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- Hibi  System 

^«re«.nt  or ««intense perforce  ie   fchÄt part üf ^  ia 

the Pia» - .o . „ee cycle of ^u.pistìn<   maintftnance ^  the 

results .r. shown in P.e„niary valúen.     ït  eleo aÍM£ -f 

proved productivity throurt  «fictive ffl.i„t.Mne. üf .^ 

—t   by f,eai„g bac, „el:  rö8ültB to non.phafle op ^^ 

W,,Br"Wt  °f -i"ten.no. performance,   therefore,  i, 

1-di.p..»*. t0 performance of equipment  mBintenance ônd 

the poaitiv. attitude can be  expected in varÍ0U8 activtUeÄ 

of M-ip-nt «.intenance only «hen they are t)acked by 

•••«ur.aent of »¿intenance performance. 

The objectiva of «int.MBC. performance WHr«.»t include: 

<1)    To clearly indicate whHt fch, «quipfflent  Mintenance 

department .lM at,  and to evaluate the reaults cf 

the operation oy «¡easurin* its achieved toward 

aucn goals. 

(2)    To locate  points  th at cost   need  tecnnical  improvement 

to be ootained in  the course of or in  the various 

resultant  value« of maintenance  performance 

neeaurement,  and  to afford ..ore  effective maintenance 

activiuieS  by U*ing  tinely action« a., repair,d,  and 

<5>     TO raise will to work of those en.^ed in ..„intt.„ance 

activities  thr0Uí,h  onfoPce.JtíBt  Qí ,,:iir:lem[ti 

¿erfortaance raeesure/aent. 

ice 
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Vh« following items have ) eng been pointed out as raaaona 

for delayed  establishment of a œaint-nance performance 

weaaureaent  aystem: 

(1) Because  of the maintenance   department  being a 

supplementary  organization,   the performance 

measurement  system was not   made raurh cf. 

(2) In measuring performance of  the aaint«nance 

department,  other factors have an unavoidable effect-- 

such  as operation,   production conditions,  or 

équipaient;   therefore it was difficult   to measure 

maintenance performance without   being affected by 

these alien factors. 

(3) Performance ,»eaíí'jrt>n¡ent has  to  tie  conducted  finally 

on the  pecuniary «scale,   tu which   cssae,   However,  there 

were  too »any divereified  protlecs to  ce eoi ved that 

were -elated to  various othe    departiente wit! Ln an 

enterprise.    It  was tùoujht   too complicated  to aolve 

these problems* 

For these reasons moat  of  the prevailing ceaaureaant method« 

of maintenance performance are onxy partial  or quantitative 

and axtreaaly unsatisfactory. 

— i ._ 



«oat  of the «aintwance  pcrîr,».,-^.  „.„,. 
k • nance measurement methods 

«rr.«!, i„ eenerol use .„ M ¡ndlv¡duai  rtMMt^ 

— t »„no«  f„ EUJh lt„ „,  frequency of equipoent 

*«•**.   Jesr.e of »01„pfraUo„, Mterial  oost ^ repairMiii 

«t. or pl.„nod vork, cr r,p,ir cMt per tM of ^   ^ 

I»»,  in s,n,r.l tí.  foUoving d,fects „ dlfficult;e|>: 

W    In «ch of the8e 0„.urM rt.MBt, . good einy faetora 

«i.t to .«.,. u. r„ulu of MWfctliti  th,r.fort> 

it 1. dtfficult  to conduct io„e t.r. co«p,ri,„n of 

«a.ur.d ,.!„„ „d to l0Mt -her# ap,ciflc 

r..poMit,uiti„ „j*.     ,„ other wordii it u not 

«l.»r Who .homo us» ,.h, Dea8ureii valuM ror ^ 

purpoaeg. 

<2)    There i. M clear.cut rf,lationship between maintenance 

efftct and voiuae of operation Itself. 

(Repair Co3t3) 

Repair Costs 
per Unit 
Volume 

R,       R2 
P Ï ^ P2 

8 - 



(3)     THe repair  cor,t  of a  certain period of time does 

no?, always  correspond   to   the  cerarci  Reale  cf  th#* 

period. 

f F0       eo-ne ou*, vi thin 6 cioiitho 
R (Repair Cost?)< 

1   Fn   como out  exceeding 6 months 

P (Volume ox" Operatici;')   ... su* of 6 months 

(*»}     Repair  costs and loss  of  failures  are isolated and 

not  figured  synthetically. 

H (Hepair Costs/ •*  pe-juni».ry unit 

L (Loss of Failures)   > physical  unit 

(5)    Loas of  failured is  not   computed  in this practical 

•ann«r. 

Methods in general use:- 

Jl      Fixed Coat, per Hoar  .... F/Hr 

1.2     Marginal income per Hour  ... M/Hr 

- 4 
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In summary, the measurement methods generally need at the 

present time are either Good t Uy for a part, o"f the'point, 

or of self satisfactory type. 

>.  Characteristics of f.ynthetic ..alntanan.^ Performance 
Measurement System (liljl SYSTJaO  

contrary to the old individual elementary measurement méthode 

aiming at fragmentary or physical effect only, the moat 

important characteristic of this measurement systea ia that 

it conducts meaaureiaent from a synthetic, pecuniary 

standpoint. 

Another characteristic of the new roet.Vod as a synthetic 

management systerr. iG that by adopting the"newest period « 

eased method" for computation it arables pecuniary computation 

always at the newest period so es to be able to use the 

results in other management areas as well than in repair cost 

management. Distinguishing features are listed as follows: 

(1) The new system will furnish with such information aa 

maintenance result of the business term, trend of 

long-term results, results of individual equipments, 

sum of results on all equipments, results in repair 

costs and loss of failures, results by each supervisor 

and manager, and causes affecting these results. 

