back to operational performance, Jt may also
create irritation amongst the ercw, in particular if it works under an
incentive system, The anticipated bonus may be reduced, The crew
may have to change to another joh, And when the missing part has
come, the crew may ruch hocl, This is againat all aceepted rules of

job satisfaction.

It is, of coursc, not feasible to keep all parts and materials in stock,
What to keep in stock and how much can be decided through simple
calculations. It must be a part of the plananing und scheduling not

to start any M job without checking the availabiiity of parts and ma-

terials with the store departinents,

3.5 M-shops, M-tools and M-mcthods

The same systeinatic thinking which is used in a layout for a produc-
tion department can, and should, be used when organizing an M shop.
Considcration must be given to flow of inachinery and equipment when

it comes for repair or overhaul: Space for disassembling, c¢lcaning,

intermediate storage, reconditioning, testing, painting etc etc must
i be properly arranged {or. Where should the facilities uscd for re-
conditioning be plac .d? What can be stationary and what must be mo-
bile? What tools can be rcadily available and what tools must be kept
under lock and key and so on? Should each M worker have a set of
tools selected to suit ench ones particular needs in accordance with

the type of M jobs attending to?

The systematic thinking should also be applicd to individual workplaces

in the M shop, in particular when certain M operations arc of repeti-

tive nature.
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4.

The M methods should be as standardizcd as possible. The MM
(Methods Time Mcusurement) system and related systems can pro-
vide valuable assistance in building up standard mecthods and data,

It is not uncommon that large industries in Europe and the US have
around 80 % of their M work covered by eifective standard methods
and standard timcs. The significance of this for introducing | are ob-
vious because we then have norms on which to base the actual per-

formance.

Trained Manpower

The manpowar engaged in M must be well qualified within their res-
pective crafts, They must be well informed about the objectives and
scope of their work as well as the M function as a whole, And they
must receive regular upgrading in order to be abl« to handle more

and more sophisticated machinery and equipment,

When a special efficiency or I scheme is introduced, the M workers
must receive detailed orientation about its purpose and training in

its application,

ELEMENTS OF JOB MOTIVATION

The problems and questions of job motivation have long attracted the
interest of many people in the industrialized couniries, as a natural

consequence of the ovolution in these countries, where the basic needs

have been overcome,




Much research has becn done, but many questions remain unsolved

when it comes to making dcfinite rules for man’s motivation to work.

The prospects of making more moncy has so far been the major sti-
mulus for motivating 1inun to do more and betior work, Very little

of modern n-otivation theury has yci been systermatically incorpora-
ted into industrial incentive systenis. Most of what has been done ie

for salaried personnel and of an experimental nature.

As most of the developing countrics have not yct run into thesc prob-

lems, we shall only bricfly mention a few of the elements.

Without going ¢nto details it is felt that even with the differences in
‘motivation in the industrialized and the developing countri(:.s. it
should be stressed that there is morc to motivation than can be re-
warded by I plans. Such motivational factors are mainly: Supervision,
job co.ntents. job level, specialization, influence on decision making

and knowledge of results, work group relationships,

The needs that are usually taken as the starting point for motivation
theory are according to the American Social Psychologist A, H,
Maslow the so called phyriological drives. The human being who

is missing everythiny in life will hunger for food, water somewhere
to live with his family and the like, rather than safety, csteem and
knowledge. As long as the problem for the individual is to cover his
basic needs, his thoughts will be focused on them. To cover basic

needs primarily motivates him to work - it is survival of the fittest,

When his basic needs arc satisfied, other and "higher' needs tend




to play a greater role to him. The physiological - basic - necds are
still there but not so dorninating. The nceds for sufety comec into the
picture. The safety factor includes coping with elcments as medical
and dental care, unemployinent, disability, old uze as well ay se-

curity for the family.

If both the physiological and the safcty nceds are saticfied, the next
"higher'" needs that will emerge are the belongingness and love needs.
The person will now feel keenly the abscnce of friends, a wifc and

children, i.e. he will hunger for a place in his work group,

The .ut“m needs are the next ones to appear. All people in aociity |
have a sound drive for self—resp?ct. usually high evaluation of them-
selves and also for th§.osteem of others, To self- respect belongs a
wish to perform something, to develop, to be competent and well
educated with a specific field and also to have a certain amount of
tndcpcndqnco. The person feels he has a function and is esteemed

in society.

When looking at the sequence in which Maslow puts the needs that
form the motivation one may not ag.ee and it is also still lct to prove
whether or not this t! eory can be transferred to the developing count-
ries. The theory is built upon man’s situation in dynamic societies,

we do not know if it applies to man in static socictics too.

