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 Fig.9 Relationabip Letvesn “Haintemance Work"
pad "Eeriee of Componentn®™. : S

It foellouc from the nrhove senvidecntions that ‘the "masintenance work"
i{rce the "maintanance

rk, the date anéd
s be MOre Pra=

forms an importanl urit of mointeronca daslm.

work® ic not an unit for the execulion of the actual wo
time or the cycls of its ersecution ayc uab opeci fivd.

cice, each "job" constitut.ny the "raintenadco work? has ite own eyeie.
While the coct of the “maintennnce work! can be cbtaincd by adding to~
¢h mane up the “meintenance work"s
4 to afsure the reliability
it involves

gether the coct of tie Bkt wid
Since the "maintenance work! is exrcodte

of the relsted conponcato when it ic f:’é%‘. into practice,

entimatod voluer of fatlures ani collented voines of actual failures

obtpined an n result of its execntion. therefore the "maintenance work®

serven as an important unit tp meanurine the mointenance effietency.
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A descriliod o Cope, Lo ey temanee worn” Toaives , wlhen gt
executod, crbimitco voiiuor L 1w exsocted to vecar, o Ui value s
of actuel faiiarcs obtainesd o4 perelt af gie crecntian, Sosh o Ture
values neriainiopr Co the "onint oo o wert N cer be ohtaoned iy totali Ang
the failure valuer o0 the e ponen o, pat - deulerdy the hot components ,
conctituting the "oerio: af sompopenlba’ pelated te e work. YrhYr 1 phows
an exanple of Lhe ta'iure cotenlation of “he "maintenance worl,

%

Toble 1. Exasple of the failere ealoulation of « vork

, DOWE 1 U e
HOT COMPONENT A HITR I8 AV, TLA | AVALLA
: e b {A-MUTRE BILIMY | BILITY
o o Hw @k [Hr] ((Hedo'm)l (%) #J %)
6*11 Cyhrzt?er 022} 245 | Q 0; J t}f}‘i 94 <’f«}§

segmontc | 0.01[2.0 | oo | o 02 | 49,998
beorings ‘{ 0.0016.0 | 006 | o Ma@ 994 |
| Lhifting Yoke 0.7 |0.3 | 0.1 | 0.0 2979
__Brrender T .Oi ( 2 f} (’}.i}”’ i :

BT I A,

O

Spreader Shart 6 5@ GJ& 0.4 | Q.0 h ki)‘* ‘Is‘%& :
total " 1.09 ] 0.46 | 0.9 0.05 |° '

Tho fic-ma Eirzv ol a cononent Gk be absaiaeﬁ by multipiying Aby t
) Fﬁ’?ivf 6? thv emgmwuf; If 1, Qa}iz hre. failuwre reﬁe i utvd for

Down ﬁgg Y §¥a‘3gs% X HMPTR fgr}
e W*E . {Lx‘flt:}Er}

; i&du& ‘¢ Lhe down tinme mr ﬂw F‘ﬁ*tip‘ﬁf‘ﬁ% dur J;% ] r
- It the down time entculatod frem equntion (10) ju malt w}ied '&g 0.1 7
doun time for 00 hre. operation is ek vilued, which in itoeld? fr ¢ vual ta :
the upswailobility of the conipment sxprensed jnopercy ntupme. h, rofere

the avadiability of the 2quinment can be obtaimed by deductine the pereent
of the unavailabilily from 100 peresnt., The tailure voldoo of cach €om=
vanant in Table 1 o eap be thyo réaeten tabed s

Then tie ¥ luwe. o1t A b the r clutonener we 0 omae b L




adding Lopethor the A of irdivicwe componente. Lvern il the tariure of

1

anr component io of toe vear-out or the initiiald {a1lure ¥R
J i

¢, in the casc

when the averare foiiure rate 1o ved o0 A, the iaiture rate of the entire

[t

work can be cnleulated by cwemire o the tailure values

ponents o Lhey are.

3.4 WORK TABLE

amonsr the '"maintenance work', ths "job", the fallure ratle

been imtonded to facilitete the understemding of thio work
work table is usable either as an actua) resulis stoterent

saticfies the followinp four iiems invelved in maintesabce
vere refoered to herein before:
(a)  Eotablishmeont of "Maintgnance Werk"
(b)Y Decision of "Field Naintemance Job"
{e¢) TForecast of failure and cvaluntion of effect
{d) wtimntion of maintenance cost

maintenanc: job ctandardc (or field jub procedures).
In Table 2, the colummns of plant, production line and
7 ured for clasrifying cach ecuipacnt unier consideratioen.
cation must be made in cuch a menner that it 4c convenient.
necounting,  The “job™ column in nsed to indicate the work

corts of prevontive mrintennace and corrective maintenance
in the tnble., o S 7

be put anew am a result of Asily or slintdown insrection,

the »Y=nancd ol

‘done 1t Lhe plant site. 'The date and tise érrtkérgyeié'ai

The reliability of egquivment oo arcured by the planned johs,

811 the com-

The work table is an imporfant table incorporating the relationshipn
apd the }ikﬁg

p3 shown ir Table 2. 1t may be caid tnat the foregoimy explanation has

tabkle. The
ey an o sainte~

nance dgsigﬁ aheet. he work table wkich bhas been used for malutenance
desisyn can be uand as n waintel anco stapdord.. A siandard work table

dect h ﬂgiek

Rowevar, it docsu not imclude detailed curtunts of job practice or ficié

enuipment are

Suech elausifi-

for cont
to be aetua¥ly
exseution, the

are also shown

The "unplanned job" deroted by code 20 ir cuch a job as exneetcd to
The cont neces~

sary For this purpose Lo soprepristed as a preventive muintenance cool.

The functien

of the unplanned job is confined o the Loekin< un or the koenin: ur of
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The Mpopairive job! denoted by code L0 in a jeb to reprir foluren,

and th,e corrective raintennuce cont in appropristel by taking into

account A and WTTR ot the components which
it may be calculnted unénh the repoir coct per unit down

arec exrected to occur failures.

Or more cinply,

time obtained from actual record:s.
no dircet relation to

put it

Ac mny be ween from Table' 2, cach "job" han
Yy

the fnilure vnine of ench component written in the right column.

* has the interrelationship chown in Pig.5. The failure values of the come-

peonents are totalized as shown in Table 1.

The interrelated "jobs" arc grouped topether and are aseigned a
Consequently, the “reduction geory, icr oxample, is

,§§$t;h1e work name.
It is not to be used

a name used for the dosignation of greapeé “joba" .
as the name for the clarsification of the component devices of equipment
or as that for the ¢laccifization pertaining to cont contiol. However,
”jﬂith some dopree of dincordance being permitted, Lhe term "maintenance
wafkﬂ ofton apress with the name of the device makinre wp the eouipment.
fhe tota) of the maintenwce costs of individual "jobo" is the cost
-~ of the "maintenance work', Aluso, ot &een from Table 2, the total of the

~ failure values of {ndividual comnonents comprises the failure value of |
the "saintenanes work".

