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I MAINTENANCE CONCEPT 
Industrial maintenance of production and operational aachlnery is 

undergoing rapird and important changes. As facilities are modernised 

and aut01tated. every possible effort ls being made to cut costs and 

increase production. Because of this, maintenance becOlleS critical and 

dovntiae less tolerable. 

The uninterrupted operation of today"s plant and often a company"s 

prof it depends on the skill, efficiency and procedures of the Main­

tenance Department. 

Because of the increasing automation, the rapid development of produc­

tion processes, and the increased use of tech.~ology in society, we will 

in the future - to an increasing extent - ::iake ~urselves dependent on 

the function of sLill more cc1:1plicated tec~.!lical syste!!:S. 

A development which will make these syste!!!S still more easy to apply 

and use is followed by a development •hich makes it more and aore 

difficult to detect and diagnose failure and to perfcr::i maintenance 

work. It is generally known that after the perfor.:ance of maintenance 

work, an upstart and adjistment period fol!~ws, most likely causing new 

failure situations which should preferably ~e avoided. 

Since the mid sixties, computer technol~gy has found wide use for 

process control. For the ~irst periode, the availaDlP. computer techno­

logy has been used to increase the degree of inf or.:iation for the 

technical systems through an increased monitoring of vital functions, 

datalogging of process parameters, and Direct Digital Control, optimal 

control, etc. 

The practical possibilities of using computer technolosy in process 

control have increased rapidly after the development of micro ele.c­

tronics which started in the beginning of the seventies. This develop­

ment has oade it possible to decrease the rr.l.lti\·e costs per perfor­

m.-inr:r. !or ,~.,ntrol ,•quipm1mt ,mouKh t,, m:lkt~ :t po::sit•l,? t~, incri·a~.· thP. 

r1•li.1hilif\' ,,( .-i ::\·::r.,•m r·hro11!!,h rh,• ·~1,n::r~·~:.:ti1m .·!· p.1r:it!.dl ,·,•nt!'oJ 

svsr •ms. 
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Af~~r World Var II, the development of the theory within the field of 

contro~ techn~logy has been converted into control strategies which 

have proved practically applicable and effective within areas of 

society. 

The development in the eighties within the field of llicro eiectronics 

and process control will cause a continued deve~opment of control 

equipment, and the more sophisticated part of today· s com:rol theory 

will be used. In consequence, our knowledge of the function of the 

technical syste11S under noraal and extreme operation conditions will 

expand more and .are. 

It is a fact that the -intenance function is bec~ing more and more 

in focus, when a factory conciders which efforts that should be taken 

to increase: 

PRODUCTIVITY 

PROFITABILITY 

We are today in the situation where access to ravmaterials is decreas­

ing, this, in coabination with an increasing population and increased 

consumption gives us the results of increased rawmaterialprices. 

IH HOST CASIS ITS TllDElOR! MUCH MOR! PIOFITABU TO MAINTAIN 
EXISTING IQUIPfilHT TRAN PURCHASING HEW PRODUCTION EQUIPMENT. 

This is one of the -in reas"'ns for the increased interest for llOdem 

inteirat£d operations and -intenance techniques. 

In Japan some llOftth ago one representative of JIPH said that Japan, 

after having invested aillions of dollars in llOdern ,and very complex 

production uchinery, has to use auch aore in •intaining these 
. ' 

equipment, in th• years that comes with the result they cant afford to 

invest in new equipment, something which could aive' the result that 
' 

Japan could be in the position of a developina country,someti .. • in the 

future. 
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Tha figure balov gives a Sllllllary of the most important reasons for the 
increased aeaning of maintenance: 

r~c:eased !.~==eased de:::ands of 
t!le exec::t:.:>n of 
::ieintenance ~ork 

It is obvious that the der:iands to the execution of ll'laintenance work is 

increasing. The question we have to raise is the follo~ing: 

WHIC'H POSSIBILITIES DO WE HAVE TO 
INFLUENCE C~ Tifr.. TOTAL MAINTENANCE COSTS? 

A project executed by EFNMS gave the following res~lt: 

When new production equipment is puchased up to 807. of future m.lintc­

nancc costs and problems is already built into the produc~. 

h.-.vn .my int.nri?st within m.li&H.,•nanc11 r1·,lhJ.!m:; ..1nd fh.Jt '~lo:m=c lhnir 

eyes for the costs and probltsms their llc.:islon• will give the future 
us~r of the product, 



r 

The figure underneath describes this: 

DESIGN 
D!SCRIPrION 
PRODUCTION HETllOD!S 

PRODUCTION EQP. I 
RAWHATERIALS 
COST CONTROL _J 

PLAHHID HAINT 
. -

I . 
PUVIHTIVI HAINT REPAIRS 

I 

nrrDvALLS CONDITION 
MONITORING 

As such a rather huge part of the future maintenance costs is already 

built into a product. when bought. 11Uch more conserns sh01.ild be made to 

define our ovn specific needs. and to create specific and detailed 

demand specifications. 

Today in most cases we are buying the cheapest. whitbout making any 

specifications and without asking the producer to give us an idea of 

future maintenance costs. 

I am now working on a project in another developing country where app. 

150 •ill. US$ has bsen invested in a very modem factory. When I asked 

about their maintenance budget for the next five years. their estimate 

was about 800.000 US$ a year. Using european keyfigures the maintenance 

costs will be app. 10. mill US$. 

One s-.11 example. I have studied the maintenance costs of heavy dump­

trucks the last 5 years. The result of this is very interesting. 

One of the "cheap'' d""'trucks has the HM c;peration and maintenance 

cost as investmentcost, within two years, while anotner type, r.osts 8% 

more bas the same costs within 5 years. 
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Within all of our offshore lL~ustry and most of the proccess industry. 

a quality assurance manual ls demanded from the producer. This manual 

shovs in detail the different administrative procedures the production 

coapany ls using. 

The result of this is quite fant~stic. and ve have prove for the 

reduction of maintenance costs with up to 50% for different types of 

products. after these procedures started. 

My self I have been hired from a lot of companies to produce ~hese 

manuals and also to control that the producer acts i~ accordance vitl: 

whats written. 