When the basic needs are Overcome the environmental conceptions
may strongly influence man’s motivation thus bringing cultural and

religious aspects of the different countries into the pattern.




PRINCIPLIS AND METHODS FOR SOUND I PLANS

The design and subscquent installation of an 1 for M plan must follow

certain principles and requiremenis:

Desipn of plan, Moke o deisiled derand analysis before starting on
the design. What is expccted from the 1 plan? What is the company
willing to invcest in installation costs such as: sctting time standards,
orientation and training of personnel, required physical and organi-
sational changcs etc? What is the company willing to spend on re-
curring administrative costs to operate the plan? What savings can
be expected? Whut is the expected lifctime of the basic data and the
‘application model? A demand analyses will indica‘te the correct le-

vel of uspiration to aim at,

- e emt caw W@ oms

the work for the crafis involved must be established before the plan
is fixed. Standards should not prove to be too looss, nor too tight,

shortly after the start of the plan, Revising standards too suon after
implemehtluion may have bad effects on the M workere, It is not ne-

cessary to cover all M cruiis {rom the very beginning,

Lorrect reporting, A corrcct reporting and control system must be
operational at the same (ime as the I plan is put in force because it
must be known:

-. if any standard is too loose or too tight,

- if the standards are applied correctly,

and because:




- facts and fiﬁnrc.-s may be uscful in labour union hegotiations,

= {acts and figures are required in the M information system,

Revision of standa rds, Mecthods and means for revision of standards
must be built into the systen alrea ly during the design phase. Produc-
tion equipment changes very fast in an industrial world with rapid tech-
nological developinent, There is a similar development of M methods,

touls and equipincnt,

Acceptance by evezybody involved, Three groups huve to be taken in-
to conf{idence d;aring the design phase in order to obtain a positive
attitude and co-operative spirit. These groups are the workers, the
supervisors and, if stundard data are used, the applicators - the in-
dividuals who apply standard data in order to estimatc job standards,
The introduction of an incentive plan in the M department will net an-
ly chang« working conditions for operatars but also the tasks for forc-
men and supcrvisors. Resistance against change can Le & problen: and
an extensive training and oricntation progran: must therefore be an in-

tegrated part of the implementation plan,

H. B. Maynard, one of the fathers of advanced management, summa-

rizes in his Industril Engineering Handbook the characteristics of

& sound wage-incentive plan n.follown

{. There must be a direct relationship between something of value
which is measured (frequently output) and the performance in

terms of the measure.

2. It should be simple enough for ecach employes to understand read-
ily and to compute his own incentive paf.

’




3.

4.

5.

6.

7.

9.

10.

“’he standards upon which the wage-incentive plan is based
should be accurately established by thorough cngineering ana-

lysis and, whenever pertinent, by time study.

The plan should provide for the changing of production standards
whenever changes in methods, materials, cquipment, or other
controlliny conditions are made in the operations represented

by the standards,

Standards should be guarantecd, however, unless changes occur

which clearly alter the work measured.

To be effective, the plan should be sufficiently generous to con-
vince workers that thcy are being adequately repaid for turning

out good work more rapidly,

1t should be unrestricted as to the amount of carnings. However,
no wage-incentive plan can continue to be effective very long if

high earnings can be made without a high output of effort,

Under ordinary circumstances, mansgement should guarantes
that the employees’ basic rates of pay which existed prior to

the plan will become minimum rates of pay under the plan,

In faizness to owners and consumers, the plan should usually
result in a reduction of the unit factory cost of manufacture, ms-

king lowered prices possible.

Desired simplicity of records will be achieved when labour cost

remains unchanged at any level of output in excess of that estab-

lished as standard.




11. The plan should be 50 estublished that it may be related readily
to other managemont controls, such as quality contrel, produc-

tion control, or cost and budgetary controls.

12, 1In general, tha plan will be most effective when applied to indivi-

duals or small groups rather than to large groups,

13, The plan should have the continued attention of those directly
responsible for its operation and the continued attention and

support of top exccutives,

i4, The plan should be fair to employees, managers, and owners in

ita establishment and in its administration.

15. Definite instructions covering policy and methad of operation
should be provided so that the plan may be maintained.

16, Management and employecs or their representatives should be
in real agreement as to the adoption or modification of the in-

centive plan,

And Maynard also gives the following advice as to pitfalls that should

be avelded in establishing and cperating a wage-incentive plan:

1. Feilure to fully inform employees and their bargaining agents
regarding plans and proposed procedures in establishing incen-

tives,

2. TFailure to have supervision play a major role in the setting-up
of incentive plans.

3. Failure to recognize the caliber of men and the high level of com-

petency required to establish and maintain wage-incentives properly.
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4. Failure to takc into accouat, analyze, and establish standards

for materials and spoilags or bascs whereby there is a clear
understanding that incentive payment applies only to the pro-

duction of acceptable work.

