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Instead, we build up a stock of spare parts which will enabdle us
t0 meet most of the situations whioh might take place. When the
machine is finally sorapped, a number of spare parts will have to
be sorapped together with the machine,

Por group b the situation is somewhat better. The sales value of
this material will, for instance, be consideradbly better.

In total, however, the stook oontrol possibilities for group b and
4 are very limited, The produotion department, and the maintenance

group serving production, would like to have a well assorted stock
of materials and spare parts in order to meet production procrames
without too many difficult problems. The ocontroller of the oompany
will have a tendency to see these stocks more or less as an uneoces-
sary sost and a failure of investment,

The factors mentioned below will vary considerably from one part
of the world to the other, from one country to the next, be dif-
ferent in different parts of the same country, be different in
different branches of industry, and even vary fromn company to

COmpany .

In _general they have, however, an influenos on the set-up of
spare paris and maintenance materials which each company musi |
make for itself,

1.

f J",g_;,@l et 3

a. From the firms own stores,

be From a local dealer

c. From another enterprise whioh has the same machine,
d. From a nearby machine shop.

¢. From the manufacturer's storeroom,




2. Influence on grodnction and groductivit;,

e

4.

a. Can production temporarily be transferred to another
machine?

b. Can production be recaptured through overtime, oxtrs
shifts, weekend work, etc.?

c. 1s the machine, or unit, s bottleneck in production?
(The main crusher in an ore extraction plant, s com-

pressor, a large electric motor, an engine, etc.)

The machine uni‘s can be grouped in the following different
catagoriest

a. Highly critical

b. Critical

c. Of less importance
d. Unimportant

If we are able to classify the machines in these groups, W
would also be able to set a base for the spare paris ltoo):.

Standardization of production equipment and components.

a, Does the company have an internal standardization policy
and programme? '

b, Are we able ‘o use the same unit several places in the
factory?

¢, How can we practice standardization to get lowsr cost,
less stock and better maintenance service?

Preventive majintenance groooduru.

a, Do we have a preventive maintenance programme which can
tell us about most breakdowns before it will happen?

b, Can we measure the condition of the equipment and be able
to tell when we will need a special spare part? (A large
new ball bearing, for instance) .

c. FHow can preventive maintenance be able to reduce our own

stock of spare parts and materials?
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tolerances, etc,

a. Are we able to get these dravings delivered togetiher
with the machine?

b. Can we get our tecamicians te snke acospiadle drevinge
to be used in cave of emergency?

6. Location of the facterz,

A factory located far frem industirial esatres, mais treaspert
roads, airports, reilways, ete. is in o less faveurable pesitien,

7. Qeversmeat rulee snd regujetjens,

To wvhat extent will rules fer fereign eurrensy licomss, impert
l1icenss, custems ceatrel., ete. delay dslivery?

8. Dranch of industry end fegree of saiematies.
Consequences of missing & desired spare part caa Yo very different
in the different brenches of industiry, maialy in commection with
sutomation and in process indusiries whiech eperete arcund the clesk.

InmunMeruthduﬂmﬁtMunuof
stook of spare parte sad maintenance materiale will be diseussed further,




THE TOTAL COST OF MAINTENANCE DURING THE LIPFETINE OF

PRODUCTION BQUIPMENT,

Statistical figures available today indicate that total main-
tenance cost during ihe 1ifetime of different production
equipment varies between 254 and over 300% of the cost of
buying and installing. A figure of about 75 - 100% seems to
be most common, and the very low and very high figures are
more rare as indicated in fig. 1.
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Pig. 1 Naintenance cost during lifetime of equipment as &

percentage of its uying and installation cost.

The maintenance cost consists oft

- cost of different spare parts and maintenancs materials,
- cost of maintenance labour and maintenance w




If, for example, the maintenance cost of a machine during
its lifetime is equal to purchase prioce and installation, and
if 40% of this maintenance cost is labour and management and
60% spare parts and maintenance material, then we have to
reckon with spare parts and maintenance material cost worth
$6.00 during the lifetime of the machine for every $10.00 of
the purchase and installation cost of the machine.

Frequently these facts are neglected, both in the economic
planning in the industrial enterprise and in the country as
a whole.
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Statistics have also frequently shown that alternative machines,

which have the same production capacity, have quite different

consumptions of maintenance materials and labour oost.

From a total cosi concept, the most expensive machine to buy might
be the cheapesti in the long run, as indicated in alternative II
in Pige 2. The reason being the use of better steel or other

materials, bigger dimensions in design %o absorb overload.

In general we can thus reduce the store of spare parts and other
maintenance materials, if we buy high quality production equipment,

which are more expensive.
Thie has very ofien been neglocted in grocurcnont procedures and
regulations set by different corporations, companies or government

agencies.

It is important to remember that maintenance staris when we are

evaluating the purchase of production equipment - not the day

this equipment has & failure or a breakdown,

Capital and foreign currency will be needed for spare parts during
the whole lifetime of the machine.

The purchasing of spare parts can in principle be considered to
take place as in Fig, 3. The spare parts supply period consists oft
s, Period of basic stock and major nnlmnt to stoock,
This includes the paris we uy together with the machine,
and the parts the first period of operation tells us we

need.

b, Period of "normal consumption® with a slight tendency
to increase.

c. "Trapping down" period, Decision has been made to take
the machine out of production in & year or two. New

spare parts must only be bought under very special oir-
cumstances.
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Pig. 3

Capital for spare parts in the first period, when the new
enterprise has not yet been able to operate with a profit,

must be coisidered as a part of the total invesiment.

In case spare parts are delivered from hard currency countries

the necessary currency for supply of spare parts must bes included
in the financial plan of the new enterprise, It is important,

especially for the international development banks, to bo aware
of thise,

Lack of capital in the company, or lack of currency for this
purpose in the country, will result in none or very limited

supply of spare parts and increase in production downtime,



C. THE DETERMINATION OF THE OPTINUM SIZE AND CONPOSITION OF STOCK

OF SPARE PARTS AND MAINTENANCE MATERIALS FOR MACHINERY AND

BQUIPKENT OF A MANUPACTURING PLANT.

This termination is for the individual industrial enterprise &
very complicated and difficult matter. Only to a 1limi ted extent
can it be based on theoretic economic methods and formulars,

Decisions are ususlly based on the mapufacturers general recos-
mendation, n_m_ml sxperisnoe, technical know-how and a good

deal of common Sense.

Composition and sise of spare parts must first of all be determined
when the plant is planned and layed out, and decided at the same
time as the diffsrent production units are decided.

Latsr on, the composition will be varied with W of
spare parts in stoock. At this stage the firm will have & groving
sxperience from operation of the plant on ihe basis of which the
stock is determined.

In this situation a systematic and ggloh record of the consulp~—
tion of spare parts and maintenance materials are very valuable and
necessary matsrial.