I will therefor as strongly as I can advise you to start creating your 

own demand specifications wh~n staring a nev project. and also; 

ASK THE PRODUCER ABOUT HIS QUAL!':'{ ASSURANCE. HANDBOOK 

WHF.N COSTLY PRODUCTION EQUIPMENT IS TO BE BOt.:GHT. 
ALSO START TO CREATE YOUR OWN HANDBOOK THAT SHOWS YOUR 

OWN DEMANDS A."ID PROCEDURES. 

We have seen that a great deal of the future maintenance costs is 

already buildt intc a product, when bought. 

This gives us a need to systemize and coordinate our efforts from all 

functions within a factory, to achieve optiraaliz•~ion vf the 

LIFE CYCLE COSTING 
This leads us to the expression TERO;ECHNOLOGY. And the question is 

WHAT RAS lJAPPENED 10 IT 7 

fn l ll70, tilt~ ·r,!t"Of f'ChO,l l,,~y l~,m:;ppf W;l:; •li'\.'1• l.1p1!1l ;m,t pr,1m,•f ,•,l hv :·!h• 

\forking r;arr.y '"' H;1il~t,manc1? l~n~irwt?rini; o( tlh• Mlnl:ar~· ,,( T,•chrh1l,·!\~' 

in United ICln ~do1.;. The consept did put -amphasis on the t~fn cycles 

approach, feed back of maintenance experience to tho various prematur.s 

stage• ot • ph)•ical asset a•1 
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Specification. design and construction. 

a.anufacturing and C0111aissioning. 

It also included the 11Ultidisciplinary approach. by putting various 

specialists or disciplines in the above mentioned stages together, in 

particular considering the life cycle costs. The teroteclmology concept 

however has not been taken up as expected at that time. To •Y opinion 

not because of the validity of the concept. Many -intenance engineers 

however felt. they were applying the consept already for years. The 

prillary reason for the non-acceptance of the concept is. that we have 

failed to support the concept vith -practical -thodes and techniques 

and due to the lack of relevant historical data. required for appli­

cation of these techniques. Attemps have been -de to indicate and 

classify the available techniques. This techniques have nov been 

furth@~ dE!v@loped and ertendcd =id in the mean ti.e gradually :aore 

practical data have becOlle available by applying better ..ans for 

storage and retrieval of -inteoance history data. We will see appear­

ing these techniques in the other concepts. which will be discussed 

below, as vell. The terotechnology concept has certainly contributed to 

the growing awareness for the illportance of the .. intenance function by 

nonengineers, emphasizing not only maintenance as a cost. but also as a 

contribution to manufacturing costs effectiveness. 

A short definition of the TEROTECBNOLOGY concept are the following: 

TPM 

A COHBINATION or HAHAGUiiNT, FINANCIAL, !NGINDR.ING, BUILDING AND 
OTBEll PRACTICES APPLIED TO PHYSICAL ASSETS IN PURSUIT or !CONOtIC 
LIFE CYCLE COSTS. 

In Japan they have developed the TPM concept. 

TOTAL PRODUCTIVE MAINTENANCE 
Total Productive Maintenance i- a concept which ha• been developed in 

Japan since 1969. It is an abbreviation for "PM with all employ••• 

participating through small 1roup activities". 
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The concept ls ln fact an extension of the Total Quality Control 

concept. tha quality control circles and zero defect programs into 

11&11intenance. Th3 priaary objective of TPK is to increase the effect­

iveness levels of pl~ts. by reducing the number of unplanned dovntiae 1 

rejected products. clients claims and as secundary objectives the 

reduction of maintenance costs. stock on hand aud the increase of 

labour productivity. The TPM concept consists of the implementation of 

various elements: 

AnENTION FOR REGISTRATION, REPORTING, EVALUATION 

ARD ANALYSIS OF PLANT EFFECTIVENESS (DOWNTIME, 

REJECTS, SPEEDREDUCTIONS, REDUCED YIELDS) AND 

ANALYSIS OF THE CAUSES OF EFFE~S REDUCTIDrlS. 

Introduction of preventive maintenance routines, based on; 

knowledge. 

EQUI?.!DT 

PROCESS 

PRODUCT 

Transferring the responsibility for routine maintenance to 

production operators and providing proper training for all the 

~taff, thus involving all conser.ted par~ies: 

OPERATION 

MAINTENANCE 
QUALITY CONTROL 

and breaking the barriers 

responsibilities, directed 

products. 

between the traditional functional 

to the production of particular 

It also includes the creation of a system for quaranteeing 

rehability and maintainabilty f rona the stage of design and 

rroclur.ti,m of 1~quipm1!nt .mil .lt pP.r!>uir.~ P.CC01h•mtc;il lift! C\'Ch! 

Tho introduction of T!'H ls ba•ed on a company-wtdo program and involve­

ment of the whole company 1taff. It ls not considered as just the 
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introduction of a prograa, but very auch directed to change the 

attitude of the staff, in ter11S of what is called in Japanese culture, 
the five s·s: 

* SERI ORDERLIHESS 

* SIITON TIDIHISS 

* SEISO PURITY 

* SEIDTSU CLDNLINESS 

* SBITSUD DICIPLIHE 

Ve are now trying to use parts of the TPH-Concept into the project I 

mmtioned earlier, with until now, very good results. 

HAINTltWfCE STRATEGIES 

lor abcNt 40 years several Maintenance Strategies have existed. As the 

figure on this page shows we can have the; 

REPAIR STRATEGY 
PREVENTIVE STRATEGY 

INSPECTION STRATEGY 

REPAIR-STRATEGY 

• LOW UAfNTINANCI COSTS 

•HIGH NUll81A °' lllPAUI 

• LOW AYAUelUrt 

PIEVEHTIVE STRATEGY 

.. GH MAINTINANCI COSTS 

Tl•e T 
NAINTENANC~ STRATEGIES 
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WF.il POINTS. FAILURES AND CAUSES 

After about 10 years of research vork in Europe. during which about 

3000 .. chines production lines and plants was tested. t9ndnncies of 

what could be called frightening dimensiones were recognized. 

Up to 8~~ of machines and equipment have weak points. this means causes 

for failure. The availability of these machines in production reaches 

only between SO and 70%. 

Only in W.Germany between 1977 and 1985. they have been spending about 

65 billions of US$ annually for MAINTENANCE. 

WHERE IS THE RESULT OF ALL THESE EXPENCES ? 