- 5 - 



(2)     A synthetic result meumirement   is contacted  from  the 

pecuniary standpoint   combining  thy  two phases  of 

repair  cost   l»  «na loss  ci   fêlure   (D as one   (K • L; 

entity. 

(3>    Ac  the  standards  for  repair cost  and  for loes  of 

failures  by equipment  are   established  at the start 

of each  business term,   the objectives of activitiec 

of the maintenance department,  becooe  clear.     Further, 

where  is  the bottleneck  \n  the process end which 

equipment  is over-loaded  or has  more  chances of 

causing lost:  of short   production  becomes known  in the 

early days of .-. month.     Thus,   it   becomes clear where 

to piece  emphasis in planning: montnxy maintenance 

schedule or overall  improvement   plan. 

<<•)    ?he standard repair  costa  estaa'ianei  at the start of 

business  term may  be used  ar.  the  repair cost  estimates 

and elso  as cost 'planning data, 

(5)    The voriance analysis  conducted   in eich  business   terra 

in comparing values on the  synthetic  efficiency  scale 

(referred to as U later)   can *e used  in various 

planning activities as it  ,;ivcs  various information 

such as  price  variance,   process utilization variane-, 

or effects of operation or  equipment  changes. 

- 6 - 



€6)    Since • preserved «nethod is ua.d in p*rtorttênc9 

measurement,   eccmouy ¿A raint cnanc* cost f:.an»eeai#nt  ie 
¿•u a rant «ed. 

(7)    T op «nagent  ,ay dela,-at. to subordinate the 

rrfej.onKibiUt.y anj authority regarding 

f«*otei»ance »iU.out  an.v  concern. 
equipatnt 

<«>    ïo conduct perforane« .eaaureaent  b,  th. authoria.d 

eoBi,any method win  contriste- much to   «ai.. th. 

morale  of maintenance peopl«. 

-Î - 



*•    >aaie  Formi«« of ai.si ¿jatea 

/'The iilttl Syatea contain the  following six basic forewl»«: 

''     '< »ì           fi 

(ll.+ L)j(.t 

l'.st 'W (K*l.)i,t 
fi* "- ••*!   -- ,      ,          

Uef^-LAe   (l+-,,k|V•,ì",-   4W1  ì  

«i •=  «   (k.  PH>      .... 

Un ~    (le* !«)).,_, 

l'Ì-l ** L'i   •  fi 

l'i-* c U|   •   fi   •  ?M 

l;ÌTl   *   í'i     *    fi     '   fl-l 

»k-Ui   • fi  •    ^,* 
fi-I 

ik-tll .fi. il-.1-".• fi-,. ?±'-* 
fi-l f*-2 

U^ ~IJÉ    . f4 . ?*-i:*. . Vi f j a-» 

fi-? 

'^ 

% 

•(3. 

•ft) 

-(é\ 

flirti • 
fH,  J 



Formila i 

where   y.    = Synthetic efficient scale at period i 

E     3 Repair cost 

L     tt Recovery los« for 
Short produc-      j short-production 

loss of   i   1 " tion Ios* ) 
failure   ] i L12 - Act««l »»»<»« 

^       Loss of various production loss 
cost items 

h   * Period i value of repair cost control scale 
(Consumption amount of electric power is used.) 

ne synthetic efficiency scale in the Formula I show» the 

total of repair cost «d loss of failure per unit of the 

control scale. 

Formula II 

where     ?^ » Performance index of period i 

U»t . Value of Standard value of U at the period i 

&At • Actual value of U at the period i 

ß*t   » Actual value of control scale for the period i 

02 a>«t    « sum of the standard values of R and L 
tor the period i 

0? < Duc   , sum of the actual values of R and L 
for the period i 

I* >l¿- ICO»,, the results are the «** as the preceding period; 

if excding ioo%f better, and if short of 100%. worse than the 

preceding period. 

_ g 



Formula III 

where 
"Riti   = Standard repair cost for the period i 

"Ri-WC a Actual Tt;¡»&i i   -c.     ;f ;',..   ..t:ìo:J  il 

'pÀ      » Planned volume for the period i   (Planned value 
of ¡:he control r. .vl«. 

r¿-/   • Actual volume for the period i-1  (Actual value 
bf thf» control scale) 

Lui    * A coefficient of amended consumption of repair cost 

Formula IV 

where k » A coefficient of consumption of repair cost 

Formula IV shows that a coefficient of amended consumption 

is a function of coefficient of repair cost, consumption 

and the actual voluno for the preceding period. 

Formula V 

where L¿st * Stojvlird loss of failure for the period i 
(.Standard valu-".- of  Los:, of failure) 

(Li •  Lv)Pi_i**P; = Standard value of loss of failure can 
be obtained in pecuniary amount from the planned volume,, of 
operatici fer tiio pori od i by using as basis the actual 
loss of.. fuil-iiv iv» the volume of operation for the period i-1. 

Formula VI a,J VI' 

where U¿~> = Value ci* U obtained as the comparative record of the 
p-uiod 5-1 basc;î on the actual value U   for the latest 
peri ou i 

\Ji-2 * Value of U obtained as the comparative record of th« 
period i-? on the sanie base as above 

\)i-h » Value of li obtained as the comparative record of the 
pei i od in 

tr¡ . 
*•*>   • Performance index of the period i 

"ti^   » Performance index of the period i-1 

'rç.î.-n * Performance indsx of the period i-n 

*^¿.*ri « Performance  im.Vx of the period i-n+I 

'tt-i.fi • Performance i^oex of the period i-i as computed 
usin¿ only normal valúas, excending abnormal values, 
from the actual rosai us during the period i-1. 
(The -samt: ¡joes with  the following.) 