Pactors affecti e s 8

As a background for the determination of spare parts stooks, it
would be of help to be soquainted with the following ressons fer
the requirement of spare partst

1. Normal wear,
Some parts will, dus to normel friction and wear, hawe a

considerable shorter lifetime than the machine or plamt
as a whole. BExamples are bearings, V-belis, motors, engine

components, packings and eleotric, hydraulic and pneumtio
control units.
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2. Unusual working oonditions.
Some produotion units will have to work under exceptional

oonditions of heat, humidity, dust, corrotive atmosphers,
eto, and these are worse than the conditions they are
designed for,

3s QOverlaod of machines,
A ocommon reason for repair is that somebody tries to let

the machine handle a much bigger workload than the one

it is designed for., This might rapidly result in breakdowns
in eleotric motors, engine parts, gears, transmission units,
eto,

4. Feults in the material of the part,

Some parts are supplied from the mamufacturer with s hidden
fault in the material. Later a sudden and unexpected breakdowm
might take place due to such fault,

5. Acgidents,
Like a orash, an explosion or any other umusual event will
oreate a sudden demand for some spare parts.

Of these five mejor re:sons for needing spare parts it is caly

point 1 (normal wear) and partly point 2 (working oonditions) which
are of such a type that the consumption of spare parts ocan be calou-
lated in advanoce with reasonable toleranoces.

This includes both the determination ofs

Yor point 3 (overload) it is not generally kmown whether spare parts
will be necessary at all. If we imagine that the machine is highly

overloaded we should, however, with our lechnioal know-how, to some
extent be able to anticipate whioh parts are likely to break, It
will be impossible to guess in advance when such breakdowns will
take place, and the anmual oonsumption of the different parts.




Later on the history of ngir and spare Eﬂl oonwtion noog
will give some lead, if this record is properly kept.

For point 4 (faults in material) the situation is still worse.
Theoretically, any part can break for this reason, an axel, &
casting, a part of & steel oonstruotion, etce The background
for making evaluations at the planning stage is very limited
indeod.

Point 5 (accidente) will ocome in the same or even & worse category.

nsive and i are )

Por the determination of which parts to oarry in stock, and for ihe
decision of the tity of jtem, it is of great importance 2 7]

distinguieh between expensive and_inexpensive spare perts. (High and
low value items).

Some parts are w to buy, especially if they are bought
together with the machine or plant, It might be small bearings, &
spring, & gadgety and many other components. However, if they are
not available they might be the reason for & complete or partisl
stop of produotion. Let ue call those W

"low velue items®.

Other parts are comparstively ezpensive to purchase, for example,

a large roller bearing, & spare gear trensmiseion or even & complete
spare machine. These can be called me
jtems". It ie naturel to apply & different wpolicy" for low valus
jtems and high wvalue items.

T™he detarmination of the border bestween the two categories will
dspend upen a mumber of circumstances, but can in moet cases be some-
thing in the order of 5 - 10 U.8. dollars




We regret that scae of the pages in the microfiche
copy of this report may not be up to the proper

legibility standards, even though the best possible
copy was used for preparing the master fiche.
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Which parts to carry in stock,

When a company decides which parts to carry in stock, it is
important to consider their value (purchasing cost) in addition
to their calcul-ted necessity or desirability.

The low volue items represent a small investment and a relatively

low figure compared to calculated cost of production downtims,

For this group it is logical to apply a very liberal policy, especial.y
in the determination of spars part composition.

The high value items represent, first of all, a much greater fipan-
cial problem.

Secondly, the ratio between cost of parts (or units) and cost of
production downtime will be quite different for this than for the
other group. In some cases the most economical solution might be
not to carry the parts in stock, but to supply them if a breakdowm
should take place,

For this group of high value items a different and much more critical
policy must be applied, Only items for which calculated risk of

breakdown is comparatively high, or where the consequences of a
breakdown are extensive, stocking of spare parts is justified,

In the case of high value items delivery time also comes into the
plocture as a complicating factor., If the part can be supplied from
a local dealer the next day, the situation is quite different from
having 3 - 5 months delivery time from Burope,

On the ave high value items represent onl of the r of
items, but of the stock value, Low value articles represent
80% of the number of items, but onl of the stock value

Different determination "policy" has to be applied for lov value
items and high value parts,




Determination of stock sise,

When a company had decided which parts to carry in stock, the
next question is to determine the stock sise or how many pieces
of the different units should be in stock.

¥We can classify the parts in two major groupst:

1. A stock sise of two or more (Parts or units).
2. A stock sise of one (Part or unit).

« % T &
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Pig. 4

Before proneeding any further, the difinition of the important
terms will be classified.




Purchasing order size: Is the number of items to be ordered at

one time. The cost of ordering, of transport, etc. does not
usually increase materially with the size of the order. Also,
with a big order a lower price may be obtained. From this point
of view i1 is better to increase the size of the order. On the
other hand, a big order at one time means tying up a big amount
of money in sfocka and increasing storage expenses. A balance
has to be made between the savings gained by increasing the size
of the order and the resulting cost of a larger stock. Adequate
costing data is necessary to enable management to decide on the
size of the order which keeps a balance between the savings in
ordering and cost of stocking parts. This size is called the
purchasing order sige or economic lot sise. If, for instance, in
the example given in Fig, 4, the purchasing was found to be 12
units per year and the ordered stock is received at the beginning
of each year. Pig, 4 will give the position of the stock at the
different times.

Ordering stock sige: Spare parts and maintenance material ordered

do not usually arrive over-night. The delivery time is estimated

and the new stock is ordered when the number of units in stook

are enough for consumption during the delivery period and until the
new stock arrives. This is called the ordering stock sise. In the
example given in Fig. 4, if the delivery time is assumed to be three
months, the consumption during this period is 3 units and point P
shows the ordering stock size. The delivery time here means the time
between initiating ordering in the factory and the arrival of the goods
in the stores.

Ninimum stock sise: If the consumption of the parts is absolutely
regular, with no emergency breakage or an unexpected over-consumption,
and if delivery time is not subjected to any variations due to finan-
cial procedures, import regulations, etc. then the variation of stock is
as shown in Fig. 4. Under these conditions on the day of arrival of the
parts ordered in the stores, we will have sero stock.




In practice variation in consumption will occur and delivery time
will vary, sometircs materially. The ordered parts would arrive
in the stores later or earlier than expected and the variation of

stock in the svores will be as shown in Fig. 5a.

N

87] ————— 1972

Figo 5B

In this case a certain amount of safety stock must be kept continuously
in the stores to cover these fluctuations and to guarantee that at any
time, inspite of fluctuations in consumption and delivery time, there
will always be a stock available. This is called the minimum stocke.
The size of this minimum safety stock depends on the magnitude of
fluctuation of consumption and delivery time and must be decided by

the management of the enterprise according to local conditions and
experience. It should be, however, re-adjusted every now and then

when delivery and other ccnditions change.
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In our example, if we assume the minimur stock is 4 units, Pig. 5>
shows the modification of Fig. 4 to include minimum stock.

e (L (/AN Ny ) R

'3‘. 5

In this case the maximum stock will be the purchasing order sise
plus the minimum stock or 12 + 4 =« 16 unite. The ordering stock
sise will e ihe comsumpiion during the delivery period plus mini-
mm stock or 3 ¢ 4 =« 7 units, It is to Do remsmbered that the
minimm stock sise is o finamcial 1iability and extra cost resulting
from the variation in consumption and delivery.