The analysis of different machines in the consu:ner goods industry, 

shows that the causes of; 

30% OF THE WEAK POINTS LIES IN :1Ir: PLANNING PHASE 

30% IN THE OUTLINING 

10% IN THE DESIGNING PHASE 

10: IN THE CONSTRUCTION PHASE 

20% IN THE OPERATION PHASE 

The plant operator is forced to produce with these failure prone 

machines. As time goes by he eliminates oany weak pcin'.s and gets 

habituated to the remaining. 

The question is then: 

ARE 'l'B!SE MAINT!NANCE COSTS NEC!SSARY 1 

This is to my opinion where we do our second mistake within the 

modernization ~rocess. First one waits for. the failure to occur in 

order to find the cause. instead of checking for the cause that makes 

thP. failures. right. from tht? beginning. 

In thu ln,lu:otry today, weak points cause•s u1> r.,, .:o t imt?s more ..:osts 

annually, than the pl~n l• actually worth. 



DEPENDING OH 1'BI CASI Il ONLY 0, 1% 'IO 1% 01 'l'BISI 

COSTS VB1R1 ~TED AT "l'HI llGHT TIME IN A CAUSE 

MW..YSIS 01 Will POINTS. UP 1'0 50% 01 1'BI LOSS~ 

COULD Bl AVOIDED 

The teclmogical level of the aachines is becoming more and mre 

complex. Because of this the service supervision and aaintenance staff 

is confronted with prob1-s that are becoming increasingly more 

complicated and they often canaot cope with these proble11S ~ymore. 

WI BUY MACHINIS AND PRODUCTION LINES VITll 

Will POINTS 

WI HAIHTAIN 'l'BISI Will POINTS BICAUSI WI 

REPAIR FAILURE, INSTED or ELIHINATING THE 
CAUSES 

WITH TBES! ''WRONG Hl'l'BOD" WE YANT BOTH A 

HIGH AVAILABILITY ARD LOW COSTS 

Based on o~r experience about Weak-Points, the following facts can be 

SUlmMlrized: 

Modernizing the construction process by using IDV supported 

systems causes creativity and innovativeness to be lost. These 

systems can rationalize, facilitate and complement the construc­

tion process but they cannot prevent weak points. When for example 

a draught has a construction error, the error will be repeated 

again and again by the CAD duplication. Only by supporting the 

innovatiness, the creativeness and the combinatory skills of the 

technical designer the undoubtedly great possibilities of such 

systems can be fully used. 

The gap between ~he knowledge of top groups which develop machines 

and plants and the k~'.>Wledge of the operating staff is widened. 

In some f ielda the method•• for maintenance have taken a wrong 

course. The maintenance measures taken, help make underdeveloped 

and faulty constructions work by keeping weak points under 

control. It would be better to develop a cause analyses. Fewer 
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weak points mean a higher availability, higher productivity. lover 

.. intenance costs. less lost wages and lover production costs. 

Tha idea that weak points in production could be eliminated by 
• 

changes in the organization structure have often proven to he 

vrong. 

Pure rationalization measures on production lines disregarding the 

availability and the veak points, lead to nev failures. 

Based on these facts a new strategy for maintenance has been 

estabiished within ~Jme of the European countries and I would 

like to use this opportunily to inform you about it. because I 

have a strong feeling that these ideas is valuaole, also to 

developing countries. 

1. nm MAINTEN&~CE ORGANIZATION SROULD BE DEVIDED INTO '!'..;o PARTS. ONE 

PART DEALING WITII MAL'."!ENANCE WORK, AND ONE ?ART FOR w"EAK POINT 

&~ALYS IS. 

~- SEPARATION OF MAINTE!~A.~CE COSTS AND WEAK POI~'"'l'S COSTS 

3. IMPLEMENTATIO~ OF AN EDP-SYSTEM THA7 CA~ CREATE w'EAK ?OINTS 

ANALYSIS AND AVAILABILITY CONTROL. 

MAINTENANCE COSTS AND MAI~ANCE PROFIT 

The ~nnual maintenance cost in some of the European countries are the 

following: 

WEST GERMANY 80 - 110 billion US$ 

SWEDEN 7 - 9 " " 
NORWAY 4 - 5 " " 
DENMARK 2 - 3 II " 

Of this app. one third falls within the industrial sector. TI1is 

enormous sum however represents only the direct costs of maint,1nanco. 

T" this must be added the indirect costs, as well as th1? inc,,m,, nor. 

realised, due to the mainten.mce bning undortakt?n. A sun'dY has given 

us the figures: that these costs are at least as hiKh as the mainten­

ance costs itself. 
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The implementation of maintenance is a prerequisite in sustaining the 

level of production. Hore effective maintenance contributes to better 

results in the firm·s production. This effort however. becomes apparent 

in other areas of the f ira and is this seldoa seen to be outcome of the 

maintenance carried out. An increase in the "prof its from aaintenance" 

implies that; 

THI COSTS OF THI FIRM DECRIASI 
THI IHCClll OF THI PIRH INCRISIS 

By tradition the cost of 11aintenance is follovecl up in ~be econoaic 

systea used by the _ira. but this follow-up is formulated so as to fit 

in with the fiEm. s accounting routines. etc. 'f"nerefore. the follow-up 

seldoa fulfills ~ requirments of maintenance. Parallel with an 

increase in the cost of maintenance. greater demands are made for a 

more active follow-up in order better to guide maintenance measures 

and not only passively to register their costs. 

Jrom LCC to LCP 

The size of future mainteLance costs is to a large extent established 

at the construction and purchasing stage. A knowledge of the type of 

costs and the assessment of their size takes on extreme importance as 

each investment becomes necessary. 

A comparison between alternative investments can be based on LCC. Life 

Cycle Costs. As with an iceberg, it is only a minor part that is 

visible. At the time of making an investment, it is simple to establish 

a reasonable purchasing price, while future maintenance costs are 

"hidden below the surface" and are difficult to assess. 

R:xr 
l'1r¥1ac 

~--~~ 
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The LCC teclmique i• excellent in showin1 tt. costs and their distri­

hution over the life cycle. During the operation phase, a sillplified 

asS\a..-,ption can be that the LCC will follow the vellknovn "bath tub" 

curve. 

Focussed maintenance costs aay be advantageous in those cases where 

they constitue a considerable proportion of the total costs. 

In order to be able to 111ake an economically correct assesszent it i$.. 

however, necessary to make a study of both vhat service the firm 

provides and what resources it requires, a study of both its income and 

its costs. 

