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I. INTRODUCTION

The specific aim of this study is tc provide planners in de-
veloping countries with a set of methodological instruments for
assessing the nature and volume of needs for replacement, repair
and maintenance and for identifying the material resources -
labour, materials and machinery - required to meet these needs. At
the same time, the study gives a review of the main technical and
organizational procedures used in this important area of economic
activity. The main emphnsis is, of course, being laid upon metho-

dological instruments for analysis and projections.

An attempt is being made in this study at analysing the problems
at various levels, i.e. the plant, gectoral, national and inter-
national levels. Admittedly, the bulk of technical and organi-
gational problems must be solved at the level of enterprise; on one
hand, as an integral part of cw.rent utilisation of installed capital,
on the other hand, through the specialized activities of maintienance

and repair units.

Considerations are also taken to analyse the problem at sectoral
level. By anplying a sectora) approach it is possible to assess the
demand for replacement and repair and, consequently, the needs for
specific economic resouroes in various sectors. In the process,
important conclusions usually emerge which are relevant to the for-
mulation of the over-all economic strategy and economic policies. At
the same time:’gectoral approach oan also contribute to the bridging
of the existing gap between mioro- and macro-eoonomic levels of
analysis and of solving the problems of industrial development. Some
aspects of the problem area under disoussion are undoubtedly of macro-
economic nature as e.g. the balanoe of payments impact of different
replacement and repair policies. Certain problems can be sucoessfully
solved by coordinative and indicative measures of the Government.



Problems oonnected With replacement, repair and maintenanos
assume a great imporiance fronp the very start of the indultrialiution
process. Sound poliocy in this field is a necessary condition for

Efficient and aafe operation of buildeup capacities requires highly
qualified personhel, various material supplies, and an appropriate
organizational framework which in the oonditions of industrially
developed countries are taken for cranted, however, in developing
countries are often lacking.

solutions to problems dealt with. Instead, by suggesting alternative
solutions we will aim to oreate preconditions for 3 choice of an
optimum approach in the given specific conditdong of individua]
countries and/or sectors. In fact, even the basic conoepts of renewal,

This study will deal with replacement, repair and maintenance
of fixed capital stock in industrial sector. Main attention will
be devoted to plant equipment.

o




II. BASIC CONCEPTS

A. Wear and Obgolescence

The aim of this chapter is to review the causes of depreciation

of individual plants and equipment and to outline the factors deter-
mining the various requirements for their renewal and repair.

At the same time as buildings, machinery and other equipment
are being worn out physiocally, they also loose their value due to
the continuous economic and technical progress. Thus, there are
two types of depreciation with entirely different causes. The
clussification of causes of depreciation is given in a schematic
way in Table 1.

h!l. 1

tion o ciat

1+ Causes of deterioration

lele 3y rredual wear
l.1.1. Through operation
l1.1.2. Due to enviroament

1.2. Break-dowm

2+ Causes of depreciation in economic terms
2.1, Obsolescence
2.1.1¢« Due to the development of new, more efficient
types of capital means
2.1.2. Due to changes in production teohnology
2.1.3s Due to changes in market conditions

2.2, Reduotion in the actual purchase cost,

le  Inrsics] war

Physical wear is a process which ohanges the orizinal qualities
- physioal, chemical, mechanical, eto. = of plants and equipment.



The rate of physical wear of plants and equipment is determined
by the following factors:

= rate of utilization and load oharacteristics of
the equipment

= environment in whioh the plants and equipment
are utiligzed

= oare extended in operation and maintcnance.

In contrast to the wear connected with operation, the wear
caused hy adverse effects of environment is not positively related
to the degree of equipment utilization. On the contrary, the adverse
effects of environment are often greater in case of less utilised

or completely unutilized equipment.

To illustrate possible factors which determine the degree

of physioal wear two examples are presented in M A
(dependence of wear on usage of oil) and Figure B Edopondanoc
of changes of dimensions of a part orn temperature and the i
aggressivity of the environnment. i

FIG. A FIG. B ;
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Dependence of engine wear Dependence of loss of material
on usage of oil on temperature and concentration
of environment
Source: Voinov H.R., Issledovanie Souroe: Fontana N.G., Ind.Eng.Chem.
obkladki dvigateley trenija, vol. 44, No. 4, 1952, p.8%

Sbornik IV, Moscow, 1949




Two basic apparent forms of physical wear can be distinguished:

llechanical wear, resulting in

- surface damage of the parts (components; of plants
and ecuipment

- changes of original dimensions and shape
- reduction of their functions (precision and performance), eto.

Chemical wear, resulting in

- material is eaten away (corrosion)
-~ mechanical qualities of parts deteriorate
= functional failure.

An illustrative example of the mechanical wear of simple
elements of a machine (e.z. bearing, »nin) is given in

Piure C. In the first, rather short period after the
squipment is been put into operation, vear increases very
marxedly. This period is the runnin/-in period. In the
subscquent, long period wear does not incresase substantially.
Minally, in the last period, wear increases very steeply.

FIG. C
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An illustrative example of ohemiocal wear is a case
of a pipe-line wear due to cradual decarburization,

see Figyre D.
FI1G. D
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Cocurse of pipe-line wear
due to gradual decarturizaticn

Jome elements of plants and equioment lcose their funotiomal
qualities suddenly (e.g. bulb, certain alements of measuring
devices). It is of course not possible to make a reliable
and exact prediction of such a functional failuve.

Two specific cases of the vhysical wear are tc be introduced:

3o called infant illnesses, caused usually by unexpected defects

(deficiencies) in production, assembly, methods of installation, etc.

Aecidental depreciation or break-down: the wear does not proceed
gradually but suddenly, caused either by external or internal factors.

As a typical example of accidental depreciation can be
menticned fire, explusion, flcod, typhoon and cther disasters.

2. Soonomic depreciation

In a dynamic eccnomic system the bulk cf the plants and equipment
is depreciated and scrapped due tc the process of socnomio, rather than
due tc its physical wear.




dconomic depreciation is a process in which plants and equip-
ment lose their value due to the introduction of technical innovations
and to changes in the economic conditions.

Z7enerally, taree diiferent cases of economic depreciation can be ‘
distincuished:

(i) Appearance of a "challenger", e.g. a new, more efficient
nachine, which can replace the installed machine. This
is the case of obsolescence due to technical progress in
nevwly manufactured capital goods. The use of the new,
more efficient machine usually causes a reduction of
production cost, an improvement in quality of the product,
and/or an increment of safety and improvements of labour

conditions, etc.

The rate and the pace of depreciation of installed
machines is above all determined by economic parameters
of those new machines, which can replace the installed
nachines in their functions. The pace of technical
progress and, consequently, the pace of depreciation
of the installed equipment vary substantially from one
branch of industry to a other and differ also for various
kinds of equipment. In genesral, it can be said that
the fastoest changes in design are observed in equipment
used in most progressive lines of production - most pro-
gressive from the point of view of technology and
requirements of the market.
the
(11) Changes in/%echnology and organization of production.

‘These changes can be caused by:
q - innovations resulting in substantial changes in
material inputs;

- ohanges in product design;
- transition from small to large-soale production.

In engineering industry, for instance, a shift from
netal=cutting to metal-forming tends to accelerate
the depreciation of currently used mctal-cutting
machine tools. Transition to larze scale production
leads to accelerated scrapping of universal machine
tools and to their replacement by specialized equip-—
ment.,




(iil) Changes in market conditions. [Mis can cause a decline
in demand for products »roduced on the ziven equipnent.
‘hus extensive replaceneat of classical electron tubes

|
|
by transistors accelerated the depreciation and scrapling |
of many types of vacuun technique equipnent. E

L

A specific case of "economic" deoreciation - exceptionally
aporeciation - of installed capital means is a decline (increase)

in reproduction purchase cost of these means.

It is thus necessary to consider the changes of value of the

given plants and equipnent both from the noint of view of their

physical state and their cfficiency of oneration, in the context of

over-all econonic conditions.

3. service life

Depreciation of the individual canital meang usually proceeds
gradually. The final stage of this process is scrapping. The time
period, during which a civen niece of equipment fulfills its technical
and economic functions is the period of service life. A quantitative
analysis of the service life usually is a startiag point for an
estimation of renewal needs.

The following different concents of service life are of a spacial
nractical sirmificance:

- "Total"service life which is the age at which a machine

is beings scrapned;
= "Primary" scrvice life. This can be defined as that part

of the total service life, in which a macnine brings
the hichest effects;

= '"iconomically useful" or "optimal" service life.

Normally, the service life of plants and equivment can physically
be extende’ almost without limits through renair and careful maintenance.




Howsver, capital means are usually scrapoed as soon as their
operation does not meet curtain econonic raquirements.

Estimates cof the length of service life can for the same
machine vary between 10 to 30 years. The same machine can
really reach a completely different "active" age depending

on the vay and conditions of utilization both from the view
point of the process of physical wear and from the view point
of different conditions of "economic depreciation". iherafcre,
the illuatrative example of service life s iven in able 2
serves only as a very rough orientation.
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. Table 2

Botimates of jorvice .ife and Coot of Ove
of Various Kinds of Plants and icuipment 1

= axamples -

Jervice Life Average Yearly

(years) Cost of Over-aaul
(,» of the purchage
cont)
Duildings
industrial 60 = 80 0.6 - 1.7
offioe and residential 100 0.5
Jtructures
bridges - reinforced concrete - 200 0.3
railway roadbeds and super-
struotures 120 1.5
dans 80 - 120 0.5 = 1.0
melioration systems ¥ - 50 1.6 - 1.0
sewer pipes - cement - 20 1.4
concrete coolin:: towers 50 2.0

steel drilling derricks 12 8.7
liachinery and :quipment
Powsr and driving equipment |

mobile compressors 10 8.0
mine ventilators 40 2.0
transformers X 1.0
steam turbines with renerator k)] 2.0
hydraulic turbines with generator 40 1.8
mobile combustion enyincs 15 4.0
distribution nains 200 <V
and 100 kv 40
switchgear cubicles 200 kv
and 100 kv 3

Mining inductry equipment
mining equipment 35 - 40
stripping shovels 10 - 25§
drilling sets 4 - 12
mills and crushers 15 - 20

Food industry equipment
mastioating mills 15 - X
sifting/soreening macnines 15 - 40
oven/bakery 20
bottle washing machines 10

milk and canning evaporators 20
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Service Life Average Yearly

(years) Cost of Over-haul
(;6 of the purchage
Wood=working industry equipment cost)
wood drilling machine 15 0
knot borers 15 3.2
wood-working lathes 15 6.6
sanders 15 3.8
Paper industry equipment
diffusers 20 5.0
paper machines k') 5.0
cutting machines 20 5.0
Printing industry equipment
composing machines 20 4.0
rotary printing machines 20 2.0
gravure printing presses 8 3.2
cutting machines 3 0
Chemical and rubber industry
equipment
homogenigzators 20 4.0
absorbing towers/sulphuric
acid production 15 53
storage tanks for gasolin, oil 40 2.0
ronctors/nulplmric acid
production 12 De5
roasting furnaces for pyrites 30 0e7
Non-me tallic mincrals industry
building materials equipment 10 T.9
cementation furnaces 25 2.8
baking ovans/ceramics 40 245
drying and annealinc kilns 20 7.0
Basic metals industries
blast furnaces 3 5.3
coke ovens 18 2.0
steel melting furnaces 24 10.0
moulding machines 12 3.3
casting machines and equinment 20 3.3
rolling mills 20 - 30 2.5 = 3,3
ietal=working industry
reheating furnace 20 4.0
power presses 20 96
centre lathes 12 - 25 3.3 =Tl
automatic lathes 12 He2
horisontal boring machines 15 « 20 1.5
plﬂm machines 20 - 25 301 - 400
gl'ind.l‘s 12 - 15 508 - 9.0
welding equipment 12 = 15 5¢5 = 7.1
o0oil winding machines 15 4.5
Construction inductry
conorete and mortar mixers 10 3.0
dosers, scrapers, sraders 5 =6 10 « 35

building cranaes 8 - 12 9«12




3ervioe Life
(years)
froansport and commnication

trunk cables 0 -135
main gas lines k')
telephone exchangas 25
diesel-electric locomotives 10
covered wagons 45
cargo boats 40
airplanes 5 =12

Average Yearly
Cost of Over-=haul
(/> of the purchase
cost)

0.7
0.5
1,0
8.0
0.7
1.8
2.7 = 16.2

)/ Bxperts' estimates for the sake of deprcciation oharges.

