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INTENANCE AND PRCDUCTIO!,

Growth of the Mainterance tusk,

As long as mankind uses to,!s, experience shows
that using tools brinsg alonr a decline in
suitability through wear - tear and in some
cases sudden breakdow'.,, It was ratner simple at
first to repluce or repair the tools; usually
the user could manufacture ine tonls himself
from raw materiair found ir the oper. country and
time wis not money yet., Ac itecnnology lead to
the deve.opment of complexer tools specialisation
began, Maintenance became mure expensive, the
operator lacked the skill ic accomplish the
maintenarnce task ard the hish investments in
tools did rot allow long intervals out of
operation due to maintenunce, To~day's installe
ations and machineries require ar efficient
execution of maiutenance =¢ as to minimise
production costs, !r order io orgunize mainten=
ance, the mair. teaance function has to focus on
production.

Relation of productign to muiptengnce.

Production presents itse!f to Maintenunce in the
requirement of repair of tte means of production
when they have broker down. Mairntenance rerves
production in returning the failed equipment int.
the operationul stute, thus supplyin.: potential
production capacity. This relation of production
to maintenance can ve visuilised in & diagram,




as shown in figure 1,

PRODUCTION

In She simplified flov diagram in £ig. 2 e
BAintenance process 1s ocaracterised W e change
in states that unite tou Le maintained uaderge,
starting froa the stase of operetional wee
returning to this state. To fulfil the task set
W production it is necessary %o .ontrel this




flow of the units through the maintenance phases.
By situating prowuctior in this flowdiagram as
ghown, the ir+ 'rel:+~" bheheviour of maintenance
and producticn can ve detailed further.
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2.2, Cortroling Maintenance

Maintenance control did not develop as a matter

of course, In the initial phase of & new production
process all attention and effort was direoted to

set production going, because it is of vital
importance to obtain the products, The increasing
number of failures and down times exceeded acceptabdble
limits, Neglecting long term effects, declisions

were aimed pureiy at direct results, showing mainten-
ance control acting like u fire brigade., Making up

the seeming shurtage of capacity by an increase of
maintenance personal did not solve the problem.

It then was understood that maintenanoce should
be organiced.




2.3. Ansalogies of maintengnce und production.,

The far-reaching similarity of maintenance
activities and manufacturing activities, together
with the vast amoun. of knowledge und experience of
production control, demand a comparison of the
production control system with the maintenance
control system. This comparison it visualiged

in the analogous diagrams in figure 3. Analysis

leads to the following major conclusions: 1]

- Long term planning, mid term planning, scheduling
and process~planning as they have been developped
for production control systems, can be applied in
maintenance control systems,

= Study of the behaviour of the market cannot be
compared with the study of the behaviour of objects
to be maintained., The knowledge in this field is
ie 8till in the early stages of developaent,

T
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- Relatively simpler than in production is the
problem of tuning i:.. maintensnce requirements
by producticu nd the maintenance capubility
of the organization . ae all objects to be
majntained -~tihe future clients- are known
beforehand uand as production and maintenance
can be controled withir the same organization.

2.4, Baintenance Planniug and Control.

2.4,1, Maintenance Plan:ing is necessary in order to te able
to decide whether the avauilatle maintenance capécity has
to be adjusted or reserved and whether inventory control
measures regardings maintenance parts are required. The
accuracy of the forecasts that can ve reached however
is often insufficient because of the stochastic
failure behaviour of the objects to be maintaired.
More reguiurity cuu be achieved by using a preventive
maintenance pclicy, whinh will be treated in this paper
for the case of a group of similar objects.

2.4.2. Maintenunce Control,

The execution of maintenance control requires that
throughput time standards are set, in order to be

able to decide on the necessity of corrections of the
maintenance process in execution. These standards however
will have to vary from case to case, as the different
individual objects do not arrive for maintenance in the
same technolcgical state, Therefore, if possible, a
buffer will have to be available serving as a compens-
ator for the varying throughput timee and for the
varying demand, The use of this buffer -the turnarounde
will be treated later in this paper.




