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The EUT maintenance model 

W.M.J. Geraerds 

Eindhoven University of Technology, Eindhoven, The Netherlands 

Abstract 

Since the end of the sixties attention has been paid to the fundamentals of maintenance and to maintenance management 
in courses and in research at the Department of Industrial Engineering and Management Science of the Eindhoven Uni- 
versity of Technology. The descriptive model, which is generally valid, was developed in order to illustrate the interrela- 
tions of partial and dispersed knowledge. Its usefulness is not limited to academic activities; it also serves as a tool to assess 
possibilities to improve maintenance in an enterprise. The structure of the model is explained in this article. 

1. Introduction 

In the late sixties maintenance was introduced 
as an elective in the MSc curriculum in Indus- 
trial Engineering at the Faculty of Industrial En- 
gineering and Management Science at EUT 
(Eindhoven University of Technology). Stu- 
dents can choose an elective course with the spe- 
cific intention to concentrate their final MSc re- 
search project on that area. Over a hundred by 
now made use of that option, carried out through 
research in practice, not behind the desk. Re- 
search started at the beginning was explorative 
by nature. It appeared impossible to evaluate the 
abundance of publications as for the relevance of 
their specific contributions to maintenance sci- 
ence. The advocating of the - hardly turning up 
in practice - bathtub curve was not followed by 
the consequential conclusions how to act differ- 
ently. The endless stream of statements that pre- 
ventive maintenance “is good for you” did not 
specify how to determine what preventive main- 
tenance was to be carried out. The majority of 
publications on the economic aspect suggested 
that maintenance costs were too high anyway, and 
that all that was needed was to realize mainte- 
nance at optimal costs, again not specifying the 
way in which that would be achieved. It soon be- 
came evident that for a systematic approach a 
functional framework describing maintenance 

was needed. Therefore attention was paid to de- 
velop, gradually, a model. The eventual result is 
presented in this paper. 

2. Model, necessity and limitations 

A model is a - partial - representation of real- 
ity. A complete, and true representation of real- 
ity would be possible only by a completely iden- 
tical copy of it. That, as a matter of fact, is not a 
feasible idea really. Some problems can be solved 
by research and experimentation in actual situa- 
tions, but not all, because the actual situation 
often does not permit to carry out the experi- 
ments required. 

First of all the time required to carry out an 
experiment can be prohibitive. It takes time be- 
fore a foregoing policy has disappeared from re- 
sults turning up and before the new policy has 
phased in completely. It is not until that time that 
the period of evaluation of the difference in re- 
sults can start. Evaluation of an alternative pol- 
icy may, consequently, very well require one to 
two years. If more than one alternative policy has 
to be compared each alternative requires succes- 
sively its own period of application and evalua- 
tion, as simultaneous investigation is impossible. 
Therefore experiments of this type in real situa- 
tions are essentially impossible. 

Secondly, setting the limit of the value of es- 
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sential parameters sometimes requires assessing 
the fatal limit by experiment. In real situations 
that would require passing the fatal limit, which 
in some cases would result in economically un- 
acceptable, if not calamitous, consequences. 

Thirdly, real situations are complex. If scien- 
tists (or consultants, or managers) use the term 
complex they actually often hide that they do not 
really understand the issue concerned sufli- 
ciently. However, specific problems turning up 
and requiring an answer in practice usually have 
a limited scope. There can be no doubt about it, 
then, that if we still do want to make progress by 
analysing alternatives, even if the problem is 
“complex”, we have to release the unattainable 
intention to cover all possible questions, which 
could turn up in respect to a specilic function, 
maintenance in this case. 

Another reason to design the model is the need 
to be able to describe maintenance in general, in- 
dependent of but covering the diversity of indi- 
vidual situations. The way in which general 
models are designed is predominantly deter- 
mined by the specific intention of the model de- 
signer with respect to the problem he wants to 
attack. In the present case the objective to illus- 
trate maintenance as an interrelated set of pro- 
cesses to be managed prevailed, corresponding 
with the industrial engineering approach of 
organizations. 

Taking this into account, a model with its lim- 
itations is a suitable tool to look into real situa- 
tions for the possible aspects which are taken up 
in the model in view of the objective. 