10 
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formula VI   ardivi   ir,  the equations  to obtain long-term 

values of  synthetic «n.ntenance   performance  of e*ch  period 

using the   perforane«   ir-d-x  icr   each   ported   on  the  basi« 

of ¡J.  for  the  period  i.     Formula   n   is  used  in the  case 

where no «bnoroal   value* arc  found in actual   results,  and 

&•"1«, n>   La used wner, abnormal  values are  included. 

Fig.  1       L,oug-:.-na R<\;yjt,3 Computed by 
Performance index 

 *!    i  • i       »" ~r"    m      ]      JT—i  

Ac tun:  Vslnf 
ü or S»»!i H» ri od     !    • 

Perforsiinoe    ndiíx     Vi 
of e«.:h Perir».-* 

Analyste 

. '     • l.!M I       , u.:     1*¡      . |!, ;   I.S7 1-4 =   1  fi? 

Si', 

RMUJ t   of   r.hc 
Puriod 
( Lone-term Hesult".) 

Af'.    '»-«»I        %     l,'M>   |       y,      0.37/   J        ^ ¡ 074 

> -1   ; A' 
fi * 

»•i 

i  70 >:  t. »a     i       ,,,,,,, ,j7y:     j ^ .,   4  C74 

¡ w 
-L 

t*      1 SZ 

i i ¡•vir« 
I 2 Vilum« 

»i i Kq.i.pB>iit  change 
! fc l'r.j,!,i.>t,l.:.,! '\mditlo/i 
í '> í'rjiwnn lie«- Ratio 

Fig.   2.  Relationship Chan of U, Actual Value and U\ Result of Each Period 

, M   U, Result ui the Period (with Basis at ÍV Period) 

170 .       ^\   !Jj 

t.fiO 

I «I 

s» 

i. 
I! j 

Ui   \ 
Us 

Object of Variance Analysis 

s 
U, Actual Value of the Period 

, Latest Period ~J L 
Í! 01 

Period 
iv    # 

Performance Index 
of Bach Period 

vt V, h 

11- 



5•     Classificati   n of  ¿<ep.-<iv Oc-&_c 

In order to establish t!; -  Gtnnnr.rd  repair co3ts,   the   "Usage 

Cl&Bsi ficjtior.1'  and  "r'rcquensy   0  n.^.'îi fiction" of   repair  costs 

will   be  used as   shown or.  Ci ;>rt   ':. 

«.'hart .1     3va i.1«rJ    :aaslfir.ations oí 
"¿.¿íuíe »¡id Frequency of Pepair 
COSt'J 

U«a«o 

Frsqutrr-y 
Syjab.-a Mal ni e Mifi'.••..•  ft eiiu'.-ucy 

s w: Jii.!. •' month?. 
Maintenance frequency 
Is exceeding C worth» 

Coot of 
Heplacawiot 
Tartu 

Cost of Parts 
P'.«pene-'«t.ion 
Procesring 

"oat  for ahort cycle     o Coat, for long cycle 
" '"' ^        ' :      Fi» frequency 

' 6-1? months 
j   j 0ü(> 3eii.il number 
'       T.<ie or;** unit ! 

i   " p:.r willing, grin- j 
i       •]>.£,  la.hiiis,  f-tc. 
Î   o CoKrol  -..nit  Jo ', 

Bar" sis abc re ' 

Labor Cost for 
IiupecUo>i, ¡ 
Adjustment, ' 
Replacement, I 
Repairing ' 

J Work T.\n&:f.r nnûr: 

Cost for 
Oil 

Mlaccllaiiaoja 
Cm 

o Lubricant   ar.tl hyurau- 
lic oil 

I   o 311 ,".u.;*«:r i;. e.yaip- 
!      went BuijÄ one unit 

o For st-e.¡   j   ate, 
paint,  rf>e    ""•em- 
iri« oil.  ,ll«a  % I 
tecle, etv. j 

o Each ei'iipoeot »ade   j 
of."   ,,-it ! 

Cost for 
Haihtemnce 
Improvement 

Coat for 
froiluctlon 
Improvement 

Siip]>l''oentary 
Co» I 

o Mí;w_r improvement        j 
cost  for main- 
lot.iw.t. j 

i Minor iaprcveaent        | 
i ist for production 
•ontroi by work 
oro-r number 

o Minor lsnprc vement 
erst for mainte- 
nance and pr?<iuctlo?i 
io be given vithir. 6 
n-'HtiiS of   .perrttlou 

Llüirierí  ijîi  M.'jly 

-.|.0.?.t*l\S;î>^:.p*Çi)>- 

l''im 1-2 yrs 

¡V 2 - 3 yra 

Ft" 3 yrs ~ 

¿ame to all K 
Uaage 

n 

Ü5te¡    1.    P0 ir. Ite» 1-6 are Us .< in.it«:*  arca of control' 
?>    *'n»  [~ùa*-  :or Pi'úda.'tic. Improvement ana .¡upplewrntary 

i'oet ire excluiiiii. 
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ò*      ¿»«finition and  Holes of the Control   Peale 

When it + L is  viewed in tenne, of  vol un e of operation,    the 

sliding scale  of K  • L is called  the  Control Scale (=P). 

The roles of the   control scale are  

(1)    «o use  a® a  scale to establish appropriate standard. 

values  of  R  <• I for use against   the voli.me  of 

operation   in each period. 

(?)     In showing result of maintenance performance,   standard 

values and actual values  of R + L will be indicated 

as per  unit   of P. 