LCP, Life Cycle Profit, is a concept vhich aims at elucidating the 

fluence of maintenance on the relationship between costs and income. 

As with LCC, LCP can be applied in the purchasing phase. Moreover, the 

possibility also exists to be able to utilize LCP during the operation 

phase to undertake an economic evaluation of the firm"s :?:aintenance 

situation. 

By applying LCP, a better understanding is attain~d for the need to 

adjust t:laintenane measures to actual requirements, eg the i::ar!tet 

situation. 

Traditionally mainly the costs of maintenance have been studied and its 

implementation has been regarded as a necessary evil, which should be 

done as little as possible. 

Many firms have thus not taken 

possibilities for the im9rovement 

advantage of the very considerable 

of the firm"s r~sults by optimising 

rather than minimising its maintenance. 

KEYFIGURES 

MAINTENANCE COSTS IN ~ OF INVESTMENT VALUE 

AVIATION is: 
sr.:\CF. TRAVF.L Jn-: 

Ml~CllNTCAL CNOUSTR\' 1-5~ 

Hachinetooh 1: 
Cranes 6% 
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Valves 10% 

BtJILDUI; AMO 
CQllS'DlUCTIOH 5% 

ORSBOU :omusmY 35% 

Another interesting byf igure are: 

~ DI % 01 OPllATICllS COSTS 
AVIATIOH 45% 

OllSBOD DiD0$1RY 35% 

ltlCIWIICAL DIOOS'l'RY 15% 

OIGAllIZATICll 01 ltlIBTllWICK YDn 

Our pal for an effecti.e ltaint;mance lunction ca YUY fraa fact.ory to 

factory. but generally they can be expnaed in the following vay: 

DiCDASE AVAILABILITY 01 ALL PllOllUCTIOH IQUIPHDT 

OPTIMIZE OPllATIOH AllD Mlilft'llWICE COSTS 

llDUCE LOCDD UP CAPITAL 01 S'IUClED SPAUPARTS 

DiCDASE l1llCT1V1TY 
TRAllSFIR lJlCll PUVIHTlVE to CORDITIOH BASED MADITllWICE 
ACQltULATI STATISTJCAL DATA TO CUATI A BASIC PLATIORH. TO 

DICml MADITllWICE INTERVALS 

To reach these goals ve have to create SOIW .'luidlines for the f olloving 

functions within the factory: 

ORGANIZATION 

IJltllllSTRATIVE JlOUTIM!S 

TICllNICAL DOCtlmlTATIOH 

LOGISTICS 

lltlWf RESOURCES 

All these function• are influencing on our .. intenance organization and 

has to bee seen as a part of the maintenance function. 

The organization of the Maintenance function within a factory is 

depending on the human resources and their 110tivation to create an 

effective job. 
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VMa deciding for a future -intenance orgmaization we have to ..te 

strategic dicussions within the folloving areas: 

* Location. In some areas, external -intenance crevs -Y be used 

during peak loads, or they .. y take over entire specialized 

-intenance tasks. Neighbouring plants also CCI • 'Illy loan spare 

parts to each other in a ~· 

* Tecbnoloaical standards. In scme plants, adYaced technology means 

daat full-u .. aaiatMumce specialists are required, making it 

possible to rely on outside belp. 

* Plant size. S-U plats cannot fully _,1y the specialists they 

need. This leads ti- to build up large resenu, for 9U111ple, of 

spare parts, and, in -rgencies, to have to call in outside 

3JM!Cialists under contract. 

'* Manpower. If vorlt loads fluctuate, and if there are no stabilizing 

factors, extem.tJl craftsmen can be called in during operating 

peats. In this way, .. intenance costs can be kept low during 

nor11al operating periods. 

'* Risks of brealtciovn. Equipment with a high risk of breakclovn 

requires substantial backup services, in the fora of standby 

facilities and a much larger maintenance work force. 

Based on these factors its obvious that the organizational chart of the 

mai~tenance function can differ from factory to factory. It is however 

of great illportance that the maintenance is organized as a dynaaic 

function, i.e. ADAPTIV. This means an organization that adapt itself to 

the specific needs, depending on differenet market situations that the 

company will mee~. 

Maintenance work c•n be defined as; 

SERVICE 
INSPECTION 
REPAIR 

All these three functions needs preparation and planning to aet the 

11aintenance work done as effective as possible. 
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Appenclix l.a. b. shows an organization illplemented within a company in 

Iraq • 

As you can see I have split the organization in two parts; 

SIRIVCI ARD DISPICTION 

REPAIR 

·The Service group is responsible for; 

OD.DIG 01 ALL IQUIPltlRT 

GRDSDG 01 ALL IQUll'lllRT 

CIWl;DG or SHAu• P.urrs 

The Inspection group is responsible for; 

IRSPICTION WK 
USDG Din'IRDIT TYPIS or 
CONDITION talI'l'ORDG Hl'l'llODIS 

JUST 

LOOIING 

LISTF.NING 

SKELLIHG 

SKALLEll REPAIRS 

It ve had had the possibility we should have had one group of persons 

specialized as Inspectors doing both Inspection and greasing-oiling. 

A. all of you knov the oiling and greasing work u.ually are done by 

people not able to do other types of work. 

To use this type of personnel at a job of such importance is a great 

misunderstanding. 

PEOPLE DOING ~NSPECTION AND SERVICE WOK (OILING AND GREA.c;ING) 
SHOULD BE HIGHLY QUALI1IED HECHANCIS THAT ARE GIVl.N SPECIJIC 
TRAINING WITRIN CONDITION MONITORING METHODS AND TRIBOLOGY. 

To StY opinion most of the inspection and service work should be 

executed by specialists from the company. whilst repair work can be 

done by personnel from outside if we have a lack of personnel. 
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Within a lot of companies ve can find thick walls between operation and 

-intenance. I hope ve can agree that both functions is an integrated 

part of the production. and that they should be organized as such. 

To my opinion the; 

and the 

OPDA'IORS SHOULD BE GIVD 

HAitrmWICE TRADIING 

MAINTINARCE PERSOHNEL SHOULD 

BE GIVIH TRAINING 'l'O OPERATE 

THI PRODUCTIOH HACBDmlY 

In addition.to this ve have the engineering departllent. 