3. 

a 

Model usefulness 

The intended use of the model is plural: 
On the academic level it serves as an instru- 
ment to inventory in a systematic manner: 
- available scientific knowledge against la- 
cunae in that knowledge, thus indicating to 
which problems further research should be di- 
rected; 
- the knowledge available in each of the inter- 
related subfunctions, assisting students in un- 
derstanding the relationships in the diversity 
of isolated pieces of knowledge they have col- 
lected, in particular where the applicability to 
the maintenance situation is not explicity ap- 

parent to them, because it was presented un- 
der a nonmaintenance heading. 

0 In practice it serves as an instrument for main- 
tenance management in the systematic identi- 
fication of: 
- subfunctions in which knowledge, available 
but not applied yet, provide possibilities for 
improvement; 
- the subfunctions which are corresponding 
with “cost centres”, in order to provide a basis 
for their evaluation in respect to effectiveness 
and efficiency. 

4. Starting points for the EUT-maintenance 
model 

The following starting-points underlie the 
model: 

(1) Industrial engineering 

First of all the model is based on the principle 
of the view of industrial engineering on an orga- 
nization. This essentially comes down to regard 
an organization as an interrelated set of pro- 
cesses, the output of which can, and must be, in- 
fluenced by planning and control. This requires 
the contribution of several scientific disciplines, 
an approach known as “multidisciplinary”, in 
which systems theory and operations research 
play an important role, but concern two of the 
disciplines involved only. 

(2) Universal 

The model should be universal in view of the 
technological diversity in practice of objects to 
be maintained. It should cover not only produc- 
tion equipment, but also buildings, roads, ships, 
etc. 

(3) Organizational variations 

The model primarily concerning maintenance 
as a function within an organization should not 
exclude contract maintenance provided by gen- 
eral contractors, or as product support by the 
original equipment manufacturer (OEM ) . 



(4) Feedback to design 

Not going into the process of designing tech- 
nical systems as such, the model should include 
the feedback of information to the design meth- 
odologies of the various technical design 
disciplines. 

(5) Disposal 

It was not considered to be required to take up 
the disposal phase. It is taken up in the UK tero- 
technology model and in the US life cycle ap- 
proach, however they concentrate on the life cycle 
phases of one technical system only, not on 
maintenance as a function in an organization. 
The individual decisions about the disposal of a 
technical system, as well as decisions about the 
introduction of new technical systems and about 
their replacement do not belong to the core of 
maintenance theory. It actually concerns invest- 
ments considerations which can be handled by 
well established methods for replacement 
decisions. 

5. The structure of the model 

The model specifies the subfunctions, or sub- 
processes, connected by their interrelations. The 
model primarily shows maintenance as it ap- 
pears in an organization, seen from the point of 
view of maintenance management. The organi- 
zation is supposed to have its own maintenance 
department, making use of contractors and of 
product support by the OEM (Original Equip- 
ment Manufacturer ) . 

The model, depicted in Fig. 1, contains the fol- 
lowing subfunctions: 

(1) 

(2) 
(3) 

(4) 

(5) 
(6) 

the objects (TS’s) to be maintained 
(TS = Technical System ); 
the internal capacity; 
the external capacity offered in the market 
by a diversity of contractors; 
the external capacity offered specifically by 
the OEM’s (Original Equipment 
Manufacturer); 
maintenance planning and control; 
the inventory control of nonrepairable 
maintenance parts (consumables); 
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(7 ) the maintenance planning and control of 
rotables; 

(8 ) the evaluation of results; 
(9 ) the terotechnical feedback; 

( 10 ) the methodology of design of a TS; 
( 11) the specification of requirements for a TS; 
( 12 ) the design of a TS; 
( 13 ) the manufacture of a TS; 
( 14) the design of the maintenance concept for 

a TS. 
It should be mentioned that the model does not 

include maintenance technology. Maintenance 
technology is - analogous to chemical technol- 
ogy, mechanical engineering technology, and such 
like - a collective noun for the very diverse col- 
lection of technical maintenance operations. Up 
to a high degree they are directly derived from 
manufacturing technology, partly they are spe- 
cific for maintenance, such as corrosion control 
and repair welding. Maintenance technology is 
outside the scope of industrial engineering, it be- 
longs to the lield of responsibility of the technical 
disciplines, and consequently is outside the scope 
of this paper. 

6. The subprocesses distinguished 

In the two bands at the bottom of the figure the 
upper band indicates the subfunctions which are 
taken up in the figure over the band. The lower 
band indicates which of the subfunctions con- 
cern the contributions to be obtained from the 
technical disciplines, and which subfunctions 
concern the field of interest of industrial 
engineering. 