(3)    Comparison of I) values of  each period or variane« 

analysis of ü vjlues of ea<-h period will  be nade easy 

and understandable by  the   use of P. 

The following four  conditions are   considera necessary   in 

selecting a control   ¿cai*: 

(1)    There  exists  a closer  correlati.«nship with   U • 

repair  cost  actually spent. 

U)    There is a common applicability for groups of 

equipments. 

(3)     It must   be  eat,;/ to grasp on  the individual   equipments. 

CO     It rr.ust   be something having ea3y accesa to any   one. 

-13- 



The dy na ir. i. e   •;.- -,.2ft  or \.h¿ svutic  scale may be used 

as a control   scaie,     nowever,   the   amount  of electric  power 

consumption   is   in   tht practical   >nu  theoretical  senot   : he 

most  recomieendable   for the sc*«le. 

?•     üefiftitie-n  of   Coefficient  of  'Jor.suaption   (k)  <*nd ¿low  to 
figure It 

In this syst, ti rs   the   result  of the   procedins period   is  used as 

the  l>asi6  for • figurini out how auch would be the repair cost 

for the current   period with   ¿te   volume of operation,   and 

the  resuit   of   thi;    computation   is  usad  as  the  standard   for 

the current   period.     Tacimi part's  cost   for e sarape:     farta 

Cost  = Unit   i'r'ce   x Aau..nt.     Ar.d   the coefficient   of 

consumption  of  ¿..irte   U)   i *  the   practical  b:»sií¿  to  apply to 

tie volura«  of  operation of succeeding period  derived   from the 

result of  the  precedin,. period. 

k is  individually   Tixed  for  éléments of repair  costs  such 

us parts,  materials,  oil,   or man-hours.,     k ie  determined for 

eaci. of the repair  cont  elements  in consideration  of  theoretical 

coefficient   of   consumption  for   change  in operational  volume 

and practical   factors that give  deviation to ¿t. 

hajor factors  that  give deviation to theoretical   coefficient 

of consumption  are: 

(1)    Length   of  parts life,   and  lengt'   of maintenance 

operation  cycle. 

(?)    hestrsint  of maintenance date 

(3)    How  s   failure occurred,   frequency of  change at 

production Wind and  stability of quality  of  parts 

and  materials. 

- 14- 



('»>     Jejrref  of   correspondence   between the  selected 

centrai   Real* and  par* e   or  oprai, ion. 

In  summary a  coefficient   ii f  consumption  k  is  an  index 

showing acta«!   c\•r.saiÄj.tiu..  ci   material   r   n,-*inr,t   chan^in* 1' 

'¿hit shows decree   of   deviati on   as  it  changes  MI proportion 

to   r1. 

k  is  .'letermi r.e.l   for   each  eier.ent   of  repair  cosos  on  the 

basis  of actual  consam^tioii  analysis   (analysis  on  actual 

n¡.->terÍ9lR  a ad  statistical   analysis).     AS  a  supplementary 

method  ''Ta>..i e of  r.st irrotti  ó*ar»<lard   fer  Consumption 

Coefficient,   "'11V   be   unon. 

Fig.   4.     How to Find Coefficient oí Consumption (Graphic Method) 
n.- 

'„, Range of 
Practical Operation 

Volum» of 
Operation (P) 

•»% 

)% P * nj is for n when P =  505 

P * n2 is for n when P =  100% 

Coefficient of Consumption Range of this K is  1 >K> 0 

B-3~J4 
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Table 6  Sample Table of Cot-í'f i cien*. •>;' 
Consumption for Part?» and Work.: 

  

Item     ! 
Hum- 

j ber 
Line   I of 

I work 
I Num- 
ber 

Pick- 
ling 

.100 

192 

130 

Bkl 

067 
11.6 

Cold    ¡ 
Strip ! 0 
Mill       8IO 

Clean-| 
in«    ¡ 

025 
111 
138 

( 109 
1 

! 301* 

Pick- 
ling 

Cold 
Strip 
Mill 

I61 

191 

330 

616 
t, . , 162 
btrip    U02 

T~K 

Equipment 

58U 

Partr, 
or 

Work,-. 

! f 

K„   !K, 

I Vi c 
! 1-1 ':. '•-' 

I o • ì a, 

1 

i?   I  ft» 
>     n \U   |'d 

at        œ     i   v 

a,       a     ¡   * 

Intake C-íJ-    i Conveyer ?.oì.ler 

1 

veyor 
Uncoil er 

Flar.h TrLra- 
iaer 

Oiler 
Wri riger 

Entry Guile 
Work Roil 

877  í  Coil Car 

Seam Weláür 
Payoff Reel 
10" Roll 
Wringer 

Helper 

13" Brusa 
Pull 

! LeviU'.r  Joint Clip- 
I per 
; Cutter 

I Oiler Pump Bering 
j Wringer Roll, Rubber 
,      chango 

i Br:.oli»,  upper & lower 
i í'actcrte.'  Boir   for 
!      w.-ivv P,cj 1  collar 
j  3"  Plunger Packing 
!      Wru.h^r 
j Broke Shoes 

i Electrode Wheel 
i D'-uin Liner        1 

j   Seal   i?    B    -t   X   C>Í- X  T 

i 0. :> í 110.7 

i        I     i I 0.3   1   o.i» 

0.3 

0.6 

0.7! 1 1 1    1O.7 
!   !    ; 

0.2; 1 j 0.2J0.8 
0.h\ 1    1     ¡0.1» 

X) 

'} 

0.8!   I    1 
0.3 

0.1 

0.3 

1 ! 1 
0.8 
0.3 

1 I O.1I0.6 

0.1»!0.8 

Flash Trim- 
mer 

Processor 

So.k Pick- 
ling 

j Big CjOo j.or  i6'' 
¡      Deflector 
i Nect Adjustment. 

i Cutter Adjustment 

j Binding Roll Re- 
|      clavement 

-|~ 4-—Í i-— 
j O.R; 1 j 1   ¡0.3. 
i 0.1! 1 ! 0.1Ì0.8 

0.3! i ; 0.iilo.8 

i     !        ¡ 0.1;   1    0.2(0.7 

!      i    ¡     ! 
i O.J    li O.í» 0.3 

' -U-i 

-r 

0.7    1 j 1     0.7 

i      I       ! 
0.2Î   1 ! 0.210. 