The above covers the case where the stock sise is two or more. If
the stock sise is ome, the stock sise is one, the purchasing order
sise is sero and there is no minimum stock.



In the previous given example, it is assumed that the parts are

ordered and delivered once a year. If it is agreed that delivery
will be in two batches instead of one, the average stock size will
be reduced as shown by the dotted lines in the right hand side of

Fig' Sbo
Sumary and recommended grocedure.

1, Collect all background material for the determination of compo-

sition and optimum size of spare parts stock.

(Manufacturers recommendation, drawings and specifications of
machine units, repair history of comparable production equipment,
general maintenance experience, purchasing cost of spare parts,
delivery time, etc.).

24 Find out the spare Erte desirable to have in own stock in ogog
to carry out the glanmd groduction programme.

3, Separate these desirable units in high and low value items,

4. Establish different golicies for these two groups,
Se Make final decision on which parte to have in stock.

6. Decide which parts to have in stock in one unit, and whioh %0

store in two or more uniis,

7. Decide minimum stock size and gurcnuig order size for the
different spare paris.

8, Order the spare parts to be delivered tagether with the machine
or glant.
9, Review decision on spare parts stock rog_\gtrlx ana not less than

once a year,
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FACTORS DETTRMINTNG THE SIZW OF STOCK

A.

DOYNTINE COST DU _TO 'ACK OF SPARE PARTS, THR
UTILIZATION OF CAPACITY AND ITS INPACT ON THR NEED
FOR SPARE PARTS,

The composition and size of stock of spare parts is
primarily not decided only by the cost involved in
carrying this stock, but also and to a sreater extent
by the cost or lack of income of being without thom,
generally considered as downtime cost.

The cost for an industrial enterprise of having a diver-
sified stock of spare parts and maintensnce materials oan
be specified exactly in the annual bookkeeping records,

The cost of being without them is considerably more compli-
cated and difficult to specify, and depends upon z number of
factors, such ass

1. Production capacity compered to marketing possibilities.

2, Available stock of finished products.

3¢ Time of the year, -peak or low season period,

4, Raw materials ability to be stored without being
destroyed (for instance, stesl versus sardines).

S« Loss of customers in the future,

6. Penalties for late delivery,

7. Cost of labdour,

8. Degree of mechanisation and sutomation,

Downtime cost is composed of:

a. Profit lost due to lost sales resulting from lack
of production,

b. Direct labour paid but not producing.

c. Spoilage of products preceding, during and
following the stoppage.




de Cocl of bringings back equipment to working

eandi tions after renaire
e Tntereat on idle investment,
f. Penalties for late delivery and loss of

cusliomers.

The profit lost due to lost sales is a serious item when
gales volume is equal or excecds production. In this
case any production logs due to domtime will result in

a corrcsponding sales 1088 1f production capacity is
preater thin sales demand, downtime effect will be little.
The company will be able to tal": production stops and
still satisfy the market, Extira production can be stored
to enable coping with peaks of market demand. Por perish-
able poods, such as food, where freeszers are Necessary, a
breakdown of the freezing systan will result in a loss of
the products, Downtime in this case will become very

expensive,

Precuently other enterprises are dcauthnt upon our delivery,
as for insiance raw materials or parts for assembly. If we
fail to deliver on time because of downtime in our owm pro-
duction equipment, our customer will be in trouble. In his
eyes we will become an unreliable vendor, Ve will lose
future delivery contracts, which might have enormous influence
on the total comnany economy.

If the delivery contract includes a daily mﬂ for late
deliverv ve get the downtime cost right in our face. In

thie situation it is important for management to secure
production by all possible means, and a satisfactory stock

of spare narts is one of them,

During a production stop due to a breakdown, we will still
have to pay all people involved in that production. In an
industrially developed country with high labour cost, this




.

factor has a much -recater economic influence than in a
developing country with comnaratively iower labour costs.
This is one reason why spare parts stock renerally are
perinaps more important than in induztri ally advanced

countries,

A hiyhly mechanized or automated plant is ver sensitive
to breakdowns of components in production equipment., A
sudden failure ir. one cut of 10,000 parts might put the
whole assembly line, or even a complete factory, out of
production, Even if the reliability of each part is 99,9
the reliability of the wholc unit is only L07,

m!z and mc&m}atim\sz

In this chapter is discussed the influence that lack of
spare parte will have on production and total company
economy, In a given situation we will (or should) have
figures for the costs of having spare parts and main-

tenanoce materials in stock, the downtime cost and added
value cost,

U~ fortunately only a limited group of industrial enterprises
have reliable figures for loss due to downtime due to dif-
ferent reasons, -waiting for spare parts for instance. Thisg
is the case all over the world, but mainly in developing

countries, This is unfortunate becaunse downtime due to lack

of spare paris is a very important fijure for the evaluation

of the coonomy of our nresent ctock. If we by an increase
of spare paris stock and costs of $10,000.- a year can gain

for instance $20,000.- it is a good investment, If we, on
the other hand, can reduce the sparc parts stock by $5,000,-

& year withoul any measureable decrease in production for

this reason, -it also is a good improvement of total company
economy,




General comparison like this can be somewhat dangerous,

as thcy assume that the sparc parts stock in ony way

has a sencible composition and size (of each unit),

This is most often not true. laintenance people get

the imprersion that the storeroom has almost anything
except the part they need,

Frequently can be found that the stock contains great

quantities of some parts and materials (and not even

critical items), while others (and critical) paris are
not there at all,

1,

2.

3.

4.

Develop firures for stock cost of spare parts and

and materials.
Record fisures for downtime due to waiting for spare

parts and maintenance materials, (™is recording
might take several years.

Compare the two fipures and evaluate changes which

will it_rmrove total company economy.

Evaluate at the same time the coggosition and sige
of the different elements in the stock,
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THE IMPACT OF STANDARDIZATION OF PRODUCTION EQUIPMENT
AND COMPONENTS.

Economic influence of standardization,
W

In the long run, an in-plant standardization of pro-
duction equipment is the factor which will reduce to

the greatest extent the number of spare parts and main-
tenance materials in stock, and thus decrease the
capital tied up in these articles.

This standardiszation includess

1. (Complete machine units, as tool machinery, mater-

ial handling devises, boilers, compressors, furnaces,
etc,

2, Machine ¢ nis, as electric motors, pumps,
valves, bearings, fittings, pipes, etc.

3. Regular consumed maintenance materials, as steel

bars, plates, oil, metals, etec,

Ano&}ofmulupoM_wgiwlam

illustration (Pig. 6).

In 1958 this concern started its intermal standardisation
programme, At that time the four factories of the concern
had s total meintenance stook of about 5 mill, US$ and an
anmisl consumption of spare parts and maintenance materials
of the same sise,

In 1969, -after 11 years of standardisation work-, the
valus of the stoock had been reduced to less than ) mill,
USS. This had been possidle in spite of the fact that
production had increased considersdly, and the anmual
Sonsumption of spare parts and materials was in 1969 close

to 15 mil]l USY.