Bl As understeod from the nbove, the work table aupgents the f911¢W$§g

tive inportont lasts:
{a)
™)
{e)
{d4)
{e)

By thus, introducine the eancent of "medntonance work, 1t botomec

pousible to denirqn, forceae? and measure the effest o) maiptenafde,
i+ a woy (h Y Yaippp the tefhyoone aped the Field
~tpor Trem tRie that

“he tmaintenamer woerd”
job {or cunt) of sainienapon, Tt will be undot




ot be 4p to the proper
A though the best possible
‘ug the master fiches '




the "moan onnnoe wors® vorm o Lol of mavalennnes de ey, e "atntew

rance woprk' sire cbeun what Ciecclion or voint e to be ntuds~d e

roguee tie oottt s foilucer.,

b, =peaenict. MMNTI@.:M}:CE

!*.1 COLFFICIENT L COST AND DO TIME (CI}}; g e ,
A certnig relat: onship ic considered to exist %atween fﬁa down time :
: and the ,xintcnwcc coats Tiat is, it wil noed a huge avount of cort to
ifeéi%;siétely reducce {otlures te zore, uh lc¢c on the other hand, since no
~ failure can be restored without spending the maintenance cost, the down

me becomen infinite. Aceordingly, tihe relationship between the *‘*ﬁi"“‘ E
: 'gggaee coat and the down Lime can be exﬁreéﬂi‘éé na follows:

Raintenasée Coit (e) = Coefficient i?}x‘m 611}
| Fhe coeﬁ'im*z-t s in o i’mmiim; of minteuanco actione., $= f{ot),
The important thing in how the value of § chanpes with the choneen of the
maintenance action ax. Uaing mathematzml expresgion, the sirn of a§/ad
is determined Ly the form of the function. And it is understoed that the
form of the function depends on the maaner of mointonance action, oF the
| atti hﬂie or resoliation toward its executiom |

: %‘reﬁ ﬁt‘%ﬁfsiﬁn (11), § is e?ﬂrgﬁhud o fa’ilghy

¢ = Lo tg - {?aﬁ ?fr} }; {13}

L § is enlled the coefficient of cost and ém t:w. or more simaly €,

he maintenance cost ¢ 1o the sum of the proventive maintensnce ;:ef!: saé'
the corrective meintenance cort in a civen period o time., ty 16 tho
2un . of thg down time durine the gan> periog of Lime.

“ven in the care where lhe eenipaent or the production line 15 maine

talned ir the ortinmum coadibion, the swnller the vaoue of the ¢, e

: E3
Y =

&

—




more proferable it im.
the improvoment of

| The Cb ¢f the
attributes to the fret that

of mnintenanrce,

equipment .
out:
{aj
(b)
{e)

The cn of the "maintenance work" i improved by the improvement of

,rtgﬁhaieal meanLures,
,7sffi¢1en;v of the ﬁ&iﬂt&aﬂﬁue work fituelf or reduciias the maintemance cost,

without alterin:

shows maintcnance level.

- the steod inéartrg are ?ivga in Table 3.

. h,2 DOWN TIME 10S8
 The mhutdown of
i of tvo kindno:
Scheduled

wF

rhutdown,
ecxpecten

vith the

shutdown is

o eageed by

Chrovescorcal doeveare n thio value incieoaten

matnten.nee eftoct,

tmaintenance wark’ diifars from sork te work. Thic

railure deor ant depend merely on the quality

hut i larpely reizted te the iphoront reliobility of

Accortinply, the €D of ench werk i uscd a8 an index te flnd

pouipment which is oririnally 111 -Rinufactured,
cquipment which is unsuitable to the wue and envifronmental

conditions,
equipment which io wrongly naintained.

Tt in of course improved alco by increasing the

Ch is an inpertunt imdex that
thooe used in

boe bt o ab il

5 "hga thg aftna; ¢atie of O

%ﬁé} 3 31&#5&# of GQ ?ai&#ﬁ in thﬁ steel iﬁéﬁﬁtfy

o 31&& st B

: Flant {3&* Hr Yen, ¥§ag
Bintering plont , lﬁ

Blast furnace plant 10
Converter plont X0
Slubbing and Blooming nﬂ:i S 25

Bar and Red mill ’ 20

Plate mill EREE ' 10 -
CHeb stripwidl 80

Celd ntrip mi¥y - 30

the production lire for the purpose of maintenance

one is schednicd rhutdesm and the nther is unexpected

shutdown 47 that for maintenunce, whorere the une-

cansed Hoth would bring down time lorres,

the 1-

bty ailure,

‘Ler (the breabdown lesoes) beiny grecter.




{

In conzideriny the ceonoac, of mainieranco,. iy oo caier bobh are taken

into account, vhoress dr other caooo any Lthe latter. jlere the broakdown

Joages alone will be con: fderon,

The breaktown loencs differ jeperiding on various [aotors ircluding

the kind of vusincen, production pooceracn and nales pystes, So the
acrcounting staff alco must be asked for the coluculation of the bLreakdown
losses., A. breakdown lonscs are to Le used for deciding the cource of
maintenance action, they muct be well approved of by bhe munagement or
the supervisor of production divisdon.

An example of calculating a kreakdiown 1088 will be fiven below.

DBreckdown loce per unit time: a f

It will be assumed that the breakdown loss per hour "a" is the sum
of the production decreave loss per howr 15, the production decrease
prevention loss per hour lp, the unit consumntion loun per hour 1, and
the extraordinary operation cost ver hour 14. ilence, "a" can be e;;tpréf
as:

a=1q 4 1+ 1o+ 14 {Yen!ﬂeur] (13)

(1) Preduction decrense lens ver hour: 14

Thic in a lo:c ecaused by missing o proftt which would naturally be
obtained if eouipment were normally cparated. This 16 aricec only when
the production of final products decreases. 'l‘herefere, the praﬁtxcuaa

the sum of the atock time and the surplues time between méividga}
precesses, ‘ :

Decrease :I.n production due to shutdown ia aometimes prevented b;c
means of overtime work, outside work or purchass of semi-precessed .
products from outside. 'fhe increar in costsresnlting i‘s’*tm such menns is
appropriated ac the production decrense prevention 1ous.

(3) Unit_concumption lors per hour: le

“hen the failvre hae becu restored and praduction uark hac been

recumed o the cotra vtility coste cuch ar fuel, electric powar and cleam
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CL) ey e g Yo oo hoper hot s 1

tam Lare Foo re cvdoe o, the moacrial froo bie reaeedi i DPfess

catin ol be ure geeod ool oot besperopdls be s tten Lo other place, wWit!

the repumplion a7 vretuntien, fuen waterial Lo btroucht back to tie line,

f235.

VRS Lhc L for toss procoders ig on exemele of ke exiraordinary operation
ceat.

By eddin: tigethos o1l thie, Lhe Breskdoun lors pe s hour can be

culenlated, &3 cxanplu of tai€n3atiﬁﬁ ageording to thia methed i

exemulificd in Table % Ac coen from this table, lhe treskdown lous pgr
hour ehan on 5%%5&&#& :#iiﬁ the ﬁ@é&fi&ﬁﬁ, ﬁ*hia maans that the breakdown
iisﬁ is a é;s#&%&igg """ g T uaction of the down tinme.

The moet aconcnlicenl peint of motntensnce in the point where the te
of the muintensnce cort ard the breakdewn loss bocomes minimum, ‘here -re
wien the precont mainlerabire aciivity peint agtees with the minimum vroint,
it may be endd that the noet ceonomicnl matntenance e heinp provided.
tn the one hand, when the malnlenanre activity point anrevs wilh a given
eenditton (piven by a maintemance budpet a;us n marrinal down time), it ,
nay be cald that the optinum maintensnee 1o beinp piven and it is mont
icgtirable Lhat the maintensnce 15 both most econonicol and optirum,

ii the mainlenance coet ¢ ond the éfma time g for a certain 'periad
of time are knewn for o producticl llné o for cach of it cuagaﬁani
equlpment, the total nﬁiigkéﬁ;iﬁég lose L is exprocned on:
Loswosousty S aw

§,

belne equotion (11), *we shove eauntion oon be rowpilien as:

34#%-&%43&& (1%)

In thoo o equatiorn, A4 in fhe freskae n dons por oait down time,

Bonsipr eaustton (Y4) . L e apt sheoine the relstionchip betaueen 1




and ty during a certain unit down Lire a, usinr € nas a parameter, can be

drown. An example v shown in Fyelh, which 1o eadlded an l-td control

ehart or nimply L-tg chart.

