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IUTRUDLCTION

One of the subjects leust likely to attract interest ailons;, managers, engineers and
ascientists alike is maintenance enginearing; in sone ways Shir io understandable as
nanagers are likely to be mo:: concerned with tuneir oroduction efficiency and
rarkets, engineers with new Jdesignec and selentists with innovations. Yet few
Bubjects offer such scope tor savings ni money and manpower by the

extensive use of
vell known methods of organisation und control.

Thic paper is intended to draw aitention to the impcrtence of Maintenance Engineering
1 and to create awareness in uanugenment of all levels of what needs to be done,

There are obviously difficuliies in relating experience in the United Kingdom to
other countries and care must Le faken when

{or example conparing costs, as the
extent to which capital equipment is enlarced wuia the differing cost of labour will

radically alter the picture. There are however a number of significant lessons to

be learnt from our experience in the United Kingdom in order that they are not
rejected.
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BRITICH INDUSTRY = CRIv .t PR :
isefore atterptin, to descr ibe or csamine toc maintenarce situation in the

United King.ion today, it o ver cawhile to ccons: ler the hietory of Writish
Tndustrial Jevelopment ar a ac ta, This snould nely to explain how the
present situnticn s cvoived ana spdr tate whv, with previous ~»perience to
draw upon, 8 deveiopli: coontay caould never fap 14021f in the difficuities

which = —-set a prenverin nationm.

Industrislisaticn in the Caben Uinpacs fprang from the need for more products
with whizn to trade., o5y -n¢ bepinning 7 the T,th oestarn, fFritain had
developed tradins interesie i ~overe, Scandipavia et suss:a 2nd at the

end of the 10th Century was eng.ed .n worldwide trade, Durine thie period
production, whien we. erig.nally contred on the forily unit, was concentrated
in factories where pC.»r Wi availalle for the improved machines, To begin

with much uage wis Kace ~f woter power, aut later water was surjlanted by steam,

A8 the cemand for produstion ipneresged new and sAtter mochines became NECOSSAry}
fortunately the enyineers tn desipn and make them aprea 2d on the scene. They
began to use steel in the menufnctore of mac-ines irstead of voud, which stimsu-
1ated the steel and coal fraustries, o ut of thiz, and countless similar chains
of dependence, arose tne °.2°d for ever ~resier itvduction, Thus in the mid-18th
Century the Uritish econormy startet *o Vhoor ', anc the Tndustrial Revolutios
hegan, without Ceine o inte too nuth tetaii. the i-pertant peint of ‘he argumest
is that jnAvstrimcisation o1 “he acfile Legino (lace at that time had never
occurred hefore und no re nEA Al cmcwladre of the jrotleer thst wou.d arise,

Indeed nc one csull fureres anere incetfFie: o loon wen o evertually lead.

Lepislation, educktior, tranapcrt, industria; neal "ine, factory townships and

so on, all had to cevelop witn the prowtn of andustey, oni vhe importance of

pAny aspects were Lol aprrecimtes until re.ert times, In isct there are sehe

which have still ast receive  tue seaption they ce.erve and raintenance engineering
is one of them, Tihe point to e cmge 3+ .l with va.l experieace (not omly
British) to learn frem, & nation tevelopire 1te :naustry in present times should

be able to aveid following tne Aame tortuous jath ard expect to achieve sore

satisfactory 1l results; nct that there can be arn end to development.

THE DaVELoh, o7 1% ! PTODERANCE AGILRY

Early machines were sirple and the exille needed to repair them were well
within the -~ompass of toe st eratives, who 4id in f:ct carry out minor repaire
in numerone ceses, . Leut similarly ant very simple, However, since the 1520's
new indue.rcer tave ueveloped, the n~tcr car industry, the aircraft industry,

the electro:.cs jndus.rv, to name hut a frw., These nave Jemanded new techniques,
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anc those developed for one 1rrustry asve Lnevatsuly reenmade use of in others.