§, Failurc to properly and continiously inaintain measured stan-
dards and wage-incentives once they have been established,
The operation of an incentive plan over a period of time is
fully as difficult - probably more difficult - than its design

and installation,

é. The practice of setting a temporary standard in new plants or
oa new operations should be kept to & minimum, In any event
it should be clear to all that the standarde are temporary for

a relatively short period of time.

M _PERFORMANCE MEASUREMENT

M_mnﬂeum

For years, industrial engincers have been trying to find ways of deve-
leping accurate standards for maintenance work, {ollowing the same
approach as used in measuring production. They have been trying to
set standards which would represent the exact time required by the
qualified maintenance worker to do each job, Not only is this very
costly and time-consuming, but it ignores one of the basic charac-
teristics of maintenance work - the yvide variety of conditions en-
countered. Engineers always asked how they could set an exact stan-

dard on, say a pipe repair job when they could not tell in advance how




badly the pipe was rusted. Oncc it was accepted that this was uctually
impossible, the foundation of the UNIVERSAL MAINTENANCE
SYSTEM (UMS) staftcd to take shape, It was realized that il'was
feasible to la.y that a given job could be performed within a "range of
time'. For instance, while it was not possible to say that changing a
bearing on a press would take exactly 3. 1485 hours, we could say

with certainty that it would take somewhere between 2,5 and 3. 5 hours.

Working on this principle, The Maynard Group has built up a library
of data on maintenance work, covering all trades and most industries.
The standards represent the time required by an average craftaman to
do a job under normal conditions usiug a good method - not necessarily
the method that has been used in the past. One standards "applicator"
is required for about twenty craftamen., The craftsman’s performance,
and hence his bonus entitlement, is not measured on a single job, but

over a period of, say, a week,

Using the "range of time' conccpt, managers can easily develop stan-
dard job times for representative or bench-mark jobs and have them
catalogued in a series of sta.ndard work groupings by type of craft
involved and according to the range of time or work group into which
they fall. These tin e ranges are illustrated by the standard work

groupings and work group times as shown below:




Tim:-l(—jandlrd J Time Range
Group Krnedianhour (Hours)
A 0.1 0.00 - 0,15
B 0.2 0.15 - 0,25 ,
C 0.4 0.25 - 0,50
D 0.7 0.5 - 0.9
E 1.2 0.9 -1.5%
F 2,0 1.9 - 2.5
- G 3.0 2.5 -39
H 4,0 3.5 - 4.5
1 5,0 4.5 -5.9

When a catalogue of reasonably accurate bench-mark jobs has been
developed, the next step is to compare the work content of a given job
with the work content of a job already in the catalogue. When there s
aa appreciable similarity in this work content, the same work group

time can safely be used,

The development of standards is rather complex if it has to be done
frem scratch, However, there are thousands of bench-marks from
all types of industries available which with very little offort can be

validated to fit any plant. Revision of data is often facilitated by com-

pwter programs.

-

When a data bank for bench-mark jobs has been devcloped, this can

be used as the base for incentives in a wide variety of ways,

6.2 Production output

In some cases it is also possible to measure M performance through

production output.
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Comparing the number of M hours with a fixed base (i. e. production
output) is one way to indicate an efficiency. It {s, however, hard to

avoid influence from changes in salss or from shortage of material,

Comparing the number of M hours with un input/output relation fe
also difficult to mcasure vith decent accuracy and also in this case

to avoid influence from irrelevant factors,

The performance may also be expressed ss the reduction in down-
time (hours or %) registercd. As this includes only a limited part
of the total M work it is not a clear cut expression for M perfor-
mance. It may, however, be used as a temporary measure because

it can be installed quickly, .
6.3 AWAY

In a merit award system management determines to underline certain
aspects of the workers’ knowledge or behaviour by relating them to fac-
tors in an evaluation system. The system must consequently be taylor
made to each company. Examples of merit award factors ares
= Knowledge of work and work ex-erience