Pros & 111 ratic between stock and consumption in 1958 the
company had moved to a 115 ratio in 1969, In this period
between 11,000 and 12,000 different units and dimensions
had been standardised.

e economic advantages were not only a reduced stock, but
also reduced prices for a number of articles., Some steel
material ocould be dought direct from the steel mill and all
ball bearings direct from the manufacturer. With standardiza~
tion and unification of spars parts small manufacturers were
able to produce spare parts in competition with the manu-
facturer of the machine, in most cases to acceptable quality
and with a price down one-third,

Delivery and supply circumstances were improved, because the
local dealers feund it possible to carry stock of components

for standardised machine units,

Organiuticn of ltaMardisgtioug

Background.

The basis for standardisation sre intermati standards,
national standards (DIN - normes for instance) and standard
dimcnsions set up by different manufacturers (SKF - ball
bearing catalosue, etc,

An internal company standard or norm is a very limited fraction
of standardes mentioned above. In preotice this will turn out

to be » book of norms,

Use of norma,

TSR

The material collected in the book of norms will be used ati
1. Design of new production equipment, both in the
companies® own drawing office and by a manufacturer

or an encineerin: firm from outside,
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2. Purchasig_g of materials and spare parts to
the factory.

3¢ Requisition of materials and spare parts
from the storeroom,

It is not allowed to go outside the norms, Only peopls
at a certain high level in the company's organisation
may authorize the use of off-standard dimensicns under
special circumstances,

Standardigsation office/c ttee

There are two main possidbilities for organising standardi-
sation work,

ls As tion ¢ ttes, oconsisting of people
who most of thoir iime are engaged in other types
of work,

2. A standardissicion office, with one man or & growp
of people working full time on this subject.

In addition the office will operate with supporting
and deoision-making commitiees.

Experience has shown that the 24 alternative by far has
€iven the best prectical result. The people in the gronp

have boen able to secure a rather repid and sonstant pro-

Axess of work,

Lack of progress has $esn the main criticism of the first
alternative. The members of the committes hawe in prectice
Dot been able to devote the expected amount of work om
standardisation, Others and more urgent problems get priority
and the standardisation progremme is delayed,

A small or medium-sised company will have the probles of
affording & qualified man for standardisation work alome,




In any case the establishment of norms must work accord-

ing to the "ianagement of Objectives" principles. Certain

goals for the number of items standardized must be set up

for each time period,

Book of norms.

As mentioned earlier, the product of the standardization
office is a steadily growing book of norms.

This book will have one blade for each type of material,

In Pig. 7 is indicated a normblad for steel pipes of cast

iron.

It conteins the following inforwations

a. Type of article - Steel plate for boilers

b. Blade no.- here 002.007, vhich identifies the
blade., It is different from any other
norm blade.

c. Material used - here H II DIN 17155, certified
according to the standard Cerman DIR-norms.
This is a precise description of the steel
used in these plates,

d. Example of ordering - is the description to be
used when the company shall order material
from the outside vendor.

e. Stock term - the description to be used vhen the
workshop shall order this material from the
store. Note that the internal material
no. (002.007.03) is used in this requisitios
and not in the purchasing order,

f. The date this norm blade was official
(4th January 1968).




ST0CK TORNS
Article' Blade nr.
JESL PLATES POR BILERS 202,007
Over 4,75 00 S S—
Haterial Date
¥ IX DIN 1715% , certificart 1 4.dan. 1ye6s

Rxanple of ordering: 8teel plates for doilers 16x1250x2%00

8tock term:

DI 1543

N II DIA 17155, eersificet

Thickness and toleranses according to DIN 154)

—

dteel plates for doilers 16x125%0 x 2%00 K Il
Katerial ar. 002.207.09

Dinention

nr.
~m

002.007.03} 5 1250 x 2500
04] 6 1250 x 2500

06] 8 1250 x 2500
07110 1250 x 2%00

1250 x 2%00

1250 x 2500

Mg, 7







Material no., thickness, dimensions, tol-
erancesy weicht, etc. - which are all
necessary technical information,

he Where in stock. The company has four factories,

Rjukan, Eidanger, Glomf jord and Notodden

(Norsk Hydro). A mark in the last column

REGN (the first letter in the factory

names) will tell which factories have

this material in stock,

Where it is desirable, the normblades also includes a
cross-section drawing of the normed item - a valve for
example,

Up to August 1970 a total of spproximately 400 normblades

have been worked out, which covers between 18,000 - 194000
1'“"0

This also includes standardised items which are not in
stock today, but are used in production equipment now

being designed or bought, and thus will bde in stock in
the future,

This proves that ltmgtig starts in the factory-

planning period, not after the factory is finished,

ﬂomib’nig for standardisation

Standardisation can be handled by;

le The unr[mr of the equipment
2. The mamufacturers of production equipment.

3. The organisation of consulting firm responsidle
for a "key door project®,

Experience has shown that plant standardisation is only
successful if the buyer himself is pushing the work forward,



The_different manufacturers will produce a oertain mum-
ber of standard dimensions., But each one shall satisfy

s wide range of different customers in many industries.
The individual plant only needs a frection of these

dimensions.

Blectric mOtOrS are & good example. As a part of stand~-
ardisation, a company's policy would be to btuy from ome
samufacturer, but in the company’s norw only 5-10% of
all different units produced by that factory will be
included.

An organisation or consulting firm making & "key door
factory” should have excellent possibilities for stand-
ardizing produciion components, This is also dome %0
some extemi, tut, sorry to say, rether seldon and to &
vory limited extent. '

There exist & mwmber of W where standardisation

is almost totally neglected, especially im developing oountiries.

Bven in cases where standardisatios 1s sost natural, it i
possidle to find the most horridle examples.

In sn smmenia factory there were four ki gh~preseure

.

mﬂm‘nﬂ»nﬁoﬁn. They were of
shree different makes. "1 think the comtrecior mst haw

bought them on sale”, said the Mintenance MaRAger.

It might very well de 00, 88 the comtractor mainly is
\nterested in procuring the different units at the louegl
M. The total cost conoept of proourement
and maintenance, as mentiomed earlier in this paper doee

mot interest him very mich. Quly the Wurer hes Shis

interest iR



The basic aim of this paper is to serve as a guideline
for managers and their subordinates in industrial enter-
prises, and to clarify the scope of the problem of spare
parts inventories and stock of other materials used in

the maintenance of production squipment.

A paper on this subject must necessarily, to some extent,
be general, and is meant as background material for the
reader to give him impulses and ideas of different kinds.

The presentation aims at being as practical as possidle,
based on the fact that the subject itwelf and its soluticn
in real life in industry is of a very practical nature,
with none or very limited scisntific background.

The different types of spare parts and maintenance msierials
are analysed, and the reasons for their necessity are
thoroughly discussed. Spare parts and materials are con-
sidered as a part of maintenance, and maintsnance as an
integratsd part of production. BEmphasis is given to the
ways of obtaining the optimum solution taking the overall
esoonomy of the enterprise into consideration,
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Buyer's authority.