Plant and mac-inery have noer Ssoing vore and coce cotrlex so that in many
cases the skiils (e “nied 7 ‘Yo rreductioe vjeralae have Lacome less than
heretofor:, while *rore rceded r © tae maintenanes man nve “scome preater.,
Unforiunately, this faci ‘s« o0+ recent™s e . Leeornised, nud by only a

relatively zmil. run ei of e i even ‘-.a,

The United iingd m Governmert, persuadsd by the fe. who 1id recognise the
problem, set .p a sorkinr party to enguire inte the etate »f maintenance
esnzineering; the first meeti: ¢ the wersing party was held im March 1968,

THE BMAINTENANCE ZEGTNGERING o) CU77TICN IN BRITAIN TODAY

SOST8

Twe Report of the working pariy published las* ysar, together with the
Material used ir its proparatior, pives us the information. The main finding
vas ‘nat:-

Naintemance engineering in the marufacturing industry lalone costs £1100M pa
and it is considered that £2C-25(M pa of this could be saved by increased
productivity. i further £200-300M pa saving could be achieved by isproved
saintenance manugesuent and control.

Table 1 shows how tiis direct roat of £1100K pa is mace up. It will be

seen that labcur accuunts for 'he greate- a=t of ‘he total and it is probable
thut this proportion will sontinue ro wpcrease wit' the increase in automation
apnd the riein: stuncard of L:virv . The =yend on ~ontractora i~ smell and
indice: 3 that the manufactari-; :ndustrics sti'l tend *c employ their own snine
tensnce staff rather than "tilise outs.ie contracters, Three reasons have been
acvanced for thi= snd there are no dourt othere: firstly a number of firme
saasfacture their owr croduction nechicery an-. feel that they are best

qualifiec to mafrtain it, ‘ecc diy there is scee fear, not necessarily justified,
of industrial ec-iunare 'nd thi diy fi-n. vart *c heve staff immediately
available to deal witn breakcowns, Firgll s the srall proportion of the total
expenditure representing tai. lenarce perf (ued by proauctivn siaff ic,

porhaps, an 1noication of tie fact ~emtioned -arlier that tne skill requirements
of prodwst:on und mainterrice wre diverging.

! “The Manufacturing Industrv" ic a generic term coverin; tnose induetries
vhich make, or con‘ribute to the making of, are end product, It does not
include, for example, the service, distrilution or »uilding industriea, The
total figure for all ircustries inelu’ing building maintensnce hss been
estimated at F£UOOM pa.




Turning to table 7 the fi;ures are further broke: down between the main
sectors of induitry, Here there ie 1ittle to corment or veyond noting the
different patter.s of extenditure exhibited by :he various industries. This,
of cource, 15 tc be expect d +%en qne con~:iers the vaivine degrees of

mechenna‘ion aro no*ure of piant ar ecuipment to be mnantained,

Table 3 shows hoo tne sectors vars o ¢ a wopostion of ernenditure between
various aspects ~{ maintenznce, while Lst.ie . o ivwe the varying proportions of
time spent by msintenance departrercs ir *he rdent enginesring functions, 1In
both these titles 1t is apain demcmstrateq thar *he utrirsation of resources

is dependent on the nature of the indusir,

Reference to tabtle 5, wiich ,rovices firuree or tne sizes of the maintenance
forces in the different sect rs, shows very effective.y which are the industries
with a larie investment in complex plant., 1t also indicates that, generally,
those inductries alsc have a higher ratic cf maintenance staff to maintenance
operatives. This it to bz experted: complex ¥lant and equipment requires a

large skilled workforce with gosd management suvport,

Table 6 alsy shews very clearly ‘he same fact. Furthermore it also high-
lights that these neaviiy capitslise! industries sre th:se which will show ‘he

greatast financial henefit from any maintenance saviuge which are made.

Cf course all thesc fipnres Ly theaumlives oriy provide “he facts about
mairtenance costs and do not enatle cne to maie an assessment a8 to vhether

the =itustion is gooa or had.