WH-Chuck 
TerRíon *>;el 
Eeurc Oí i 

Wringer holt- Replace-!   0.,'*:   J 1 0.2|0.3 
ment 

±1 BR chock 

Crock At. Slembi y 
ï)v 11;;. Sí t.ti:ig 

; Star.j hepair Pliurib- 
!      i m 
I Chock Metal Sealing 

0.5; 1. i 1 !0.5 
ü.r ; i ' 0.1»i0.6 
0.11  J- ¡ 0-3 0-3 -  t 
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Tablü Y Sample Tab3e oí' Mean Coefficient of 
Conáumption for Maintenance Element 
and Equipment 

Element T 

Equipment 
Parts 

Pickling Line 

Cleaning Line 

Electrolytic 'Pinning 
Line 

Standern Cold Mill 

2 Tandem Skinpass 
Mill 

Single 3tand Skinpass 
Mill 

Shearing Machine for 
Thin Plate 

Shearing Machine for 
Thick Plate 

Rotary Shear 

Batch Annealing 
Furnace 

Hot Dip Tinning 
Machine 

Mean 

1  
0.33 

û. 38 

0.1.6 

O./.j 

o./-: 

0.39 

0.50 

0.20 

0.53 

0.04 

0.10 

0.31 

Works 

0.25 

!      0.35 

0.0? 

0.36 

C.30 

i      0.1*2 
! 
Í 

0.07 

0.08 

o.o6 

o.oi» 

0.00 

0.20 

Oil 

0.19 

0.17 

0.18 

O.lfc 

0.12 

o.i6 

0.17 

o.rx) 

0.22 

0.13 

0.10 

o.v 

Mean 

0.33 

0.32 

O.llf 

0.1*7 

0.26 

0.31» 

0.25 

0.18 

0.35 

0.05 

0.09 

0.26 

(Bote)    Mean Coefficient of Consumption or. this Table calculated 
as an Aggravâtive Moan with cost for parts, vorks and oil fete, 
of each Equipment on HU. uverage  volume. 
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¿efinit i..n   e:'   >.-oi:-f fi o¿ c- r,_:w 
an .  now   te   F.i '•iffc   ît . 

gl"_'-.''^(; ' ^'-na;tra-rt i   n   •,**») 

¡.r.  i¿cter«;ir¡ir¿.--   rU.wì.ir 1   revre-   .;0n'   of p   perJe s   fc.vi.-d   on 

actual  perfor»,.r,ce oi   the   ,.rrc«din£ period  an.i   to  meet  the 

eh an g.»  cf  voJ..i*.i«-   i.\   ..   -iven   ;crvc:i,<^    in   Fámula   ill 

replaced  with  R  .vili   not   ^.vc   correct standar.!  rt;p¿ir  cost. 

(Because  r^a   r  cuct  is  not   proportion'»!   to  volume, i 

Therefore,   if  ;-,   corr.-rteJ   v-.l it  -,:" k b-»st?d  o?.   ••<ot:.'»i 

pr^Ciruinr  voluKç  i-;  ,«,-v.j<»   t^t   coefficient   of  ..derider: 

consumption «*>    ,  «cluni  repair  losts will  nJwaytî  bt  on  ile 

line  of  .-ict-r,!   con. uraptio-.   r.rs.-nd,  n.- lonf *a   the  s?r.ie 

amount  of  «.-ffort  it civt-n   by  tfce maintenance  pécule. 

Table 8     Table of Ccefficient of Amended Consumption 

so 

1.0 
o.» 
».a 
0.7 

06 

OS 

0.4 

0.3 

0.1 

o.t 

0.0 

J.00O i 

0.90»! 

OMO I 
Í 

0.700 1 

O.«K> ; 

0.5.T0 j 

0.400 | 

0.30o! 

0.300 ! 

0.100 

0 

l.Ort» 

0.814 

0.720 j 

«.«a ! 
i 

0 524 ! 

0.423 j 

0.320 

O.îifi 

o io» 

fin 

1.000 

0.915 

0.827 

0.735 | 

0.042 j 

O.S45 ! 

0.444 

OMO 

0.231 

0.113 j 

0       t 
 __1 

T. 7f< 

LOW!  i.r»tx> i    i.««¡ 

857 j 

778 j 

0.ÍC1 j 0.926 

0.8Î9 - 0.044 

0.752 I 0.7** 

O.tW Í 0#¡77 

»'.«.s j o ban 

0464 | 0.4*3 

0.3<v» . 0..Í7T' 

0.24ft ' o.z:.» 

0.12»> j 0 13S 

0       I 0 

fiOfl i 
! 

son 

591 

273 
I 

142: 

*0     i 

l.W 

O.ttJS 

0 H64 

0.789 ! 

0.706 

o.«is ; 

Obiti ; 

0.W7 : 

0.286 | 

0,1»! 