In a buyer's market the receiver of a new factory has
the authority to decide in detail the components to be

used. This must, however be discussed with the con-
tractors _'b_gg_g_r_e_ the agreement is sifmed and must be
included in the contract. If not, the buyer will get
8 nice extra bill, -whether it is realistic or not,

The well-organized enterprises in Burope and North America
have detailed specified books of norms which are used for
all new installations. Purthermore, this book of norms is
strictly adhered to in practicé.,

A developing country which gets a key door factory delivered
through a contract or low range loan or gifts, should have
the same possibility to influence standardization,

The receiving country is, however, often short of qualified
people to take on this job., Purthermore, the technicians
come into the picture at a comparatively late stage, When
the plant is under construction, it is inmuch too late to do
anything about it,

Standardization must come into the picture at the planning
stage, as indicated in Fig. 8,

With the great influence standardization and internal norms
of different materials, parts, etc, have on the spare parts
8lock and spare parts service, it is of great importance
for any industrial enterprise of some size to get this
function organized and operating properly.




C.

-0~

THE IMPACT OF PREVENTIVE MAINTENANCE AND REGULAR
CONTROL OF MACHINE UNIT CONDITION,

The purpose of inspection of production equipment as

a part of a Rreventive maintenance programme, is to
discover failure, wear, corrosion, etc. before the
situation is critical and before a sudden breakdown

takes place.

This will cive a time interval between the moment the
failure is discovered and the day the spare parts or

P

maintenance material really are needed.

This can be a period of & couple of days, a week, or
even more, and can help Ahe maintenance department to
reduce or eliminate the production downtime effect due
to lack of spare parts and materials,

Especially for high-value items the preventive maintenasnoe
programme can result in a considerable reduction in mm
tied up in spare parts stc., and in the cost of keeping
this stocke.

It is realistic under these cirounstances to reduce ihe

ainimum quantity in stock, and even w

stock record completely.

Large ball- and roller bearings can be good examples,
Instruments which are able to indicate that somsthing is
wrong with a bearing, and that it should be changed withia
a limited time have been available for some Yyears.

The SKF Ballbearing Company can today market IW
shock puls peasurement instrument, This can tel]l when &
small failure starts in a ball or in the sliding treck.




Regular measurements, and comparison with curves recorded
from previous bearings can also tell rather exactly how

many weeks or months it is possible to run the machine

without a risk of a cudden breakdom.

For machine units 1ike this we can rather safsly eliminate
the spare stock completely, and base the supply of new
bearings on the results of the meacsurements of condition,

This of course will depend upon a reasomable delivery time,
It is, however, possidle to dicecover such a fault a long
time in advance so that it will satisfy most industrial
enterprises,

However a considerable Iesearch and development activity

is going on in deweloping new and Ybetter structive
gontrol methods for machine units. It seems that the methode

vhich are most dewveloping are the more advanced and complex
gondition control aystems, Primarily this is the conditiom

of different tests built into the machine unit when it i»

designed, snd connected with suiometio recording snd alayw
srstens,

It is natural that th.s will hawe a great influence on how
the spare part stock is set up,.

Preventive maintenance will majaly hawe impact on the sise
and composition of stock of spare parts based on “"pormal

wear® or "agraa) working comditions”. "Overiced” on s

sachine can, however, easily result in breakdown in s unit

today, -even if it was reported to b quite o.k. yesterday.




Summary and conclusion,

he steadily more applied and improved systems for
preventive maintenance and control of machine units

condition will have a great influence on the size and
composition of stock of spare partis.

It is gm;t_a_nt gt this msitim and sise is evaluated
[ ¢ 1 ] 4 existi lanned 8

4 reven : sain and dition control.



D.

COST OF MAINTAINING A STOCK OF SPARE PARTS AND
MAINTENANCE MATERIALS,

Costs arise from the following:

&, Making the purchasing order,

be Follow up with the vendor,

6. Receive, control and put in store received
material,

d. Invoice cost

¢s Customs and freight cost

f. Capital costs of materials in store

g+ Storerooms cost (building, supplies, shelves,
transportation, equipment and other facilities)

he Cost of storeroom, labour and supervisors

i. Deterioration cost (some material will be
destroyed during storage, especially in
tropical olimates),

Jo  Shrinkirg cost (theft, misplacing, etc.)

These costs can be grouped ing

1. Total purchasing cost (from point a to e above)
2, Storege cost (from point f to j above)

o lot s in

e LW

The oost of making one purchase oan for prectical
caloulations be oconsidered as constant,

It is mainly the oost of own persommel whioh is inwvolved
(Vaintenance Dept., Purchasing Dept. storercom, bookkeeping,
th.)o

T TT——

AR 10 et
T



Whethe: 10 or 100 units are ordered, and whether one

order consists of 1 or 3 different items makes com-

paratively small difference, Companies which have

made calculations of their cost of making one E\_x;ghaae
order have come out with figures which vary from 5 to
15 US$. For inexpensive materials, routines for pro-
curement can be drastically simplified with a compara-

tive reduction in cost,

1f the Maintenance Dept. (or storeroom) orders material
at a local dealer over the telephone, and gets a monthly
invoice on such deliveries, purchasing costs may be
reduced to a couple of dollars,

In the following example we will however operate with
$7.- as purchasing cost for an order of some sise.

Storing oost consists on the aversge oft

Interest ot
Storeroom, supplies, etc. k4
Personnel ¥
Shrinking, etoc. ¥
Insurance A%
Total 18% of cost of material

in stores

which we will use in the example, In industry, storing
costs vary from 15 to 30%, depending upon many factors.

Nathemati tion for ec c lot sise in 4

The minisum stock size is considered as a fixed overhead,
permanently existing in stores, and thus does not affect
the calculation of economic lot sise. Ninimum stock is
not included in the calculation of total storing cost.
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The material passing through the stores will be in
our case, equal to total purchase per year,

cost price per unit
0 = purchasing cost ($7) per order

1 = storing cost per year per § in

store (18 or 0,18)
annual consumption in units
X = economic lot sise in purchasing

Total purchasing cost per years

P-c.l-&x

Total storing cost per years

L-("%)oiol

The minimum reserve stock is oconsidered to be eTO0; a8
it will have no influenoce on the ecomomic lot sise,

Average mmber of units in store will thus des §

The total anmual cost will be:
Kelsl

!-c.l-&o.% + (c+§)§ 1

Derivation of this question on x givess

| | 1
t'-oo.-zq-!c.l

b 4




With minimum K® = 0 and we pget

0=9 Oo! 01'01
2 ?
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Orephicly this is showm in Pig. 9.

b 5
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= 008t por wnit 10

®

0

1 « storing cost « 188 e 0,18
I = umius oconsumption = 300 units
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Yoo

Boonomic 1ot sises

X . \lh_%.t-!_ . \lz...lm
.1 10.0,1'

b S 49 = 5

Tis means 4t is most socnomjoal Yo order 50 wnite

every 2nd month.

The gurve for total cost will in prectice be yery fla
near the sinimws pojnt,

Parthermore we moet realise that & mmber of factors
considered in the formular do mot happen 100% ( for
instancs that consumption is oonstant).

It is therefore more realistic to talk about an scomomic
area than an economic lot sise, as indioated in Pig. 10

A

7
H77
77,20 7

Pig. 10




In practice it is in most cases possible to operate
with such bdig tolerances as

® 50f and + 1001 of economic lot sise.