3. PREVENTIVE MAINTENANCE.

3.1, Definitions.
The literature snows a variety of definitions of
maintenance, which is rot unusual in ail that
goncerns managerial aspects., In order to prevent
ambiguity it is necessary to define maintenance
a@s it is understood in this paper.
MAINTENANCE ie the total of activities serving
the purpose of retaining the production means
in or restoring them to the state that is
considered necessary for the fulfilment of
their production function,
CORRECTIVE MAINTENANCE or REPAIR is the
maintenance that has to be executed in order
to restore production means from the failed
state tot the operatie state,
PREVENTIVE MAINTENANCE is the muintenance of
production means in the non-failed state with
the objective to prevent or reduce failures,

3.2 Repsons for preventiye meintenance.

If a "wait and see" policy is used maintenance
is executed uniy ai.er the event of failure.

In many a case this cannot be accepted, As far
a8 that goes the following aspects can be
distinguished;

- safety

- avallability

- plannability,

3.2.1. gafeyy.

Quite some of today's equipment involves high

- energy, speeds, forces, radiation, and such-like,
The design being complex and requiring operation withe
in narrow limits, a relatively small deviation from
normal 6peration may lead to serious accidenty,
endangering operators, users and others. In order




5.2,2.
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to reduce this risk preventive i:.pections ard
prevernitive replacements are executed, It is rather
difficu.t and ov:te: impcsaitle to jtetermine the
trade-nite ' costs and resu.ts. A in addition to
that the preventive mw-.i.tu ance has to achieve an
almost certuin resuit, practive irn this field is
usually vured or experience aurnd tradition. Often
realieation na3 tc be enforced by law. Safety however
is not the leading uspect in determining a preventive
policy.

Availability.[2]
Availability is ‘hke rati~ o!f the sum of the up times

and the sum ot the up- plus down time: of a system,
measured over a period ! time, The down time share
is determined by two fuctors: the gyumter of failuvcs

in the periyd anu the avera v time reguired for
maintenance.

Connected to the :umber of failures are the
quantifiable propertie: tajiure rute und
reliability. Today's krowledge in thi: area
is operutinnua research centered, whicr. imple-

ments that rather detuiied quantitive data are
needed in crder tc arrive nt conclusicns suituble
for practical npp'i:1ti: - determining mainte-
nance policies. Un *he ~ther side nowcver it highe-
1ights the necescity of n decision to be made by
production ccncerning whut ia expected in this
respect. The faiiure rute in particulur is a proper=-
ty that is usefu. in the determinatio: of a preven=-
tive policy, us the standard set can te compared
with informatiorn of the :ctual results that can bhe
coilected relatively ency.

Connected to the average time required for
maintenunce is the quant. fiable property

pajotainability. This property, like relia-




bility, is a probubility concept kiown in ope-
rations research, A reduction oi the maintenance
time includes an increase of time =vailable for
production. It is assumed that u good preventive
policy redu~es the ~um of tre mair‘*enance times
for corrective plus preveantive mui:itenance.

It i to be ncticed thut research in some cases

showed that an unsatisiactory availability was
not improved by ircreasing the preventive
maintenance effort. [1 ,ﬂ.

5-2050 Plannabilitx.

How far betier maintenance controi can be a-
chieved is primarily dependent on the quelity

of the maintenance forecasting process and of the
regularity of the demand for maintenance. Both
oan be improved by introducing preventive mair-
tenance. The preventive maintenance policy chosen
implies the determination of the periodicity, thus
enabling the forecasting of times at which preven~
tive maintenance will be due. As the content of
the maintenance activities to be executed will be
more or less similar each time, the meintenance
Japacity needed eac. time can be f{crecasted too.