It is evident that a central engineerir.g departllent favours the 

suc:cessfull introduction of wi~e range engineering initiatives. Why 

then are engineering depart9ents being split-up at least at the 

frontline maintenance level? There are three main drivers encouraging. 

and in sOll8 cases forcing production and engineering together; costs 

teclmological and organizational factors. 

a) Cost: In the drive to reduce unit costs. some companies are 

combining engineering. maintenance and production to reduce 

manning and maximise the use of currently unproductive time. 

b) Technological: With the introduction of new 

plant and equipment the nature of the inter 

dependence between engineering. maintenance and production has 

shifted to becoaing a reciprocal. if not a team interdependence. 

The need to improve organizational co-operation at.the expence of 

specialization is resulting in a combined maintenance and produc­

tion structure. 

c) Organizational: A more diff~~e factor found in very few companies 

is the drive to develop a more efficient and effective organiza­

tion via a thorough examination of its "beliefs". This drive is 

resulting in a more integrated structure which i• bringing 

maintenance and production together. 
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Irnspective of the factor. the result is a redefinition of the 

boundary between production and aaintenance thus raising the technical 

selfsuff iciency of production. The degree of selfsuff iciency vill 

depend upon the rate of technical develoi-nt of the plant and capital 

inYeSt.ent changing tlaa skills required to operate and aaintain the 

plant. 

As an end of .., short presentation of .aintenance organization I would 

like to. based on ex?erience. to give s~ headlines conseming 

changing of organizations. 

a) Allow suff icent tiae - it takes years to change a culture and an 

organisation 

b) Invclve foremen/supervisores at the earliest design stages 

c) Basa the need for changes on the drive for business/11&Dufacturing 

excellence. and not just cost reduction 

d) People reductions should be achieved through attrition/natural 

wastage. and not compulsory redundancies 

e) Neither top-dovn. nor bott011-up have been shown to be successful 

strategies. hence do both 

f) Monitoring and enforcement of safety standards must be heightened 

during the changes as the focus on safety can be easily diluted 

through the changes 

g) The preparation of key actors on the site management teaa both 

individually and collectively is vital before launching any major 

change initiative 
h) Developiog joint agreement of how to monitor the changes as they 

occur and so help r~lise the objectives for introducing the 

changes 

i) !stablish clear guidelines/principles upon which the joint 

engineering - production is designed 

18 



j) Consider the use of internal ~blers/facilitators to progress the 

develoi-ot of the organization at a local/departllental level 

k) Create a specific change progr....a budget to cover training costs. 

training material development costs. etc. 

1) Bot'.'l -intenance systea and support services must be developed to 

encourage and endore the organization charges desired 

a) Treat the design and dt:.veloi-at of a nev organization as an 

engineering project with a distinct series of phases ~ing from 

feasability through to c~sioning and operation 

PROC1.SS CON'l'iOL, COHDITIOll tml10RDIG, ARD COMTROL 

The starting point for aoclern -tntenance planning is condition 

aonito~ing which forms the basis for the infor11ation necessary for a 

•re cost optiaizecl operation of teclmical systems, seen from the 

teroteclmical point of view, where construction, operation, and 

.. intenance should be seen as a whole for the period of tiae considered 

for the actual teclmical systea. 

The very fact that condition •nitoring uses the actual teclmical 

systems as starting point llaltes it realistic to expect that future 

-intenance will be based on this, and the casual and uncertain basis 

used today, where statistical results prove uncertain and insufficient, 

will be eliainatcd. 

When condition 110nitoring is introduced in connection with .. intenance. 

no basic need exists for clavelopll&Dt of new control strategies; several 

of these are described by Pau and others, but to a great extent 

examples of use are needed which have been described in such a vay that 

it is possible. to build on practical experience, regardless of the 

field where it has been obtained. 

The next figure (2) illustrates the functions of .. intenance department 

when centered on a Work Control and Planning systea. This may be a 

manual 1yste11 but is often computerized. Progr .... s for maintenance 
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vort are issued (1) and feedback reports are generated (2). Lines (:>) 

and (4) shov liaison vith the maintenance stores. The perfoD131lce of 

the -intenance department is recorded and costed (5). fS). (7). (8). 

and liaison vith the user (or operations management) is established 

through (9). The monitoring of performance (technical and financial) is 

cot always possible in simple aaintenan'e system but should be the 

goal for the 111111qer vhen vort planning Md control is vell estab­

lished. Hot only vill costs control be possible but more of the vort 

can be condition-based; that is. more of the vort issued in direct 

resporu;es to the physical condition of the assets. 

The systeas and pratices in the existing 11&intenance departllent of ten 

require inspection and updating before a -intenance illprove11ent 

progr- can be started. The first step is the ttaintenance Audit. by a 

consultant vbo visits the site or sites and interviews the 111111&ger and 

se!ected l"Alabers of the staff. A report is then generated, with pro­

posals and actions plan, from which suitable changes can be introduced. 

The audit will outline systems for the relevant types of aaintenance 

and for a f1Dlctional aanagement structure. Preventive 11aintenance will 

be planned but should be related to: 

a) A condition-based work progra.me 

b An acceptable level of mainter.ance activity to maintain cost­

effectiveness in operation 

MADITINANCE PLANNING AND CONTROL 
The basic requirements for a planned Maintenance system are: 

REGISTER or ALL ASSETS TO BE MAINTAIN!i> 
A SCll!DULE or .PUV!NTIV! MAINTINANCE won. FOR 
TRI BUILDING, UTILITY AND PRODUCTION !QUIPH!NT 
A HETROD or INSURING THAT TRI SCHEDULED WORl 
IS REQUISITIONED 
A HETROD or PLANNING OTHER TYPES OP R!QUISITION!D 
WORl ( CORRECTIVE, DIERGINCY ) 
A SYSTEM OP RECORDS AND ANALYSIS or PElU'ORHANCE 

20 
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A very shlple basic system is shown on this page • 

Assets Register 

Work 
Specifications 

Schedule 

Preventive 
Maintenance 

Workforce 

Corrective 
Maintenance 

(Reqds~ons) 

r.ontrol 
Systea 

Records 

r..ergencies 

Figure 3 - Basic System 

MODULES WITHIN A MODERN HAIHTENANCI MANAGmt!NT SYSTEM FOR TB! STEEL 

·.INDUSTRY 

Based on my experience it should be no basic difference in the struc­

ture of a Maintenance Management system used in so called developed or 

undeveloped countries. 