Purchasing 1ot sise outsjde these borders should be
avoided,

In our example it means that we MCM a lot
oise less than 25 or more than 100 units,

U f ¢ 2e in

It is only prectical to use this formul.r fors
Group of High Valus materials or spare parts (see page 12)

Orowp @ and of Megular consumed materials and spare
parts (see page 1)

Based on the most common distritution of materials emd
spare parts between the different groups this means that

less than 108

of tho artioles on stock can be caloulated this way.

In total they 40 however represent

between 50 and 60%

of the walue of the stored material and spare parts.




E.

STOCK SIZE DEPERDING UPON THE NUMBER OF PLACES
THE ITYM IS USED IN THE MANUPACTURING PLANT,

MM

If one component is used only in one place in the
factory, we are faced with this problem: Shall we

have one spare part on stock, or shall we not carry
it at all?

If this unit is critical for production quantities, we will
have to bear the cost to have a spare on stock, This is
based on the cost of production downtime in the case of &
sudden breakdown or failure,

If the same unit is used on 5, 10 or 20 different places,
we will in case of category D, irregularly consumed spare
parts, of maintenance materials, still have the same
problem, which iss

&gimmgtockarmatgh

The cost of having a stock will however per installed uni$
be considerably less. In the case of only ons installed

unit we will haves
Annual costt L = -L'—"-f-)—]*
1€ the same unit is used on N different places, we will haves

Anmaal costs % - L&QJ

where: e = cost prioce of unit
0 = purchasing cost
1 = storing cost (in % of @)

¥ = number of places the part is used




-41-

In case of category C of maintenance materials - regular
consumed spare parts, it might be economically advisceable
to have more than one unit on stock if the part is used

a number of places in the factory. (Fig. 11)

A

34 -mmmm——————— ,
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In the example in Pig. 11 is indicated 2 units on stock
when the part is used in 6 different plsces, and 3 parts
when used on 15 places.

These figures will, however vary depending upons

~frequency of consumption
~delivery time of new parts

~number of critical places where the part is used
~downtime cost,




Member of plius ho s hem 13 vsed

Pig. 12

In any case the ocurve will have a falling tendency.
The mathematical possidility for the part being
desired at the time fe aces will
relatively go dowmn as the number of places increases
(Pig. 12).

If we for instance have one part installed in 30 dif-
ferent places, the possibility for & sudden breakdown
on 10 of these units at the same time is far less than
a sudden breakdown on one unit which is installed in
3 different places.

It must be realised that IM“‘“&R of units used

in groductig equipment gives quite enormous possibilities
fors

1. Reductior of spare parts in stock

2, Inorease in stock service (availability of epare parts)




Iz one chemical factory it was found 125 different
units (manufacture and size) of one type of valve,

The standardisation program brought this number down
to 12, It was at the same time made clear that if
standardisation had been done before the plant was
designed, 8 different units would hawve been sufficient,

It is quite obvious which reductions in spare parts
otock and increase in the availability of parts, this
made possidle,
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I. INTRODUCTION

A.

DEFINITION OF SPARE PARTS AND MAINTENANCE MATERIALS

IK THE BROADEST SENSE, THE MAIN GROUPS OF THESE ITEMS,

THE POSSIBILITIES FOR CONTROL AND A SUMMARY OF THE

PACTORS DETERMINING THE DECISION,

Maintenance materials and spare Ertl is a conmon term

which covers all kinds of supplies necessary to keep
production equipment operating satisfactorily, and turn
out production to the desired quantity and quality st the
desired time,

Nain of saintenance materials and re parts

a. Regularly used materialst
Por instance oil, grvase, 1nmps, fuses, washers,

overcoats, shoes, bolts, nuts, etc. -~ under special
corrative atmosphere, aiso steel and metal plates,
bars, pipes, fittings, etc.

Por practical purpose this consumption can be ocon~
sidered as regular,

b, Irregularly used materialsi
Por instance steel plates and dars, metal, stc,

wvhich we suddenly need because somsthing unforeseen
happens. It might de fault inm the original material,
accidents, etc.

The comsumption is impossible teo forecast and is

hMghly imﬂsr. J
S, m;.;x; used spare aﬂlg ‘

These are parts manufactured to be identical to
certain parts in a machine, but all have a life
time which is less than the machine as a whole,

and they will be replaced at least once, perhaps
ssveral times during the period the machine is in
operation. Exaspler of these are: ball bearings,
gears, electric motors, slectric controls, V-belts,

filiers, etc.




d, Irreelarlx used spare parts:
These are also parts manufactured to be identical
1o one or more parts in the machine, but they are
supposed to have a lifetime which in most crses is
the same, or longer, than the lifetime of the machine.
When the machine is gscraped, the parts in the machine
may be still ina satisfactory condition.

Examples are & propeller in a ship, an axel in &
machine, a casting, etc.

These parts right be used during the lifetime of the
machine, but ususlly when we finally scrap the machine
we will "ave a considerable amount of such parts in

our f£ioreroom.

FOSSIBILITIES FOR COWTNOLI

When a coatrol mm is es*ablished for maintenance materials and
spare parts, it is very important to distinguish between the above
msntioned four groups.

In aatsgrin a and ¢ the advantage is that the material or spare
parts included will almost entirely be used sooner or later, They
certainly represent a company investmeni and cost, but with careful
evaluntion and experience it is possibls to conirol these two
groups in a way which will satisfy both production, maintenance and
economical points of view,

™e categories b and d are in & less favourable position. To have
parts from group d in stock can best be compared with having fire
insurance on & house, If the house burms down, it is very convenient
to have insurance. If wo had a orystal ball which could tell us that
we will g_t_hu-ufin in the house, we oould have saved the insur-
ance cost.

Unfortunately, we do not have any crystal bell to tell us which
special ocomponeris of vhich machines are going to have & breakdown,
and when that will happen.
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F. THE IMPACT OF BRANCH OF INDUSTRY, TYPE OF MA CHI NERY
AND DEGREE OF AUTOMATION,

W

Branch of Industry,

Te determination of the size and composition of spare
parts siock must primarily be affected by the sggcial
circumstances for each individual company.

The general recommendations which can be made for each
vranch of industry is thus rather limited.

However enterprises could be divided intos
a) 1 shift operation
b) 2 shift operation
¢) 3 shift operation
d) continucus production during the week
e) continuous operation

Te machinery availability r maintenanoe work in general,

Furthermore the possibility to MMM

due to lack of spars parts or materials decreases in the
same order,

Prccess industries, like oil refineries, iron and stesl
mills, paper mills, chemiocal factories, sugsr mills, oement
works, etc., are most dependent upon & comparatively large
gtock of spare parts, both in composition and sise,

The cost of production downtime adds up around the oclock
and will rapidly reach very high figures. The possibility
to recapture lost production is none or extremely limited.




-5

¢. Is thers a clear and precise ton managcement
instruotion for the use of standards or norm bladen?

d. Does the maintenance department check that the norms
are used in practice?

3., Internal maintenance workshop.

a. Which tool machinery, etc. are available in the workshop?
b, What kind of work can they do?

c. To which tolerances can they work?

d., Has the workshop enough qualified crafismen?

e, Which average workload has the workshop? 1Is it
overloaded or has it idle capacity?

f. Will it ba desirable to supply the workshop with
more machinea?