Fig.6 L=tg Chart

TOTAL L1085 L

A ctraight 1ine eennectiaﬁ the minimum paints of the inaividual L~t§ |
7§§?¥35 in Pipg.6 is a criterion line for the judsr oment between over-mainte~-
nance and under-maintenancc. 8o, by drawine this criterion line on c-tg
curves instead of l-tg curves, morc uuiv .roal eontrol charte will be
obtained. This chart i called the ﬁ»enntrai chuart (Uemaite's contrel
chart) or simply Us=chart. r-ifr.a 9 nnd 10 chow anmme,ﬁ of the U-chart.

~ b.,% U-CHARYT , ,
-~ Aw deseribed before, the U-charl iz tﬁat in which eriterion lines
for individual breakdown losues per hour are drawn, together with the
curves showing the relationsFip Batween the maintenunce cost ¢ and the

down time ty which are drawn by u.in? € s a nnrameter. Accordingly, in
Fip.7(a), the intersecting point P between the criterion line a, and c-t4
curve, for cxample, ic the peini on which the total sont becomes minimum
whgn the CD value of maintenonce 18 €, nd the bronkdewn Lot per hour in

n,» Iaturally, the msintenarce coul ard down time ot point F are c, and




t'cl;xv retipectiveliy, nnd 6, x tdz”?g o Any dn Mle e, drawine a tanrent

line R8 which touches the C-t4g curve at point i, this tangrer: line

become:s an opposite line to the eriterion line a with a camn

for, any point on thig tanrent line have 4 eou
to the total lose Lp of the point P

lope. " here-
al total les: |, Perf..ctly
at the breakdown tiwe Tor: a.
it differently, when the point P moved to the point & , the total losk of
the point Q does not change from the total lose of the noint P, Thie
tanpent line 1c called the economical line or equal tot

Soying

#nl lecm lipe,

mAWT. cosT €

. BRK. DOWN TIME td
{c)

-:‘1«-




From the viewpoant ol tre mogs!l ccotemicnl moinienance, in Fip.7(bY,
the area R-1'=J is an aver-maintennce nore, while the aren J=bel 16 an
under-maintenance cone. And. the area (el=DP=G in a most economical! rone,
ond yet it may be nid porticulariy thal the ures 0-R-P 15 a1 rore offec~
L;ve gzone in the production incrente, ard that on the centriry Lhe afca
C-P-8 iu more effective in the production decreasc {or in th. zas¢ which
have many allowance time).

The equal total loss line can be drawn through an ary peint P as
chown in Fip.7(c). In this cane, thic liue indicate that any point on
this 1ine have the aame totnl loas that ths point | have, hut it g net
an cconomica) line. Therefor, the point T in Fig.7(e) is in over-mainte-

nance Lone.

As described above, thg Eaﬂﬁari iu an gffcative control eﬁtrt permit~
ting the judgement of the ‘technical {QB ?ii§§§ and economical ittei n! '

- maintenance duriog a givan }tﬁgtﬁ of tim;. based on tho uaigttsaqgc cuut

~ opent and the down time arinen with rasgtg& to 8 preéeetie& 1ine ‘or sggsﬁs
ment the rame period of time. It also indicates o ?Bﬁrﬁi iaf tkt—fs%ﬁr*
maintenance activitics to take. '
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L5 HOW TG USE I-0CHART AN TO CAEBY FORIIRD MATHTWIAJICH ACTTIVITY
Py opoodtans Lhe lintepance cotdeitee peinte e Lhe l-akort, as
Adroerab o aboe o the toehin o nl oansg acennoddee’ condrtion of mmantenanco
cn be dincloscs clesrly.  fhus ths mext atep ie to determine from thin
chari how the mintonanee aciivity sheuld Le performed in the future,
rollowing re some diecursions of the ways of using the U-chart and

of corrvine. forwart maulnteranee pelivities,

445,1 The case when ﬁﬁafgfggﬁgé,ﬁg;5;g§auaé,ggtivitz psint,liEf,an the
criterien line: R

In this ¢ave, an chour in Fiq.il(ﬂ).tit ir idesl to carry forward

the future moinlenance activitiog co that the precent maintenance activity
point P movus on th: criterion line tuward the orizin O. Trom the most
economical ntand noint of maintenance, future activity point may be inside
of the economical line VS whish s drawn throuth the point P,  But,
penorally, if there ore mo special reguirements, it ic not necessary, for
example, to take & direction tn peint ¢, -

Alse im muny eaces, a target maintenance coit Cp and a tarpat down
time 1imit T4 are givern ac oims for currying out meintenance activitiea,
In cuch cuoes, the maintensnce sctivity peint ic to be within the tarrot

*

B

Jirli) Hircotion of future wetivwity whan the yreront mminte-
frunee cetivity pornl tien on bbhe optborps o Ting

.“('. R



e nresen! mainte-

ranpe formo by U onnd JoeoAs Shown din Vieon i, i

i

nance pont o sein' 2 odn T i L T P A reeerion T ope 0P,
the ddeal futurce MEIrLennnes aclion wouic be the vhue a0 in fhe cane of
Fig.11(a). Lelling a target ro g for rainleasnce my o connldered, ro
to speok, as provilding a hune hettienl breskiown loos rar hour.  When eueh
maintenancn tarset Trge doopreca, 10 oan not nlleged to trke a ddrection
of mairtennnse nctiea to noint 4y or Qa2 . by reason of that the point @,
aud Wz are in Lhe wasi ceonomical mono.

Generally, in the both ensen of Firm,11{a) ard (b), tLhe practieally
adoptable muintonence nztion ia to moke the value of CD(%) as small as

possible within a cesivible raage formed by point P, which is shown by
dolled lines, :

g cape vhen the nresoy
an t e crlﬁarian I*ﬂe*

b.5.2 t nedntenancs sctivity point does not lie

Therc are two cusca, in tiis cesc, one is the caps of over-mainte-
nance snd the other is the casc of under-maintenance, as chown in Fig.12
{u) and (L), In both coses, the contiderntions of action are came, but
the maintenonce aeticac chould be taken are opposite. In this cace, it
will be popular to take an acticn P+Q: to reduce the maintenance cost

| —» ty

(n) )

Pip.le Dircciion eof futupe activity when the rresent mainte-
nanece activit- poirt 1¢ of ¢ th: eriterion line




without chanrming the volue o!f &.