Such a system could, based on the specific needs, have the following 

modules: 
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TICBNICAL FOU.OV UP HAIN HEruE 1. 

PLANT REGISTER 

INSPECTION PLANNING 

PREVENTIVE HAINTENAHCI PLANNING 

won ORDER MODULI 

LOG ~ 

TICllHICAL DOCtllDITATIOH 

TICBNICAL ton10RIHG 

OTllER HAIHTDWICI R!GISTDS 

ICCOIKltICAL POI.LOW ll"P HAIN HIHUI 2. 

STOCl DIPING/PURCBASING RIGISTEBS 

TIMI ACCOUllTING 

T!CBNICAL ECCONIHICAL ANALYSIS 

HAINT!NANCI ROUTINES 

INTERACTIVE TRAINING 

The next thre": pages gives an overview of the Sub Henues within the 

Hain Henues and also a flowchart. 

IHPL!H!NTATION or A COHPUT!ll ASSISTED HAINT!NANCI HANAG!HINT SYSTEM 

Before purchasing, even looking at a Computer Assisted Hai&.ten:ance 

Management System, the factory should go thru some procedures to create 

their own demand specification. 

Within developed countries today we can see a lot of m!stakes done. 

Somebody has heared that, that and that system is very good and without 

checking if the system really fits the specific needs of the factory, 

they purchases it. 

When they are starting the implementation within their own factory, the 

big problems often starts. Host of the about 40 computerized Mainten­

ance Management Systems today are very little flexible as they are 

written in eithBr Fortran CGbol or even Pascal. 

The result is that the factory has to change their own organization and 

administrative routines to fit the specific needs from the system, 
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instead of getting a systea that fits t!te specific needs of the 

factory • 

What kind of a procedure should be followed then, to get a system that 

fits our specific needs and how to illpla.ent it? 

To secure an optimua result, when implementing an D>P-systea within a 

factory, a detailed plan should be developed. These plan should refl~t 

both the todays and ta.>rrovs needs. At the s- time the borderlines 

to other systt!llS within the :1ctory should be considered. This means 

systems that.should c~icaa:e with the -intenance system •. 

I would lite to lll!lltion one specific exaaple. 

Some 110nths ago I was asked as consultant to find a Main'Cenance 

Management system for a company within a developing country, and to 

implement this system. 

When I asked about the specific needs within the factory, I did.nt get 

any answeers. 

They would only like to have a computer system to solve·their mainten­

ance problems. 

I tried to discuss the probl~ from my point of view, advising them to 

define their maintenance problems and then look for a specific system, 

but this they refused, and my self, I had to say now to th. project. 

I have mentioned my project in Iraq several times now and I would like 

to use these project as a guide to discuss how to implement a Mainten­

ance Management system within a company. I would ~lso like to stress 

the fact that the saM prescriptiOil also should be used within the 

developing countries. 

23 



• 

IHPLEHINTATION or CCltPUTER ASSISTED 

ttADrmWICE HANAG!HENT SYST!HS 

WITllIN A rACTORY 

lllplementation of a c011pUter system within a factory should be treated 

as an engineering project. devided into the following phases: 

PRASI I 
PBASI II 
PRASE III 

PHASE IV 

PHASE V 

PHASE VI 
PHASE VII 
PHASE VIII 

ol.GANI7.ATION or '1'111 PROJECT 

RISOUllCK ANALYSIS 
DIMAND SPECilICATIOR 

SYSTIK SELECTION 

SYSTIK DIV!LOPHIHT 

TRAIHIRG or PIRSONNIL 

CRIATIOR or DATA INPUT TO 'l'lll SYST!K 

IMPLIHENTATIOR or 'l'lll SYST!K 

FOLLOW UP 

PHASE I Dll'INING AND ORGANIZATICM or THE PROJECT (PILOT PROJECT) 

This first phase has the goal of defining. structuring and organizing 

of the project. including creation of a timeschedule. 

1. REQUIREMENT PROFILE 
DEFINING AREAS WITHIN THE FACTORY 
WHERE tl!W SOLUTIONS IS DESIRABLE 

2. CREATE A GOAL AND STRATEGY FOR THE PROJECT 

3. ORGANIZATION OF THE PROJECT 

4. PROJECT PLAN 

PHASE II RESOURCE ANALYSIS 
The Resource analysis is devided into the following steps: 

1. SURVEY OF THE TODAYS SITUATION 
2. COMMENTS TO THE TODAYS SITUATION 
3. ADJUSTING 0, THE TODAYS ORGANIZATION AND 

ADMINISTRATIVE ROUTINES TO PIT lUTUR! NEEDS 
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• 1. SUIVIY or m !ODAY! SITUATIOll 

• Tbb nney 18 tlw platfora for our future vork. The ruult of lt vlll 

, atv• ua th• po••lblllty of •tudytna vbat to do and hov to ·40 lt, to 

adjut our internal ulatina condition•, before the •election ad 

illplemntatlon of an IDP-Syat•. 

Baaed on ., experience I vould stress the fact that this part of the 

project ls of areat iaportance. Uaually it ls neglected by mst 

projects where implementation of COllpUter •ssisted Maintenance Manage­

ment Systems is the goal. 

The survey should cover the following areas: 

ORGANIZATION 

ADMINISTRATIVE ROUTINES 

OPERATION 

MAINTENANCE 

LOGISTICS 
TECHNICAL DOCUMENTATION 

TECHNICAL roNDITION OF PROD.EQP. 

HUMAN RESOURCES 

The goal of this part of the pr~ject is to clearify the status within 

all functioas and the link between different functions. 

2. COHHENTS TO THE TODAYS SITUATION 
Based on the results of the survey, a report should be created, 

giving proposals and comments to items or routines to be changed, 

to fit the specific needs from a productive point of view. 

3. ADJUSTMENTS OF THE TODAYS ORGANIZATION AND ADMINISTRATIVE ROUTINES 

Using the report a~ a guideline. the Organizational and Admini­

strative routines should be changes, according to the proposals. 