Jource: linistry of Finance (C.5R), Laws and Orders, 1954.
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Lestimates of scrvice life are gencrally quitc different from
the gervice life neriods actually achieved. For cuttins-
nachine tools and formin; machines estimatcs of service lit:
Jenerally vary around 15 years. 3ut, in all countrics -hz.e
an inventory of inscalled nachine tools according to their
age has been made, a large number of nmachines older than

20 year has been found still in operation.

from the data contained in the inventorics of machinery in
metal-worizing industry in Usd which zre carried out by
American Machinists in 1949 and 1353 we can coaclude that
between the 10th and 20th year of their age only 14.5 ner
cent of the original number of metal-forming machines and
26 per cent of metal-cutting machine tools iiere scrapped.

A very detailed analysis by the iesearch Iastitute for .n-
~inearing Technology and Iconomics in Prague hus shown tiat
in the Czechoslovak en:ineering industry machine tools are
kept in operation on average for 29 to 30 years. .ven after
this period, iowever, most of them are not scranned. !lore
than 70 per cent of discarded machines are recsold or trongs-—
ferred to plants, shons and schools outside the engineering

industry.
Table 3
Ape=Composition of lachine Tools
in the Industrialized Countries
Country Year Percentage of
liacnhine Tools older than
10 years 20 years
U3a 1958 60 18
United Kingdom l/ 1955 52 12
1961 59 22
destern Germany 1953 62 21
1961 55 20
Franoe 1955 62 43
1961 59 .
Italy 1/ 1953 59_ 3
1961 56 o
Canada 1958 58 18
Csechoslovakia 1962 61 23

)/ machine-tools in metal-iorking industries only
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Not all of the oauses for depreciation have a direot bearing
on the service life. Thus, physical wear may have no impact on
the length of scrvice time, if the consequences of physical ..ear
can be made up for by repairs. Physical wear nlays a decizive
role only in case repair would be more costly than the purchace
of a new machine or would not be technically feasible at all.
Therefore the bulk of machinery and equipment and also of buildings
and structures is being scrapjed - discerded - due to "economic"
deprcciation, caused in turn by the appearance of new, morc efrficient
machines and equinment, the changes .in technology of production

and by market conditions for the »roducts.

It is being asserted that machines are being scrapped before
they are completely physically worn out. In the junk-yards

vwe can, however, sec that the machines brought therc are
usnally both physically worn out and technically obsolete.

The question = which of the tuwo basic causes of denreciation
determines the service life = cannot be answered univocally
in ost cases. Tae technical obsolescence generally is the
basic cause, whereas the technical condition of a machine,ie.
the degrce of its physical wear is often the direct (immed.iate)
cause of scrapring.

It should be mentioned in this context that the techanical
oondition of a machine is to a certain extcent dependent on
economic factors since to the machines which cannot meet
certain economic criteria nroner maintencnce and resair care
is not being extended.

Machines which are "prematurely" scrapped due to their technical
obsolescence are considered to cause a loss, amountine to the
portion of balance value not written off. However, it is hardly
& loss in case of really obsolete machines. The loss actually
incurred at the time when the imvestment was made into an ob-
solete machine and should therefore be oharged on the past
period, i.e, during which the machine was purchased. Otherwise
there is the danger that obsolesoent equipment is kept in
operation.

Some of the factors that determine the servioe life as denendent
upon the intensity of ohysical wear can be quantified or
estimated on the basis of past experienoce. An examnle of

such estimates is presented in Table 4. Aoccording to the
ooefficients contained in this table the physical wear of

a lathe utilized in two shifts (coefficient 0.7), operated
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in dusty environment (coefficient g
and vibration (coefficient 0.7)
difficult cutting conditions (co
high that compared to the normal conditions of the lathe
utilization in one shift, the service jjfe would be reduced
to almost one third. A corrective coefficient of 1.25

corresnonds to the use of four Partial cocfficients, therefore
0e7 x 0.7 X 0.7 x 0.8 X 1,25 = 0.343,

*7), exposed to shocks
and operating under adverse
efficient 0.8) would be so

If the same lathe is used as a
in an assembly shop in good co
might be extended by 50 per ce
tm.

Piece of ancillary equivment
Aditions, its s:rvice life
nt over the standard service

Table 4

Coef icients for Calculating Jervige Life of I

.achinery

under Different Conditiong of Utilization

Conditions of Utilization

Coefticient
Jormal operation in two shifts 0.6 = 0.8
in three shifts 0e4 = 0.0
for less than 3 hours
a day (x number of hours 3
in operation a day) x
~ien used in laboratories or rosearch units
{shops) 1.2 = 1.3
in assembly shons 1.4 = 1.4
Incidental usae 0.0 = 3.8
Usage in hwiid rooms or outdoors 0.6 = U3
in exccssively dusty rooms 0.0 = 0.3
Usacre in rooms with adv.rze cuenical
environment 0.4 -~ 0.8
in rooms without heating 0.7 - 0.9
in rooms exsosed to intensive shooka
(vibration) 0.0 = 0.8
Usage without adequate footin (foundatjon) 0.7 = 0.9
dork in vetness 0.7 - 0.9
Prevailing work with continuous mesj (hachining) 0.3 - 0.9
Work under difficult cuiting conditiong 0.7 - 0.9
Cast iron mochining 0.8 = 0.9
Plastic material machining 0.3 = 0.9
Incidental usage of srinding preparationg on
cutting nachine tools 0.7 -

o
[ ]
D

]
o
.
w

Deficient operation (vocational training saoss, 0.6

Hote: A multiple of all the relevant coelicicnts has to

be multiplied by a co.rective coei'ricient which is
graphically dezscribed on next nare.,




-1l =

Corrective coefficient

1 2 3 4 5 6 1 8
number of coeflicients

3ourcet Simonis, M.i/s: '"Die Dowertung von oebrauchten ierkseug-
machinen und machinellen inlagen", VDI 1!0.13/1956.

The rather complex process of depreciation and scrapring of
the plants and equipment allows only ezceptionally the establishment
of a direct link between the scrapping, the service life of individual
pieces of plants and ecuipment ard the renewal of a particular plant
or machine. Individual machines are renlaced in their economic functions
without it being possible to follow and quantify this process. There-
fore it is apnropriate to set the problems of reneval in the context
of the whole system of canital means installed in an industry or in
the economy as a whole (sec appendix II). 3Besides, the problem of
renewal is not to be reduoed to the mere renlacement of plants and
equipment. ilenewal connected with modernisation of equipmont,
buildings and structures is depending on or conditioned by the
development of technology, production, demand, etc.




B. ienewal, ilepuir and liaintonange

1. ;!Bne wal

Renewal is defined here as the volume of investment needed for

replacing plants and equipment deoreciated in a given period.

In a broader sense renewal would mean not only actual
replacement Lut also repairs of worn out narts of machinery,
squipment, buildings etc. In this case repairs of machinery
varticularly so called ;eneral repairs (over-hauls) fall
under the concent of replacement.

Usually, however, only the r¢nlacement of the whole machines
or eventually of complete lines of productive equipment by
new machines is considered 25 rcnewal.

In the over-all national economy context also the construction
of new capacities can be considered as renewal, even if there
is no visible connection with the old capacities bein; liquid-
ated. In that case the value of rcnewal is corresponding to
the part of the total investment that equals the depreciation
of the existing plants and equioment in the given period.

The most common interpretation of renewal is physical replace-
nent of worn out machinery, equipment, buildings etc.within
given productive units by new oncs. This interpretation is
being applied in this study.

The purpose of renewal is not only to replace physically worn
out plants and equipment, but also to modernise the whole system of
equipment, according to the needs of modern technology and the

requirements of the market. Active renewal polioy means the adoption

of a oonsistsnt and economically rational investment policy. Above
all it takes into account the asnect of modernisation and transfer
of nachines. For estimating the investment resouroes required by

the needs for renewal, it is also necessary to oonsider the timelag
betieen replacement investment and discarding of the obsolete capital
means. As a rule, active renewal tak:s place earlier than the actual
sorapoing of the replaced items.

Frequently used maohines arc transferred within a plant,
i.e. the location and/or the function of the machine is
changed to better meet the overall requirsments of the
plant. Trade statistios of industrialised countries show
that there also is a oonsiderable transfer of used muohines
betweon various plants.




Jormally .orn out moachinery is not repluced by exactly

the same tyne of machinery due to the techunical vrojress.
Jeplacement thus is mostly carried out with the ainm to
moderaize the existing fixed canital stocits Congequently,
replacement and modernizotion cannot be considered as tvo
seaarate vacnoena. .enlacemcnt usually exnresses quantitative
and no0d -rnizetion rualitative aspects of the same proca.s.

Tlodernization can be carried out in various ways. One way

is the odernization of exinting machinery uith the view of
increasing the nerformance, minimizing; losscs from failures,
lowering the lobour cost, imoroving the safety of operation,
etc. Another form of moderaization consicts in actual reolace-
aent of individual obsolete nieces of equipment by new,

more eificient ones. The largest cffects can be uswally 1
achieved by a sysiematic total rmodernization of the whole .
srocductive unit.

‘lodernization in a nur-ower sense is the modernization of
individual units of equinment installed in accordance with the
recuirements of modern nroduction technology. Two basic aporoaches

can be mentioned:

(i) Adaptation of machiues, ecuioment, buildings or
construction to the sorecific way of its utilization,
e.2. reconstruction of an olcer lathe to a machine

tool for centrifugal casting; »

(ii1) standard :modernization aiming to increase the qualities
of older models of uachines. Inmpulsces for such a
modernization ars riven usually by producers of the

macilnese.

Tha best occasion for a modernization is usually by a major
over-haul. Thus, major over-haul and revair as a whole are
to be considered not only as a way of removing the traces
of deterioration of a maciuine, but also of increasing its
adaptability to new conditions of its utilization.

i‘odernization is sometimes counected witih reconstruction,i.e.
a functional adaptation of maciinery, equipmont a.nd/or buildings
through chanzes in technical design. Reconstruction and modernization

are not identioal concepts, but reconstruction is usually undertaken

with the aim to modernize the capital assets.
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2. Repair

As has been alrecady wentioned, the distinction betieen renewal
and renair is far from bein;; clear-cut. iHowever, renewal normally
means total renlacement of worn out or obsolete machinery, emipment,
buildings, etc. while repairs consist i replacement of onl; certain
parts of machinery, ecuipment, building, as iell as their restoration

and renovation.

Two basic categories of repairs can be distinguished:

(i) routine (small) repairs, consistin~ ucually in 1ehlace-
ment or repair of individual narts and elements of the

machine, i.e. those which have a shorter gervice life.

(i1) over-haul (rather extensive repair of the whole machine,
building, etc.) of all worn out and damaged parts, with
the purpose to renew the original technical condition and
operational ef{iciency. As a rule, the cycle of major

over-hauls is longer than one year.

The causes of phyzical wear vary for individual parts of plantse
and equioment. Individual parts therefore have different neriods of
service life. The different prevailing working conditions deternine
the wear of individual parts and of the whole machines, equipment,
buildings and structures and can give an accidental character to the
course of physical wear. The distribution of adiaissible wear values
of individual parts determines the degree of risk of a failure of the

whole machine.

From Figure E it can be seen that if the repair is carried
out in a point A, the risk of failure is almost nil since

all the parts of the machine will not yet have reached the
level of admigsible wear. ilovever, if the date for repair
is fixed into the point B, a risk is beinz tazen that some
parts wear out beforc the repair is undertaken. The curve
reflects the spread of physioal wear periods of individual
parts and their numbers.
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FIG. O

ilmber of parts with marginal wear

1500 Term of repair vith a certain risk of breaiz~iown
[ e
1000 |
Temm of repair with no risk involved
-
500 |
A
o

Repair Timing in .tegard tc the Degree of itisk of Jreaic~Cown.
Source: Vybrene kapiboly z ekonomiky chemickeho nrumyslu slatni pedacoricke
nakladatelstri, Prague 1966, p.111 (collective work of several autiors)
The course of wear of individual »arts and the general cost

of their renair or renewal determaine the volwne and timing of

repeir, during the repair cycle.

The graph in Figure F has been verked out accoriing to

the norms of preventive repair applied in the Czechosloval
engineerinz industry. In the neriod betiveen iwo over-hauls
there are to be carried out:

- two "nediun” renairs,

six small repairs,

a nunber of inspections,

nrecision measuring before and after cach

"wediwn" repair and over-haul.

Fig. »
Repair labour inputs (in hours)
— . ) - e lote:
0 « over-haul
' 0(cC) Il = medium repair
| S = small repair
1 I =« inspection

M [C] C = ooatrol.

bbb bl

Period of utilisation in years (two shifts operation)

- 88 %8 %

Cycle of Repairs according to the Standards for preventive
Periodical Repairs of a lathe

e




-21-

There is no utandard repair system which could senerally be
applied. The obvious reasons for this asre the different courses of
wear of individual machines, the different requirements in resard to
the reliability of overation of equipment, differences in working con-
ditions of the equipment in individual countries and a number of other
factors. The repair systems to be used therefore should be besed on an
objective avaluation of the actual situation in regurd to the equinment,
plant, industry and country. A classification of renair syste.s is
introduced in lable 5.

ihe needs for over-hauls and for other renairs are interdanendeat.
Thus, careful and regular carryinz out of small resairs can redauce the

need for over-iauls.