Regularity of the demand for maintenance will

not turn up as a result of merely introducirng
preventive maintenance, Corrective maintenance

= though expected to decrease - will still be
needed at irregular times. If tne preventive
maintenance ie spread out equally in time, the
total demand for maintenance capacity will still be
fluctuating strongly, as figure 4 shows. These

. fluctuations can be reduced by influencing the
short term demand for preventive maintonance.
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As figure 5 illustrates maintenance demand
originates from two sources: the unforeseen
event of failure leading to a direct demand for
corrective muintenance and the preventive policy
leading to an indirect demand for maintenance.
Indirect demand means that there is an amount
of time play ullowed as to the point of time at
which maintenance must etart at the latest.

This opeus up the poesibility of fitting in
preventive maintenance in the total schedule.
T™he result - for the ideal case -~ is illustrated
in figure 6, It is evident that the scheduling
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of preventive maintenance should make maximum
use of the possidility to plan preventive
maintenance in the time pexricds that production
4088 not need the objects requiring maintenance.
As stated, the ~hnics of & preventive mintenance
policy implies t.e determination of the period-
doity. Distinction has to be made between two
64808, dependent on the relation between the
operation intensity and the sensitivity for
failure as a result of the operation intensity.
e operation intensity is measured in some

ualt of consumption typical for the systea
oonoerned, e¢.g. mileage per unit of time for
motor vehicles, flying hours psr unit of time
for airoraft, hours of operation per unit time
for oompressors, etc. If a means of produstion
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oo, m. load
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"e. 0 JOTAL _MAMTINANGE LOMD

{ planning capasity sdjusted prov. m. loed )

« further called "system" in this paper - has

e high operation intensity the resulting failure
behaviour will be connected to it. Most systems
show a ohargcteristic property, meaning that the
systear will fail when the characteristic property
has reached a certain value, the fatal limit.

By measuring the value of the characteristic
property periodically - preventive poliocy - it

is possible to forecast failure, that enabdles
saticipation on the failure by execution of
preventive maintenance before the fatal limit
has been reached, even if there is an non neglec-
table variation in the fatal limits of systems of
the same make and type. Pigure 7 illustrates
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endurance curvea one can come across [1] :
curve C cennot be reygarded as characteriatic since

it is not sensitive enough to be suitable for
forecasting the time of failure of the individual
systems. Curve A is typical for 6.8, the wear of tyres
of motorvehicles; c .rve B is typicil for e.g. the oil
oconsumption or for the oil pressure of combustion

engines. If a aystem has a low operation intensity

CARACTERISTIC
PROPERTY

I I, )

== Jowl Jwh

p?

. W88 resulting failure behaviour will not be conneo-
ted to 1t. The symptom observed is wear and tear,
eorrosion and suoch-like. Typical in this oase is the
fading away of properties which are not directly
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connected to the proper operation of the system,
but nevertheless cannot be neglected because
failure can be expected before the event of passing
the fatal 1limit of a characteristic property.

In this case a pre. entive poliecy requires the

more or less arbitrary choice of the interval

for preventive maintenance, In aviation maintenanoce
policies of this type are known as "IRAN® (Inspect
and Repair As Necessary) or as "TARAN" (Test and
Repair As Necessary)., Forecasting is possible in
this case because the intervals are known. ~-[4]

The foregoing shows that a preventive maintenance
increases the plannability of maintenance because
the arrival of systems due for maintenance can be
forecasted, together with some play as for the
definite decision of the moment maintenance has to
begin,

GBOUP MAINTENANCE.
Introduction.

Studying alternative maintenance policies and the
methodulogy of seleciion ¢i a policy in a concrete
situation leads to distinguishing between the
following typee of objects by the using organi-
gation [1] :

- large, singular systems (such as the energy
supply system in a factory, a ralar installa-
tion, a paper manufacturing machine, etc.)

- groups of identical, rather simple and cheap
objeots (such as bulbs)

~ groups of identical rather complex and
expensive objects (such as motorvehicles,
aeroplanes, lathes, etc.).

™he group treated in this paper is the category
mentioned latest,the group of identical, uthtr
oomplex and expensive objeota.