4., TExternal maintenance workshops,

a., Which workshops are in the same area?
b, What kind of work can they do?
¢, What are thcir delivery time and nrice?

d, Are there workshops available in other
manufacturing plants?

e. Are there other workshops in the country?

f, What is the situation with type of work,
deliverytime and price?

5. Technical drawings,

a., Have we been able to get drawings together with
the delivery of the machine or plant?

b, If not, have we tried to get such drewings?

o, Can we make a satisfactory drawing ourself, in
oase of emergency?

d. Are drawings filed in a way which makes it easy
to find them in a hurry?

e, Are copies of drawings oentrolled'ne that we oan
be sure of not loosing an important drawing?

6. Types and value of spare parts ggg gggg:;;;g.

a, Have we divided all units int

- Regular consumed materials?

- Irregular consumed materials?
- Regular consumed spare parts?
- Irregular consumed spare parts?




Te

10,

and ing

- low value items?
- high value items?

b, Have we established different stock nolicy for

these different groups?

Statistical figures.

=

b.

Ce

d.

Which figures from production and maintenance are
recorded?

Are they satisfactory for an economic calculation
of spare parts stock?

Are production downtime or lost added value due
to lack of spare parts recorded?

Are statistical figures easily availatle, for
instance through electronic data processing?

Preventive and protectiva maintenance.

A

b.

Co

do

€,

a.

b.

Ce

Is the present preventive maintenance programme
good enough to have realistic influence on size and
composition of spare parts stock?

If not, what can be done to improve conditions?

To which extent can a more advanced control be
appLied?

Is enough training done to secure a reasonably cor-
rect handling of the cquipment?

Is production equipment where necessary redesimed
reinforced to prcvent or reduce future maintenance?

Size of stock.

Is a realistic minimum stock size decided upon?

Is purchasing order size calculated for items where
it is possible?

Is there a system for re-evaluating of minimum stock
size and purchasing order size?

Storeroom routines,

Coo

b.

Does the storeroom file of spare parts and materials
give the up-to-date figures of available units?

Is orderinc stock sime calculated, based on consumption
and delivery time?
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Does the routine for ordering of new parts func-
tion properly?

Does somebody check changes in delivery time?
Are stock fi.ures changed correspondingly?

Is the ctoreroom well layed out, so the parts
can be easily found and identified?

Does the storeroom protect sufficiently spare
parts and materials in stock against dust, heat
humidity, etc.?

Is everything done to cut out "red tape" in the
procurement procedure?

Is stock size checked and compared with file
figures?

Orgggizationg

8e

b,

Ce

d.

How is the spare parts and materials supply
system organigzed?

How is authority and responsibility delegated?
Has one man (or a group of people) spare parts

and meterials as his special area of work and
responsibility?

Can organization be improved, and thereby improve
the entire service of spare parts and maintenance
materials?
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IV,

SPARE PARTS PROBLEMS IN DEVELOPING COUNTRIES.

Developing countrics compared to industrialllvdeveloped countries,

The author of this paper has had the opportunity to see and dis-
oourse the spare part problem in different parts of the world with

different degrees of industrial development.

|
|

The situation concerningt

~Spare parts on stock
-Possibility to get fast delivery
-Possibility to make spare parts

is indicated in Fig. 13 below

!

on .

Si
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Fig. 1

Tn & developin~ rountry where it takes a lon¢ time to et a

new rupply of soare narte, where the possibilitier for making
porte innide the compsny or country are very limited, we will
in weneral also Cind the cmallest stock of spare parts, both

in cize and comnosition,
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Enterprises in industrially developed countries not only

have the advantage of getiing fast supply, or pctting a
needed part made in their own or nearby workshop, they
also have a very well-ecquipped stock of spare parts,
espacially in composition.

It is more logical to have the opposite situation, with
a well-equipped stock of spare parte when the possibility
of getting parts made or supplied in & hurry are rather

limited,
W¥hat is wrong with the organization of spare part service

in dﬂllggig c&triu?

To the best knowledge of the author, there is no special
paper on spare parts in developing countries. In a number
of maintenance surveys, however, spare parts are mntioned
as one of several important factors.

Even if it is possible in any country to find individual
companies where the situation is different and often quite
satisfactory, the general conditioms arw as follows:

1. Board of directors and top menagemsnt in industirial
corporations do not seea to have the right under-
standing for a reasonadle stook of spars parts and
maintenance materiale.

2. Government bodies, 1ike Ministry of Industiry or
Indnstrial Dewelopment Boards sees to bs still
further avay from practiocal reality im the gquestiom
of necessity of a diversified spare part stock.

3. Fairntenance managers and wery often plant managers
have on the other hand a very clear opinion that
production plans cannot be carried through without
spare parts, but have in prectice, unfortunately,
been able to do comparatiwely little about it
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Factories which belong to international concerns
have in general a much better stock of spare parts
both in composition and size than the government-owned

plant in the same country,

This c~n only be explained as a result of top management
attitude, as there is no difference in opinion at the
maintenance management level,

Financing of future spare parts is not done torether
with the financing of the plant,

This is true especially in countries who lack the neces-
sary foreign currency, but frequently it also is the casc
in corporations which lack the available capital,

Supply routines create a longer total delivery time,
Authorization to bypass through a number of different
people, time spent getting 2 currency license and
customs procedures delay the delivery of important parts,

The plants workshops are in general too poorly equipped,
the difficult supply situation taken into consideration.

The country in total is lacking facilities for making
spare parts inside the country, Special gear-cutting
machinery, steel foundry, etc. are major examples,

The utilization of available machinery and capacity
inside the country could be better.

If a maintenance workshop in one factory has specialized
tool machinery, it will in most cases have an ideal
capacity for making parts for other manufacturers. This
is a matter of coordination, of knowledge and of company
policy.

Very few manufacturers of production equipment have built
up a satisfactory spare parts service in countries where

machines have been delivered.







Mechanical industries, and shoe, textile, clothing,
woodworking industries have nornaally 1 or 2 shift
operations, and only partly 3} shifts. The consequences
of lak of a spare part is far less, and it is natural
to apply a different policy in determining the compo-~
sition and size of spare parts stock.

Figurey available can also confimm that branches of
industry to a very great extent have influenoce on the
spare parts stook,

The technical magasine "Pactory Munagement and Maintenance®
(Mo Grew-Hill, New York) has made some studies of total
saintenance oogts compared with anmual sales and total
investment in soms one hundred Amsrican enterprises of all
brenches,

Maintenance cost is norwslly 8 - 10% in Yypical process
industries, and 1 - ) in the gther category.

The survey does not separste cost of spare parts and cost of
labour and maintenance management, If we anticipate that
the spare parts cost to some extent is proportional to the
total maintenance cost, we can from this survey get a rough
picture of the situation in different branches of industry,

Factors of importance are:

1. e machinery nseds for spare parts and its

ability to take overload and rough treatment.
2. The possibility of fast supply of spare parts,

from a dealers stock in the same country, or
from the mamufacturer,
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1, The cost of spare parts, Some manufacturers seem

to have the policy to sell the machine itself at a
low price and charge very high prices for spare
parts,

4. Technical drawings, with corrent dimensions and

tol erances,

If these factors are favourable it will have an extensive
impact on the spare parts stock. For a machine which does
not need many spare parts, where any spare part can be
delivered from the stock of a local dealer at reasonable
cost, we can safely reduce our own stock to a minimum, and

only to parts which have regular consumption.