This interrelationship has been proved by a samnle inquirs in
the Czechoslovak engineering industry: whereas in individual »luonts
both the cost of over-hauls and the cost of small repairs (in relation
to the mrchase cost of machinery) widel:; fluctuate, their z:oragate
values come much closer to each other. On averace, the small renzir

cost were by 50 per cent higher than the over-iaul cost.
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3. lajintenance

Aocording to generally acoepted teminology, maintenanoe means
the vhole set of neasures for keeping the nlant in :ood opecrating
condition. The concent of maintenance thus would include repairs and
sometimes even renewal. In this study, however, a narrower oenocept

will be used, ©overing only tiae routine care, such as:

= cleaning
- painting, anticorrosion »rotection
= lubrication

= inszvection control.

Some secondary functions usually are being orgoniszed olosely
together with maintenanoe, such as:

-~ stock keeping

- generation and distribution of power and other utilities
- plant protection including fire orotection

= vnollution and noise abatement, ctc.

The treatment of these activities docs not fall within the
framewvori of this study.

Speoial imnortance should be attached to anticorrosion proteotion,
lubrioation and inspection control, sinoe these activities require
sneoifio resouroes and skills,

Anticorrosion protection ensures the surfaoe protection of

maohinery, squ.pment, buildings and structures against the aggressivity
of environment.

Anticorrosion protection whioh mainly oonsists of nrotective
ooatings and oonsarvation is quite labour-intensive and
requires a wide variety of special materials. Losses caused
by oorrosion are estimated at $ 6.5 billion p.a. in U3A,

& 195 mil. in U.K. and DM 2-3 billion (only steel oorrosion)
in the Mederal Republio of Germany.




-24 =

In a number of industrics corrosion is the main cause
of repair. Thercfore increasin; atiention is veing paid
to coatiny and painting. Dhe cost of anticorrogsion
measures in U, chemical industry ropresent 20 ner cent
of investment cost and 30 ner cent of repair and maine
tenance cost.

Lubrication is to be regulated by exact rules determining the
kind of lubricants, their quantity and the timing and method for

their use )

@oper lubrication, accordingly, demands specific cualification
of personnel (lubrication technicians), materials and organizational

neasuresg.,

It can be assuned that on averagse onc specialist for
lubrication is required for each thousand of enployeces
in an engineering nlant.

Different niccecs of couipnment and their individual com-
nonents have gsoecific recuirements for the quality of

lubricants. herefore a large variety of lubricants is
needed, requiring snccific purchases and lorse stocls.

I'he organization and control of lubrication in a plant is
handled by the maintcnance chief. The lubrication technicians
are usually or.-anized in nzintcnaice crews. A proper ore
wanizetion of lubrication requires
- equioment recors,
- lubrication prescriptions, lubrication vplang
- indications of lubrication pointgs
= orcanization of deliveries, stocks and distribution

of lubricants
= 8ystem of utilization of used lubricants,

Inspection means a check up of the condition and the functioning
of plants and equipment. This requires a variety of activities
including the removal of minor defects, larpely without stopping the

opemti%
These activities are cuorried out by both the operating personnel

and by spzcial "inspection repair-nen". Jhich of these two categorics
is to carry out each of the various functions devends on the specifioc




oconditions as well as the salety recquirenents of the plant.

The professional supervision of »lants and cquinment is
usually undertalzen by a anecial sroup of maintenauce workers
these workers are to be at “ormcwnent disnogal, esnecially
in the case of continuous aroduction,

special problens in rezard to the stalfin; are thc under—
utilization of the specialized inspection main..nance
vorkers as well as the control of their .or:.

c. Preconditions for Repair and Maintenance

l. Labour (iaintenance viorkers)

It is not possible to draw a clear-cut line bet.een uaintenance
workers and woriiers who operate nachinery and other equipnent. In
enterprise statistics repair vorkers usually fall within the category
of auxiliary personnel. The broader term "maintenance woriers" often
includes not only workers carrying out maintenance and renair but algo
workers producing spare parts and n2rts or the whole pieces of cquip-
ment. In addition, firemen and nembers of factory -uard are sometimcs
included here as well.

The main factors determining the number of maintenance workers
needed (i.e. the ratio of the number of repair workers to the total

manpower in a plant) are:

(i) capital intensity of the production; the manpower
requirements tend to be hirh  in capiital intensive
industries (e.g. power, metalworking and cheaical
industry) while it is low in textile, garment, tanning,
and wood working industries.

(11) Struocture of capital means to be maintained; machinery
and equipment naturally have a different demand for
repair than buildings and structures.
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(iii) Standardization, desi-n and material charactaristics
of n»lants and equipment; the manpower recuirements
thus denend to a great extent on the choice of equip=
ment, on the tcchnoloy and production of siven

scuipmont.

(iv) Mactors deternining the deterioration of plants and
equipment (see Chanter i.1j.

(v) =afficiency of the applied system of maintenance.

The data in [able 6 and ] serve as an illustration of differences
in repair intensities of vo.rious industries. _quipment requires about
4=5 times more labour per value of installed capital than buildins
and structures. Also within the catesory of "equipment" there are
substantial diffarences between repair work recuirements of technological
equinment, power plants, and instruments. In more elaborated systems the
needs for repair .orkers ze determined on the basis of standards of
repair intensity for individual kinds of capital means. The data in
Table ] which is based on standards for Csechoslovak machinery can serve
as an illustration for this.
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Table 7

[aboyr 3tandards for Prewnﬂu

Repairs of a Dench Jrilling Machine

Type of repair

Inspection
Control

liinor Repair
Mediwm Repair
Over-haul

Jorm of labour intensity
in hours

0.75

1.0
10
27
54

Figure O shows that the number of maintenance workers depends

on the technical capacity of the aquipment.
an electro-motor of, for instance
repair per 1 xw, whereas the

takes about 7 minutes per

kw.

The repair of
v 10 kw, takes about 15 minutes
repair of an 100 kw-motor only

in min (A) FIG. @ ?_-3. (8)
Repair
labour 1}
inputa 1300 -  por b in minutes (A)
in min, (A) and in
1000 - (3) 1% minutes per ki
(3)
0 L L [ 1
° i 'y 4 e ry '
0 10 se0 kW
Capacity of the electro-motor
Volume of repair and the capascity of the equipment (eleotro-motor).
Source: Zigmund J., Informace o udribe, No. 6050/1966, VUTECHP, Prague

As techniocal development progresses, the ratio of repair workers

$0 the total number of personnel tends to increase.

the proocess of automation inoreases the oomplexity of equipment and

its repair requirements.

Particularly,
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Thus, for instance, in Du Pont de :lemours chemical coicern the
number of production woriers was increased 1)40-1)55 by 50 per
cent while the number of renair vor:crs grev uith 25C per cent.

Renair and maintenance place specinl recuircuents on the skillsg
of labour. In several types of industries tiae gs:ill requirenents for
maintenance workers are higher thon for production wori:rs. In case
of automatic or »srosromme controlled mechin:s, for instance, tae pro-
ductiqn voriier must only have an ability to roveat relatively cimple
tasks,VEanual szills for fixing and handling the finished nroducts and
to ewitch the machine on and off. The maintenance worker on the other
hand should not only have the manual s::ills but alco a deep nrofessionnl
knowledre, in particular, regarding the basic mechanical, electric and
hydraulic principles. [hese skill requirements owbviously make the

specialization and division of labour within a nlant necessary.

The opinion on the snecialization of maintcnance profescions is

far from uniform. Generally, two basic professions are rccommended:
maintenance woricers for mechanical systems and maintenance workers
for electrical systems.

Special training is necessary for maintenance and repair personnel,
The training should aim =2t bLoth the broadeniny of the ;;eneral nouled;:e

and the mastering of specific technical problems.

In addition to the formal education at apnropriate level

(vooational schools, technical high-schools, technical universitics),
the qualification of technicians requires specialized practical
knowledge of maintenance. An example of a basic training programme
for repair vorkers is given in Table 3.

Table 8
Repair-worker Training Programme (Zxauple)

General llillwrights Assignment hours
le Assembling and erecting and general maintenance
of machincs and shop equipment 2 920
2. Construction of special equipmant 1 000
3. Installation and maintenance of hydraulic and
pneumatic cquipment 1 000
4. Titting bearing and sorapinz vays 500
e Lubrication of machincs 500
6. elding and cutting arc and acetylene 1 000
E. Operation of various machines 500
. Ilelated classroom instruction 530
Total 000

Source: Iorrow L.C.: ‘aintenance ingineering Handboo:, lic Graw=lill, :¥.1957

pp. 2-19




2. 3 rts_and materials

Spare parts are used to replace the parts of a machine which
get vorn out faster than the machine as a whole. A spare part can
be defined as that part of a machine and/or equipment, which can
be used separately as a replacement for the identical, worn out or
damaged part of the machine. Also a separate functional unit can
be considered as a spare part, e.g. slectric motor, pump, etc. On
the other hand clamping and cutting implements of lathes for instance
are not regarded as spare parts, but instead as material inputs. They
are not depreciated as a part of the value of installed equipment.

The need for spare parts and materials for maintenanoce is deter-
mined similarly to the need for maintenance woriers. lowevaer, there
is gen=rally a need for a wide range of different narts. Special
importance therefore must be ascribed to the supply and stock keeping

of spare parts.

In vurious industries the annual consumption of spare parts
amounts to 1-4 per cent of the purchase cost of installed
machine and equipment. Spare parts stocks represent 1 to 2
years' consumption.

In an average sized chemical plant there are about 10,000
items on the list of spare parts and about 15,000 items on
the list of repair materials.

The need for spare parts is especially influenced by the
degree of standardization of equipment. For 100 machines
of the same type it is necessary to <eep in stock only about
one third of spare parts compared to what is needed for

100 machines.of five different types.

3. Eg!i!g‘gt in repair shops

Only a certain part of repair and maintenance activities require
special floor and equipment oapacities. By their nature repair and
maintenance mainly are ambulatory. 4 large part of repairs and the
dominant part of maintenance is carried out on the spot of
installation without moving the machine or equipment.
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Capital requirements of repair and maintenance are given by

= the technical outfit of repair shops (machinery and equipment)

= the working aregq of repair shops

- mechanical implements (tools) and instruments (e.z. measuring)

- the stock of spare parts and materials (mentioned in preceding
chapter).

The technical outfit of repair shops is partly characterized by
the large proportion of universal machines (gencral purpoce
lathes, drilling, grinding and milling machines of normal sizes)
and partly by expensive and complex measuring devices. Data on
the technological structure of machine-tools in repair shops in
US3R are contained in Table 9.

Table 9

Composition of Hachine-tools in Repair shops in Zngzineering Industry

Kind of the machine Share (per cent) in the
total number of machines
in repair shops

Centre and turret lathes 40 = 50

Vertical and chucking lathes , 2- 3

Soring machines - 4

Vertical drilling machines 7- 8

Radial drilling machines 2- 3

Milling machines 7-9

Planing machines 7- 8

Shaping (slotting) machine 2- 13

Grinders ' 10 - 12

Gear milling machines 6 - 7

Other machines 3- 4

Source: Jakobeson M.C.: Jedinaja sistema planovopreduprcoditelaovo
remonta masinostreitelnyoh predprijatij, Masinostrojeai je,

Moskva 1967




The outfit of repair shops in big plants outside the
engineering industry (e.g. metallur;ical, chemical works)

is generally more complex and costly. There are special
anticorrosion shops usually linked to the materizl testing
department, boiler shops, pipe shops, stainlecs steel welding
shops, etc. Relatively more equipped and bisger are 2lso
electroshops and particularly shops for the repair of
measuring and regulation devices.

The working area of repair shops is, as a rule, relatively
larger than the area devoted to basic activities in machine-
tool worke. In repair shops there is a working area of about
30=35 m2 per worker, which is three times more than the average
area in nrocessing shops in the machine-tool industry. It

must be stressed that this estimate concerns the relation be-
tween the number of workers and the extent of the area of repair
shops and not the - different - relation betwcen the total nun-
ber of maintenance and repair workers and the area of repair
shops (see table 6).

The investment cost of building up and equipping repair shops
is determined by the technical outfit of the shops, the vorking area
needed, the costs connected with the initial outfitting with tools,
and the necessary spare parts and repair materials. The fixed investe
ment costs into repair shops generally represent about 1 — 3 per cont
of the total fixed investment into a plant. For smaller plants higher
values are valid.

The value of the stock of spare parts is approximately at the
same level, i.e. 1-3 per cent of the investment.