4.2,

Availabilitx and turnaround,

Availability -~ in correspondence with the

generally accepted concept - is a property of a
system. That implies that we have to think of one
8ingular specimen though the av: ilability behaviou:
may have been derived irom the banaviour cf a group
of identical systems by statistical analysis. But
even in that case the conclusions representative
for the group will be formulated in a form that
enables application in cases concerning one individ.c:
specimen, In accordance with this concept para 3,2,2,
etated that improvement of the availability of a
system has to be found by seeking for ways that lead
to reduction of either the failure rate, or of the
time needed for maintenance. If the result is un-
satisfactory from the point of vieuw of production
the outiook seems to be rather pessimistic,

This however, does not hold true, in the case that
& group of similar objects in one organization

is concerned. The ultimate objective of maintenance
is to serve production as far as the requirements
of production go. These requirements concern first
of all uninterrupted operation during production
periods, In the second place production expects
restoratic~ of the production capnbility within
short time in the case of breakdown, and in the
end, as a matter of course, all this should be
accomplished under optimal cost conditions,

In the case of a group of similar objects the
requirement of produotion can be expressed in the
number available instead of in terms of availabdili.;
of one specimen. In addition to this number needed
for operation there will be a number which is some-
where in the maintenance process. It is necessary,
then, to have at one's disposal an additional
number, which is called the turnaround,
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It is evident that as far as the reliability and
the maintainabilitly cannot be improved, a better
availability of & group can also be achieved by
an increase of the total number.

Zgrecas til_\g demadid .

An essential information needed for the Planning

of maintenance is the expected rumber arriving for
maintenance, We can compute that number as an
average [rom the operation intensity, the prevention

‘maintenance pericd ir unite of consumption and the

number required by production, We will do that in
two steps,

f%ep one converts the figures in terms of unite of
consumption into figures of units of time, for one
specimen of the group, according to the formula:

C
mor. B

ia which
0l = Operation Intensity

PMPC = Preventive Maintenance Period
in unite of Consumption

PMPT = Prevention Maintenance Period
in units of Time

BxARRle
OI = 600 hrs per year
FMPC = 1800 hre per overhaul
then

Pt = 1588 = 3 years between overhauls.

AYep_two concerns the computation of the expected
numbers of arrivals, acoording to the formula:

am - BE ;)
PMPT

in whioh

NRP = Number Required by Production

NAPM = Numoer of Arrivals for Prevention
Maintenance




4.4.

Example (continued) :

PMPT = 3 years between overhauls
NRF = 2] piece
ther.

JADM = %l = 7 overhauls per year.

As this uumber contains preventive maintenance

only, there will be e churce of incidental additional
demand for corrective mainterance calling for the
same maintenance capacity. This additional demand
must be eatimated on the basis of experience and
Judgement. Because the maintenance organigation
oconcerned usually handles a diversity of types,
incidental underestimation of the capacity needed
for one type will compensate incidental overesti-
mation for other types.

Somputation of the turnaround.

As was explained in para 4.2. the maintenance
process requires a turnaround. Leaving out
fluctuations in operation intensity, in main-
tenance throughput timee and euch-like, we can
distirguish two cusem for the arrivals for
mintenance, rewsls tha praventive policy and the
failures requiring corrective raintenance of the
same level. Therefcre the turnaround ias ocomputed in
two steps.

f38p one regards the turneround due to preventive
maintenance only, It ia computed according to the
formula:

TPM = NAPM x MTT . (3)

in which

M?T = Maintenance Throughput Time

TP = Turnaround for Preventive Maintenance,




Example (continued)

NAPM = 7 overhauls per year
MIT = 2 months = 1/6 year
then

TPM = 7x 1/6 = . 1/6 piece.