However, thin direction woiloe T

reinvestigation of ‘'mnintennnce
clong Ehr

ol &

3

Yhe nction 1l

act.opn with the vasue

heinp sreoter. TU s

poare jdosi odoroction [ T
sy oan drcrovenent of eaiinment or 1
"‘1!*&,.‘ .
snua’ totni loss lope as the upper limited

ro ace Loking the ection

beyond the cquel toind 100L Tine. terowse in this cuse il totul loso

mora snereage rea present one. On the contrary, it ir copnidered to

Lhie direction in no unsteady

sake a differenl dirvetion like DP-ale, but
on bulance of coit and failluce, that it un better, tf there ore no

gpecial reguivements, to doer not ‘nke thic action,

4.5.3 The eriterion line for the core where the Lreakdown lo:e per hour
chanpec:
As alresdy exemplified ir Paragragh h.?, the breakdown locs per hour
frequently changes stepwine along with lapse of the down time. Such a

cace is shown in Fie,i4(a). To be mere vrecige, if a down time t4 for a
eertain failure excceds a time Ty at which productien locs ztards teo
eccur, the breakdown lese per hour chanpes from a, to ag -

U-chart ic used, a5 dencribed before, for *he juigemcnt of mainte-
nance usint the tetal down time resvlitant from the failuren occurred '
durin;s a piven period of time and the mainteuancc cost spent during the
game period of time. So, even when Lhe totnl deovrn nime cxc~ode the time
Ty it does ot immediately follow to ure m criterion line a,. Because,
even if it is admitted that the tota! down time astually exceeds the time
T4, it might also be the cace that the diwn time of each failure io all
within the time Uy  If =m0, since the breakdown lose deponds only on the
unit cost 84, & criterion line &, can be uced. "Howaver, if some of such
down time exceed Tg¢, caleulation for such failures to be done by use of
a eriterior line az. As mny be underctood from Lhe abave, it may be
necencary to select, out of the total dowr time id, the down time which
i within the time tq and the one which is beyond the time tg.

Dintribution of repatlr time 1 expressed either by the logarithmic
normnl distribution or by the expeneniial distribution. Figr.1% shows a

cumulative Irequency of repair tame at o certain roliing wdll plant, Tt
P

e

indienters that a consddorabty boph degree of approvimation can be obilalne

ed 1 v une of the folloving exronertinl fwction:




L) = 1 - em et {(16)
Tt ie therefore constdors] hLere thn! the distribution is

s exporantiul.
1u this equntion:

AL = *Tﬁ%qy* 7

In the above equation, 4 in tnown as Lhe .marntenance~action rate, indi-
cating the frequency of failure rectoration during the period of ene heﬁf-
As exploined before, MPPR is the mean time to repair. :

Fig.1%

An example of repair
time distributien at
n gertuin rollins
mil) plant

jrIme33.S (el

20 40 6o ﬁﬁe :ﬁe;.:afﬁfﬁf

Repair Time E!Sﬂﬁitw ;i

loss, toc whole down time can be expressed %g?,_
8y, = 1 - a=4Tt (3 cary

Thus, (1=57) ie the rate of t'ic down time rsnai&&&g earestored at tha
time Ty. From thic. the fcllowing oquation can be obtaine::

a‘a = lz - ( &’ - a, ) S‘rt ('?0)




Pl ar cquivedont broard e coss b bour nge ean be nblainet,
ehdeh v o bbb padmement et e WA i criterion line
corpeLtan in ba :sﬁ,g . rr v thing o v sntculatior 1o pummarized in
Civadh, Ie the cquatien (20 ) weundig ey b TOLY trerefor, 1t may
LI NTL AT I S ey O Vo etbee worda, wo Tas ar PR aoes not

exf ey 1/6.7 of tie thme o 2 when nradneiion deeventa lous ctarts, there

in no perd to conntder oRowt e PR

(a) stepwtis change
in a

decreane 1068 s?artg

b5 Comparicon of §

he CD ?ﬁ.}ue es th pat ﬁ;ii"ﬁ’éftﬁ%"t iiri ru‘! gf the arnrmi miﬁtw

pance ore seapsrabic withoui any difficulty 1f Lhe opeeation luvel has

not been caoncd,  bBns U b kao b clomgprod, dfrecl cesparisop 4




s 1Y
o ,\g\_ \ iX
N i l %

which produetion K

Y ¥§'LW%§5 :

~Tetal ¢ Lime during LT

uoglven peric’ of Uime: - g e d
Prequency o failures during b .
the aame periot of time:......... 1 [ring)

' From these, iR i~ ohtained un follows.

R - i 1k tgfi‘ f}ip,} -

ve araph, 3?& is o

- Pig )5 Celewlaliom af canivalsnt unit loes sost
vhen the breakdown loer ner hour chanpes




iapon ikl
S ruayect to o production fns gr ecaivmont with which a record

of mointenance sre lont foron sorpear toriod of tive, o realionshin io

coneraly faumd beive n U aud Moar failinvie;

¢ o= £ (21)

the abeve enualien ern ba renrpansed ob follows!

“here fera, by using tnie,

Ge £} L 22)

& in main.enrnee cent rhd Pois produstica emount

the foilowirs egun tion id ,’5‘} is ﬁﬁ!‘ﬁi&!‘l’ used
het i to say,

%’%.
, In the sieel inauovny, ¢
for wmmwtag the relntionship plren by equation {21},
with the osounption that the miﬁta@am sout 167 the production amount M,
4n €, the meintenange sont Cp fer the produstion amount g, when pro-

duction amouat changes from !, o Eg@ the Baiﬁkﬁmﬁ su% is exprensed

*

. as follown:
€ ;

ﬁmiiﬁm 3 is; &g;szfai’i? %etw&g 2.8 @é iéh,

W6 SELECTIGH UF “NAINTEIAYCE WORK™
In Parasrark 5.5, the sethod of du tormining the couree é*’ fa&&r&
B T-char  wan dancribed, Such deterrimation
of saintenance uction e gaéa from « ,**i%i%éi%‘i% of how Lo eaintain sn entire

a*ﬁa@xm line or squipment of substential saze in the fﬁaﬁ. it 1a
’%ﬂtﬁ however doogn

palntenance aciten by uss of

© not based op the unit of ;ﬁﬁwmaki "moiniefonce wWork”.
“mot mear to prohit it Libe - inttor way of thirking and the deteraination of

satnblenonce actiun will rather gventunlly Teualt in the soonomiziar of
iﬁiﬁii&iﬂl ugalntonnce Work” te the hirhect depres, which, howeyer,

amonnts Lo very eesplox pragedurce in prasliee, O Lhe ﬁthﬁ hand ;, whea
-t derrce of ceonemiaation,

eptisisntion 1e alend at fretend of the hite

it im atnort impe eibla e sehievs the alm by rimnly atudying cach "muinte-

WARGE eorET pEmErateiys , ,
At ompy rotey it ireation o of qoirtenpnan notien i dutermined firct




vith remard Lo the oitira production Dieocr candpmery g cnbistantlal
clie. Uhen, in Lhe follovips nte ienrovener!t ef 4 oach Cwnintenance wopkn
18 cwaotiered iy acvordonce with tic dircetien Hiyro delermined., Ac a
ratter of peantica, hostoverp, preparation ol irorovowreont plans for indi-
VEIALY "haintep oo woarg! vertes {rem work to v sort denendine . on their
conas bionn, ever §€ 4° . dipecta.., Hotke whete matacensnnn action btas bnen
determin:i. In eecme o sen, o Lusce amount o1 (egt sould be required to
redice failluree to n dusivre i2vel. Tn othery,, nome degree of {allure
accurrence would be slloved by veducing cost. ‘fhere arc BoMe casts in
which corrective rainterance nl-n . can saerve the purpoce, without requir-
ing preventive saintenanco,

Also there are many casee whoere a number of irprovament plans are
worked out for the improviient of & sinpgle "maintcnance work"., (It ia
desirabls for the programrid maintenance that o nuaber of iarrovemont
Plens arc forsulated for ohe worlt.)  (Cul of the improvement plans thus
prepared, one will be solected pnd put into proctice. That is to vay,

a "maintenance work” plan which ic beut suited for the future course of
maintenance action for the entire production line or equipnent of cone-
siderable sine, or n other wards, which snubles the highest economization
or oplimization of the whole, will be selected for practicul applicatioen.