In the following Sections the subprocesses will 
be described briefly. 

6.1 The technical systems (TSs) 

The diversity of objects to be maintained in an 
organization using them shows enormous diver- 
sity, e.g. lathes, elevators, compressors, the illu- 
mination, the copiers, the washrooms, the office 
of the executive managing director and the word- 
processor used by his secretary, means of trans- 
port (such as: cars, trucks, busses, aeroplanes, 
railway carriages, locomotives, forklifts, bicy- 
cles, cranes, ships, conveyors, etc.), telex, fax, 
telephone, the telephone exchange, roofs, the 



T
S

 
M

an
u

fa
ct

u
re

 
M

ai
n

te
n

an
ce

 
C

o
n

ce
p

t 
D

es
ig

n
 

O
p

er
at

io
n

 
M

ai
n

).
 

M
g

t.
 

M
ai

n
t.

 
In

 w
n

 
t.

 
D

es
ig

n
 

o
r 

U
se

 
d 

E
va

lu
at

io
n

 
C

ap
ac

it
y 

C
o

n
tr

o
l 

T
ec

h
n

ic
al

 
D

is
ci

p
lin

es
 

In
d

u
st

ri
al

 
E

n
g

in
ee

ri
n

g
 

an
d

 
M

an
ag

em
en

t 
S

ci
en

ce
 

Fi
g.

 1
. E

U
T

 m
ai

nt
en

an
ce

 
m

od
el

. 



213 

central heating system, the buildings, the parking 
place, roads, robots, the flowerbed in front of the 
head-office (and in front of the maintenance 
manager’s office, if applicable), computers, the 
NC-controlled machines, the canteen, etc. 

This diversity is allowed for in the model by 
indexing the TS’s from 1 to n. It indicates that 
we have quite a number of TS’s, but also and in 
particular that that collection of TS’s is known 
(or, if not, should be) exactly in an organization. 
The eventual collection was determined as a re- 
sult of the decisions that were made about the in- 
troduction and the disposal of the TS’s. 

The model shows one box for technical system 
1, 2 and n, each, whilst technical system i has 3 
boxes. This corresponds with the case that more 
than one, a group, of identical TS’s are used. This 
distinction is very important, because planning 
and control of the maintenance of a singular TS 
differs substantially from the case of a group of 
identical TS’s. While planning and control of 
maintenance of singular TS’s can, essentially, be 
derived from production planning and control 
theory, identical groups open up possibilities 
which are typical in their own right for mainte- 
nance. We confine ourselves in this article to the 
reference to some relevant literature [ l-3 1. 

6.2 The internal capacity 

The internal capacity is the capacity which is a 
part of the own organization, i.e., of the pay roll. 
It has to cope with the total maintenance load 
minus the maintenance contracted out. Given the 
total maintenance load the primary strategic de- 
cision to be made is what maintenance will be 
contracted out. That issue will be treated in Sec- 
tions 6.3 and 6.4. 

The following decisions about the internal 
maintenance capacity primarily concern how to 
structure the total capacity in organizational ca- 
pacity groups. Typical aspects to be taken into 
consideration are e.g. centralization versus de- 
centralization, technological trade groups versus 
groups with specific plant units or TS’s, monos- 
killed versus multiskilled mechanics. Once the 
structure has been established the workforce for 
each organizational unit has to be established. 
Conventional work study methods provide the 
tools for the assessment required. The capacity 

groups distinguished are denoted by the index, 1, 
2 , ***> j, . . . . m, again indicating that the total ca- 
pacity is known. It includes the maintenance 
contribution which is supplied by operators or 
“production”. 

4.3 External capacity, offered in the market 

External maintenance capacity can, up to quite 
some extent, be obtained from enterprises offer- 
ing their services, because they dispose of the 
technological capability, the experience and the 
tools required. In some cases this may concern a 
technology which they primarily offer, and con- 
sequently keep up to the mark, in the production 
of new systems, but which is at the same time the 
appropriate technology for maintenance, e.g. 
painting, or roof maintenance. In other cases it 
can concern a specialized and advanced technol- 
ogy, such as oil analysis. Making use of those ex- 
ternal services is interesting for organizations for 
two reasons. 

First of all it may not be economically feasible 
to maintain the technological capability in house, 
because the demand for it is too low for a regular 
workload. (Specialistic contracting out ) . Sec- 
ondly, maintenance, which the organization is 
capable to carry out itself technically, may show 
peaks in the demand which occasionally exceed 
the internal capacity available. It is attractive then 
to contract out the incidental peaks in mainte- 
nance demand. (Capacity contracting out ). 