4. w=-time of equipment

One of the specifio impliocations of repair activities is the
down~time during which the machinery partly or entirely is taken out
of produotion and whioh accordingly causes losses of produotion.

In order to keep these production losses at their minimum the
plant manager can undertake specific organisational and teohnical
measures for shortening the dowm-time during the given repair work.
Furthermore, losses can be reduced by utilising normal idle periods
of equipment for the repair or utilising reserve capacities. Finally,




all mentioned activities reducing the deterioration of equipment and

the risks for break-downs naturally play an important role in this
context. The choice of repair system is largely determined by the
estinated risk for down-time of the machines.

The length of time during which the machine is put out of operation
due to repairs depends on the magnitude of the repair. The down-time
of equipment in repair can accordingly be reduced by rationalizing
the repairs and planning them well in advance. Technically repairs
can be prepared beforehand, mainly by:

= Ppreparing the necessary technical documentation

= securing the availability of spare parts needed

= calculating the repair time and scheduling the repair work
sequence,

In many caces it is possible to prepare the scheduled repair

by dismounting the equipment for a short time and make a dig-
gnosis of the repair and spare part needs.

Finally, the risk of losses due to down-time of machinery caused
by failures and repairs can be minimized by means of reserve equip~
ment. These reserves can be kept either in installed equipment of

productive units or in the repair shops (system of repair through ex~
change).

The feasibility of keeping such reserves is shown by the ratio
between the investment cost of such a solution and the volume of
probable losses that could be avoided. Hence it is usually not feasible
to keep reserves of costly and complex maohinery. One can also regard
the possibility to more intensively use other machines of the same kind
in the case of breakdown and down-time as one kind of spare capacity.

In the engineering industry a universal machine tool could be used for
this purpose.




5. Specialiged repzir and maintenance shops

In order to rationalize repair services at the sectoral and

national levels specialized repair shops can be established.
Gene:ally three types of such repair shops can be distinguished: !
- sectoral shops,
- repair shops for specific kinds and brands of machines,
- regional repair shops.

In addition, it should be mentioned that the most common external
specialized repair and maintenance service is the one carried out by

produoers of the equipment.

Jectoral repair shops are usually established for repair and
maintenance of special equipment of a certain industry such as oil

refineries, electro encrgy and construction industries.

A sectoral repair shop can be orzanized as a separate plant or
as a repair shop attuched to some plant within the specific industrial

sector. Either the personnel of such a specialized repair shop is

sent out to carry out service in the plants, or the machines and equip-

ment are sent to the repair shop.

Revair shops dealing with specific kind and brands of machines
represent a progressive form of specialized repair shops. They mainly

perform over-hauls.

This kind of specialization makes it feasible to introduce
methods of large-scale production into repair activities.

In this way, over-hauls can be carried out at muoh lower

cost than if they are done individually by the plants them-
selves. As a result of specialization of over-hauls in the
Csechoslovak engineering industry the time needed for over-
hauls of certain types of maohines was reduced by 75 per ocent
and the labour costs by 50 per cent. The experience shows
that in order to achieve such subitantial savings, the number
of machines of a certain type to be repaired must reach

35 pieces annually.

Some experiments in USSR and in Czeohoslovaxia show a possibility
to reduce the down-time of equipment through the "system of
repairs through exchange". In this system the specialised




repair shop concurrently with demounting the machine for
over-haul delivers another machine of the same type in zood
worikcing conditions as permanent replacement. This system
can only function if the repairs are of high quality and
if the repaired machines have the same technical parameters
48 a new machine. Another precondition for the rational
use of this system is the existence of a sufficiently large
industrial sector and of a sufficient number of machines.

Regional repair shops can be used in regions which have a great
concentration of industrial - mainly small-siged - establishments
with the same repair requirements. The main items tc be repaired

are in this case buildings, eleotro-motors, coatings, pipes, electro-
distribution systems and climatisation equipment.




ITI. RENEJAL, RSPAIR AJD HALIDHANCE POLICY .1D SIR.ATIGY

This chapter deals with the economic and orgunizational asvects
of reneval, repair and maintenance on the plant and the aggrezate levals,
Zmohasis is placed on the plant level and mainly on explaining the or-—
canizotion, the management and control, the book~ceeping and recorling
system as well as the analysis of recnewal, rejair and maintencz.:ce. The
acsregation of these problems will then be discussed, i.e. the national
planninz of renewal, repair and maintenance, and the strategy in the

context of industrial development.

A. Plant level

l. Orgenization and management

The specific problems of the organization and management of repair
and maintenaince are to deciie upon:

(i)  the degree of specialization of repair shops cnd repair

teams in the plant; L/

(ii) the centralization or deceatralization of repair cupacities;

and

(iii) the organization of management for the repair and maintenaace

activities.

The choice of the appropriate degree of specialization depends
mainly on the size of the enterprise. The larger the plant is, the
more can the repair facilities be specialized. In smaller enterprises
all the maintenance and repair activities are concentrated in one mainte-
nance department, while over-hauls and special services are carried out
by external shops. In large plants the specialization can lead to the
establishment of a system of internal maintenance units. Suoh a system
could include:

a) maintenance of machines and equipment
(1) mechanical shops (machine tool shops)
(ii) welding shops (pipe shops, tinamith shops, boiler shops, etc.)

_1_/ The problems of specialized repair and maintenance shops functioning
at the sectoral or regional basis have been dealt with in Part II.
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b) transportation equipment maintenance |
c) electrical maintenance (shops for electro-motors, etc.) |
d) maintenance of radio-technique, measuring and regulation devices
e) joiner's maintenance

f) construction maintenance (bricklayer crews, scaffolding crews, etc.).

The specialization of maintenance capacities depends, however, not
only on the size of the plant, but also on the technology and organization
of the main production activity. Thus, in the chemical industry, in the
production of electrical energy, and in such metallurgy or engineering
industries which require a high precision of machine-tools, the speciali-

zation generally is rather far reaching.

The second mentioned vroblem to be solved by the management iz the

choice between centralized and decentralized maintenance capacities. The

following alternatives are possible:

a) Centralized maintenance capacities, organized either as
(i) an independent repair plant of zn enterprise (or o trust),
(ii) a central woriishop within the olant, or as

(iii) several workshops, one for each major section of the nlant. |
b) Decentralized workshops within the productive scctions

¢) A combination of a) and b) based on sev:ral smaller detached shons
which are combined with the central workshop. [Inis can be organized
either as:

(i) decentralized workshops, with the planning, the spare parts
stocking =nd the insvpection being centrulized in the chief
maintenance department; or

(ii) decentralized vorkshops in tne large productive sections and
centralized maintenance for smaller departments, and also
centralized maintenance for certain :inds of equipment which

have special requirements for maintenance.

The choice of the appropriate degree of snecialization depends on
the actual costs, the quality and the quantity of cctivities as well as
the actual down-time of machines in rejair.




Finally, there is a basic or;anizational problem in regard to

management of repair and maintenance activities. A deoision must be

taken on the degree of centralization of management and on the incor-
poration of maintenance and repair activities within the organizational
set-up of the enterprise. Two alternative solutions are possible for

the latter »roblem:

(i) all personnel is subordinated to the chief of the whole rejair
section (usually for electro-maintenance, maintenance of measuring

devices and maintenance of buildings;;

(ii) the percsonnel is partly subordinated to the chiefs of various
production sections, and to the maintenance chief only in regard
to methodology and professional aspects of maintenance and repair.

The maintenance chief is alternatively subordinated

(i) to the production manager,
(ii) to the technical manager or
(4i1) to the director.

The subordination to the production director is often problematio,
since maintenance in the short term may oonflict with the aim to maximize
the output. There may be a tendency to postpone or negleot repairs. This
risk can be avoided or reduced, if the technioal manager is in charge.
The direct subordination of the maintenanoe manager to the direotor, finally,
is particularly suitable for large plants with complex equipment and a

great nunber of repair and maintenance workers.

As can be secn, there are nv fixed criteria for choosing one of these
alternatives. The choice depends on the actual conditions in the enter-
prise and its experiences from the past.

2. The recording system

The analysis and planning ‘f repair and renewal necessarily requires
& systematic collection of inform.*ion on the existing ocapital stock and
its development. This information usually serves as a basis not only
for the actual managing of repair and maintenance activitics, but also
for tax calculation, capacity planning, etc.
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The two basic kinds of racords are the financial book-iiecping

and the operational technical recording.

The financial book-ieeping deals with money-value of installed

plants and equipment, of depreciation, of mainteaance and repair costs,etc.

It requires a stock-taxing of plants and equipaent which is a
problem in itself, since it depends on the method of evaluation. In

general, there are three ways of evaluating the existing capital stock:

= in terns of the original purchase cost,

= 1in terms of contemporary purchase cost,

= in terus of balance value (net, ofter depreciation).

Generally, however, the method to be used for evaluating installed

plants and equipment is determined by governmental regulations.

The value of installed nlants and equipment inclules th: Jurchase
coat, transportation cost and the cost of puttinz them into oneration,

i.e. the assembling, mounting and inctallation.

The operational technical recording is the source of primary in-

formation for the control of renewal, repair and maintenance activitiecs.

Basic elements are the inventory list and the inventory card.

The inventory list summarizes the installation of plants and equin-~

ment in a chronological order, while the inventory card gives the

detailed basic information on plants and equipment. T[he inventory card
usually serves both the financial accounting and technical decisions.

The contents and form of such a card naturally depend upon the kind of

plant and equipment and the maintenunce system. An illustrative example
is given in Table 1l0.

Usually, the necessary details and records concerning maintenance,
lubrication and spare parts are noted on the card. ‘iecords on the costs
of individual pieces of equipment on the other hand are only kept for
valuable equipment and if highly developed systems of accountinz are used. j

These records serve as a basis for a systematic evaluation of renewal

alternatives.
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Mble 10

EQUIPMENT RECORD

ITEM INVENTORY WO V-

PURCHASED FROM

MANUBACTURER

WORCE POWER AMMg, SERIAL WO. TVPE

SPEED (PRM) QUPUT SPEED MODEL NO. W2E

voLTt RATIO CTYLE WO CAPACITY

PHASE FRAME CAT NO. DIMENSIONS

CYCLES 108 NO. DRAVANG NO SHIPPING VEIGHT
ADDITIONAL DESCRIPTIVE DATA AND COMMENTS

DRIVER W ITEM THROUGH TRANGMIBIISNSPEED LEDUCER AND INV. NO.
DRIVEM By H.p. -

USED IN CONNECTION WITH V. ITEM

DATE OF PURCHARE | REG.

TRANSFER OR "y WRANCH LOCATION REMARLS
SALVAGE

PACKING SPECIFICATION DAILY
BEARING DATA WEEKLY
LUBRICATION DATA IN

DRIVE SPECIFICATIONS

FREQUENCY OF P.M. INSPECTION
ITEM FOR P.M. INSPECTION WAR
INVENTORY NOUG OF AUXILIARY EQUIPMENT

SPARE DPARTS STOCK LIGT

FED

APR

MAY

tYMBOL DESCRIPTION MFGR. PART | MAX | MIN JuniT
NO. NUMAER tORT | NE

JNY

L 41

octT

NV

SOURCE : L.C.MORROM : MAINTEMANCE ENQINEERING HAUDAO0OK
%e Graw - Hill book Company |, Inc., 1957
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To enable a rational decision on renewal, repair ani maintenance
it is important to have a constant flow of up-to-date information on
innovations, i.e. new technologies and new machines, which offer posaible

alternatives to those currently in use.

The introduction of a2 rational information system on installed plants
and equipment requires vorious methodological and or:anizational pre-

oonditions, such as:

(i) the definition of an “inventory item"

(ii) the determination of its code number

(iii) the classification of plants and equipment

(iv) introduction of the new plants and equipment in the
control records

(v) regulations concerning periodical inventories.

An "inventory item" is the smallest separate unit of plants and

equipment. The concept "inventory item" is usually determined in tax

laws which define the minimum value of an "inventory item" or the

minimum period of its service life. In this way a dividing line is drawn
between investment items and other, minor or short-lived items. In the

case of buildings, each sevarate building is an inventory item, irrespective
of whether it actually stands alone or is loccted within a block of
buildings. In the oase of structures, each separate part uhich fulfills

a certain technical or economic function and has all accessories of the
whole complex forms an inventory item. More complicated is the definition
of an inventory item in those kinds of equipment which have a large number
of components and various accessories. The telephone system of a plant,

for instance, can be considered as one item including connecting lines

and telephone sets. In the case of a boiler house it is, however, opoortune
to use the boiler with the supporting frame, gallery and foundation as a
separate inventory item, and the eoonomizer, the ventilator, pipes, stocl,

fly ash handling equipment, etc. each as separate inventory items.

Code numbering of inventory items enables a permanent, uniform and
univocal identification of plants and equipment by a symvol, usually a
number. Code numbering is the best solution also for mechanized recording.