T™his number, 1 1/¢ piece, is not very practical
for several reasons. All figures used in the come
putations are averages and do not allow for fluc-
tuations leading to higher requirements. Neither
does the preventive turnaround contain any demand
for corrective maintenance due to incidents such
&8 unexpected breakdown. Pinally it is not possible
to procure 1 1/6 system, the number has to be a
disoreet number. This leads us to

g%ep two: the determination of the 77, the Total
Purnaround. Prom a theoritical point of vieuw it is
possidble to compute the TT by statistioal analyseis
with methods derived from operations research. In
general this is not very well posaible because of
the load of information that has tc be processed,
due to the sophisticated level of the mathematical
models concerned. Apart 1r.m that, the deo.sion to
be made is an unique decision, which requires
Shoughtful consideration by management, The con-
eiderations that will have to lead to the final
deocision: "how many pieces will be prooured as
total turnaround in addition to the number re-
quired by production?" will take into account

She following aspects:

~ ZIhe missjon effect of the sysiem concerned;

mission effect explicitly states the penalty
for the organisation of heving less in
operation E‘,Q]




4.5.

-‘.r

= 8eaponal trend:s in the use, as for periods
in the year that uilow fep nore pieces in
mainienance, than the Total Turnaround, be-
cause less piece:. ~re required by production
than the no'mally required number
- Rrice of one piece
= reé=~procurement gosaibilitx, cspecially in the
case of the impossibility to buy an additional
Plece 1n the future if the estimates made now
might appear too optimistic later,
The final determination of the total turnaround, then,is
made by a decision procese that goes along these
lines, assisted by the quantitative data supplied by
the computations mentioned before,

te nation of the input R
The computation in formulas (1), (2) and (3) were
based upon the input variables:
- 0I, Operation Intensity
- PMPC, Preventive Maintenance Period in units
of Consumption
- NRP, Number Required by Production
= MTT, Maintenance Throughput Time,

QL. If the eysten concorned is new, the Operatiocn
Intensity has to be estimated on the basis of exe
perience with comparable systems or from the pro-
duction plans. It should be noticed that the OPe=
ration intensity is the average for the group, found
by oonsidering the numnber required by produotion, eo

leaving out the number meant to serve as turmaround,

&MEC. The Preventive Maintenance Period in unite
of Oonsumption has to be determined on the basie of
advice of the manufacturer, combined with own exe
perience and expectations, in partiocular in regard
of the vay of operation and of the ianflueace of the

environnent typical for the organisation concerned,
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ERP. The Number Required by Production is to be
determined in the way appropriate for the system
concerned; this - of course - is not a maintenance
task,

N52. The Maintenance Throughput Time hus to be
estimated as an average on the basis of experience
with comparable systeme. Due to the rounding off of
the Turnaround for Preventive Maintenance to the Total
Purnaround the initial Maintenance Throughput Time
has received more play. It is of importance to compute
this play and announce it as such, in order to prevent
the gradual increasing of the intended throughput
times to a level where the additional play is not
available any more as the dbuffer for the fluctuations.
The computation of the play goes as follows (compare
with forsula (3) ):
2T = NAPM (NTT + PMTT)

in which

e = Total Turnaround

NBAPR = Numbder of Arrivals for Preventive

Maintenance
nr? = Naintenance Throughput Time
PN?? = Play in sddition to the Maintenance
™roughput Time

Po find PNTT we revrite the formula as followe:

NPT = A - NPT (4)
NAPN

BEaBale (continued):
¢ = 2 piece (assumed that the oonsiderations

msant in pare 4.4, step two, lead to the
deoision to raise the Turnmaround for
Preventive Maintenance, TP, from.l 1/6
to a Total Tarnaround, 2%, of 2 pieces)

EAPN = 7 overhauls per year

T =« 1/6 year

theou

m-i-}-& year, vaioh
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comes to, rougnly, if wi:.th. e sivrificance of this
figure is %5 ve ,udged vy coaparir, it with the value
of the MIT, bein: i/6 year or . mouths. Phis shows the
great impact cn tnroweviout *ome piav as a result of

& 8mall difterer o in the tornuround.

It is evidert (hat un or.ciurzation .ntroducing a
computationil approach such as the m2thod described
in this paper cannct work along *he lines indicated.
In that case the computiotions will serve as a check
on the possibility ot Mmalntainiug « system without
affecting the numbter required by production,

In some cases that may lead to the decision to
require a max imum throughput time ror certain systems,
in order to achieve that coal,

IRAN or TARAN.