= Quality of job performed
- -Application to job
= Co-operation

= Attention to safety

= Care of materials, equipment and tools
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Each factor carries usually a certain weight, A committee of super-
visors, forcmen and perhaps also a labour union representative pe-
riodically reviews each M worker in respect to the award scale. The
individual’s number of points are converted to the amount of money

he will receive until the next revicw,

Unfortunately, the design of the system rmeans that reward for good
performance comes too late to have & motivational effect on the wor-
ker. The correct selection of factors and their weight can be discusscd
and the supervisors are seldom experienced enough to make reason-

able correct assessment of the factors, Although the first results

when implementing merit awards are often encouraging, the system

is not really to be recommended. The reason for thig is that worth-

while results can seldom be sustained,

Other methods

Some companies use work sampling in measuring M efforts. Cembined
with improvement steps in other areas, work sampling has been use-
ful in indicating trends, Also, it can be exceedingly useful for high-
lighting areas where improvement is required and then for indicating
the amount of improvement that is achieved, However, it offers no
real measure of the 2ctual performance or effectiveness of peepls,

oanly indications of the way things are going. It does not measure the

work with respect to skill and effort applied to the job or the ade-

quacy of the methods used,
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7. LPLANS

Based upon the different M performance measurcment mcthods pre-
viously described, a wide variety of I plans can he developed. M
work and ! plans can be: broadly clacsified and grouped in the follow-

ing way:

I M work I plans and base for bonus
S

I |M workers attending chiefly | 1 | M operation time
to scheduled and pre-planned 2
M and repair cither in an M-
shop or in a production de-

Production output

3 | Merit award

partment.
11 | M workers assigned to spe- | 4 | Work load bonus plan
cific areas or squipment, 2 |.Production output of group

and acting as trouble shooters
and attending to numerous
small M and repair jobs.

Supervision mainly from 1 | M operation time
production department.

serviced

3 Merit awards

III |Service personnel such as 2 | Merit awards
storekespers and tool room | ¢ | ponus based on efficiency
attendants with intermittent

work requirements.
o

on area or group serviced

The figure establishes a relationship between types of M work and the
basic approaches to I plans. We will now investigate some interesting

1 payment schemes more in detail.




7.4 1 basud on operation time

1 based on operation time usually have a strong motivational effect.
They are best uscd on M work group 1. They are hard to measure
and follow up in group 1 if most of the time is assigned to trouble

shooting.

A. Actual performance is measurcd against standards. Incentives
usually start at 100 % performance (sometimes lower) and
wages risc as performance goei up. A typical pay formula

could be:

Total pay = B+ B (timo :l‘::v:d ;'t:mo tahen)

where B = Base wage and ""time allowed" is compiled from

the standard data system.

The base wage can be determined in three different ways:

§. Individually for each worker through merit award system,
2. Be fixed for all workers or,

3. Be grouped after, {,e. years with the company.

An alternative to the plan above is the following formulas

. time taken
Total pay B time allowed

Here the total pay is highly influenced by the workers’ produc-
tivity. To even out variations, which are hard to avoid in main-

tenance work, the productivity could instead be measured oa 3

work group, i.e. the M people in a certain production department.
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C. A more rough approach is to meuasure productivity of a work
group, divide productivity into three nctiénn and measure say
10 % of all jobs against standards. Each productivity section
has its own wage rate and the work group consequently can
receive only one of three wage rates each puricd, dependent
upon which productivity section this work has been assigned

to through the measuremcnt against standards.

7.2 1 based on production output

This method can be used in all the groups 1,.11 and 111, It fits best
to a trouble shaoting group and for service personnel where we

otherwise have a measirement problem. Production output or in-
put/output relations could be measured in a wide variety of ways.

Here follows some suggestions.

A, This plan includes all direct and indirect personnel influencing

production output,
Base wage can be determined in the same way as under 7. 1. A.

The bonus received is depcndent on the production volume app-

roved. The total wage then amounts to:

B + B x { x production output approved

where B = Basc wage

§ = A factor ussigning a relationship between wage and
“twtl
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Fer instances

f could be 0, 0001 if production is under 1 000 tons
{ could be 0, 00015 if " W % 1100 tons
{ could be 0, 0002 if " " " 1 200 tons

The motivational effect of such a plan is not as strong as aa

operation time system.

Service persoancl can have bonus on low idling time for the
M workers.

If the majority of the M workers are covered by direct M work
measurement and are receiving incentive pay, some provision
must be made to avoid pay-differential problems among sssigned
M persommel, service personnel and the scheduled direct M per-

" somnel, In some instances, the assigned personnel could be the

better craftemen and yet raceive less pay. The same problem
exists with service personnel. If other M workers receive in-
eontive bomus, it is necessary to provide a method to increase
thelr sarnings with incentive pay. There have been various plans
te measure storeroom work etc but none has proved very success-
ful. The most satisfactory arrangement (o avold pay discrimina-
tien is to pay & bonus based on the efficiency of the M workers
serviced. The assumption is that the store’s attendant will give
prempt service to help M worker reaching a high efficiency by
avelding delays caused by careless servicing.