Since the number of inventory items generally arrives at thousands, it is




in such oases not nocsible to make a separate coding for the technical

charactaristios of each iten.

As a rule, the items are numbered chronologioally. Sometimes it
is useful to combine the identification number with the classification
number, as shown in Table ll.

Table 11

an _example of a system of code-numbering of plants =nd equipment

g]i.:::i;n Jroup of plants and Inventory ::::z:lzf
number equipment nunmber itoms
1 Buildings 101 - 199 99
2 3tructures 201 - 299 99
3 Power equipment 3001 - 3999 999
4 Production machinery and equipment 40001 - 49999 9999
5 Power distribution equipment 5001 - 5999 999
6 Transportation equipment 6001 - 6999 999
1 Instruments etc. 7001 - 7999 999
8 Animals 301 - 899 99
9 Land, land improvements 901 -~ 999 929

The further basic step for introducing an information system is
the clasgification of plants and equiopment. The simplest and most general

way of classifying capital means is to divide them into two groups:
buildings and machinery. These two groups can be divided further in

a more detailed classification. The machinery component, for instance,
oan be broken down into: production machinery and equipnent, power equip-
ment, driving and transmission equipment, transportation means, instru-
ments, etc. However, even this type of classifioation is usually too
rough to serve as an opera.ional technical information asystem. An
example of a more detailed classification is given in Table 12, whioh
shows the deoimal classifioation system used in the Cseohoslovak en-
gineering industry. 1In this oase a olassification number stands for

& rather detailed teohnioal oharaoteristio.




ble 12

Decimal classification system  (example) ;

Classifioation Desoription

code :
4 Machines §
402 Machines in engineering industry ;
4024 Metal-cutting machines |
40241 Centre lathes ‘
402412 Centre lathes with 250-315 mm turning

diameter

4024122 Centre lathes with 250-315 mm turning

diameter and 750=1000 mm bed length

The introduotion of the new plants and equipment in the control
records is an important measure for the information system. Obviously,
the starting point for the reoord-keeping of nlcnts and equipment is
the installation during which the following actions are to be taken:

(1)  the item is given an "inventory number";

(ii) the item is registered in an inventory list;

(ii1) a permanent equipment record (inventory card) is
established;

(iv) the technical documentation is registered.

The periodioal inventories are the revisions of the records which
from time to time are necessary. They are based on a comparison of the
records with the real state of plants and equipment.

An inventory of plants and equipment is usually combined with the
inventories of other items of the capital assets, such as unfinished
investments, unfinished production, stoos of material, stocks of pro-
duots, eto. The inventory of plants and equipment can be carried out
in conneotion with a teohnioal inspeotion. A special case of inaventory

is the so-called "general inventory", organiged for the whole industry
or country,




3. Analysis of the economic efficiency

The analysis of "needs and resources" of renewal, repair, etc. is
explicitly or implicitly an optimization analysis. Repair requirements
of a machine are not determined exclusively by tﬁe technical ecircum-
stances, i.e. by its physical wear and technical functions. Ultimately,
also criteria of economic efficiency play a decisive role, since a de-
cision to carry out a repair clso means an extension of the "life" of
the existing part of installed capacities. Such a decision therefore
necessarily is an outcome of economic rather than purely technological

congiderations.

The methodology of assessing the economic efficiency for decisions
on new investment as well as on repair and renewal is subject to profound
theoretical discussions in the literature. In the following some of the
basic methodological concepts will be introduced. It should be noted
that the problem of evaluation cannot be solved by a mere application of
simple or even complex formulas based on a system of indicators. It must
also include the utilization of relevant broader experiences and quali-

fied prognoges.

The logical structure of the efficiency evaluation is the confron—
tation of the aimed utility function with the given restrictions. The
first methodological precondition for such an evaluation therefore is

the estublishing of an utility function. Usually, the maximization of

profit is considered to be the main utility function. In the case of
repair vis-d-vis renewal the maximization of profit is identidal with
the minimization of production costs. Thus, the first step of efficiency

evaluation is the calculation of the operution costis.

The calculation of the operation costs of a renaired machine as

compared with the costs of a new machine is usually rather complicated.
Such a calculation therefore both can and should be limited to consider
those items wiich are specifically subject to changes dus to resnewal,
suweh as:

- basic wages

- depreciation charges

- materials cost




= instruments cost

- repair and maintenance cost
- energy

- technical onrenaration of production.

The main restriction for achieving the given utility function
are the investment funds or the investment costs respectivtly. These
consizt not only of the actual investment outlays (purchasing or repair
costs, resjectively), but also of the costs of introducing the new
technology, the costs of installation, the costs connected with the

demontage, etc.

4n illustrative exwnple of a calculation of operation costs and
investment costs is ;jiven in Iable 13. In the example we assume that
two universal centre lathes are in opcration. One of the lathes is
now due for an over-haul, and the other will be due for an over-haul

in two years time.
The two altcrnatives to be evaluated are:

(A) the carrying out of these over-=hauls

(B) the replacement of the two lathes by one semi-automatic
lath.o

Table 1
dvaluation of the Zconomio Efficiency of a Hepair

and/or Replacement of a Machine

I. CHARACTERISTIC3

Jubject of analysis: Replacement of two universal lathes by a
semi-automatic profiling lathe.

Product-mix and

volume of output: No changes.
Desoription of alter-
native solutions: Alternative A: laintaining the old technology;

production on two universal
lathes utilized for more Lhan
two shifts a day; lathes require
major over-haul,

Alternative B: Introduction of a new technology;
usage of one new semi-automatic
lathes.




Table 13 (oonm.)
II. OPERATIONAL COST (in 8)

Alternative

Wages

Materials (basio)

Materials (overhead)

Bnergy

Instruments

Routine repairs and maintenanoce
Depreciation charges

Rejects

Technical preparation of
production

Total savings in case of
alternative B

II1. RESOURCE REQUIRBRENTS (in §)
Alternative

B
Investment outlays 871%
Over<-haul cost

Balance (resale) value of
discarded lathes

Start-up costs associated
with new machine

Difference in outlays

I¥. RESULTS

8) Annual savings in production cost

b) Difference in investment (onoe for all) outlays

Differencss

between

alternativas
(A - B)

1720

Differences

between

alternatives
(B~ a)

1110 Uss
1570 Us$
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If the replacement is carried out instead of the two over-hauls,
the wage costs will be reduced. On the other hand, the costs of clectro-~
energy, maintenance and routine repairs, of instruments and of the
technical preparation of production will increase. iie costs of an
over-haul of an universal lathe are estimated at U35 3,000, The present
value of the second machine-tool over-haul is naturally leuzs, since it
ocours first in two years' time. The cost of a new semi-autouatic lathe
is estimated at US3 10,000. The costs for introducing the new technology
represent about U33 300. The replacement of two universal lathes by one
semi-automatic lathe will reduce the floor area by 10 m2. It is appropriate
to include the reduction in floor area (expressed in investment outlays
per 10 m2 of floor area, in the calculations, since all rationalization
measures within the given plant also should economize on floor area,

thereby reducing tha requirements for extensions.

There are different methods for evaluating the efficiency of renewal

and repair. The simplest methods are based on the following criteria:

- the length of the pay-off time (minimizing)
- the rate of return (maximizing)
- the average cost (minimizing).

Each of these methods can be applied in a variety of forms. llere,
however, we will only deal with the simplest forms of application.

The method based on the length of pay—off is applied in the following
procedure: The annual cost savings resulting from the use of the new

machine vis-ad-vis the utilization of the old machine, are compared with

the amount of investment according to the formula:

where k 1is the coefficient of economic efficiency of the renewal (2)
as ocompared with the over-haul (1);

I, I are the purchasing costs involved in the over-haul (I,)
1’ 72 or renewal (12); and
01, 02 are the annual costs of production of the old repaired

machine (cl) or the new machine (cz).




The results of the calculation are then confronted with a "normative'
pay—off period, which plays the decisive role in evaluating the results
of an efficiency analysis of this kind.

In the case mentioned in table 13, the coefficient representing

the pay-off time is

This result is usually interpreted in that way that the new maohine
pays for itself in 1.4 years. If the minimum pay—off period has been
determined to, for instance, 2 years l, the alternative of renewal is

acceptable.

The rate of return method is in its simplest version very similar

to the above pay-off method. Its basic component is a coefficient re-

presenting the inverted value of the above mentioned formula, viz.:

C1 - 02

K = =—=

C1 - 02 is reduced by tne depreciation charges caused by the installation
of the new machine. The empirical value of the calculation is then com=
nared with the required rate of return. In the case preszented in Table 13,

the value of the coefficient is

k = === = 0.71

This value is - explicitly or implicitly - comoared with an internal
rate of return. If this internal rate is set at for instance 20 5, the
renewal (whioh has a rate of return of 71 ;5) would in thia case be re-
commended.

The minimum averapge cost method basically means that an item is to

be replaced when the sum of the lowest combined annual average of opera-
ting costs and capital costs of a new machine is smaller than the cor-

responding average of costs caused hereafter by the old machine.

l/’According to the Journal Manufacturing Indusiries, Vol.XV, No.l, p.27,
about 60 ,5 of US companies reguire the pay-off period in the range of
between 1.5 and 3 years.
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This method ocan be illustrated by a hypothetical example. Acoording
%0 the fisures given in Table 14, the minimum average oost of o new
nachine with seven years servios life is § 4336. The replacenent ie
carried out when the old, resaired sachine oauses a minimum average
coat whioh is highsr than this figure. As a rule, the present annual
operating costs of an old machine are considered to be at thoir ninimw,
einoe it is assumed that the costs u:e rising froa yaor to year.

A >roblen comvon to each fori of efficiency analyeis ie the gime
adinotnent of capital costs and operating oonts. Tiig adjustaent ie
sarried out $o discouant receipts and axpanditures spread unevenly over
time., Theoretically, the internal rte of return for replacenvat should
be higher than (or squal to) the rate of returm obtainadble from alter-
native inveetments with com :arable risk and tax status; and lowor than
(or equal to) the coute for obtaining outside finaneing.

Ia Table 14 an erxanple is given also of a calculation with time
adjestrent. The interest rate used is 10 per oont. In this case the
reaswml is efficient if the nnnual average costs of the old machine are
higher than $ 4173, compared witn time-ad justed total ocost.
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4.

Plannigg

Planning of renewal and repair can be defined as the explicit
coordination of future requirements and supplies. Thus, it is the
establishing of a material balance of the recuirements for rencwal,
repair and maintenance in physical and/or value terms against available
repair and mainienance capacities, including allowance for external
services and supplies. Two different kinds of plans can be distin-

guished, i.e. general plans and operational plans.

General plans mainly aim at balancing on a long-term basis the

requirements of renewal, repair and maintenance against available
resources within the framework of the system of plans of the enter-
prises. In the case of long and medium-tern nlans, ranging from

about 4 - 10 years, great attention has to be paid to the choice be-
tween renewal and over-hauls as alternatives of the equipment strategy.
Another crucial point of long-term planning is the acssessment of future

capacity resources for repair and maintenance.

While the long-term nlan consists of a system of rather aggregated
indicators, the annual plan for renewal, repair and maintenance is more
detailed. The example given in Appendix I of this chapter can be re-
garded as an illustration of a system of indicators suitable for annual

planning of repair.

The concrete programming of repair and maintenance activities is

a matter of operational plans. Their character and form depend on the

choice of maintenance system (see table 5). T™o basic kinds of opera=
tional plans for maintenance can be distinguished: (i) plans based on
inspection regulations, viz. "after—checking planning”, and (ii) plans
based on fixed maintenance and repair standards.

After—checking operatinnal planning of repair requires qualified
and experienced personnel (inspectors), advanced operative planning in
repair shops and a relatively large stock of spare parts. It is pri-

marily suitable for buildings and structures and for equipment with an
ambiguous course of wear. An illustrative example of planning on the
basis of inspection regulations is given in Table 15.