It ir thevefore hecensary tc form all posuible comdinatiens of indi-
vidual vectors of the original plan and a nuaber of improvement plann
(some may ba diverpent from the diraction of the maintenance action for
the whole) for each "maintenance wevk'™. Then, to find out such a comdbi-
Bation whiss res:ltant vector areen with, or faces ae close as posaible
Lo, the veoctor for which the meintenance action for the whols dirscta.
This procedure fs smlled the selse tion of "maintenmance work", (Refer to
Fir, 16.)

Let ve conslider, in Filg.17, that & certain maintemance work soves
from the presept artivity peint Fi to a new improved activity paint 63.
Ve veetor Py Q5 for thic ease 4o expreased ne (¥4 id )y and the direc.
tion of atn aet-on we £/0, The larger the valve of &/¥, the less i an
frgromce i cond in comparicer with Lhe decrcare in fatlurve; whieh moann

tMt the direciien of this setion 1o Pioht,
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Figedl
Compoesition of mainte-
nance voectoy e

Vector of a meinte~
‘nance action e

; : Accordinrly, ihe suitableness of the direction of the M’keﬁmﬁt
 action moving from Py to Qy is generally expressed as follows, with
“retering to Fig.17y | | g

Giy = _%L g;"»ié.. " L‘;g:;lj,..:, Eg‘-ffia!

(g MRy = A+ rmaRy )] o
1 5} ) - (24)

Gy 4 is ealled the priority of improvemeni work., In Lhis equation the ab-
te value must be taken for the numerator with considering the sign.
; © The works will bo rearranged in the order of their priority. Then,
- _ihe vectors composcd with considering such order will be combined vari-
" pusly co that they chould agree with a tarpet vecter toward whieh the
fsaiateaan:e under eoncideration is diveated, When the numbers of both
works nnd improvement plsne ave fo, sugh work selection ena well bhe dané
by manual calculation., However, when the number of works increases and
when two or more improvement pienc are werked out for o uingle existing
work, it cannet be handied by manuval crlenlation. When ucing a computor,
cospoaition of ventor 1o «ffceton frow Lie worke of highcr priority for

each equiypmen’, Thoat 1o, tar ioszinary part sne the real part are summed

up until o tarsct resulianl vectoy 4 obtalaud,
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A ne waintennneo roint (2‘3 nay be onc that readires no preveptive
raintenance at all.  in such case. My will cen.irt only of the 1M cont,
Gij thus caleulated i free from the 1n“luence of the inherent reliability
of equipment, and thus indictes a derrees of tpie contribution made by the

precent mointenance to the rreven fon of failure accurrance,

b7 MAINTENANCE WORK DESIGH
In brief, tho object of equiprent maintenance im to prevent the
occurrence of rfajilure. Thervfore, if 3t is known that in what portion er

at which component of equipment, when and owing to what ¢auce a Zailure
cccure, it will possible to tnke o subtable raintenance retion againct to
the faillure. This type of approach 1w called the technical approach.
Effects of technical measures determined by a technical approach, however,
are not achieved until such fiold muintenance joba are rerformed as
inspection, repairiag, parts changing and ¢quipment inproving.

Accordinply, it beconmes fecessary to study, from the field najnte~
nance job aspectn, what ‘Btepn or procedures should be taken in order te
make such jobs more e@ffective, at a lower cout. This is called the fiiﬁ
maintenance job approach. 8

When the resultes of thess two appronches are combined inte a certuin
form, decim of a maintenance work is emplete‘é. Thic combining work im
spacifically called the maintonance work design. It is more desirable
that not s single work Plan but wlso a number of isprovement plans ars
simultaneously prepared from wis meintenance work desipn. Out of a group
of works thus formulated, one which is suited to a given condition will
be selected and put into practice, The maintenance work desien proposed
Ly the author concints of a fixed procedure nnd a method; which, however,
will not be discussed here. . "

What requirec particular attention here is a cose in which improve-
ment of some maintenance works nre done which o problemutic as to mainte-
nanee ¢fficiency or CD value. If the improvement of such maintensnce
vork is oriented to work reduction of failure, the teehnicnl approach mugst
be adopted firet, whide {r it e oriented te work cost reauction, g gtapt
should te made with the field maintens nee jeb arpronch,

Reduction of fai Lurn {; bY pe meons simplat it can Le divided jntn




the following three cages:

a. keduction of the failure rate A
b. ieduction of the mean time to repair (MITR)

¢. Reduction of the down time (A * MTPR)

To r.lenrly grasp which of the above three should be aimed at affects

the subseyuent approaches. The failure limit requiréd for production
differs froa equipment to equipment. Generally, A has to be made small
for continuous operatious, while MPTR has to be made amall for batch
operations. The study of tachnical appro;ch is the last and the greatest
problen to be solved in the maintenance. PBut in this paper ho more

discussion will be made about it.

s, EXAMPLE OF MAINTERANCE DESIGN WITH
AN SIMPLE MAINTERANCE MODEL '

.1 PROCEDURES OF MAINTENANCE DESIGN
A simplified circle of mnintenance control wae shown ia Fig.d. Meo
chart, incerperating all the items explained

i 18 gives a more detailed flow
_amtil nou, Drawing o nimple maintenance control folw chart is a very

difficult job, because feedbackr are done everywhare and individual itens
are interrclated to one another, Tul thic flow chart will be tonducive

to underrtanding what positions are asccunied by the items deacriheérhzfeia
Phe chart also shows that the

hefore nn:d what items are left uncvplained.
lanning lies in

difference batween maintonance decien snd maintensace b

whether neheduline 4o included or not.,
Froa ¥ig. 18, the miin flew of maintenance ecan be expreceed ao

follown:

1) tellection atf actual dat:n ond convercion iLhem into information

2% dechnicnl appreach pnil printenance ich swuproach
x5
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4 "latalvonnace W PO otenaem

#) Desirn oan penpeel te tho ooonney o’ Ypooantennnee vork"
(work .eletion;

5) L trndardiration of Hmaintenance work?
”!\; Cohe duline
25 peeparntron CLor mnintanance exccutron

2Y Fxooullog of mairtanance

thene eirht items make WP A "P1AN -DO-CHECK ~ACTION" control cirele.
Out of thesa, items 2, T, L and - constilute maintenance desipn, topether
with Ltem 6 comprise maintenarce planning.

In following parasraphi, the loops of the "maintenance work" plam
forrulation, "maintonance work® selection, and work table preparation will
* ne tuken up out of the dtems 5, ¢ and 5, and diucussed in further detail
uning snintenance sedels., ‘hie i1 not only necessary for concrete under-
standine of what have beer di seussed until now but aleo forms the central
.home of thic paper, being ene of the iuportant framework: of maintemance
eontrol., ¥a rovercc order of mention, the werk table propsration will be
taken up Tirst.