Forturately the survey war not .ust concerned with coste; it also

investigated all the factors vhich affected them,

MANAGIMENT

Unless one accepus tiat the situation ie completely uncontrolled, the present
stute of affairs werivez from the attitudes, poliecies sud rompetence of
managenent, Here we must distinpuisih between top mauacement, production
management and mairten: ce marnayerent in order that we can alasc look at the

way they interact,

Generelly, top munacement :cers t. corsicer that main' enance is a necessary
evil; an overnen' charge of which i® vould like tc '.e rid, (although it must

be sai.l that ‘nera e o . exieptions in ewc lleurliy wan»ged companieg), This
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attitude stems someti.es frm a corplete uox 0f aypireciation of the fact that,
in an imperfect world, main'<nunce will alvaye ho necussary, and a proper
understand:ng of its effectc on profitability ic esganti:), T¢ recuires o
rraat immagination to resiice that a surpesticn that profits mignt be higher

if the mairtem nce 'adpet wer: neproased WL e nt gl incedulity, ‘Wwhat,
then, are the rosults of “ais -ttitude” Virstiy, af the firme taking part in the
survey only esbout ¢ producedi umefu] - “dcets ond s xipdlav rercentase had an
effective costing svuten, Uniy one firm amenyst Lcoose investipated knew the
indirect costs of maintenance; ‘lous of Freduct.on time, incressed scrap rate,
ete. Secondly, maintenance staff anc operatives sre less well qualified, mot so
well trained and less well Paid zhan their prcauctior counterparts. Thirdly,
machinery ie frequently rua beyor? its ecomotic iife, ac maintenance costs are
not properly tsken int: aceount. It wae often found, %oc, that machinery and
equipment is passed on to the maintenance department when it is discarded by
production.

Froduction management saldom aprreciates the vslue of good maintenance any

more than top mansgenent. I+ hae ite own prodbler, that of keeping up output.,

The result is that a machine requiring maintenance may be kept running with
possibly decreased throughput or increased reject rate rather than allow it to

be stopped altogether. Of course, when it is finally taken out of service,

the repair protiem may be more severe. There are in addition cases where jreater
than design throughput is deranded by preducticn manapement resardless of the
increased maintenance reruirement.

With rerard to mairtenance manegevent only about 4§ of mainterance managers

have a qualification as good as, or betier than, an Crdinary National Certificate,
(This {s a certificate for a Technical 7rrineer) Ho doubt the yoor pay and
career prospects fail to attrac; hetier qualified men. In fact a maintenace
manager is frequently a practical ien promoted from the shop floor, and this is
just not good enouph, Cnly about balf the firme give hin any training and aush
of this is to no set plan. Maintenance minarers are, therefore, poorly equipped
to plan and control meintenance, and in cases where they are competent they have
to contend with the attitudes of production and top managers.

VAINTEMANCE CPSRAT1VES

Like the skilled production operative, the mainterance worker learns hie

trade by serving an apprenticechip, which then enables him to practise as a
fitter or o plumber or an electrician, etc. Because many managers consider it
difficult to mensure maintenance werk, while the production ran may te on e
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meagured-work incencive peoront gchienmey Lae Lalntenance vaelative will be givea
A bonus or virt.:l!v inconi fo. led avertime Loorive o roush parity of earnings,
This coupled witi :reduct .. managerent o reluctunce ic releaze plant for

maintenance meups that the nalitensace men i only N a0 S protuctive as he

shiould be,
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The survey also 'icioveres chol erpanisat .o goructur es are on the whole

good, and so are industrial reixticus,  Maintorance facilities, space and methods
are generally poor and trade ueruzeaticg Lo sonetimes a protiem. ‘This latter

is yet another cntributory fsceor towaris Jow rrocuctivity, It was alse reported
that the desi;n cof plant and equiment 4i: ncs ~resent many problems for easy
maintainability, It is more prolsvie, “owever, that many mairtenance engineers
Accept poecr maintainability, having been insufficiently trained in critical

examinaticn.