The foregoing paragraphe <I this chupter were bused

on the assumtion *tkat the Operatiar. {ntensity lead

to a preventive poiicy huving the rature of an overhaul ,
due to wear as a resuit - operaling the system coucerned.
In the case that an IRAN «r TARAN policy 1s used

formula (i) does nut .ppiy. .nstead »f computing the
Preventive Mainterance Feriod in units of Time its

value is dctermined directly on the basis of practical
considerations. T™e other caoamputations cam then be

&pplied in the same way,

AREiYal Pettern. In the foregoing paragreaph it was

supposed - though not stated - that a group was in use
and, hence, showed a pattern of arrival that was mome
Or less equally spread. This however ie not 80 in the
initial phase of the introduction of 4 ETOUPp of systems
of & nev meks and type. If we assume that we procure

& group, all at one time and put the group into
operation simul tanously, we will have to face very




seriocus fluctuations in the arrivals for maintenance
after a while. The symptom is illustrated in figure 8.
It learns that we will find an enormous increase in
arrivals for maintenance after some time, having 3 peak
value after a time period, equal tc the Preventive
Maintenance Pericd in Units of Time (PMPT). We see the
repetition of this peak again and again after the same
intervals, though the height of the peak decreases
gredually because the pieces will not be due for main~-
tenance all at the same time.




5.2, Smoothing the arrivals.

If we do not use a preventive policy the same
accumulation of arrivalc will appear, It ie

evident that it .1s necessary to anticipate on
the first penk. This iy possiblo by taking in

¢
¢
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the firat pieces Jor preventivc maintenance at
an earlier time than prescrived by the Prevene
tive Maintenance vorisd, ‘The resu: v of such &
premature irtake iv il .. tr.tes in tigure 9,

A8 to production ot mena trau the number of
pieces out uf cperilionr v maintonance will not
exceed the nuuber recko:ed with ac turnarcund,

Though these considerati~ns indicate what shouid

be done, they dor't shcw how this process can be
controled. Collection of the actuel data in order

to compute the probabi:ity functions underlying
figures B and 9 is rather complicated, if possible
at all. There is, however,a rather simple controling
aid in the form of a graph, If we measure the con-
sumption since new or since cverhauled at fixed
intervais, and make up 2 sraph by plotting the status
of each piece ranking them in sequence of the con=
sumption figures, We will find graphs such as illu=
strated in figure 10, The staggeriine is the ideal
case of regulcr arrivals. As far as the plotted line
does not inciine towaras the staggerline, natural

distribution of corsumption over the pieces is in-
sufficient., The decision '0 start premature over=-
hauls is made by means of this graphic picture,
Pigure 11 srows tne results of superposition of the
periodic measurements in one picture, The form used
for this purpose in a real application is shown in
figure 12,




6.1,
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SONTROLING MAINTENANCE EXECUTION.
Insake [4.6]

After the pusaing of the first intake period
desoribed in pars 5.2 the stabie phaie begins,
e objective in this phase is: guarantee to
production that the number production requires
will be availeble. The objective of maintenance
control, then, ia to see to it that the number

of pleces we. :ing ror maintenance or being in
maintenance 'ill not exceed the Total Turnaround,
fis will e to be achieved by anticipating on
short term {luctuations by feed forward oontrol,
Bore again tie status graph is used, If we find
e status as presented in figure 15 we can fair-
1y well assume¢e that the arrivals in the near future

le ___Guimes. cyols )
9’ e ®
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will be regular. If however the status found

ohows a picture as visualised in figure 14, it

48 fairly certain that the number of arrivals

will be lower than normal in the near future, dut
will be higher than normal shortly afterwards. This
oan be prevented by taken in pieces with the highest
hourstatus earlier than normal. Instead it aleo may
be possidle to influence the individual Operation
Intensity by employing the stragglers for more ine
tenaive operation jobs in the next Lfuture.




6.2,

6.3.

V-

ggioritx.