In addition other considerations may play a 
role, e.g.: 
l transfer of the responsibility for correct and ti- 

mely execution to somebody else; 
l transfer of liability in respect of safety and the 

consequences of accidents; 
l focussing the available internal intelligence on 

the primary process of the organization; 
l the possibility of, temporarily, taking back work 

contracted out in case of a recession, thus re- 
leasing the problem of overcapacity. 
There is an increase in the number of enter- 

prises which offer maintenance services. Often it 
is difficult to specify clearly, and verifiably, what 
exactly should be carried out. Therefore mainte- 
nance is increasingly offered together with stand- 
ardized contracts. 
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6.4 External capacity, offered by the OEMS 

As was remarked in Section 5 maintenance op- 
erations, in the end technological in nature, are 
consequently up to a high extent derived from 
manufacturing technology. Enterprises which 
manufacture and sell a product do possess the 
design engineering knowledge and the technical 
skill, know-how and tools required to manufac- 
ture that product. If that capability can also be 
applied in the maintenance of the product, offer- 
ing maintenance as a service becomes feasible. 
The advantage of the OEM (Original Equipment 
Manufacturer) over possible competitors is evi- 
dent. In some cases the user can choose if, and 
up to what extent, he will make use of the serv- 
ices offered. In other cases, however, he has no 
choice. This is due to the fact that the OEM does 
not provide essential information, such as tech- 
nical manuals, spare parts lists and engineering 
support, and does not supply spare parts if or- 
dered. It is evident that the user, who selected that 
supplier, is completely dependent on him. As 
competition is out, it is obvious that the OEM 
considers his service department as a profit 
centre. This will result in a price which will in- 
clude an additional profit charge of, say, 20 to 
30% over the actual service costs. It is evident 
that the purchaser of a product has to consider 
this at the time that he makes his purchase deci- 
sion. That requires that that decision is not based 
on performance and acquisition price only, but 
on life cycle cost considerations. It should not be 
forgotten that the euphemistic term “service” is 
a product which is sold with the eventual objec- 
tive to make a profit. 

6.5 Maintenance planning and control 

Maintenance planning and control concerns 
the intervention through which the eventual re- 
sult of maintenance operations corresponds with 
the established objectives. In correspondence 
with the analogy with production planning and 
control [ 3 ] we distinguish: 
0 planning; 
l work preparation; 
0 control (of maintenance execution ). 

Planning has to set the standards required in 

the control of the actual execution of mainte- 
nance. Production control theory provides solu- 
tions applicable in maintenance, in particular 
models which appeared suitable in what is known 
as the “job shop”. Network planning is applica- 
ble in major maintenance jobs, such as a main- 
tenance shutdown in process industry or an over- 
haul. Still, network planning, as far as developed, 
requires further study for application in mainte- 
nance in view of the uncertainty which is typical 
in maintenance. Batch production models are 
applicable in maintenance, however, that is lim- 
ited to the central specialized workshop in which 
the maintenance to be carried out concerns a 
technologically limited assortment of products, 
e.g. electrical or hydraulic components turning up 
with a relatively high demand. 

Work preparation in maintenance is much 
more complicated than in production because of 
uncertainty, as well as for the actual mainte- 
nance operations to be carried out, as for the es- 
timation of the operation time, as for the assess- 
ment of the parts required for each job. Operation 
time estimation also requires a different ap- 
proach, coming down to a simplified method, 
such as UMS (Universal Maintenance Stan- 
dards), derived from the micro systems devel- 
oped for operation time estimating in produc- 
tion control. 

Control of maintenance execution is directly 
connected to the planning system, which sets the 
standards which control has to meet in the actual 
realization. Understanding that relationship, 
therefore, is an essential prerequisite for appli- 
cation in maintenance. 

6.6 Spare parts inventory control 

Waiting for parts is a well-known nuisance in 
maintenance. This concerns first of all small and 
cheap parts (“nuts and bolts”) of which the de- 
mand is relatively high. They are known as “con- 
sumables”, i.e., nonrepairable parts, which re- 
quires that their consumption must be followed 
by acquisition through procurement by means of 
the inventory control system. In inventory con- 
trol theory ample SIC models for inventory con- 
trol have been established. They are based on 
statistics (SIC = Statistic Inventory Control ), 
which requires that the demand is high to rela- 



215 

tively high. However, in maintenance, far the 
majority of items show a low to very low demand 
indeed [ 3 1, and their price is usually high, lead- 
ing to high investments. Though the high de- 
mand items can be controlled by the conven- 
tional SIC methods, the dominant issue lies with 
the items, i.e. the majority in the assortment, of 
which the demand is low [ 4 1. 