-5 - TABLE. 15

REPT DAILY INSPECTION SHEET MATE
INSPECTOR
TORN 2
HECH ELECT LUBR. HYDR. PNEV MISC.
N0.| EQUIPMENT W | REMARKS |REAGON FOR REPAIRE | NO.
STIFF LEG A A, Lulr Lo, troham
] PIT COVERS A
3 INGOT  BUGGY (] 1. Walr Ums off
b P.C. CRANES E on & ad notloo
5 CHARGE CRANE A
(Y F 8 TAMBLES E |2

One sheet each turn for type of intpection

MAINTENANCE INGPECTION LOG QMEET

W| EQUIPMENT ve.[4[2[a[n]s]e|7]a]a[s0]uln|n|n|n|clale]n]ol
A | ATIFF LEG
MECHANICAL 3 A A A
ELECTRICAL 3 A A Ic
LUBRICATION 3 A A £
1| »T coveRrs
MECHANICAL A c| ¢ N
ELECTRICAL 4 A
LUBRICATION NI GanLannnnny
3 | MNGOT BuGay
MECHANICAL 2 AN SIS ALSICIRIAINAIALCISINIAINICIS] O
ELECTRICAL L IN[AAINTAJAINEALNAAJAJAJATAJAIN]A[A|A]N
LUBRICATION 2 ININIAINIAN [ALATALAALALAINIAIAIAIAIA AN
T.C.* TIME CYCLE - 4 - EVERY 8 WOURS LYMAOL SCHEDULE - A - NO REPAIRR

1 - EVERN 2 HOURS
3 - EVERY 7 DAVE
b - EVERY 28 DAVS

B - MINOR REPAIRS
¢ -ROUTINE REPAIS
£ - EMERGENCY REPAIRS

COURCE = Morrow L.C.. Maintenance Engineering Handbook
Me. Graw - Will Rook Comp. ine; Wew York K7
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Operational planning based on fixed repair standards is the

basic characteristic of standard repair and planned preventive (peri-

odioal) repair. Its basic precondition is an elaborated system of
standards. It is suitable for equipment involving a great safety
risk and for a great nunber of identical machines of aquipment in
large-scale production. An example of standards for this kind of
operational planning is shown in Figure I and in Tables 16 and 17.

The basic distinction between the mentioned systems of operation
Planning is the different degree of the flexibility of plans. Taking
into consideration that in reality the needs for renewzl and repair
are to a certain degree influenced by factors of accidental nature,

it is realized that operation vlanning must alwvays be flexible to

some extent. Even in the most developed systems of maintenance, cer—
tain decisions remain to be made from day to day.
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REPAIR STANDARDS

EQUIPMENT . COMPRESROR

| KIND OF [ REPAIR | mepAin | RERI T AVERRGE | conr o ong mEPAIR I 4000 Ken
' REPAIR | cveLe TIME | \NwyT OF REPARG e
CHOURS) | (HOURA)| (WOURS) | PER N WITERIMY WAGES "'M“‘“ Mvacts] oL
0 17 %10 100 1600 Ala 30 < 0 s 7
M 4 40 0 260 Y " 5| 18| - 9
R 4 460 15 50 ) 4 0s 08 - 2
YEARLY AVERAGE 270 12¢8 x 2% | 27 | w7 | s | a0
WOTE: 0~ OVER - HAUL
M- MEDIUM REPAIR
R M R R M R Qa M R RO
e A‘ A 4 A I A I I\ A 4 1 J l-lOUT\ME “”“_
MONTHL — 3 "

STRUCTURE OF A REPAIR CYCLE

" WTQ .

(BAVIPMENT VTILIZATION)

PRODUCTION UNIT . ANNUAL DLAN OF REPAIRG FOR 49 ...
MONTH
EQUIPMENT
NUMAER A '] 1 n. . e | 1 [N s | v M| a
; s 4 ® o
[ ) 180 o R " R R " [ y[\0 g
n
2 | 30 M s |
: 3 : e L 'l
JM»———i'"—’A ﬁJ._ | ] L_/’L\.‘
—.— \“_‘\‘—V‘W N P'_‘, r____-\
m)*ﬁvomﬁvowmvoaﬂmm
REMAL %W [ww0 | 260 [ m0 | wo | 2%0 [1080 | wo | 10 | 0 | w0 liso
] T (voure)
LEPAIR COGT © M MUL & PLUS OTHERL MINOR REPAING
REPAIL
QUTLAYS x X x x x X | M0 w x x X )]
AL BANANGIAL PLAN _ 100 PLUG 44 THOUSAMD Kee
WAL DATA FOR PLANNI A .. 7170 HOURS OF LABQUR INDUTS
AL DATA FOR PRODUCTI A N . 4016 WOURS - 448 PERCENT

OUY OF & 760 wOURL

XK . WRATION OF REMIL N wOURS
W ... REPAIR LAROUR INDUTE IN WOURS




3 n the Chemica 8 UsoR )

Gquipment: Centrifugal vertical punp, 10-25 m3/hr, 70 m, 2300 r.p.m. Sxw
Type of repair cycle: 7 B-25-60

R = routine repair
N « medium repair

0 = over-haul.

kind Cycle of  Repair Duretion lumber of Volune Costs (Roublas)

of the first oycles of one revairs in of one
repair over-haml (hours) repair one ayole repair materials spare
(hours) (hours) (hours) parts
total ma-
chi~
Rery
0 8640 8200 168 l 68 27 200 300 :
N 2830 48 2 M 1L 100 150 |
R T0 8 7 10 4 50 80
Potal
in ene
oyele x 3 x 10 206 8 7%0 1160
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B. The agrregate level

lhere is a number of problems of rational maintenance, repair and
renewal policy which exceeds both the technical and economic capacities
of a plant and must be solved at the multi-plant, sectoral and/or

national levels.

The setting of these problems and treir methodological solution
depend on the over-all context of economic policy. Thus, the formulation
of the problems and the proposed solutions will obviously be different

in a markxet economy and in a centrally planned economy.

1. Analysis and planning

I'he aggre -ate znalygsis and »lanning of repair and rencewal of vlants
and 2quipment, aiming at coordinating future requirements and supplies,

diff~> [rom the methods and the objectives used at the nlant level.

In sectoral and macro-economic considerations regariin:: the ro-
cess of industrialization, the assessment of requirements and resources
for rencwal, repair and maintenance is obviously based on highly aggre—

gated indicators.

a) Demand

‘he preceding paragrashs dealt with repair and maintenance of indi-
vidual machines, pieces of equipient, buildings and structures. The
analysis of a system of e.J. a machine park must describe the process
of depreciation, renewal, mod:rnization, etc. with quite different nethods.,
The model of the development of machine-tools shown in Appendix Il ~sives
a relevant illustration of the content and methodology of planninz and

analysis at that level.

As will be explained below, the agpsregate demand for renewal, renair

and maintenance dejends on the sharacterigtics of the imstalled cavi:al,

i.e., tie volume and the age characteristic and the structure frou the

point of view of scrvice life.

It is self-explanatory that iith the increase in the volume of

capital means in a given sector or oountry, the demand for rencwal,
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repair and maintenance services increases us well. It ig, however,
difficult to make generalizations of the ratio of this demand to the
value of capital steck. On the one hand, the importance of the de-
mand tends %o increase not only in absolute terme, but also in relative
teras due to the continuing process of mechanization and automation.

On the other hand, the demand can be reduced through the pursuance of
& rational policy of rcnewal, by means of rationalizing designs of
machinery and, last out not least, by rationalization of the repair

and maintenance activities.

Table 18

Capital Output Ratios of Manufacturing Industries in the United Jtates

Industry branches Total Hachinery (including electrigal
and transportation equipment,
USSL/ Uss per cent of total

Food, beverages and tobacco 0,81 0.41 51
Textiles 0.91 0.51 45
Wood and wood products 0.78 0.39 50
Pulp and paper 1.13 0.65 58
Printing and publishing 0.66 0.42 64
Rubber 0.70 d.44 63
Leather 0.43 V.19 44
Clothing 0.38 0.18 53
Non-metallic minerals 1.18 0.67 43
Chemicals (.89 0.35 61
Petrcleum 5.64 0.94 17
Basic metals 2.4 0.92 39
Hetal products 0.83 0.51 62

1/ Dollar of purchasing oost of capital per dollar value added in
1953 prices.

Source: Compiled on the busis of unpublished materials supplied by
Harvard Economic Research Project.,




In zeneral, it can be assumed that the extent of we.r and the

requirements for renewal, reniir and maintenance ar: a function of

th2 are of the stock of plants and equiment. Jith incrcasing age

the maintenance and repair recnirements are crowing, mostly with an
accelerated rate. The azge cnwracteristices of plaats and cqguinsment
thercfore play an imnoriant role in tine schednlin~ the recuirenents.
dut the rule is not without cxceptions. 0id equipment (and building
as well, is often used for auxiliary ourposes only, tueir vrecision
and nerformance requirencn.s are usually les: strict. Mis can

reduce their needs for rencwal, resair and mainicnance.

The various citezories of canital means dif’er in regard to their
nceds for repuir. rhe simplest example for this can be found in the
differences betwcen the volume of rencwal, repair und maintenance re-
quirements for buildings and ti.t for aachines.  Thus, dependincs on

these gtructural characteristics the same volune of capital can be asso-

ciuted with entirely different volumes of repair needs. .\ largzr chare
of machinery and equipment resulis obviously in relatively bier

requirements.

In nble 18 dala are given of the share of machinery and equip-
ment in the total value of fixed capital assets in various manufacturing
industries in the UJi. rom these data conclusions can be drawn about
th2 relatively hiher rcequireaents for renewal, renair and maintenance
of the instiilled caoital in metal-workin: induc'ries, srinting and
oublishing, chemicals and rubber, as compared with e.c. the petroleun

industry.

The data contained in ifable 2 show very different recuirements
for renewal and rupair for diflerent kinds of buildings, structures and
equipment. Iquipment in the construction industry, for instance, has
much greater revair requirenents (the costs of an over-haul represent
in average more than 10 per cont of the purchase costs per year) than

machine tools in the machinery (in average about 5 per cent) 1.

l/ These estimates of service life and cost of over—hauls were originally
desisnmed for financing renowal and over-hauls out of a special fund.
lainly the followin; data were used: estimates of average scrvice
life, standards for a cycle of major over-hauls (according to the
gystem of slanned nreventive revairs), and the relationship betwecn
the over-haul costs and jurchase costs of a machine.
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There is a spacial relacionshin between the cost of madhines angd
the cost of their over-haul. 4is a rule, over-hauls of costly machines
have relatively lower costs of repair as related to t.eir Jurchasing
cost than cheaper machineas. This anplies, for instance, for machine
tools. There are several causes for this relationship. The most in-
portant cause is probably the fact that low-cost machines mainly are
produced in large series, whereas their over-hauls are carried out indi-
vidually. The difference in labour productivity of repair shops and
of oroduction units of new machines is in this case more pronounced
than in case of larger and complex machines, which are often nroducad

as unique pieccs.

Repair and renewal requirenents a.e, generally, interdevendent:
Machinery and equipment with higher renewal requiremen:s algo demand
more renair. However, in some cases the accelerated renewal of equin-
ment (shortening of secrvice life, can -esult in the reduction of needs
for repair. 1In such a situation, the renewal requirements and repair

requirements exclude each other.

b)  3upply

From the national or sectoral point of view the resources required
for renewal, repair and maintenance consist of spaecialized labour,
oapital, material supplies and stocks and specific imports of roods

(equipments and spars parts).

Repair activities are characterized Ly large labour inputs both

in regard to the quamity and the quality of the labour required. Thisg
is partly due to the fact that manual Work orevails in the actual pro-
ductive time and partly to the relatively low share of actual oroductive
time (35 5~ 50 ) of the total working time of repair personnel. iven
with a zood or;anization, the bulk of the working time of repair vorkers

is spent on preparatory activities.

In the framework of the whole economy large resources of labour
usually are engaged in repair activities. Out of the population of
14 million of Czechoslovakia for instance there are about 500,000 repair

workers.
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Compared to the labour input in repair activities the capital inputs

are genevally not large. Thus, in Czechoslovai repair shons there is
only 28,000 Kes worth of fixed capital stock ver worier, wiereas in the

ochemical industry the figure is 220,000 ics.

Material inputs are algo not large in volume. Do variety of nma-

terials required in revzirp shops on the other hand is gen:rally lar-e.
Keeping an adequate level of stocks of spare narts and 1aterials Lhere-

fore requires relutively large amounts of woriiin s cavital.

4 country's requirements for maintenance can normally be met only
partially by domestic resources. The decrec of self-sufiiciency in
maintenance services, in suponlies of s-are saris, etc. deoends arimarily
on the size of the economy and on the level ol tlae ecoaonic, ovarticularly
the industrial development achieve:. Developing countries are to a lorse
extent dependent on imports of capital goods, esoeciilly macitinery. rhis

is reflected in the high import rates of mointenance services and de—

liveries of spare parts and compoinents for renewal.

c¢) Tecaniques of planning

A country's nlans for renewal, repair and maintenance at the aggre—
gate level are generally not prepared in details, and they only excep-
tionally have the form of material balance sheets. This alzo is true
for centralistic planning systems, where in most cases only purtial
analysis and plans are made with a vicw to anorlying specific policy
measures.

Such a partial analysis can for instance aim at assessing the needs

for roncwal. 3ectoral Studies would then be the most suitable method

of analysis. The sectoral studies are generally examining the existing
state of inatalled capital means and the overall inveatment climate and
will include the evaluation of installed machinea from the viewpoint of
their revlacement by new machines. For the latter purpose the techno-
logical level of machines hag to be reviewed and be compared with the
technological innovations.