This could mean: 

RESTRUCTURING OF THE ORGANIZATION Pt.AN 
CREATION OF srECIFIC Jon INSTRUCTIONS 

CREATION OF NEW ADMINISTRATIVE ROUTINES 
CREATION or AS BUILT DRAWINGS 
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TRAINING or PERSONNEL TO MAD THEH ABLE TO HEIT THE NEEDS 
FROM MODERN OPERATION AND MAINTENANCE or PRODUCTION EQUIPH!NT 

UPGRADING or THE TECHNICAL CONDITION or PRODUCTION EQUIPMENT 

PHASE III CREATION or A DEMAND SPECIFICATION INCLUSIVE SYSTFJt 

SELECTION 
Before going into the question of the creation of a demand specif ica­

tion I would like to start with the question: 

WHAT IS A DE&1AND SPECIIICATION 1 

The anweer is the following: 

A SUHKARY or ALL DEMANDS GIVEN TO :rtmJRE SOLUTIONS WITHIN MANUALLY OR 

COMPUTER ASSISTED s 1ST!HS. 

WRY IS IT NECESSARY TO CREATE A D!HAND SP!CilICATION 1 

GIVES US THE POSSIBLITY OF A SAl'E AND SECURE ADAPTING AND DESCRIP­

TION OF FUTURE DEMANDS AHD SOLUTIONS 
GIVES THE DESCRIPTION OF OUR PROPOSAL OF A SOLUTION IN A WAY THAT 

THE USER UNDERSTAND AND EVALUATE; 

SYSTEM STRUCTURE 
SOLUTION ITS!Ll 
WHAT IT INVOLVES 
WHICH POSSIBILTIES IT GIVES 

WHICH SITUATION IT WILL GIVE 

THIS MEANS BASIS fOR THE JUDGF.M!.i:r OF CONS~UENCES AS A RESULT or 
OUR DECISIONS BASED ON OUR SELECTION OF: 

SOFTWARE 

HARDWARE 

WHAT IS OUR CRITERIA TO A DEMAND SPECIFICATION: 

HAS TO GIVE THE NECESSARY OVERVIEW 
HAS TO GIVE THE NECESSARY DETAILS 
HAS TO BE USER ORIENTED 
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BAS !O PRCltOTI Tiii llST IDP·LAHCUAGI 10R TB! SYSTIH 

DISCIIPTIONS THAT IS WY m UND!ISTAHD 
BAS m COVIi m WORIIIGIOUTIH!S W1TllIH 'DIE USER 

lUlfCTIONS ARD IVrUD SOLUTIOMS 

IRAlllWORlt AGRDHINTS 

PHASE IV SYST!K DIV!LOPH!RT 

ESTIMATION 01 TB! llAUIT POSSIBILITIES: 

SOFNARE 

SHOULD MEET TB! DEMANDS FROM OUR SPECDICATJ:ON 

Il WE DONT FIND ANY TAILORMAD! SYSTEMS IT SHOULD BE 

EASY TO CHANGE 'lJE SYSTEM TO A TAILORHADE ONE 

Il THIS :i:S-NT POSSIBLE A TAll:iBK.~B SYSTEM SHOULD 

BE CREATED 

WHICH PROGRAHHING LANGUAGE WOULD BE THE MOST 
SUITABLE? 

IS IT POSSIBLE TO US! THE SOFl'WARE ON DIFFERENT 
HARDWARE? 

HARDWARE: 

BUYING A MACHINE: 

PC,, (STAND ALONE OR NETWORK SOLUTION) 
MINI 

MANEFRAME 

TIMECHARING BY A CONTRACTING COMPANY 

CONTRACTING COMPANY: 

RE HAS TO KNOW YOUR BRANCH IN DETAIL 

HUST GIVE YOU THE SUPPORT TO DEVELOP SPECIAL 
SOLUTIONS TO FIT YOUR SPECIFIC DEMANDS 

HAS TO HAVE GOOD REl'ERENCES 

HAS TO HAVE AN ORGANIZATION AND RESOURCES TO KEET 
YOUR SPECIFIC NEEDS 

HAS TO TAK! THE TOTAL RESPONSIBILITY FOR: 
SOFTWARE 

MAINTENANCE 
DEVELOPMENT 
TRAINING 

COHP!T!TIVI PRICES 
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TIST OPIRATION 

1Y TESTING OP SOP'IVARE, CClfTROL Il It SATISrIIS ALL RllDS 

DISCIDID WITllDI 'Dll DDWID SPECIFICATION 
Ir DI CCltPAllY BAS A IWUM.\U or 'DIE TYPE DISCRIBED AS 

M!C6SSAllY I MAD A TIST DSTALUTIOll, TO Sii BOW 'DIE SYSTIM 

PUNCTI<HI WITllDI 'Dll PAC'l'OIY DIV11lCllt!HT. 

This should be clone much .,re than clana today. Will need s~ ruour-

ces. 

PHASE V TRADIDIG OP PDSONH!L 

TRAINIHC 

SELECT UYPERSONH!L TO THE DDl!llJl'l' ADAS 01 USPOHSIBILITY AND 

GIVE 'l'H!K A VERY SINCERE TRADmlG VITBIN THE PUNCTION AND OPERA­

TION or THE SYSTP.K 

TRAINING or 0'1"BD USERS 

I STATEMENT: I 
TRAINING or PERSONNEL IS THE KOST UNDERESTIMATED AREA WHEN 

IMPLEMENTING OF COMPUTER ASSISTED MAINTENANCE MANAGEMENT SYSTEMS. 

HOW CAN WE BELIEVE IN REACHING OUR GOALS 'l'BEN7 

PHASE V! CREATION or DATA INPUT TO THE SYSTEM 

SAMPLING or TECHNICAL DATA 

DATA POR - ASSETS REGISTER 

PREVENTIVE MAINTENANCE/INSPECTIONS 

REPAIR 

SPAREPARTS 

CREATION OP TECHNICAL DOCUHEN1'ATION 

ANALYSING OP AVAILABLE DOCUMENTATION 

CREATING or N!W DOCUH!NTATION 
MANUALS 

AS BUILD DRAWINGS 
PICTURES 
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TAPES 

LASER DISCS 

PBASI VII IMPLIHEHTATION 
IMPLEHINTAIOH or TECBNir.AL DATA 
D<lfE BY PIRSORHEL 1ll<ll THE rA~RY ITSELl. OR COHSULTANTS 

PHASE VIII START UP 

START UP PERIOD 
ST!PVISE START-UP ARD USI 01 'l'BI SYST!K 

TEST or ALL lUNCTIOHS. r.fCLUSIVI: 

USERlllIDIDLINISS 

l1l!CTIVITY 

RELIABILITY 
lLEXIBILITY 

HAINTAINABILITY 
SAFETY 

ETC. 