Three topics vitally affectins maintenance engincering in Britain were not
covered by the survey, and these wil! te mentioned to complete the picture,

EDUCATICN AND TRALII ' |
The minimum school leaving 8ge 15 15 which means that ull but a few teenagers |
leave school equirjed with tiae nocessary knowledge to iive in society and play |
8ome part in the ration's activiti.i, Ip #ddition there are technicasl schools
which impart the tasic knewledse tn students whc wi' | «nter industry, technieal
Sollexes and Iolyteci.ics which rroviae fuil-ti~c, nart-time and evenins classes,
enahline students to oktain recopnised enzineer ae and technical qualifications,

and the.e are Univorcities which vrevia. educatisn leadiny to the award of first
and higher degrees in ewrineering,  Cne intercs!sng agnect of the educational
system is its flexibility; there 1s no tet route through the levels of higher
education, and a student may aave been cducated in different ways at various

times, These various forms of education are almost invariably jpreceded by,

concurrent with o follovec by ap appreatic :shiy whack imparts the basic skills,

An important part of aducation is supplicd by companies themselves cor at

least by those wliose Products or uorccesser are i any way complsax. The education
provided may range, fcr example, from haif a day on the company's organieation

to severa’® montns on computer maintenace, Thig latter type of course is

normally interspersed with periocs of "onethe-job" training, where the man uses
the skills he has bheasn taught,

“he more enlighteren manapements also or, anise refresher courses for their




staff, to up~uate (i1 Knowledre and o expund it, thus maning their staff more
useful. /his supplementary educatyy, may be provided by the company itself,
or by any of the educatisnal ‘od,en tlready rentioned.

low where doec e a..ntenan. eng'rece [§t in? In senersl he is a man who
will lave nad a formal train rg ana possitly eduea ion in elecirical or

Bechani ~g) engincecin: but none in ma ntenunce asn such, szince only recently
have co.rses in maintenace engincering veen previded. It seems obvious that
such courses are vitsa. for a man who nay ve concorned with zaintaining such a
diversity of esuipme i as steam raivin vian%, electriesl generation and
distribution, mactire troia, transyort, air cenditioning plunt, sleetronte
systems and =0 on., “his is esperially t:ue if the ejiipment which will be
developed in this "Automatior Phase" of the Industrial Revolution is to receive
the nccessary hicrh standare f waintenance,

On the shop floor, British craft training is al! st exclusively the apprenticee
ship system wherebdy . young man is trained in generel workshop practice
initislly, and subsequently in the skills necessary for the exercise of his
particular craft, During his apprenticeshir he will ve released perbaps ome or
tvo days a week to st .dy at a technica) coilepe to acquire the theoretical
background to his work.

Unfortunately this method of training, tosether with the Trade Union structure,
does not provide seintevance craftsmen suited to the automation ape, The
requirement is for multi-discipline oraftswen,

UNIONS
Baving mentioned the Trade Union movement it is eppropriate to take a briecf
look at their activities.

In part due to the organisstion ¢f the medieeval craft guilds such as the
Jutchers, Chandlers, Stonemasons, etc. ond in part due to the manner ina vhich
British Industry developed, the Trsde Unione coalesced as individual bodies
r‘protonéing the craftemer of a particular trade. dach uaion, of course, in
protecting the intercsts of its members, sees any attemrt at breaking dewm
demarcation lines ae a threst to the livelihood of its members. To some

extent their views arc correct because omly by improved training and education
18 it vossible for many craftsren to work outaide their prime trade. However

it ie esgential that these attitudes be changed in order to iaprove productivity
nd thus to secure higher standards of living for all., 3Since the beginning ef




the Industrisl evointinr the 'rade lLnion movement hae Leen instrumental in
securing a numdber of rivats and conditicns of wors whion ore now taken for
rrantea. Althourli therr are far {ropo verfect «.( irceed ~ie 8till being
evelved “nera mest e adequate Jesislatioc to vuver curditions of work,
enLlovient of women and choadien, ewiation Lua Loasringe iq afety,

AbDloe. o 1ol AioR

Mueh of the luw re_ating te o0 sty 10 cabodiea 1n the § actorice Act whieh

is enforced by Her Msjerty's Fac “ory usyectorete. It i not onssible in this
paper to give more than & hrief furnary o Lve scope and this can ue done under

several heodings.