Trouble shoeters can have bonus on low equipment down-time
caused by machine troubles. Work 1oad bonus plans are alee
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7.4
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often constructed according to this philosophy.

E. Equipment utilisation and maintenance costs can be favourably

influenced by this plan:
Total wage = B ¢ l‘
Ny maint, cost budget

2 maeint, cost outcome

"Maintenance cost' can be substituted with "Maintenance labor

coat",

Where B = Base wage
f and {, = factors defined in the same way as under A
above, | ' '

There are a great variety of different possible wage solutions under
esach of these plans, and all details must be prepared at beth count-
vy and plant level. '

On _In t sw

A pure merit award system is not recammended. | can, however, be
used as part of an | system based on ¢. g. operation time. The system

doscribed in 7. 1. A. is an example where the basic wage rate can be

determined by a merii award system.

Individusi or Group ]

Most incentive plans can operate with either group or individual pay-
ments, without upsetting the basic plan. It is just a question of distri-

buting incentive carnings.




o g O . et 4 S e ok et

-30-

When making the choice between the Group and Individual 1 plan,
the following points are considered in favour of the Group pay-

ment!

{. Oroup payment average earnings so that the total pay maintaine

virtually the same position from period to period,

2. Group payment average earnings so that each employee in the

same craft réceives the same incentive puy,
3, Group payment average difficult work with easy work,

4. Croup payment may be extended to cover all hours - aven those
without standards (nonrated productive workers, sweepers,

toolroom attendants, etc),
$. Oroup payment simplifies the administration of the plan,

There is & riak though that the group-payment system will result in

a fallure becauae:

§. It can be & compensation for potential errors or inefficient mana-

" gement,

f v 3. Individuals or small groups feel they are "carrying” 1e99 efficient

fellow workers,

3. Individuals or small groups feel they contributed more incentive
earnings to the common "pot" than toolroom attendants etc who

are included in the umé plan.

The following pointe are advanced in favour of individual incentive

systemst
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i. Each cmployee receives pay in proportion to what he produces;
high producers tend to produce more and low producers have

the incentive to continually improve,

2. High producers reccive high ¢« arnings which are not to be shared
with low producers,

3. Individual incentive can be basis for the foreman to appraise
the efficiency of each employee.

With these gqualities the individual-incentive plan tends to ptmm
a higher ludhmlul performance level than the group plan.

We Nak'tlut. when making the choice, first preferance should be

given to group payment. That {s because the most important advan-
tage of group payment is in pru.nouu teamwork, to maintain a level
of quality and to oflmulitc mutual auht,ﬁcc on jobs. If group incen-
tive payment is installed together with well developed contro'l func-
tions and accurate, properly maintained standards ss basis of the
héﬂﬁv. standards, a group plan achieves the bast total result in
the long tun. '

od 10 under conditions in devel | mmn

Ia accordance with previous clnpuri we again stress the necessity
that an 1 system for M work must be based upon a good organisation

and the 1 plan has to follow the principles in the summary of chapter 8.

As the ideal | plan that fulfils everything desired has still to be found

one has to compromise.




in our judgement the following should be covered in an 1 plan for M

workers in developing countrics:

A.

Individual base wage rated against a merit award plan.

Group application of Lorus to promote ledm spirit and high

quality level

The bonus cumulative period should be one oF two weeks - not

more.

The bonus accumulation should be gradually reproduced in &
graphic way, ¢.g. ona ithesmomaetes” in order to be under-

stood by workers who may be illiterate. .

The bonus must be based on measurable criterias that can be
?ro-oltlmated. The more advanced industries are recommonded
to implement the advanced operation time systems used in Europe
and North America. An organisation that cannot meet the pre-
yequisites of such a system might very well start out with an |

plan based on production output.

Such a plan could be designed in the following way: )

. Total wage = B+ B, + B,

Where: B = Base wn;o-

B‘ = Bonus for meeting production output estimates

‘2' s Bonus for achieving desired production over estimates




8, 1 PLANS FOR SUPERVISORY AND MANAGERIAL M STAFF

1t is citnmely rare that supervisory and managerial staff p‘articipate
in an ] plan for M in the more highly industrialised countries, The in-
formation and control syster will provide top-management with data
required to assess over-all performance as well as performance of
different departments and activities. And top-management will review
the performance with those responsible, appraise performance above
desired standards, and discuss remedial actions in cases where per-
‘lormancc is below standard. .Thh contact and joint review is consi-
dered an important part in top-management’s function in coaching.