Giving this paper I hope I have given an overview of problems and 

possibilities by implementing Computer · Assisted Maintenance Management 

Systems. 

To reach a positive result you have tc.•; 

MOTIVATE AND RELY ON YOUR 
OWN PERSONNEL 

REMEMBER 

THEY ARE YOUR MOST 
VALUABLE RESOURCE 
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• Work selection, • Work authorization 
• Work order sheet issur 
• Assignment of maintenance crew 
• Work result input 

• Inquiry of work order status 

INQUIRY SYSTEM 
• MaintenaPce data. Equipment data. S~are par~ and 

. Equipment history Inquiry 

~MAINTENANCE CREW MOBILIZATION SYSTEM 
i • Work assignment inquiry 

• F~rsonnel status inquiry. I •.Maintenance crew hoiiday scheduling 

I MCS G---i OPTIMUM OPERATION SCH_E_D-UL-IN_G_SY_S_l c:-M~ 

Fig.3 
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REPORTING SYSTEM 
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HB.P SYSTEM 
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SCHEMATIC DRAWING OF A DATA SYSTEM 

DATABANK 

EQUIPMENT DESCRIPTION 
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REPAIR I FAILURE HISTORY J 
INSPECTION HISTORY 

PROBLEM EQUIPMENT 

CRITICAL EQUIPMENT 

COST REPORT 

SUPPLIERS RELIABILITY 

TIME SCHEDULE FOR 
INSPECTION - SERVICE 
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CIBA OPERATING SYSTEM 
-------- lnsTA maintenance of technlcal equipment --------

M!i 
0053.1 

:.::.a:1=~ 

r;:~r-.:.: 

·:·I 

I : 
I . 

l. 
c.l.x'Llmf'ft-.. ,..,,, 

l 

l. I 
\I" 

r.:an.J3rO 
~"'II 
<WboaSIC 

:;, .. ::,,, Clala 

TT 

. ... , 
-'--

\ 

__ v...__·, 

; ~ i \ 
. ~:: i 
f -:: ..:; I 

~ ~ ' 

I ~ ~ I : ;i 

~ ': I ....___ 
/ 

I -.::-.-.:~-

1 --

I 
~ 

)-" 
; ·. 

~·"'~"'J anr.: 
=-'""_,~ 

-~ H 
'-------~ i 

:.--~,,,, 

---~e-;: 

. I .. ._ 
"' 

• , :~::...&.:>': =· ...:....: I 
~ -"':'~ C""':~": 

' !...----.. _· 1· I : I 
I r--_.1 __ I I 
l,i ~ 

, 
! 

I . I 
I ' 

-~- ~ I 

---- r.crvacr.· muf 1~nm1u1tt•r 1·1•111 •. , •or tnctu:.tr)· .ma •actnun1:.1r .Uhm 

-. -.· ....... 
-.-:-.: 

-



-r -

,, 
15" c -0 
11.) 

I ,.. 
c 
fi 
0 :s 
!. 
~ 
~ :s :a c 
~ 

i 
~ 

CONDITION-BASED MAINTENANCE 

A ........... ___________________ __ 

tlC.~1FICATIONS 

t.~a ~~A WORKS 
At~D RcNEWALS ~ .. © © 

A 

. ______,... 
I --

~....:-.... 

lt~S T ~ LLA TION ANO 
CG!.~~.,ISSIONING 

A 

.________,.... 

. . ' 

' ' 
WORK CONTROL ANO 

PLANNING 

COMPUTER 

' SPECIFICATION. 
DESIGN ANO MATERIALS 

___ ,... 
•• J : 

STORES, STOCKS 
CONTROL AND 
PURCHASING 

© 

' 

I 

I 
I 
I 
I 
I 
I 

© 
t 

©. 

COSTING 

© 
~-------

~------

© © 

' PERFORMANCE 
MONITORING 

© L-----------1 
I 

OPERATIONS 
MANAGEMENT 



CONFIGURATION 
-------- lnsTA malntonanco or technical equipment--------

~ .:·.::_·:: = I-, ,-·-re--·, =·- -.:. ...::; : =·..'I 

.. - ·-

. '. - -
- -- -.. -- -~--·--:.- :-._ --· .::~ 
~~=::.=.:.:-= 

'¥ '5 MM 

SYSTE~.~ 

. ·-· 
jmt_{ {· .. 
--·· --... ;, =:--. 

'· 

... - ...... --.. ,.,:•:· •. .:..=~-. 

' \~=-­,I-,,_.-
' -

.;......,__ ,,c------
:-; 

·--- -·· --.. . ... _ - . ·-. ·- - ·-· 

. --- -- . ---
---~ =:-.-; -.. .. =:--. 

----- !iurvlco· ana comJ>Utur contur for lndu:;trv mu1 act1•lln1:atr.1Uon -----



• 
. • 

DATA STRUCTURES 
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SYSTEM DIAGRAM 
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To my opinion the; 

and the 

OPERATORS SHOULD BE GIVEN 

MAINTEt~ANCE TRAINIHG 

MAINTENANCE PERSONNEL SHOULD 

BE GIVEN TRAINING TO OPERATE 

TUE PRODUCTIO~ HACIIINEJtY 
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PHASE v TRA1HING or PERSONNEL -

TRAINIHG 

SELECT KEYPERSONNEL TO TIIE DIFFERENT AREAS OF RESPONSIBILITY AN1 
GIVE THEM A VERY SINCERE TRAINING WITHIN THE FUNCTION AND OPERA 

TION OF THE SYSTEM 

TRAINING OF OTHER USERS 
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jsTAmtENT: I 

TRAINING O_? PERSONNEL IS THE HOST UNDERESTIMATED AREA WHE 

J~PLEHENTING OF COMPUTER ASSISTED MAINTENANCE MANAGEMENT SYSTEMS. 

HOW CAN WE BELIEVE IN REACHING OUR GOALS TIIEN7 
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ISTATEHENT: I 

TRAINING o·? PERSONNEL IS TllE HOST UNDERESTIMATED AREA WHE 

.IMPLEMENTING OF COMPUTER ASSISTED MAINTENANCE MANAGEMENT SYSTEMS. 

HOW CAN WE BELIEVE IN REACHING OUR GOALS THEN? 