The Maintennnce Organization needs two fundamental
priority rules, The first concernc the intake in the
maintenance process (valves no. 1 and no, 2 in figure 5),
th: second concerns ti 3 priority of {he diversity of
types heing in lhe maintenance process, detoermining

the tiue of bacominy available (valve no. 3 in figure 5).
Apart from secondar) factors to be reckoned with the
priorily should in both cases he based first of all

on the ultimate nbjeciive, serving production. This

can be found relatively easy in using the state of

the tuwnaround. Types having no piece available

for icsus will have priority over types having pieces
avail. ble for issue; typ?s having exceeded the total
turne.ound will have priority over others.

gglgg‘t;ona Ly feedbaok.

The fi st experience ussblie for correction for

the a: sumed and predicted values oan be found in

the pr ma‘ure overhauls. As the turnaround is
availa‘'le at the time ol overhaul anyhow, taking

in the firat can oc dore with the additional ob=-
jectiv: t> study the charnctveristic properties of

the sy.:tem, That wiil rnable to confirm or to correct
the Pr:ventive Meintenance reriod in units of
Oonsumhtion, Besides the bill of Material can be made
up in order to pre-order material rfor the overhauls
to cone and a more aocurate forecast of the mainte-
pance ocapacity oan be determined.

During the normal operational life of a system the
values assumed or predicted initially, will have %o
be adjusted. As a matter of fact that will have e
be done immediately after any serious ohange in ¢.§.




Operation Intensity or ir. the Number Regquired by
Production, This towever is not sufficient because
there ars gradual changes tnat will be noticed too
iate, 1- order o nrevent tnat, o periodic check on
the essentiid vaulues £ t he axecut. d. In the case
where this =z=vaten . upp:.ed = The Royal Netherlands
Air Force - there are tvw- check~, One is bused on
the Operation Intensity, *the oviher is bassed on the
experience of the orgarizatiovn executing the
maintenance.

T™he Operation Inteneity is measured periodically.

If the Operation Intensity differs mors than 10%

of last value, the operation Intensity and all com=-
putations concerned are changed according to the new
value, As a matter of fact the "new" Operation Inten-
sity is not merely used as such. The value expected

in the future is smoothed by means of a relatively
simple smoothing formula known as "single exponsntial
smooth.ng" [?] . The measuring ie based on thes re-
porting of tha hours accumulated since new or since
the last overhaul, of all systems in the group. As

the same figure is kuown from the foregoing period,

it is very simple to compute the hours operated during
the period since the furegoing reporting. The reporting
period is determined by the rule of the thumd that the
measuring period should be somewhere between one tenth
and one sixth of the total period concerned, in this
case the Preventive Maintenance Period in units of
Time. For practical purposes the reporting period

is rounded off 10 quarters of a year, half years

or years.
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As quite some systems may show a eeasonal trend,
the Operation Intensity should be computed as a
moving average over the past period of 12 months,
"e planning based on it can be regarded as
Lolling planning.

The organisation executing the maintenance grins
experience by maintaining the systems. This may
lead to an increuase or decrease in the Preventive
Minsenance Period in units of Consumption. Also
e Maintenance Throughput Time may have to be
changed. In order to obtain the advice of the
organisation executing the maintenance a meeting
should be held periodically. In the case where
his system is applied this meseting is held

onoe a year for each make and type.




CONCLUSIONS.

l. Systems in operation in groupe generally require
& preventive miintenance policy in order to be
able to plan muintenance,

2. The arrivals for Maintenance can be forecasted
on the basis of the Operation Intensity, or on
the basis of age if the Operation Intensity is low.

3. If the Number Needed for Operation is not to be
affected by Maintenance an additional number, the
turnaround, will have to be procured.

4. If & new group is put to operation more or less
simultaneously the first overhauls will have to be
executed prematurely in order to prevent the number
in Maintenance exceeding the turnaround.

Porecasting arrivals on shori term can be

done by means of a graphical representation
of the hours-status.

In order to adjust assumed and computed

values the primary variables should me measured
periodically and experiences should be discussed
periodically.
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