-educating and motivating sub-ordinates.

This top-management function is hardly less important in dcvclopl:i.

countries, and cannot easily be substituted by any | plan,

}f, however, one wants to apply an I plan to supervisory staff perfor-
mance it is of course possible, as long as certain prerequisites are
fulfilled. First of all, an;l whether the plan is related to output or
costs, the supervisor must be able to infiuence the results in an

appreciable way.

The Industrial Engineering Handbook by H. B. Maynard gives the

following rules:

To be properly included under an incentive-pay system the supervisor
should:

t
§. Have the responsibility for costs properly assigned to him as

part of his over-all job responsibility. 1f this is assigned to
him through the level of a formal position analyses, s0 much the
better.

.




2. Be able to exercise significant influence on the costs of his depart-
ment’s operation by virtue of lnc.nnin. his skill and eoffort in

managing.

3. Have a sufficient amount of controllable cost in his area to make
the application of an incentive plan worthwhile to the company and

to him.

4. Be assigned (o an area of responsidbility which corresponds to an

sccounting reporting area, so that his performance can be measured

by the regular sysiem of cost reporting.

The slements of a sound incentive plan for foremen are quite similar

to those of any good wage-incentive plan. A plan must bet
{. Spelled out in the form of a policy and procedure manual,
3. Easy to understand on the part of the foreman, simple in design.

s, l:uy'to administrate, it should avoid high clerical expenses in
calculation of performance and pay.

4. Designed to reflect directly in higher incentive-pay the extra effort
aad accomplishment by the foreman; it should contain enough in-
centive -pay possibility to evoke active interest.

8, Able to reflect a reasonable relationship between effort (cause)
and cost improvement (effect);: the foreman must be able to see
the results of his endeavour and to evaluate the results in terms

of his improved performance.

6. Designed to promote teamwork among the supervisory group and




R0t cause compatition among the foremen at the expense of the
over-all good for the company.

7. The plan should ﬁromotc the “‘consultative” approach to manage-

. snent; the plan should evoke t}a attitude of “how can I help you

.1  Mossgere

|
i
to do a better job?'' from the foreman’s immediate superior, l
i
|
|

An increasing number of firms have been installing salary-aevaluation
plans for managers and staff personnel. Salary evaluation is of course
aot a waiversal procedure, especially not for higher Jevels of manage-
ment. On the other hand, as & very big number of companies are waing
‘these procedures, it is a good indication that they are vonh major con-
sideration.

9.  AGUEVEMENTS

I this chapter we will make a brief description of typical results
schioved from implementation of 1 for M work in two different indu-
otries,

Casel. A paper snd pulpmill. | 5

Befere the plant Mn decided to invest money in increasing pre-
ductivity in his M department, a study showed that utilisation was
about 60 % and parfermance abeut 85 % compared to standard dets
poerformance.

|
|
i




This meant a productivity of 60 % x 85 % 3 50 % with a tetal crew of

150 workers.

s

The implementation of 1 was preceded by a thorough overhaul of the
M orgenisation and sub-projects were carriod through covering the
following arcas:

a. Organisational structure

b. Training and information ,
¢c. Preventive maintenance ’

.‘. Stores and’ transports

e. Work order system

{, Planaing and scheduling ‘ .

g Management contr.ol system

k. Tools and equipment

Standard data incentives were installed sccording roughly te plan
7. 8. A. in previous chapter. |

One year after installation & new study showed the results deriveds

Utilisation had increased from 60 %to78 %
Performance had increased from 85 %to 110 %
Thus productivity was now 7% x 110 % 86 %
Productivity increase equalled 72 %

This means that while the plant expanded its production output from
200 000 tons/year to 340 000 tons/yesr in connection with a plant
enlazgement, they could maintain their original crew sise, At the
same time they obtained a higher level of maintenance quality,

L
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Case II. A weekly magasine prinling plant,

In this company M costs increased steadily and they were having more
and more difficulties to overcome delays due to break-downs in the

preduction equipment,

To promote higher efficiency out of their M crew of 101 workers, they
started a program with the same sub-projects ae in case l. Anl plan

was installed and within 2 years results were evident.

Although production output had incrcased roughly 10 percent, the M
crow had decreased from 101 to 81 workers and the printing plant
had virtually no delay troublee caused by break-downs any more.