0       j 

«J    . 

i .«mo • 

O.iM , 

» «7Ä j 

0.W ! 
I 

!» 71H 

0.b30 

0.531 

(1.421 

0.298 

ü 108 

0 

I 

90  ' 

i.ono ' 

p.»42 ; 

0,fl?¿ ' 

O 808 | 

0.7*0 : 
I 

0.642 : 

0.545 i 

0.4:1s 

#5 

¡.uno 

0 945 

0.804 

0.81S 

0.740 

Ü.6S5 

O.r.58 

0.448 

ino 
i 

0.310 j   Q.m 
t 

0.167 | 
i 

O ! 

0.174 

0 

l.ooo i 

0.947 

0.X69 

0.824 ¡ 

O.70O 

0.667 

0.571 ; 

0 401 

0.333 

0.183 

0 
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9»     lìtf-ja to  establish ^t.T.ndard  Repair  Cost 

•»>«î na na gex«.-.-it   system of pl».inin£ progress B*v b*»  U8fd bv 

establishing standards  successively   for  each  period and 

ty placing  ratchets on those having  crou^-ht  favorable 

resuits. 

?ig. 9    Relationship Chart of Standard Value and Actual Value of Pepa ir Coat 

I 
! 

Í 

Ac, 

Ac.r^-^T J* Sat, 

y4c; * Actual Repair Cost ok the Period i 

Si; * Standard Repair Coet of the Period 

Votame of _,, ff     pfc      f>F3P5 
Operation 

Major eteps for establishment of the standard repair coat 
\ 

art as follows: 
(in thousand yen) 

a. Actual value for the precedine period--      7,228 

b. Abnormal   value  for the precedine 
period  >  repair coat  due to asocial 
circvioetunceo   for the preceding 
period -- 355    (- 

e.    ¡«ora^i   actual value for the 
preceding period — 6,fi73 

d.    Correction of price -- —    l3<»    ( 

a.    Wcraal actual  value after correc- 
tion of tb- price for the preceding 
period — 6,6*9 

f.    «ornai  actu;l valut   for the  preceding 
period  for operation of the  current 
period — • 6,^ 

• 

-se- 



g.     rtwpair  cosr. dje  to special 
cire ,«stances of  the  current  poriod — 0    ( 

h.     Jt»na<«rd  repair  cost   for  the  curren' 
period  - t^.A 

10.   logs of Failure 

following points «re to  be  considered in e.n-uctin,: pecuniary 

tvaluation  of loss of  failure: 

(1)  Ctìfc-utrttion must   be  based on actual  âata. 

(2/  Computation of loss must be made as close to actual 

losa as posöible. 

(3)  It must   be the sort  of accounting for lin« taanajjoinent 

which under the  present  situation »should be able to 

convince the peoyle  concerned  in  that  the principle 

and met .od oí computation arc  most adequate  for the 

¡jiven loss. 

CO  The 2*thcdB of collecting data  or of computation shculd 

be ones  that tire  applicable  for a  long time  without 

frequent  correction,   when long renc;e successive collec- 

tion io made. 

<5)   Information produce i  should  be of the '<ind th.it would 

work as an appropriate s infant  to the people concerned, 

not  hurt  them unneet.-. «a-ily. 

-21- 



The  loss of follare L will  üS cl.issif'ed  '¿nd defined 

33  follows ; 

i-   =   i.1   •   i>2   -   i- 1 ',   +   Li ;   f  ii? 

wl.ere *,1  = Lo s  of abort pro.: íctica 

-Vip   ir,  t.;.u  "io;;,    in production  erased  by not 

o<.in-  .iole   '.<,.• achieve   p.ar.r.tfj  anount   of 

pre du e t. im" r•E.útin."  fro.,  either svoppa«-;e or 

slowdown  ijj  ecaiprnen'.   urea'down.     The  IORS 

in  such  a  case i.,   u.;3ically  the airms  of the 

profit wr.ich should  hivt  teen out: ined   from 

the  product.'n,   if t.h.e ^loperati^! of the 

equipment   hnd no.,     appened. 

Lu»  i/arious  countermeaüures taken   to cover ahort 

production  due to  failure. 

Thés«;  ar'i  the incremental  coats  needed,   for 

«xowple,   for holiday   work,   chance  in  kinds  o.f 

products or in the  order of procees,  or 

increased  temporary workers,   etc.   ('!'his is 

ccill«d   th..   first   step  loss). 

Ly¿- -he  loss of profit which would have been ¿rained 

if no st ort  production  had occorrer!   lue to 

failure and  products were produced anu sold, 

ïhesfe ¿re such o¡; lors of mar pins 1 profit 

or losa of interest.   (This i.-   called  the 

second  etep loss.) 

L¿ = LOSS  t¡>*t i.   incurred  by  failure such as in yield 

ra'.e,   expc;i;u6ief,  energy,  quality,  laüor coat or 

f»ny   oti.er  IOííO ^cneraily   sustained  in  coat. 

-22 



Fig. 10  Three Patteras oí' Equipment Load 

¡«Total Hours of Total Calender days of tue Mn»ith 

Scheduled Work Hour.:;     \  Allowance  Non Work 
Sequi r*rd to Arhieve      i Time      rieur-, Anti- 
Planned Production cf the I cipated at 

Month                          I the time of 
drawing 

Lia 

Scheduled Work Hours 

I.u 

! AU . 