5ed PREPARATION OF MAINTENANCE WORK TARLE

for the purpoge of this dineuscion, a maintenaance mode) for a simple
equivment like a skinpuss mill containing only aix worke ssgumed, a8
shown im Table 9, will be used for ready underataniing. Worke will be
ertablished by tho cteps given pelow, It is first assumed that this equip~
aent in operated 5,000 hours a yenr. Thic figure beocomed pecosnary at
the la: % stape of the steps. Ek '

For famaiming a- thor $4 will be the
bert recommendnble mcthod to prepare an overhaul flow e:hr‘yrt firet, which
in a procedure in the fieid job supreach,  Arcording to this procedure,
the relntionchips belween the hut romponent and the jon and the one
between, 'he esmponeni pories aml the work oon v g loared Up However,
1Ed. w11l pot be decdt with tn thic paner. Wwith eauipment of aimple con-

ctruction . one ho Cer Py o Loexneripte, te Wl 1y e able boows! anlinh




such relatyonshipr Yy foliewin - Plepe L0 t

A gelerminition oF Lot comuanettn,

b, crouping the kot corpoacnts under each can pent
amd device, and enteriany thee in 3 werk table,

¢. buterirg the jobe madnteiwiur such Lot compenents *
in the "iob" column which $: tpe jeit vide of the
hot eormorent column.

¢. Formulation a work by combinine 'hore Jobn which are
tnterrclater to vne arother throush the hot componeuts,
and entcring iv the "work" column g name suitable for a
rroup of fole constitutine Lbhe work.,

¢. Including in the work the tailure restoring ~nd une
plarned fobs,

(2) Inclusion of the muintensnce cout spent
fatlure data in the worke .

Althouph the actual data may depend on the stahility condition of
equipment (in other words, whelher A and MITR are stable or net), it is

and the actual

commonly recommended to use onc for a pariod of one year or so. Data for
an excensively lonp period of time ie unreliable becauce of a poesible
chanpge in maintenance efficiency.

The maintenande cort of a work in the sum of the conts of individual
jotu. "he couts of failure resteration and unplanned jobo will be combin-
ed and entered in the respective "igb"” columns. 'fhe couts to be entered
must be for » fixed period of time, cuch ac anmual or semiannual,

Failures are entered in terms of the 1,000 heurs failure rate. 1If
failures for cuch companent are not recorded, enter them hy vorks, If neo
other tnilure record than that for saeh eoui poent iﬁknvnilnhie, such data
musl be divided into that }gr vach work by makinge n re-ipventipation
buced on the clausilication of hot componcents.  Anyhow, any method with
whidh ~ failure record for e.ch componeni in nol kept shouid be improved,
connidering the manner of aarr?ing forward a teshnical ctudy in tre future.
U eny component other than hot conmponente frilo, enter the dota in the
"oomuonanti! column,

Also, the actual vorfermance cycle of eirh job muct be entered,




(3) rPailuru enleulation of the wWurlih

The method of fariure calenlntion o the worhe o Loonn decaribhed in

aragraph 3.5 and Table 1.

of CL(€) for the works

{4) Caleulation of the valueu
value of €.,

are rearranced fn the order of the

The works

Followinr the above procedures, a worik table for this maintenance

model will be completed. The table thus formulated will be the came a6
2.+ Thir table coploing actual

one that iz obtained bY fi1liaz in tokle &
criptier will be given as to stens Lo he

4 plan tasud on the studiec and modifi-
ate of later

performance resulte. Now a Gec

‘taken of comviling a new improve
ta. From thir completed toble, for e

cations of auch actual da
for individual works are picked out and

explanation, the tgotal' columno
recombined into a table, ‘Table b.
»

9f the. rc,ent aaftV1t, oint und forecast
xtont for th e i ~crart

akﬁwn tim lont per

™his ehack&n# neces&iates enlevintion of the bro
In thim

a U-chart was fully deseribed in Paragraph &.6.

hour. The uve of
Pha study of relevant

main enance model, thic F
will be done ia a later, Faragraoch 5.5

tep will be omitted,
ecopomicr

(EE PARLISHMENT IMPROVEMENT PLANS)

5. } Iﬁ?ﬁﬁ?ﬁﬁﬂﬁ? OF “MAINTENANCE WOKRKY
fhe foilewine oteos. %he aggbgrﬁ

2&15 w;il be ‘dong dn 5&622%&&&& wilh

soaigned to the agepa are contigued from the proceding yararraph.

€é) ?irk;ﬁ: out ipeffigirnt works

“hig can be effected by iﬁ}iﬁ%}ff the ooder ot 0 ¥alues éetergigeﬁ

(). In the eape of thic maintononey aadel, an it ineliuder neo
cnr Be rendily wvieked aat*

asary wWwith tnerensing

in ntep

merv than just a Tow workc, 1ae?:zaxent wirkr

wiﬁuuﬁt reauilring ardering. pat ardertyy borone poesd

nusier of works.

[t §e lesrnt from Taute th bas vorts b WOR0T ars B0, are
conadoerab}y inefficront o P Gl wo Cegr obn
1 ]

* : sy B N R foo dhriee de the ow

HEE Y

honseyor. By s b

¥ .
we eyt e b
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mapniacturiny tovel 0oL the Jow anheront re}iaralitys ot the eauinment
invoalved or to poor maintenance.

- feferince ~-

the level of vauirnent moputacturin- nr the grpropriateness of maint-
rance may be leurnt by infer-ing the failures on the assumption that

preventive maintenance were not furnishot,

(7) Makine over the maintonsnce werk te - frn and formulatior
of improvement planc for inzfficient worky

From step (L), it 1s evident that worhky Hes 0102 nnd 0701 need

isprovement. The firct moascure to he taker is to determine the dircction
in which their improvement sheuld be studied., This direction musl have
been determined in rtep (5), which how:ver hes been omitted in thie
example. low, let us conocider that improvement i directed toward
further reduction of foilurc., Thercfore, the improvement work will be
stapted with a technical appropch, poirnr throurh work denign and further
to preparation of an improvement plan. Ae deteribed before, this paper
doos ot reter to the technicn) and field maintenance job approaches, £0
it is aesumed here that those approaches and ﬁregaratiaa of an inprbVEtht
plau have already boen comploted.

; the {mprovement plane thus formulated (thouph only one has so far
&een'workcg ol for sach oroblemn'ic woerk) are shown in Table 7. With

such improvement vnlans being formulated for inefficient workeo, CD values

are tmproved evidently so can be reen frenm Table 7. but wicther these

plans are sdeptable or rot ic unknown until the next rlep. Ab sny rate,
Lt ip desiravle Lhat Lhe €D values are lro improved with thre iaprovement

pinne.

“ ,fﬁ_ SELECTION OF MAINTHHANCE WOVK |
) ﬁulxrmlnaffnn ef crnd bion ;ﬁr ﬁérﬁ tiﬁﬁ%iﬁﬁ L
: e A A
’hx n;chf&£ &&FTEB of

Thier s.?hr f*‘; dbden s an, A f‘;sm 3 t@ u: M

’ﬁﬂﬁhﬁvxnhfsaﬂ and eptieirarione  teve r;?i?g Feup tﬁhﬁztiﬁfs arﬁ fag§$é§f04

f&f’mﬁié&iiﬁﬂ ne rhesn inovde L, Phe eopdatien X oor b in waslly ﬁﬂ§1§?¥

wit, with the foraecr berne Lpe ondy sondilien 3ﬁapf&hxv‘$g‘ﬂune the detere
minatien of # taroet doowe b omade by the pointenance Alvicion tteelf,

She fapeet pumorieod voelser pan o Setowsnea wmbnet s {FPRNCR ST LR
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al ¢ aln maintenance
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glcula of BRroved work rriority G4 4
’zkiu can be calculated

using equation fé’ﬁ) The rmﬂlti ars éatf?ﬁ
AR the right of Pable 7, Priority crier 1e cl&e shown,