T8 IN

L4

Whea a country has comperatively limited dﬁoo&lc manuhcmﬂn. re-
soursee, as ie the case in moet developing countries, it is self-evident
that everybody concerned with the w_cil-boiag of the National Economny
fo interested to see that all installcd manufacturing capacity is utilised
te the maximum possible sxtent. |

This manufacturing capacity is established under. conditions that are
characterised by limited financial resources and have most often

' auod heavy c:pud!mn of scarce foreign exchange. An optimal re-

tura on this lnvnluunt i{s in the National interest of any government,

mmt department, government organisation and industrial asseo-
clation.
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M is, of course, only onc of many factors that influences the optimal
utilization of installed capacity within a manufacturing enterprise or
8 service indultry.A Capacity may be idle because of lack of orders,
lack of material and supplies, poor management which may result
in poor production scheduling and ontrol and so on, and so forth.
Some factors are more tangible than others and some factors may be
of {far greater importance to the overall utilisation than M, Howevez,
when & factory or a part of it is idle because of some of ite machi-
nery and equipment being out of order, it is a very tangible reason
for reduced utilizsation. And any other curreat isctor will hide nicely
and pleasantly behind the M factor,

It is commonly recognized that manufacturing equipment in general
last shorter, and is more idle because of break-downs, in less inde-
strialised countries than in the more industrialized countries, And
the countries with a lower degree of industrialisation can actually less
aford it because their financial situation and their foreign exchange

resources in most cases are extremely strained.

In the industrialized countrics it is difficult to envissge that mainte-
nance should be dealt witl. it auy sther level thaa the enterprise le-

vel. Management of all categories realize that proper utilisation of

installed capacity is of utmost importance to the productivity of the

enterprise.

The envircament creating this attitude and understanding does not yet
exist in most developing countries. It may therefore be necessary and
justified to accellerate an evolution in the right direction.




1t should therefore be amongst the objectives of any National industrial
policy in a doveloping country to urge manufacturers to kocf plant,
machinery and equipment in good working order.

As with other 1s, policies and subridies created to promote rapid in-
dustrialisation and efficicnt operations, it should be revised with re-
gular intervals in the light of changing cnvironments. Any subsidy or
1 that becomcs of a permanent nature may upset or delay a healthy in-

éustrial development process.

The encouragement of good M for kecping plant break-down to a mini-
mem should not be limited to efforts for the introduction and up-keep
of an efficient M system within enterprises. The productivity and in
particular the costs of operating a M system is to a large extent affec-
ted when the plant is &ilt and the machinery and equipment is selected.
A National policy for I on M should not forget this factor. Many M pro-
blems in the developing countries have been seriocusly magnified be-
cause machinery and equipment has been installed which was not

suited for the prevailing climatic condtions, was not suited for the
quality of local operators, repairmen and supervision, was not suited
to the repair facilities available locally, was not supported by local
stores of parts and componente, did not match alresdy existing ma-
chinery and equipment and so on. A National I scheme for M must
consider these esericus problems and encourage a comprehensive app-
roach. And the comprehensive approach should aot be limited to the
enterprise function such as procurement, production, M and financial
control but also to the many governmental departments and organisations
dealing with industrial development, import control, technical assis-

tance, finance and investment, technical education etc.
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15,  ENFORCEMENT OF NATIONAL INTEREST IN M

In most developing countries it is necessary to obtain poermission from
one or more Government departmcnts or organizations when a party

wants to;

a. Establish a manufucturing enterprise

b. Procure machinery and equipment from abroad

This fact provides the concerned National authorities with an unique
opportunity to see to {t that enterprises are established and/or expan-
ded according to sound economic principles and fixed industrial develop-
ment policles.

Jt may cause some discussion to reach agresment on vr.h.t sound eco-
nomic principles are and how the policies on industrial development
should be. However, this paper is limitéd to the area of industrial
M. What would we, as responsible politicians and civil servants do

in order to promote better M?
The subject seems to fall in two partss

i. Mew caa we promute better M in new enterprises ?
2. How can we promote better M in existing enterprises?

Design engineers, procurement officers and industrial engineers can
provide s 1ot of criterias that have t0 be met when we want to eperate

machinery - and equipment within certain levels of availability and
veliability. A number of papers deal specifically with these subdjects.