Production Fian 

0 

un 

Non Work 
j Time Hour?; 

; l,u     ; o 

Scheduled Work Hours Non Work 
v hours 

ln¿ 

Pattern 

(Light Load) 

fi 
(Medium Load) 

(Heavy Load) 

/oliowin.i are tie narice  cf  the  specific cethod of  evaluation 

of lose  of  failure: 

(A)     Sample-  Ooaputation of Li  c .  a Kodel 

a. ïoti'l hours of  calendar 
d?iye of  the month   -  P-h  x  3¿  x  JOJ  -  ?Püil 

b. Scheduled work hours required to 

carry out production plan of the 

month » 56OH 

c. Non-work hours as scheduled at 

the time of drawing production 

plan » 120R 

d. Total allowance time of the jnonth * a-b-c * kOH 

--¡¡3 



(An objective    (kn objective 
tine which time which 

(ííon-vork hour a      .-.h:'.¡ii net sirould distri- 
.•e^^iri'd  by   L;,-       ¡ií ',ri but o bute the 
dividun''   depart-    t;-,c a J.low- allowance time) 
merita) ance ti eie) 

Manufacturing; Divisici 
(Preparation, clearance 
work, setup clrnnge, lunch, 
«tc.)  U5H » ?8 + 17H 

Maintenance Department 
{Schedule mair¡tenance) — l6 = If» + 0 

(Stoppage by  failure)   15 = 0 • 1> 

Other Departments uu = X + ?U 

Total   IPO » Ck + t>6 

e.    Allowance time to ce distributed per non-work 

hour to the total objective ti;as of di p-t rio ut. ion 

of the month Is — 

*fCa «   (17.   .   15 + ?if)   -  0.?iWts 

Fig.  11     Explanation of Loss of Short Production 

Total Hours of Tota] 
calendar Days of the 
Month 720 H 

Allowance 
Time 

Scheduled Work Hours 
Required to Achieve 
Planned Production 
of the Month 

560H 

Allowance Time 
j  of Manufacturing 
!   Division 

Allowance Time 
oí Ma in renane e 
Deparwm-iU 

Non Work Hours 
Anticipated at the 
time of Drawing 
Production Plan 

Non Work Hours 
Required by Manu 
facturing Division 

Non Work Hours 
Required by 

: Ma.'iileiiance 
  1 Oepatment 
Allowance Tune |   _ — 
>.! Urlícr Sections! Nun Work Uoun» 

i Required by other 
! Sections 

•M 



•illewance   t.U.t   t.k,  t,t,   ¿A«:, rioted   -..   th..   -.-, internee 

department   for  •••tv¿)1-í.'-e   j -,i?   to   failure  ir;  -- 

O.'¡Ik,,   y.  15   ,  io.-;    t   m; 

na  the-  rfiiiu.it   of th-  abev...-   computation,   the 

stam-ard  toLl«.-  of  Li   for   t>.v  month will   hn  -- 

i'itlt:    Of    i .CKo 
Lime  of   stoppage [unit  price of 

•in«   to   f.-ilure 

i'irst ster: loss L-i- 

ot'Cona   etc..,  losa  Lv 

Le:i«   than  l^ii 

¿t.ti 

si.ort   ¿»reduction 

¥5,000/H 

• ort   ti,an  ¿f.i,        I ¥l*5,000/H 

The actual   «nour.t   c< -v. pu tat 'u-i  of   1,1  of tVe cainte- 

nance  department   for  H  »liven   month  will   De  as 

follows: 

lío. 0    No.  1    No.  2 
(Actual   tir;.,   of  st.-p.-ajre 
due   tc   failure  of the  month)   ==   *-'K  r  ¿i>   •  H   •  1 

L1   =   Ï5.000 x 11H +  ¥¿»$,000 x IH 

- ¥°00,000/Month 

The   :Urúoter sticj of  this c.nputat '.on &re: 

i       The decree of  effort  required  of th<* maintenance 

people   ir>  üjade  Known  f ,r   «>ch   equipment  accordia- 

te  the size  cf ¡nont  l.v  production ¡lim.     ^  ,,t!er 

words,   direction;; art   viveri at   the  «e inni-.,   oí   a 

month  retrardin.- empì-f.sis   to   be   placed in mf-inten-mee 

so t'.¿it  rnainteii.inc'j  activities  art- s ¿id e more 

affectively. 
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it       'JV.-  T.air.t enfine«  department  due3 not  sufi er   from 

..njust Lf U-.-I  t/l.n¡;.e  for  ¡?r ort   production  caused 

by   ether  ;.»KCI» -ri. . 

iii     It   i:--   petiole  to  ccti'iuci   relatively  cloee-tc- 

t. e-f-»ct.   Losr.  arco Jnt ! nr;   .it:.out  icuCi   trouble. 

In  c r*i  scr-cjuJed  non-wTK  li -ars  iß  paved  at 

bottleneck  processes,   coa.t,u;iti ..i ir. nade with 

increased   product Lon  and  profit,   wriich   ,"ivea 

f.-ivorsblH   »M'.'ectr   on   tin.-  nor-le of the maintenance 

peo [fin. 

IV 

(j)     uamtd« üoa¿>ut«stion 01  L¿>  on a  Model 

As  for lotit;  in  c-ts,   preliminary  technical  survey will 

De  conducted   to   l'inû  w'-at   df.-ree  of lo/e  results  in 

what  cost   ites  from oiop,.-«./*-   JJ<-<  lo  failure of  different 

equipment  aruì a   tibie of standard losses  by ho*rs of 

•toivage  will  be prepare!. 

aours  of    Unit  Cost     Number 
Stoppa^     of   Lo^s of Cafi^s 

0.5.11 ¥i ,*>;« X H 

1.0 2,130 X t 

2.0 3.Ù0 X 'J 

3.0 rv'iio X I 

¡+.Q s.auo X 1 

Total 21 

Amount 
of Loss 

*1$,0'*0 

ia,7£0 

15.700 

?,410 

2, ft**G 

=    ï^6,770 

(C)    Loss Of Failure or» the Preceding Mode.! 