; iac; ﬁ ne im L, 7!3& wor
&igﬂt ti%trs are two imprmemm
' iﬁt miﬁh all mibie €0

immﬂ gxnm mt
eré#fe The eaaﬁ A, b,
gm&wﬁm in the
Assuming that
work select.on, in the sage of
and all the impreverant will be

E‘naﬁﬁin?ah‘c Smak
order of the value of Cp.

the condition 1 ia Table 6 4 Kiven as a condition for

thing éxemple, works will not be combined
rdopted. On the other hand, with the
condiiion 3 op by 1t has

whether the improvement plan -
ranked at the top or rriority order, or &Mt—. at the tecond, or both of
ther should he ndonted, :

tained by arﬂaxiag such

EIII Galculntion of lireakd o
“hen any or the
aelos tiom, thepe

em&itima 1 2 o

is no need o ”aiealah
151 tiong, Bwawr, munt hay

In thig vxample, thip

% i riven an a condition far work
ithe breskdown loss,
¢ boawn detﬁrmined with

Pbep will be omittod,

these con~
conrideration for 1¢,
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WHGTY maint noaaen Ty dne oy gy mrinbterarce de; 1Pn, cheanid b SEEsemieed,
Lebno further Jdiscvoslon Uil ue piven here an to svehedulingr,
The worts thys iormulnteyd vy oradntennpoe s LT, nro ineheperated ip
4 schedule for execvlion, If g S0t has been carrted oul

if any foilvre hug not occurred are
i

un ceheduled o
~hecked., .\ provleng:

¢ work, it any,
preked ovi; wrnd aecitong forthe moiifieation ar impreverent of the
relevant muiatenance plan are tiuhen ns roquired, Ly vepeating thie mainte-
rance control eirele, orforts

eriented to a better maintenance ¢
Such a priority-oriented muintenarce sycten ¢
aulhor as "programmad mainienanca*,

an be
continved .

& ¢alled by the

€.2 INTRODUCTION G LCONCMICAL MAINTPEHANCE

Table 9 shous the extent to be aimed ut ond the

stepe to be followed
in intveodue

ing this neu maintenante appreach moethed, that is,
~desipn. The maintenance canirclrleveis Ay b and ¢, ahawu,in th1s table,
r'maf be corsidered as ind:pendent maintenance svetem that depend on the

kind of business, the degree of

maintenunee

#quipment maintenance required, the esse
with which equipment con be maintained, and the like. They may also be
- roparded as indicating the procoan of intreduction of scomemicsl safhic.
nanee, , S

It doen not ceem heveneary ot all that all enterprises should naintain
level C. Ful I recomuend all enteryrises to enter

actual maintenance
resultn 4in the work table.

Even thic simple job only will preduce a

congiderably proat atvenlage. .




Ip this naner 1 ohove river an outione of orocerures that mipht be
taken for maintepance denien, fecunins na:ticular attention on the
economics of maintenance planaing,. consequent iy, 1ittlec reference hro
becn made to technical and field maintennnce iob annroaches, mnintenance
work desipn, and pcheduling. But 1 believe I have Fiven considerably
Jopical discuasionr as to the economics of maintcnance planping and the
direction to be followed by ecquipment maintenance. 1 ark for frenk
eriticisn from the repders in meneral.

Finally, let me add that seintenance te beingp carried out, with
excellont results, at the Sakai Works of Nippon Steel Corporution in

accordance with this theory.




Table 9 LEVEL oOF CONTROL SYSTEM
IN MAINTENANCE PLANNING
@) Being prerformed
) Desirable
X Undesirable
Maint .

ont

sl
Item Content: of control ___ieves j
iA B
1. Failure records (A and HTTR) for each equip- O
ment are collected and arranged. —

O
2. Failure records (A and MITR) for each . -int. olo
0

[
1

work are collected and arranged.

3 3. Failure records (A and’ MPTR) for each "y
LF component arc collected and arranged .

4. Records of not only A, but also A’ ( the fail-
ure rate of such failures as entailing no

shutdown) and A® (the frequency of maint,

action) are collected and arrasged .

Failure records are kept in cards or books.

Failure records for sach maint. werk are
__totalled by computer. '

ta

Ga

"‘”:.__A
data

orcation

4

actusl failur results
-4
£

conversion them into in
s ]
3
o
by
|
o

al vperfermance

Maint, work recorda '(m-hwr. cout, required
time, material and maint, workers) for each
couipment are collected and arranged. _‘r

9. Maint. work records (man-hour, cost, required ,

time, materin) snd maint. workers) for each OO0

Q"‘ work are collected and arranged, ' '
1
1

Cellection of asetm

0. Maint. work recorda (man-hour, cost, required | |
tine, material and maint. workers) for each
job are tollected and arranged, L L
, Maint. work recorde are arranged and totalled o}
k_‘ iﬁ alipo, ' : . # )
| 12« Haint. work records are arranged and totalled | OO0
Y 4 Spmputer., , ,

anrd ¢

2t. work results ‘

—
.

*
"

fied.

13. Bot cciponata are cpeci i ] A
gg 14, CD valucs are calculated, and prohlemntic olol0
wt s works can he piched out,
f ’gg. 'lf}. Protlematic vorks ¢an be improved one by one. |Q Q|0
"% 116, A nuwher of 1roblematic werks can be improved olo
= at a time,
L. i |
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The ain of equipnent uninterance im, plaialw ppoclics, %o prevonl

the eccurience of fa’lures, Acoordir-ly, 1 tho caunes c¢f failures eri

in whot portions or at wiich coznonents ef equipnent they oecur ware
knem, 4t vould ne posaible 30 provide a s..teble pmaintenuncs at an
epprovsiate tin: and in the nost effisient menncr. %uc alm of Mainlew
nane2 Disisa lies wu this very point. To Le nore p:eciés, naintenance

Cesirn hae cwo {mportant functions: ene 4s to effer a meintensnce actien

whtre it L5 ne~ced and ot an ruzrervinta time; and the other is to pers
form ocueh action efficicntly,

CToday, focilitys 4n every induntry are"béing enlarpged four innrovirn:
predustivity and autenated for savimp labes, Tils tendency appears to
Leeome more and nore rtyessed in the futura. Under these circumstances,
fallures of eguripmants are inflicting increasingly preater losses on an
enterprises, and tle types of failures aro becoming more and more varicd
and can;lieatéd.

' Therefore, the mainterance divicion of each cnterpriaa is expected
to reduce the failures to the minimum, end to keep equipments in a hirhe
1y relisble eondition. Tiis ncceasiates an increasing amount of techri-
cal studies. At the same time, the plonning and improvement of the
raintenance work must be mado to prevent the increcese of the malntepance
cost due to the high lev.! of the maintennnce work and to the increuse

~ of labeor cozt.




The cconcaaes of mwnten nge mears o prrehere Lthe reliavility of
covinmente wibth Lie maiate. nes cort. i nther weods, it may ve
cupcessed difforc bty an the purchas. of availability or MIGF (Mean Time
Fetween Failuven) with the sadirteniate ost, From this it follows that
a peod maintenamee 6o to purd e, hilrbor aveilability or MIBF with lower
mointenance cont. (o the other hond, since maintenance may be defined
to control the dewn tine »f coauluments wath the mointonarce cost, it is
necessary to confire failurcs within the shorter down time at the lower

cont.