The analysis of the needs for renewal, based on ths examination




of the economic efficiency of replacement investment, usually requiresg
Plenty of data and large inputs of highly qualified labour. dhen thege
prerequisites are not available, a different, less demanding method of
comparative analysis is being used. The technological level and structure,
the age and composition of machinery and equipment in a certain sector

of the country in question are then compared with the situation in anotier
country in which this specific sector is more developed. [he volume of
resources needed can subsequently be calculated by using aporoxiinative
methods.

2. Policx measures

Governmental action in solving renewal, repair and maintenance
problems mostly takes the form of technical, orranizational as well asg

financial policy measures. The technical measurcs include the promnotion

or eventually the actual establishing of:

- s8pecialized repair shops and servicin:: facilitices

- central stocks of spare parts

~ design and technical bureaus, research institutes and
orzgans of state insnection

- educational and training facilities, etc,

These actions must be based on a gystematic analysis of the economic
and technical feasivility from the national point of view. rhus, the
Guestion of the establishment and the size of specialized repair shons,

Btocks, and the various institutions must be thorou_hly investirated.

Specialiged repair shops as the technical basis for rational

supplies and services have been discussed in Chajter 1I.3. In re;ard

to the orcanization of specialized repair shons it ig necessry to
congider on one hand the savings, resulting from hiznher nroductivity

of the shons and the improved quality and shorter time of the repair
services and on the other hand the losses. Thcse are mainly increasged
transport costs, the reduced flexibility and speed in coping with breal-

downs and the lack of knowledze of concrete conditions of equipnent

operation.
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To detemine a general, appropriate ratio between (a) the volume
of repair and maintenance to be carried out by workshops of plants and
(b) the volume performed by cxternal suppliers is not possible. The
ratios of different industries vary substantially. They also depend
on the type of capital meuns in use. Large differences exist even be-
tween different countries. These differences cannot be explained merely
by the difrerent levels of industrial development, but also by actual
habits, traditions «nd the institutional set-up. In UJA, for instance,
about 30 per cent of all nlants use external repair services, but the
external suppliers perform on average only 7.6 per cent of the total
volume of repair work. In the Federal Republic of Germany and in
Castern Germany, on the other hand, chemical plants use external ser-
vices to a very little extent. 1In Japan, finally, repairs are usually
serformed by external firms, particularly by the suppliers of the equip-

ment.

Decisions regarding central stocks of spare parts at the national, |

sactoral or regional levels are based on similar considcerations.
Specialized repair shops also form a nztural basis for storing and

distributing the spare parts.

The design and technical bureaus, research institutes and organs

of state ingpections have the following functions:

= to »rovide consultative services in regard to the rational

repair and maintenance of equipment;

- to develop the "type" project of the organization and the

techniques of repair and maintenance;

- to adapt the design of imported machinery and equipment

to local conditions;

- to develop a system of technical standards, which would
promote the unification and standardization of the equip-
ment;

- to establish a system of state inspection for crucial parts

of plants and equipment (electro energy, hydropower plants, etc.),

especially in cases where major safety risks are involved.
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The government plays an imnortant role in sronoting or establishe
ing these institutions. Hany developing countries lack this neccssury
inatitutional set-up.

In the field of cducation and training the govermmental policy

comprises the following measures:

= Ddromotion of the education of skilled labour Ly establishing

training centres and vocatjonal schoolu;

= encouragement of closer contacts between industries .nd

educational institutions;

= 1inclusion of the problems of maintenance, repair and proper
operation of equipment into the curricula of vocational
schools;

- the organization of exchanzing experience among repair and

maintenance personnel.

In addition to these various direc actions, the government can

aoply indirect measures. In order to promote oroper maintenance, re-

pair and renewal, the government can specifically impose some of the

following nolicies:

(i) a rational depreciation policy aiming to create conditions
for efficient modernization of installed plants and equip-

ment;

(i4) tax and credit policy measures, or subsidies and/or state
oapital participation to promote the establishing of
specialized repair shops, stores of spare parts, and

specialized nlants producing spare parts;

(iii) foreign exchange and tariff regulations to create con-
ditions for adequate imports of spare parts and technical
services as well as for the rational policy of renewal of
machines which are not produced domestically.

Taking into account the adverse balace of nuyments and scarcity

of foreign exchange, generally prevailing in developingz countries, the
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policy decisions related to foreirn exchange outlays on imports of
replacement parts and maintenance survices require a special attention.

In short, it can be said that the policy maker in a developing country
has a two-fold task. Firstly, he must minimize foreign exchange outlays
on imports of spare parts and maintenance services. Secondly, he has
to assure the continuous and adcquate supply of these items to all

public and private enterpriscs.

To achieve these aims, the government could adopt several measures.
First of all the government should endeavour to increase the efficiency
of maintenance and the economy in spare parts utilization. In this
connexion it is important to improve the skills of maintenance and re-
pair personnel assigned to identify the causes of break-down and to
specify the ordering of spare parts and services. In regard to admini-
strative restrictions and tariffs on imports of spare parts a flexible
policy is needed which could allow to speed up the delivery of spare
parts. Imports of spare parts should be given a special treatment from
the point of view of both customs procedures and tariff policies. Finally,
the government could take measures aiming at rigorous import substitution
policy with a view to building up domestic repair shope and workshops
producing spare parts.

In promoting the domestic production and services the government
should not restrict itself to levying high tariffs on imports of spare
parts to protect the local producers from foreign competition. Temporary
tariff barriers have to be accompanied by additional, positive measures
from the part of the government. Thus, local production could be sti-
mulated by technical services, credits, training facilities, etc. A
mere introduction of administrative or tariff restrictions on imports
of spare parts and maintenance services may bring certain foreign ex-
change savings in the short run, but will inevitably lead to under-
utilization of equipment. Since gencrally large amounts of foreign
exchange had been spent on the equipment, there will then be no saving
in the long run.

If, in the case of export industries, the foreign exchange savings
achieved through reducing the imports of spare parts and maintenance
services have adverse effects on the output, the savings could be easily
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compared with the eventual losses in export prooeeds. In domestic
market oriented industries the corresponding cost-benefit calculation
invclves a comparison cf losses in output against the fordign exchange
savings. Here a shadow price will be used for the foreign exchange in
order tc evaluate the losses in supplies for the domestic market. In
addition it must be taken into account that the demand for other imported
goods may increase. This could be due to the fact that certain domestic
industries are forced to nperate at a lower capacity because of lack of
spare paris, eto. and that the demand therefore cannot be fully met by
the domestic produotion.

3. Data requirements

For the above mentioned measures the governmental bodies and other
relevant institutions require information on existing plants and their
equipment.

The system for collecting the data as well as the type of data asked
for are obviously related to the given economic system. 1In a market
eoconomy oapital means are only exceptionally subject to centralized
stuck-taking, whereas in centrally planned economies usually very detailed
informaticn on capital stock in the whole national economy are collected
and used in ministries, planning agencies, etc.

For the first group of countries usually indirect methods of
estimates are applied. The necessary data is arrived at from:

- balance sheets of individual companies;

= retrospective data on investment;

- data on output, imports and exports of capital goods; and
= inquiries, mainly by sanpling mthodl.

In a ocentrally planned economy the fixed capital stock and its

development is normally subject to a very detailed system of infcmation.

In Csechoslovakia, for instance, a centralised system was introduced to

1/ As an example can be mentioned that the US journal American Machinist
sent out questionnaires to ascertain the state of machinery in the
metalworking industry.
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obtain information on the state and the annual changes of all machinery
in engineering industry, of railvay wagons, inportant machines in coa)

mining, etc.

The data collected are not only in terms of value wut also of
technical nature. The whole system is based on a rationai commuting
technique (punch cards). The contents of the system can be scen from
the illustrative example of a »sunch card on Table 19.

Such a detailed system of centralized information reguires a whole
complex of o1 _anizational prescriptions, nomative definitions, classi-
fication and code numbers. This 1is necessary to cnable the identifica.ion
of a given machine and to cet infomation about the extent and composition
of machine park in different enterprises, industries, rezions, etc. The
system is based on primary records provided in plants according to a
standard form. It becomes an erficient means for the rationalization

of the information system within individual enterprises.

In all economic systems dovernmental tax policy requires some basic

unification of recording on installed capital. Special regulations ueually

define the methods of the book-keeping on plants and equipment and their

definition and evaluation as well as the periodical inventories.

Most problems connected with these regulations were already discussed
from the point of view of plant level. A sgpecific problem is the
re-evaluation of installed plants and equipment in such casesg, when the
nominal values differ widely from the present real values. The process
of re~evaluation of installed plants and equipment is a very expensive
and complicated one. The aim of such a unified way of evaluation is to
create a more reliable basis for the calculation of amortisation charg:s .
The evaluation is baged alternatively on price indices or on price lists.

A new evaluation can be combined with the so—called "general inventory"
(inventory of existing plants, equipment in the oountry, regiom, imdustry).
Such measure was undertaken in 1354 in Csechoslovakia, in 1960 in the USSR.
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Iable 19

Degeription of Paptch Card for the Jtatistios of Installed Machin:g

veee

1.llﬂl|llu“|)|ll;|l"2

HO
123480
1inp
122222 2222222227222
103 3N3330333033355 3
ldldddlllllldllllddd
113 e sh HEeannnawwwn e
SlSSSSSSS!SSSSS&SSSS
QUOBOEOMINNREEEEEeL ¢
MmNy
I8 aasisonnaoeontees

P00 LS NTY P 13 B

R L T N R T T

L UL (XX L XXLXX]

SNBMNR P N NABMEKY BN

S55555885. 555558855

LR RN RR NI RERRREREE'
EEtrrEgaasliagaagnnes
CEESSI0005cmannnagyy

RN 1[N} OIIIHI}NRIUHO'!J
——— e e

6-1
8-2
21 = 2%
2% -
-0
4 -4
4 -7
8 -5
51 - 52
53 -54
35 -5
3N -5
% -

ngse

CECEBIBEE06/66666660s8

‘0N "

3858558
bE86l66

0cpe 0 00000 ‘iaﬂonﬁsﬁi'o@
N N e il il (L L U DT P R

llllllllllllllllllllllllllH

22222!272222222222222222222'2222'2 222!2222222?2222222222124

f

313N JilJJJJJJJJJJJJJJJJJJJKJJ!! 333333333!33333333333133331
LR RPNy YFNRRYIRY LR R XYY llll‘lldlll‘lllll‘ddlllll

STROMARY AN PR NNBY N v QU @

AR RN 4] 1*!'&:5'("“.7”“(5uh‘ll(i BiRAT/ BRI "Nnwne

$5155/8 8 55955595555555SSﬁbSSSSSSM
Soj6ssam s iGSiliiGiiﬁiG‘SSbillilS

7)1771711777111)771717717771)177117171d
li&lll!lBllllllhllllEl?l!ElItifétllall(

M Coromalicn
L LY X R SIIIIISS&ESS$SESSSIII!N
Yo (2 % ] BNRBELBEEL X Elnngnnnn

Deip

Classification Code
Country of origia
Producer, model
Purchasing value
deight in kgs.

Techniocal charecteristios
llaintenanoe characteristios

Year of productsica

Central orzan (industey)

Trust
Zaterprise
Plang

3hop

Free columns




- 68 -

4. Recommendations for develogq_gnt gtrategy

Developing countries execute their industrialization programnes
in the conditions of much higher investment intensity of the industriali-
mtion process than it used to be in the nineteenth century in now
industrialized countries. In addition, a rather pronounced division
of labour has developed between the actual operation and the maintenance
of plants and equipment. That is the reason why the problens of repair
and maintenance have gained such importance and consequently have become

an inherent part of a sound develooment nolicy.

The lack of capacity to assure adequate maintenance and repairs
is one of the reasons why some developing countries often are not
capable to adont new technologies. In such a situation even equipment

provided through grants can become a burden for the receiving country.

The problem area of renewal, repair and maintenance has a number
of aspects relevant for the formulation of fundamental princioles which

underly the setting of long~term aims of econonic development:

(i) The renewal, repair and maintenance of the existing plants
and equipment ig one of the essential conditions for the
economic development ;

(ii) renewal and to a certain extent repairs reprcsent an alter—

native to the building up of new canacities.

Renewal, repair and maintenance place specific demands on economic
resources and they, consequently, represent an important limitation to
economic development in an optimalization exercige.

The neads for rencwal, repair and maintenance also determine to a
ceriain extent a substantial part of the demand structure for commoditios.

de can therefore speak about a structural limitation of the process of .
econonic development.