If a machine, on the oivher hand, is produced on the other
side of the globe, and there is no local dealer with spare
parts in stock, we have to order parts from the manufacturer.
If we will also be unable to obtain technical drawings, our
own stock muat both in composition and sige be quite dif-

ferent.

The four factors mentioned vary consideradbly from one
manufacturer to the other, and are in general of a greater
influence on spare parts stock than type of machinery.

Before a machine is bought it is of great importance to
investigate and evaluate its need for spare parts, from
where spare parts can be delivered, at what price and if
specific d-awings can be obtained,

Degree of Automation,

Typical for automation is that a large number of machines

are built together in a huge production unit,




A failure of one compcnent in a machine might stop the
entire production, with enormous cost of production
downtime,

Even with a reliability of each unit of 99,97, we can
easily ocme out with a total reliability for the auto-
matic plant of 50 - 807.

A high degree of automation requires a very good and
fast maintenance servioe in general, ~-included an
[ ive stook of ) th in o ition

sise,




G.

THE SUPPLY SYSTEM FOR SPARE PARTS, SPEED OF DELIVERY,

RISKS, AUALTTY AND ALTRRNATIVE TRANSPORT COSTS.

Spare parts supply system.

From the users point of view it is obvious that the manu-

facturer of machines and production equipment must he
responsible for building up a satisfactory supply system

for spare parts,

Such a system includes:

1. Exact identification of any part., Each part must
have an identification number, which is clear and
precise and will distinguish it from other parts,

2. Assembly drawings of the machine with all the dif-
forent components marked with its spare part number.

3. Spare parts production and stook policy. How many

yoars after sales of the machine will the manufacturer
guarantee supply of parts? Which parts does this poliocy
include?

4. Llocation and size of spare paris stock, Where will
stock be kept? <-At the manufacturer only? -at dealers

in different parts of the world? ~in different
countries or in different industrial areas?

Which parts are kept in each of these stocks?

5. A _spare parts price list. Economic caloulations
can only be done if we know the price of spare parts,

for instance in connection with evaluation of repair
or renewal,

A relatively small manufacturer with a wide-spread distribution

naturally will not have the possibility to build up a spare
parts servioe which will satisfy users.
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The large enterprises usually have a better background
for service. This is generally true in practice. In one
developing country one foreign manufacturer of tractors
had 80f of the market, Its maintenance service also
proved to be completely superior to the others, with a
main stook in the capital city and a number of loca)
stooks in the different agrioultural areas.

In many cases the manufacturers are unable to cope wita
spare parts service to0 the extent the users want. This
requires capital investment and lots of work, Bven if
the prices seem high from the users point of view, it is
not at all an attractive business for the mamufacturer,

It is however fully realised that & good spare parts servioe

has an extensive sales promotion effect. ’

The question of spare parts supply syltfn inoludes aleo the

routines for ordering mew parts at the users plant.

It is important that this routine be flexible enough to
meet oritical situations.

The maintenance department must in such a oase have the
suthority to take direct contact with the dealer shreugh
telephone or oadble, ~and afterwards inform the purchasing
department that the order has been made,

ﬂzed of d.li“!zo
1, Time to get the order approved

2, MNailing time for the order.
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3, Possible delivery time at the vendor.

4, Time for the vendor to receive and ship the order,
5. Transportation of shipment.

6, Delay in harbor, airport and oustoms.

7. Time for local transportation and information to

the maintenance department.

Of these factors Nos. 3 and 4 whioh are mainly out of
oontrol from the customers point of view. To some extent
they can however be influenced to our favour, if we have

been able to establish good personal relations and contaot
with the vendor.

All the other factors are more or less under control for the
buyer, to some extent even & fast service from customs.

Air freight is more and more used for trensportation of
urgently desired spare parts, and an economic evaluation of
freight cost compared to cost of produotion downtime will
in most cases justify the high transportation cost.

The maintenance manager of & Scandinavian paper mill took

once & morning plane to a mamufacturer in Germany, and in

the evening he went back with the part he needed so desperately.
Even if this case is very umuual, it is & good example of
inoreasing speed of delivery with all possible means.

Risks,

To be without a spare part always involves a risk, and it
is up to the enterprise to dsoide at which risk limjt he
will operate.

Pigures on reliability, lifetime, etc. for all different
components are, however, only available to a very limited
extent. It is feir to say that risk primarily must be




-51-

based on experience, technical know-how and common sense,
and that more sophisticated methods can only be used for
a small group of items.

Risks are in Emnl reduced g concontutigg on & wide

composition of spare parts, and have a smaller stock sise
of each unit,

Quality.

It is a fair and necessary requirement that a part made in
the mainteaance workshop, or ordered to be made in an outside

shop should have the same quality standard as the original
piece,

In emergency situationg we cam however in meny cases be
able to keep production going for soms time with a part of

poorer quality.

It has been, and still is, a tendency to prantios the philo-
sophy that a machine which no loanger oan be used in production
can be trensfered to the maintenance workshop. If this
redundancy is dze to production over-capacity, then it is
0.k.;, but more frequently a machine is handed over to main-
tenance becsuse of wear and reduced adility to produce at
high tolerances.

Draasportaticn cost,

In principle the user is interested in the lowest possibie
trensportation cost of spare parts and maintenance materials,
either by boat, trein or truck. A good planned and well
organised supply system will also be able to get close to
1001 of the materials reduced, In eme situations, &
comparison should be made between cost of air freight and
cost of dowmtime,
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III. METHODS AND CRITERIA TO BE USED FOR DETERMINING THE SIZE AND

COMPOSITION OF SPARE PARTS INVENTORIES.,

M

In the first two chapters of this paper ig discursed the different
$ypes of spare parts and maintenance materials, the "total cost
concept" of procurement and maintenance were discussed and also the

different factors influencing the issue.

This chapter is given as a guideline, check 1ist or manual for the
people at manuacturing plant who are responsible for building up
a stock of spars parts and matorials which should be the optimum
for the total economy of the company.

The stock nust be decided individually for each different factory.
1f, howaver, all faciors in this "check list" are evaluated, and
all questions answered, it could be reasonably well anteed that
all efforts for getting a "correct spare parts stock™ are done.

1. Spare parts and procurement of a piece of grodnction e;gigggnt.

a. Is the need for spare parts evaluated?

b. Is the need for spar: partis surveyed through
contact with other factories which have the
machine in question.

c. What does the manufacturer recommend?

d. Does the vendor keep a stock of spare parts?
e. Which parts does he keep in stock?

f, What is his price?

g How fast can the vendor get new supplies from the
manufacturer?

h. Can we get technical drawings of critical parts
delivered together with the machine?

i. Por how many years does the manufacturer/vendor
guarantee spare parts stock?

26 Internal standardization programme,

a. Has the enterprise developed internal standards
or is it decided to do so?

b. Is this programme being used, or is it more a
"programme on paper" than a reality?