1.2 HAIRETENANCE FLARHING

 Pir.d shous a circle of maintenarse contyel, As described befere,
maintenanee decipn fc made for Ligh reliavility and low maintennnce coot.
For maintsnance deripn, it is not ouough to eimply consider how to pre-
vent tho fatlures of conponsnts that make up the equipment, but it must
- also bs taken into ascount heow officiently the field maiatenance job ier B
~ to bo porformed. T s : ' : o
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Concequrntly, the appreach to maintenance desirn ic made from both
the technical and the field maintennnce job sides. A method of mainte-
nance de-irn dealing with the effective combination of the technique and
the lield maiatenance iob i~ specificolly depipnated by the author as
"Haintenanue Work Desira™, fIn thie paper, ne reference will be made to
it.

Concretely, maintenance desirn is mnde ro that the total cost
pertaining to modntenance beecomes minimized, or so that a priven condi-
tion -~ for exmuple, o condition that the maintenance cost and the down
time must be reduced to below certeain values -- 4o satisfied. The
above-mentioncd tolal cost perisining to mointenance is tho sum of the
maintenance cont and the down time loss. Even in cases where given condi-
tions are difficult to be sutinfied, maintenance derign can .ndicate
where such ditficnlties exist and what improving mensurec are to be taken

in the future, llnintenance Jdesipn can Le divided into following items:

gtobli: huent of "Maintenance Work'
N Gelection of maintenance work)

Decloion of "Field Maintenance Job"
' (Contenls ~nd cycle)

Lvaluation of work resulte
(Forccant of failure)

Fotination of -uintenance cont

The final step of maintenance planning 46 Lo loy out a schedule for
puttineg Lhe deripned mointensnce work into practive. The schedule sust
be prepured with concideration fop the omootling of necessary maintenance
man=hours for cach doy or fm each shutdown.dar, the pattern of maintes
nance (maintenance time, arrancement of craﬁes, et¢s), the correction in
necordance wilh the lovel of eperation, and the smecothing of maintenamce
expenditure over a Jong period of time. ,

After checline 30 the maintenance plan’ thus prepared is being put
inlo practice nn scheduled, corrective ar improving actions will be taken
agndnut 1L, if peccussary. By repeating thic maintenance control cycle,
etlenpts are made Tor securing Lettor maintensnce. Such o priority
maintentnce wyntom is decdipneted by the author ac “"Proprammed Mainte..

nance',

Ll




Thitp paper prefchls an oulline o! preceduren that might be tlaken
far maintorance deoipn, wiil pivtlcular emphacis en the cconomien of

A intenance planning.

3. FAITNRE CATATTATION

| PAILURE RATE OF EQUIPMENT ey S m
A prﬁéactiea iine consists ‘of pn assembly of ﬁﬁnipmﬁﬁt51 ench of

°§i§§ campfisﬁa a number of componenta. Now one of such comporenta ﬂiilrr

‘be tuken for an scsumption. Ascuzing that thig componcnt failed with

the frequency fg during o coneiderably long oporation time Ti of the ; i

 uquipment, the failure rate Ai of the sompouent is egyrgsssﬁ as 255\
Phe pectnrocad of the failure rgta iﬁéi&aigﬁ the Hoan ?zﬁe Between
 Fallurcs MMBPg.  that 1o, o

i Tkg?efﬁrﬁ, th& fg& ure. rﬂﬁv.&s and the mean time ﬁaiwe;n fa\
tgg eatira preﬁaeriaa Iiﬁﬁ ¢@anisting of 8 5ﬁﬁ§§f ef B

Fi.es chous the cumlative failure distribution of a cortais roll-
in~ mill piant, in whien the peint at 7.2 per cont nndisates the ITTEF
of the plant.

Mt omenro thet the £ P i rate g oof lLhe aniire line can be con-

]







{eontinued
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iante bt of contrel

{continued)

Technical approach

17

A A - A

Forveastt ol o iiurs s oy, bosup Lepancy

m;z on intuition, with e¢fforts [or mater al-
?15; cuch ?oracaat being exerteé.

18,

T

Fﬁre\.«ﬂﬁﬁ of fnilurc e2n be done basod on a
eonsideratle depree of technic¢al reacoaing,
with Afforte for materiolizing such forecast

beinz exerted.

a2 e i i P

19.

Failure forecast can be done hased on guantie
tative inspncction, statistic snalysis, fore-
cagt from X' and A" , checking of design dsta,
confirmetion tent, some life test, ete.

T
g

Equipmert of simple constructicn ean be
inproved,

)

!&nuimnt eun be d&ﬂ.@eé or imaﬂi.

WM int. work" are classifisd aesmi&g to

GSuh &cvice Lxs ﬂﬂimt.

*iaint. work® are ﬁmﬁicﬁ uzzﬂor s&ugtim
that they nractically are identical with
conponent ceriee. EBut ar overhoul flow chert
is prepared, even for emhx cquipmant .

“Ma.nt. vork* are clasﬁf;eé firatliy iz
clarifying their comronent series, with an <3
overhanl flow chart being prepared for compleX
equipnent.

Tield maintenance job approach

Fra AN
work
decsign

N

25, »

*Maint. Johe™ are not &ctinitt“ty determined.

26.

Some "mainl. l,ﬁ“:" S

ztandardd zad

27.

“Yiaint. joba" are determimed, with overhaul
and ineractior flow ehares vrepared for comp-
lex equipmant.

| =
28,

o estimation can be done abeut new iﬂ%b Ces
to cort, man-hour, reguircd time and
material). 59 job determinetion is tased on
actua) performance resuite.

|
1

.

51,

29,

Brairoses . e e i

Estimation ean bo done about mew jsbe (as to
cost, man-hour, required tisme and ,;a_?ﬂ;l .

Just ore improvement plan can be prepared
wh;.x i&pmvxnp: n probvlematic wori.

"wa or more japtreovement plans ean be %«sgmnﬁ
whan igp#avsrc g nrobeematic work.

£
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8% Jince problematic worlke Heoimprev 4 ovre by ; f i
e, Bo "work rel. T Y T SPLiBL . {:}i ' '
tion (or the hysbest ceonomigation’ of !
ivteprated Unreeg, in deng,

e g . e

33. Unt of scvergl inprovement plare for a Pro-
blematic work:, "work celectiem” alniar at sl
opti=ization (or the Birhest tconcmization)
of interrated work: , i dome., e

34 Mork nelection i+ dene manually, | B 553

ko

35. Work ghﬂ:n i8 dome by seing o #uﬁ*gi ' : — i

36, Since breskdoun Yoos per hour s mot esleulst«
od for any equipment, the echart cmmot be
~ whed for th;cy noGt economieal :aiﬂamm* ’ e

57. Preakdown locs per hour 18 ealeulated in
detall for some eenlpment, Hith sueh sunip-
®ont, the Uechurt may ve used to attatn the
Mort wconomical mu.mterance.

e
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38, Irrerpective of whethar beeakdows loms mer
hokr 4 caleuiated or Bot, the Usehari cas
be wred to cetermine the dircetion of fyutupe

1 masintenance. o ) L
9. CD value §» wied - & meanure of astptenanes
~ffictency.

&, For some ﬁ#iiﬂi%; &iim ﬁ&&iiiﬁi&ﬂm
&l down time and zost) i FL¥OR a8 3 tarset

%is Jor mose eagg;w*i the %i;ﬁg@aﬁi gﬁ*%%ﬁﬁ%*
10 PrOvided me u tarret of esintessnce.

83, Abont W0 per cort of the plamsed iwbe in 8
work tabje Are sisedarad sed,

natmten

Orierzation of

- i e, e seisiaay by
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'iﬁt. Abont 60 per comt »f ihe pianoed jaes §u
work tuale ore Stamardr wd,

*%’r; Kfferte te . tandarei ¢ wark  are rEige
. SOB LR R,

etendar izaion
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