6.7 Inventory control of rotables 

Rotables are components, usually assemblies, 
which can be taken out of a technical system, and 
can be built in again after restoring them to the 
operable state. Holding spare components in 
stock makes it possible to replace the inoperable 
component by one out of the stock, thus elimi- 
nating the time that the technical system would 
have to wait till the component which was built 
out has been maintained. The inventory of spare 
rotables will have to be controlled. However, this 
concerns primarily registration of the issues, and 
secondly the re-ordering of additional compo- 
nents in case components are damaged beyond 
repair (for technical or economic reasons). Nor- 
mal replenishment requires maintenance. That 
maintenance requires planning and control, 
which is part of the maintenance function, and 
which is outside the scope of inventory control. 

6.8 The evaluation of results 

Planning and control systems require contin- 
uous performance evaluation in order to assess 
when adaptation or improvement is required. 
The evaluation concerns a diversity of possible 
aspects e.g. costs, failure rates, down times, etc. 
and different measuring intervals may be used. 
The evaluation can lead to corrective measures, 
such as modification of the technical system con- 
cerned, adaptation of the maintenance organi- 
zation, adaptation of the maintenance concept of 
a technical system or adaptation of the way or 
the situation in which a technical system is used. 

6.9 The terotechnological feedback 

Some of the modifications which appear at- 
tractive may be too expensive for technical sys- 
tems which have been manufactured already. 

However, the findings can be fed back to the 
methodology of design, in order to make use of 
them when new technical systems are designed. 
The purchaser of new equipment can make use 
of them in the specification for design or for se- 
lection of new equipment. 

6.10 The methodology of design of a TS 

Observing how technical systems are designed 
one can notice different approaches in the var- 
ious technical disciplines. Methods differ from a 
simple checklist, typical in mechanical engineer- 
ing, to advanced process and functional analysis, 
typical in aeronautical engineering. This is out of 
the scope of industrial engineering. 

6. I1 The specification of requirements of a TS 

The specification of requirements of a TS 
which has to be designed and manufactured can 
be determined by the purchaser. In addition to 
the usually performance oriented requirements 
specific maintenance requirements can be taken 
up. They should also include technical manuals 
and the product support expected. 

If it concerns technical systems to be selected 
from the assortment offered in the market the 
specification of requirements for design and 
manufacturing was determined by the manufac- 
turer. In practice we see substantial differences 
in the attention that was paid to the maintenance 
aspect. Therefore the purchaser has to determine 
his own specification of requirements, to serve as 
criteria in his eventual selection from the assort- 
ment offered by the market. It is evident that the 
maintenance manager should be involved in the 
specification of requirements from the point of 
view of maintenance. 

6. I2 The design of a TS 

The actual design of a technical system con- 
cerns the technical disciplines involved. Conse- 
quently it is outside the scope of industrial 
engineering. 
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6.13 The manufacture of a TS 

This also is outside the scope of industrial en- 
gineering. However, some failures may be due to 
shortcomings in quality control of the manufac- 
turing process. Maintenance evaluation may lead 
to specific requirements regarding the manufac- 
ture of a technical system. 

6.14 The design of the maintenance conceptfor a 
TS 

A key question in maintenance is: “how much 
maintenance is enough”. That question can be 
answered only by a systematic approach, based 
on the failure behavior of the technical system 
concerned. This was a research topic at the Ein- 
dhoven University of Technology for many years, 
in which the term “maintenance concept” was 
introduced as the ordered set of rules, which pre- 
scribes what maintenance activities should be 
carried out when with relation to a technical sys- 
tem. The eventual result was a framework for the 
design of the maintenance concept of a technical 
system, presented in a Ph.D. thesis [ 5 1, followed 
by a series of tutorial publications [ 6-9 ] and a 
publication on one of the applications [ lo]. 

The maintenance concept of the technical sys- 
tems in use, together with their operation inten- 
sity, determine maintenance demand for the set 
of technical systems in use of an organization, 
bringing us back to the technical systems intro- 
duced in Section 6.1. 
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