The paper on Maintainability e. g. lists the following major factors that
effects availability and relisbility:

= Design characteristice

- Operntional characteristics

= M manpower qualifications
M organisation
Repair shop facilities
Spare parts logistics
Inspection and test equipment
Teols and methods
Manuals and handbooks

The desired level can be expressed in tarms of ene ore mere criteria
Mhet

Opersbility of machinery and equipment
Time for M

Cost of M
= Risk of lajury to personnel
* Time required for training : ‘ ’

What can peliticians and civil nnﬂ“bMNﬁalﬁoyhg
titete polldu‘au establishment of mrprlni u‘ when they screen
schemes submitied? The answer is easy - at least in principles

8 Pelicies must be based on Muwalulw‘
principles R

lehqaumbowduh‘hhuﬂdmﬂm :
ond criteria,
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Ia real life, however, it is extremely intricate becaues it is difficult

to spell out and agree on policies and criteria that are detailed enocugh
to be of practical use and it is difficult to recruit 1ocal manpower that
has the qualificatione and the integrity to exercise the evaluation.

And what kind of 1 can be introduced to encourage everybody concerned
to follow established policies and to meet M criteria?

Who should participate? How should the I be calculated? What chould
the base be? Is it realistic to think of an 1 scheme for M for politicians

and/or adminietretors ? In most cases the answer ie No,

This does not imply that one should not try to educate and upgrade every-
‘Sody concerned with M. The aim should be to promote broad and va-
lenced locks and consideration of overall efficiency rather than that

of a siagle element, e, g. purchace price or power consumption,

Mush can be said about the problems that confront officials concorned
with iadustrialisation in a developing country., Funds for investment
ove ia short supply. What kind of induetry should receive priority?
Procuranent may have to be made from countries or suppliers who
oflor greats or 1« . on easy terme, Will the machinery and equipment
ouit Jocal eonditiens? What will it cost to operate the factory? What
will the n.t ol the produci(s) be? Who can distiaguish the iut;nou

ol the sugplier frem the ambitiens and needs of the buyer? And whe
thinks of M?

It s vecagnised by well establiched swppliers of industrial machinery
W eguipment that their continued succese depends en the satisfaction
of Wiy 20 whe use their products. Develeping countries could moot
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probably make extensive advantage of this fact, It should be possible
to introduce a rating system that would evaluate the performance of
machinaery and equipment and collect the data centrally, If the rating

is below a cortain level, it should have an impact on import licences,

Several suppliers and importers may objoct to this and, with some
rights, claim that the operability of machinery and equipment depends
on a wide variety of factors including several on which they have little
or no influence, e.g. poor operators, poor materials, fluctuations in
electric power supply, unauthorized lubricants or spare-parts, Many
of these factors can be compensated through instruction and training
a8 well as after-sales service and follow.up, Suppliers and importers
that can provide this, or assist National eiforts (. g. technical schools),
should receive preferential treatment, A reasonable choice of spare-
parts should be placed in consignment stores so they are readily avail-
able, Opumum standardisation should be aimed at in order to keep

stores within reasonable limits,

The major problem with an I scheme of this kind lies with its admini-
stration and the reliability of the data on which to base it,

SONCLUSIONS

- 1 systems are an integrated part of renumeration systems and designed

in order to stimulate participants to extra efforts through an award
that {s related to the performance.

1 systems, and in particular wage 1 systems, are well described in the




litterature related to industrial munagement and industrial engincering.

They can be applied to all kind of manufacturing and service activities,
In principle there is not much diffcronce between their application st the
plent level in developed and under-developed countries, The main diffe-
ronce comes from the environments nd the educational level of the in-
dividuals involved, in particular their ability to receive, interpretate

and dispatch exact information and data in writing.

In environments wherc there is no or little tradition {or I systems, e.g.
in repetitive production work it is difficult to introduce ] schemes for
M. If introduced, they must be siimple and easily understood. The best
rosults may be achieved through 1 schemes covering first line super-

‘visors,

It is tempting to think of I for M at the country lovel, but it is difficult
to catablish standards on which to base an I plan, in particular for
Government officials. As most M problems can be anticipated at the
procurement stage, efforts should aim at » careful technological and

financial examination of the criteria used for selecting machinery and

equipment. .

Importers and suppliers play an important role in this process and in
backstopping M activities. The efficiency in these respects can be eva-
Juated, and hence stimulated through increasing licences to those who

are most successful,

Industrial associations can arrange special M campaigns at regular or
irregular intervals. Entcrprises may compete on the basis of who can
reduce M costs the most, or who has the least break-down time in re-

lation to productive time etc, ctc. Awards can be financial or just

honourable.
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1 {s normally one of the last, if not the last, management tool used
te increase productivity, Much can and should be achieved through
improving the organisational structure and by simplifying methods
sad procedures,

The establishment of sound policies and the design of useful | for M
in developing countries requires a lot of imagination and hard work,
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