A certain similarity oan be found between the supplies of servioes,
Spare parts and maohines for renewal on the one hand and the supplies
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of intermediates on the other hand. Problems of repair and renewal

are treated aocordingly. All supplies mentioned are described in the
matrix of inter-industry relationship (technical coefficients). Further—
more, renewal, repair and maintenance place specific demands on qualified
labour and material supplies. In this context We can speak about a
limitation of economic develooment from the viewpoint of available

resources,

llaintenance, repair and renewal ®quire productive factors of the
same technological nature as those required by the suppliss for the new
investments. issentially, the factors of engineering industrics and
construction are involved. Haintenance, repair and renewal thus create
& competing demand in relation to the building up of new productive
plants. Tlney, in particular, need a great number of akilled personne]
at intermediate levcls which is the very scarce factor in developing

countries,

In the conditions of severe scarcity of investment resources =
both financial and material - renewal can be considered as an alteraative
Yo development. In order to concentrate invest.ient resources on imporiant
development projects it is posgsible to delay the renewal of e isting
plants and equipment, i.e. to orolong their service life. Jeveloping
countries usually do net need to economige labour costs through innova-
tions and modcrnisation of equipment in the same degrce as industrialiged
countries. On the contrary, investment is often motivated by the aim to
crieate additional enployment opportunities. Thus abundance of labour
stimulates a rational extension of the service lifs of the installed
ocapital.,

In developing countries the share of machinery older than 10 or
even 20 years of the total equioment is rether large. Tis is a natural
reflection of the dslayed renewal of squipmient in favour of exteneive new
investment and ths increase in industrial employment .

T a ocertain extent it is possible to dslay also ma jor ovirhauls,

Technical posuibilities of postponing renewal and/or repair have, of
course, oertain tschnologioal and eoonomic limits the trespassing of which
results in the misallocation of rssources.
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As an examnle of such misallocation inefficient or too costly
repairs may be mentioned. Introduction of measurss limiting investment
outlays on rencwal may lead to the situation whaen the cost of overnauls

become higher thin the cost of purchase of ncw equipment.

In the persuing of an industrialization programme the modernisgation

and rational utilization of older machinery acquire strategcic importance,

since in this way the existing equapment of several industries can be
adapted to the requirements of modern technology. liodernization is usually
less costly (in torms of investment funds) than renewal and it facilitates

the adapting of machinery to the coucretc coaditions of sroduction.

Another imnortant way of rducing investment outlays for the industrial
development is the purchase and use of second-hand machines and equipment.
Such a utilization of older machines can obviously be considored rational,
only if the cost of their repair and modernisation is less than the cost
of new machines. The application of the efficiency analysis is therefore
absolutely necessary. Installation of aecond-hand equinment cun on one
hand reduce the opurchasing cost, but on the other hand, it usually in-
Creases the repair and maintenance costs. Nurthermore, the une of second-
hand equipment ;enerally is a hindrance to tne unification of installed
equipment. .urficiency considerations are therefore necessary even ia
cases of vers favourable purchasing conditions.

Various material and or;anisatioanal preconditions are required o
aAs;ure adequate maintenance, repair and ronewal. These nreconditions
form an important part of the Andustrial infressructure. A large part
of this infrastructure 1s rapresented by maintenamce and repair capacities
of enterprises. is was discussed alroady in connexioa with the policy
méasures, the building up of specialised repair shope, plants for pro-
duction of spure parts and their atocks form a specific problem for the
policy maker. Among the institutiomal conditions for facilitatiag a
Smeoth operation of plants and equipment an laportant role is played
by the whole set-up of tralning, consulting and research institutions.

™e prodlea of maintenance, repair and reaswal also has an iapaoct

TN .5 255 g s




on the Lime-achediling in econemio pProsramnaing. Me demand for rencwal
and/or overnaul usually arises several yoars ufter the plant and equipment
had boen put inte operation. However, frem the very be;dnning of the
operation, an adequate maintenance and repair work is required. [he
oonditions for assuring these acrvices must be oreated frou the vV:ry oute
set of the execution of the investment progranne.

™e rules governing the needs for renair (mainly ovorhiuls, and
renswal are of stochastic charecter. lMost of the roquirements apear
after a period oorresponding approximately to the average :curvice life
of given equipment and its parts. The necesuity to have maintenance
and repair capacities in talled from the beginning 1s enhancod by the
frequeat incidence of the so=called infant-illnes es of the ¢ uipment.

™e time-scheduliag muct include the advance trainans of » adoquate
mmber of repair ani maintenanoce workers and lubric .tion specialists,
Approximately half of the mumber of these wor.ers muct be available daring
the raning-ia periocds of ‘quipment. Analegicelly, the primary ustock of
SPAre parts and maintenance materials must be available fron the vary
beginniag.

Pinally, it can %0 meationed that MAiatenance an. repair activitias
oan b viewsd uwpen as the naturel bagis for the developmeat of domestiec

ongiaseriang intustries.







Anmandix 1

& STMAN OF URICAKES N8 PLANING MEPAIR

™he siaplified example of s repair Plan represents a aystea of
the mest important indicatore reflecting the interrelationships between
#00ds and resources of repair sctivities. The date are obtained from
ompiriocal studies &,

™e repair needs are here caloulated for various types of plants
end equipment, whiok differ ia the intensity of repair or in the labour
or material requirements. The following example classifies four sroupe
of plante and equipmeat:

(1) mwechinery

(i4) electro equipment

(111) measuring devioes

(iv) buildings and constructions.

T™e necessary resources are classified as follows:

(4) labewr inputs:
= Tepair workers
= f%echaical and adainistretive perseommel
(14) material tapute:
- opare parts (flows and stocks)
« produced in owm wrkehops
- oxtermal deliveries
= other materials (flows and stoeks)
(141) extermal repaire (servicss delivered frem outside)

R

)/ Tee stuiies were wndsriainn in the Osscheslovak chemioal industry.
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The final balance of the requirements for repair against resources
is obtained on the basis of cost calculation.

Under "preconditions™ we understand here a system of standards whioh
form the basis of a repair plan and which define:

(1) the relative needs of repairs for the different categories
of fixed assets
(ii) the relative inputs of labour and material
(1ii) the relative volume of stocks of spare parts and materials,and
(iv) the de/ree of self-sufficiency of the enterprise or industry
in repair services and production of spare parts.

The determination of these standards is based on thorough analyses
which preceed the actual planning process.

The example is meant to cover a period of up to 5 years. It can be
applied both for an individual enterprise and for more aggregated units.
According to the length of the plan period and the level of planning, the
needs and resources for repair can be disaggregated. Thus, the needs oan
be divided according to different kinds of machines, different kinds of
repairs, etc. The classification of spare parts and material inputs oan
be done according to technological, organisational or other oriteria.
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Appendix II

A MODEL FOR THE ANALYSIS AND PLANNING RENEWAL
M

The analysis of renewml requirement is a specifioc problem on the
over-plant (lectoral, nationwide) level and in the long-term prospects.
The following model is introduced here to highlight this problem. The
data used for this model result from empirical studies in the metal-
working industry 1 and they can therefore serve not only as a methodolo-
gical instirument, but also as an actual illustration to the described
rules governing the development of a system of plants and equipment.

The aim of the model is to enable a quantitative analysis of the
volume of rcnewal of a system of plants and equipment, such as a park
of machine tools, looms or a fleet of vehicles. The whole set-up of
plants and equipment is usually far from being homogeneous. Therefore,
special attention is being paid to the problem of the structure of plants
and equipment and its changes as well as to the impact of these changes
on the volume and composition of renewal requirements.

The calculation of renewal requirements is based both on the physical
terms and on money value terms.

Renewal requirements in physical terms

The volume of requirements for renewal, expressed in physical units
(0.3. number of machines) depends on the following factors:

(1)  the length of period to be considered

(1) the sise of the plant and its growth

(111) the age composition of the plant and the equipment

(iv) the servioce life.

The availability of data on the volume, the rate of growth, the age
and the service life is thus the precondition for an analysis of the

Nesvera, Rosvoj technicke sakladny strojirenstvi, Prag,
SNTL, 1963
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renewal requirements. The model describes the interrelationships of
these data and their utilization for an analysis (see Table II/l).

Special attention must be paid to the characteristics of the service
life. For an analysis of the requirements for renewal the information
on the average service life is not sufficient. Zmpirical analyses show
that the service life of individual items can substantially differ from
the average, since the process of renewal is of a stochastic nature.
A precise calculation must therefore be based not only on data of the
average service life, but also on data on the survival curve (Fig.II/A).

The survival curve describes the pace of discarding the number of
machines installed in a given time. Based on this curve the number of
machines of various age groups which are to be discarded during the plan
period can be estimated. According to the "rate of discarding” in the
Table II/l, about 12 per cent of the initial number of installed machines
which at 1.1.1960 reached the age of 11-15 years were discarded during
the following five years. There are substantial differences in the
intensity of discarding the machines in the individual age groups. About
10 % survive the age of 50 years. In the given case the average service
life of the machines ~ determined as a median to the survival curve (age
at which 50 % of the original nuwaber has been discarded) -~ is 27.5 years.

In the given case the requirements for renewal which are considered
to be identical with the number of machines discarded, during the years
1961-1965 is 1378.

This illustrates how far from reality the results of the planning
of future needs can be if it is based on the age oomposition and estimates
of a "normal” service life.

In this scheme the analysis and projection of the survival curve
is the basis on whioh the number of discarded machines and the volume
of necessary renewal is being determined (the number of machines and their
age composition being given).

The model enables a follow-up of structural changes. These ohanges
oan then be taken into consideration for analysing the needs of renewal.

AN IR g o TSN ¢

R ORI R
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Resswml, as a part of retional investment poliay, plays an important role
ia the precess of technical innovations.

In the example an important trend of changes in the structure of
sachines is showm in the case of grinding machines. These machines are
characterised firstly by their inoreasing number within the total installed
machine tools (from 20.0 £ in 1961 to 22.8 # in 1965) and, secondly, by
their relatively short service life (of. the higher rates of discarding).
The share of these machines in the number of new machine tools was about
twioe as high as their share in the total number of installed machines
(see Table II/1).

°
YA N aves

Gredual decrease in the number
of imstalled machines and their
nnnr servioe life (survival.
ourve

e a8 8 8

) w
YEAM W Eamce

Mamber of discarded machines in individual
porieds of wtilisation (expressed as a per-
soatage of the nwmber of originally installed
machines)
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Jenewal roguirements in th: money value terms
the recuirements for renewal of plants and equipment are more often

calculated on the basis of value terms, derived from investment outlays.
Two alternative concepts are possible:
- ¢ross values (purchase cost); and

-~ net values (purchase cost reduced by the amortization chargcs).

1f the calculations are based on the gross value of installed olants
and equipment, the length of the plan period, the volune of fixed assets
and the age and service life must be considered. In addition, the changes
in )jurchase cost of the physical items must be included in the calculations.
Empirical analyses show that ~enerally the money value of plants und equip-
ment increases in a higher rate than their physical volume (expressed in
the number of machines, extent of floor space, etc.). This is due to the
improvements of the technical parameters, to changes in the composition, etc.
Thus, in Table 11/2 the average purchase cost of new machine tools was
trebled during 1930-1965 (in terms of constant prices). The number of
installed machine tools increased in a 5 year period by about 9 per cent,

vh:reas their value increased by 25-30 per cent.

Under these circumstances, the requirements for renewal which are
identical with the volume of discarded machines are low. The average value
of discarded machines amounts roughly to the cost of machines which were

purchased before the period corr:sponding to their average service life.

In the case of machine tools park, the number of yearly discarded
machines rcpresented 2.5 - 3 per cent of installed machines, in terms of
value it was about 2 per cent only. This example shows a further rule:
the service life of machine tools is positively correlated with their
avcrage value, the scrvice life of more expensive machines is in average

longer.

If the requirements for renewal are calculated on the basis of the
net value of plants and equipment, they are identified throuch the
denreciation charges. The renewal requirements thus depend on the value

of plants and equipment (amortisation basis), on the method of depreciating

and - of course - on the length of the plan period. The money value of
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depreciation charges usually exceeds the roal valus of renewal require~
ments. 'Mhe reason for thie is that the denrsciation charges are cu.l-
oculated from the very begzinning of the functioning of slants and oquip-
ment, while the real requirements for renewal :'ollow with a considerable
time-lag. [his la; thus pliys a oig role, especially in the case of a
nigh rate of growth of the fixed :ssets. 1t muet also be mentioned that
tax considerations generally dominate the depreciation rate and that it
is very problematic to use the depreciation chursces or net value of fixed
assets as the basis for ocalculating the servioce life and the recuirements
for renewml.

T™he different conoepts of calculatia: the recuirements for rencwal
lead to different results. For establishing a realistic renywal poliocy
it is recommended to use the system based on phyeical tems. This ayatem
of indicators makes it possible to confront the state of plants and equip-
ment with the technical innovations and chauges on the market. Innovations

are after all to be considered as the orimary motives and impulees for
renswal.
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