1 Safety

Safety regulations in the law are concernsd with the adecuate guarding
of muchinery, the pravision of eve protuction for certain ~perations, the
precautions and eauipment necrssary if work ic to be done in hagardous or
hostile environments,

2 Fire Hazards

Under this hemdine the Act is concerned witr the adequacy of fire exits, the
Provision of fire fighting equipment and, in certain instances, the practising of
fire-drills,

3 Health and Welfars
This aspect includes requirements on the adequate cleanliness and heating
of factories, provision of veatilation end proper exhaustitg of fumes and dusts,

and the reducticn of noise. Indeed the whole question of pollution in the
factory is under review and this is an aspect to which we believe engineers must
pay much more regard,

b General
Fipally there are recuirements for the registration of certain types of
plant, safety devics. und rerular testing and inspection.

THE FUTURE CF LTl yu ECGI0 LA1KG

As @& result of the .ep'rt of the z2forementioned “orxing Farty, the United
Kingdom Government had discussicrs with leadiny industrialists, educationalists
and prominent engincers ui what was to be dope. in brief the conclusions were
reached that mainte s ce Laid tuo lony heen treatel in isolation and that

insufficient attertic ., w.e given during desipn, inctnilation and commissioning

stages to the easi:uy of the maintenance yrotiem., In orier to draw the
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cdirtiaction between this new concept and the older one of maintenance, it was
felt a new word was necessary; the appropriate authorities suggested
Terotechnology. This word is derived from the Greek TEREIN which means to
votch over, to guard, to monito., to look after. Terotechnology is defined

G-

"The *~chnology of inatallation, commiszionir,;, msintenance replacement
and resoval of jlant, rachinery and equ.pment, of feedbac): to operation and
cecign thereon, and of relaved subjocts und practices.

Tn addition the Goveravent set up a Committee on Terotechnology to advise

en the different aupec“r of terctechnology and on the best means of introducing
torotechnology to industry. In order to do this the committee, which has

recently begun its deliherations, intends to investigate nll aspects of education
and training, the activities of the professionnl engineering institutions, the
nced for a national advisory service, information services and government sponsored
research projects,

i3 yet it is much too early to comment on the work of this committee; suffice
>t to say that the maintenance engineering problem is now recognieed as being
cue which is of great importance to the economy of British Industry.

COLICTUSIONS

=0 far ae the United Kingdom is concerned we are clear that a good deal

Las to be done to improve our standard and effectiveness of our maintenance
eagineering, The paper ie not therefore offered as an example but rather eas
one .... which lessons can be learnt,

"ithout doubt many improvemente can be made by the wider application of

concepts which are already wel). tried without the addition of any nev prineciples.
“ho first essential is to train people from manager to shop floor level inm

v iintenance, emphasis being laid on a multidisciplinary approsch which cuts
~cross existing demercation lines, The work muot be planned, measured and
controlled, and attention must ha pajid to replacement of equipment on che proper
lines.

+n the longer term we must look Zor additions to the educational system to
«nable part firsc degree training to be given.

“¢ must look too at the posaibility of groupec maintenance facilities (both for
“*n aud materials) end no doubt further research will be required into techmiques




=10~
of work measurement and control hold of finance and planning,

As we enter an automated age it is the maintenance engineer or terotechnologist

vho vill become all important. He must be fully equipped for the task and sust
be given the authority to do it.

W LE

Th: authors wish Lo acknowledge ihe work of the Ministry of
Technology's V.orkinys Party on Maintenance and P.A, Management
Consultents Ltd,, who carried out a Survey on Maintenance and
from whose reports much of the factusl material wvas derived
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Uirect lLabour
Nireet Matorials
Paymente to Contractors

Hainterance donc by ‘roduction
Staff

Nirect overheads

Total

£M pen,
e

41

56

£ 1,086
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