L * L\     * L>2 

= ¥100,000 + !» 7,000 

.« «1*7 ,000 

~2U 



1X•     ¿aaple  Lonfl fo"£*L*££"ìliL.Ìif  l-aintenar.cfc  Performance  f.easuroment 

L.QT1? ran¿;e  results  of maint énonce  ¿er tor cune« meanuröaient  under 

this  system  will   bé    hi/*,¡  an   , n  /-;.•.   "!;•. 

/ir-   12 

0hart   of ^ytiti^etic :.aifittaancu m-fgg.ance 

In Fig.   l£, 

i. ïh* heavy line li« is the Ion* range results of each 

period shown on the caeis of every condition in the 

eixtho period. 

ii  Tie hei: ht between t^i- dotted line and the heavy line 

chows the decree of loen duo to failure in the result« 

of each ¿-eri.od.  ,-.»low tk. dotted line is the result 

of rep.iir costs. 

iii The b»r graphs indicate pecuniary amo nt of absolute 

improvement brought abo-t to the manngecent oy the effort 

of the maintenance people durinr respective rerious.  Its 

cumulative amount of improvement is »shown with a  line 

tut goes up toward ribht upper side of the chart. 

iv The chained line indicates U (synthetic performance scale) 

as ootained for euch period under every condition (volume, 

unit price, equipment, etc.). 
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?ig,   12      C!:art  of Synthetic Maintenance Performance 

itfesultr; of based on  th<»  first, half,   1965) 

ï/103kWh 

2,600 

2,500 

2,h00 

2,300 

2,200 

3,100 

?,000 

1,900 

1,800 

u, 

"Í 

X10l'¥ 

I fc.000 

2.533 

2,^13 

2.5*     Vf7 

!       2,a03'~' x^,236N 

2.17U   -^ 
2,113 

5,0000 

!»,000 

ai 3,000 

Improvement 
of the 
Period 

800 

,000 

1,000 

n atas       iv 
1st l'uif,       II1       Ijt Half,   2nd ttftlf»l3t Half,' 

M¿3    'rad Half,     39»'1* i-961» 1965 
1963 

U   » 
£(R+L) Sien of  (R+I.)   on all  equipments 

£P Sum of Consumption amount of electric power on all equipments 

U* ~ Synthetic e^fjcier.oy  scale ar>  a re-ju.it oi" each  pr;no-1 

UT  « Loss due  to Fail uro        Amount  of 
'L 

R.   * Repair Cost 
)>n\yv> ve- 
ine at 

• '»7 ' i ,/ 



12. Conclusion 

As the result of seven ye^rs <:,•:  experience ,.ii.«. t;;f. ,it>i 

System the following ef fee: ivacss of f.i& aysten has &een 

proved. 

(1) He tr.« result of «.aint enante performance can te 

clearly fi,-urf.-ii oui., the ii.3iiu*nance people nay 

&*H6  effort to ac.ieve •.-clfli.liahed goal..-, thus 

aa<inn. their daily AorK purposeful ani more 

effective. 

(2) As the effort of the maintenance people can justly 

be evaluated and propagate J, V.ej  ceased to feel 

that t: e ir *srk is only of the supporting role and 

started to realize t;.at they .re on the equal 

Btancin.- vu tftu.^.t of the c:anuí*¿»cturin,, elivisione. 

(3) Since the repair costs or standard valuer, of loss 

due to fallire alternate- as the volume of operation 

changes, the maintenance section is able to carry 

o>t reaeor.aoie, autonomous typ« of activities. 

CO <ts the results of repair costs and lcs¿¡ due to failure 

actually sustained are shown every month in 

appropriate classification, the data became easy to 

access and useful. 

(5) as the syste«. allows c.ts ¡or ¡maintenance 

icprove^ent to be spent unlimited!... so Ion,- «s they 

pay, the maintenance section has now become aule 

to use the system wit .cut restraint in considérât ion 

of effectiveness articipate... 

it 



(6)    V.'hen any of Ue  chanpes  in production condition* 

such  ar. quality  of products  is made,   consequent 

increase in repair  costs is also m»de ss due to 

«  change  in condition.     Accordingly,  demsrkation 

of resionsibility   oetween  the manufacturing 

division and the maintenance  department  becomes 

clear-cut,  improving cooperative relationship 

oetween  the two. 

(7) AS  difficult processes are ¡mown in advance,  it 

becace easy for maintenance personnel to plan for 

the  lower repair  costs  or   the reduced loea due to 

failure. 

(8) ne  the systea prescribes systematic management  of repair 

cost  and of loea due to failure on the basic of «11 

the  équipaient used in manufacturing process,  tht 

maintenance department  has becooe aule to consider 

equipment  maintenance  from the standpoint of 

increasing productivity  of the company aa a whole. 

(9) Since the accounting of performance effectiveness 

is performed in  terms  of opportunity cost 

accounting,  it  is  easy  for engineers and technician« 

to understand,  and  their cost consciousness has 

been raised. 

(10)    Budgeting for each period can automatically be 

made  by usinp results of the previous period, 

coefficient of consumption (k) and planned voluae 
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of operation (in «ti«tad «mount of consuaption 

of el.ctricity), »nd hand« of 6peciali8t6 in th, 

maintenance department are no «or« required for 

this purpose.  (In about ihre« day« « budget for 

100 odd million yen can ba drawn up.) 

(11) No co.pany «anagement will talk of hi*h rapair coat. 

without concrete data.  Aa a r„ultf a.int„.Bct 

personnel had more deaira for autonomous control of 

work. 

(12) Tha coœpany Banalement has becoae able to know 

through consolidata«, oonthly or quarterly report« 

the economy of activititiaa of maintenance 

paraonnel and give favorable recognition to thM 

»a data ao warrant. 
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