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INTRODUCTION 

The activities  for maintenance Improvement  of machine availability  li • 

great subject to make the most use of fac  titles which is undertaken ea one 

cycle of PE activities in the whole  life span of machines which includes 

research engineering, process planning, designing, manufacture,  installation, 

opération, maintenante,  renewal and disposal uf the machine,. 

In this case approaches should be appropriate to the organisation»! structure 

and alee of each company. 

It it beyond my ability and  length of tiiis report to handle all range» of 

maintenance improvement activities of machine availability; the following* 

are the objects and scope of this report. 

. Assembly type Industry as acoinpar.y(Sy*tera of Kihon Denso Co.) 

» Steps la the life cycle of machine from design to its operation and attintentnea, 

that is, explaining '•maintenance iraprovesient Activities of opal lability m 

the currently operating machines in a typical assembly type factory?. 



2.    Maintenance iaproveaent ectlvitie« of «achine availability 

2.1.    Definition of availability 

Reliability terminology JIS Z8JT5 (Japan Indu.try St.n4.rt) 

define« "Availability" a« follow»: 

Probability of repairable «yate«, •wÍ¡¿ñ~plt¡,''mlllS " 

taining it« expected function in a «pacified length of ti*e. 

It is in neat eaeea found in the following equation: 

Availability (A) «. 

C«oable Oaer«^ T<rt 

(Capable operation tiae) + (Incapable operation time) 

Capable operation tiae:   Length of tine when systaa., 

eo.uinr.ent and parte are in functional, condition a« 

«Updated. 

Incapable operation tiae:   Length of time »hen «yeteaa, 

equipment and part, are not in functionable condition M 

stipulated. 

Remark«:   Con.iatlog of maintenance tiae, delay tiae and 

«anageaant tiae. 

To laprove availability le to leaaen incapable opera tie« 

tin« and increa«« cepebl« operation tiae. 

2.2.    Maintenance improvement of machine mutability 

»a «pply the concept of the above mentioned "Availability" to 

control activitiee of currently used aechlnc« in aeaeably type 

indtt.try.    That la m the following manner.    In other wort., 

-to aucce«aiv«ly produead quality good, aatlafyin« th« quality 

•tand.rd during the net cycle deteralned at the tiae of equlp- 

aaat pUnning, aiaing at active and «y«temetic and eteblUiad 

I- 



activities of maintenance Improvement, both in terns of 

qualitative capacity aod quantitative proceae capability. 

(I.e. machine operation rate (imp) 

The major acres» to maintain and improve machine operation 

rate (MOR) Ja placed on how to reduce incapable operation 

tine (at Nihon Denso Co. It. is called "down-Hae"). 

To maintain and improve thla qualitative capacity and quan- 

titativ« process capability (MOfc)j 

© Relationship among Planning, Maintenance and Operation 

departments is improve«!. 

e with participation of all personnel fro« top management 

to firet line worker who will be 

© engaged in PK activities within small voluntary group«. 

I am to provide you with aotw idea« showing examples of 

practical application». 
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3.    Maintenance Improvement Activities of Qualitative Process Capability 

To maintain and Improve product quality, maintenance and im- 

provement  of four factors which make up process,   that  is, «achine, 

»an, material and method ,re necessary. 

As for 'iachine,  improvements such as in expansion, high capacity, 

automation and unattendance have been taking piace.    Ttiua Machine's 

role of producing quality good is imcreaaing and qualitative pro- 

cesa capability of machine is now receiving a great attention. 

3.1.    Definition of Qualitative Procesa Capability 

Qualitative process capability in machine induatry, the seals f©r 

evaluating Process capability in producing standard products Is 

shown in the following Proceas capability Index (Cp). 

(1)    Hon to figure out Cp (Pig.  3-1) 

•"•• •"•"•"" 

Standards Cp Symbols 

Both aides T     or       T 
Ôtf'p               li« 

T:  Blueprint common difference 
Tu: Upper liait standard 
Ti :  Lower limit standard 

X:    Average value 

¿rp:  Process Capability 
standard deviation *Note 

rn: Machine capability 
standard deviation 

Upper side Tu - X 
Up " 

Lower s Id« X   - T 
Up 

 ! 

Meta:    How to figure out ifp; 

Generally, nake histogram frost Procesa capability chart 

(one point graph) and X-R control chart and calculai r rP: 

- 5 - 



(2)    Evaluation Procesa Capability 

Process capability can be evaluated as follows (Fig. 3-2): 

Capability 
índex 

Evaluation Class 

Cp >1.33 Process capability LB fully 
satisfactory to standard. 1 

1.33 >Cp ;>1 Proc«f¡s capability is natisfartoey 
but   needs control. 2 

1 >Cp PríJceas capability is not 
satitofûctory. 1 

la the cas« of general purpose machin? vhere Cp applieatio« is 

difficult, Static Accuracy Tndex(T) is usad to confirm 

accuracy for quality useuarance. 

•   Hov to figure out  (T): 

fpi Actual Valu« 

t * SMiSÙl ÏH: Allowable Value 

n; îiu»ber of «easurenent IteM 

o   »Valuation standard of atatic accuracy (Fig. 3-3) 

Accuracy Index 

Î 41 

Evaluation 

Satisfactory 

1 <T^4 

f >4 

Careful examination on itens net 
fitting with Ta and decide whether 
or not tu repair 

Objectives for toaplr 

- 6 - 



3.2.     Regcrrch methods and utilization system of qualitative 

qualitativo procos« -upabilUy roáoartn ir. done In the procedura 

»hown in chart 3-l(B):     stn» c  «yatautic research from «achia« 

planning stag« as «hown  in (A),    Tl.«se reawirch result» as shown 

in <c) are used in process design, machin« dosign. «..hin« maint«- 

nance, production proceas and also uaed as data for exanlnlng 

blu«print standards in production planning staga and in «atabilan- 

ini production standard.     In developing procfiaa capability r«- 

»irarcli, in order to make moat officiant   use of research info ma- 

Hun, careful atmlysie should be done ©n varloua factora ani 

alternativos, «taking a axwmaty of auch report. 

- ? - 



iMttrch method and utilisation 6yntm nf Qualitativ« 

Procesa Capability 

Chart 3-1. 

(A)   Procedures for Process Capability Research 

ttwlnaliou of Rt>K...-r,""'i.   üTrli] 

l^amnatlonjofMwi sûrement Method 

ilyaarch of AH flltiialiwil 

(Primary Measurement) 

^BËlion of  SagpllnR M*nS3) 

'Maaarch 

. i 
ary of iteaal^g 

7*-, 

'  T     : ; 
iConfttmar'lon J ; 

ftfrr^Ea 

^ (cation? 

- 8 - 
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(B) Application of process capability 
research result« 

Applicable functions T 

Process design 

Machine design 

Machine maintenance 

deduction 

Application item« 

o Basic material« for proce,. design 

o Materials for machine planning 

Q Material« for production standards 

° ÎÏÎÎÏÎ-l! f0r de8lgn obie«ive establishment 

o  Material, for wintenaace ite«. m4 
check-up cycl« * 

o  Evaluation materials for repair t 

o  Evaluation materials for receiving 
inspection 6 

o Materials for production standards 

o Materials for critical control 

o Materials for failure analytis 

- 9 - 



i. 3. Cases of procos capability research activities on vuela ting 

«achines. 

Aa shown In Chart 3-1, result, of quali fa ti ve capability research 

includes not only pr^ee«* p1*n, r*<*hin«i plan, machin« manufactura, 

installation, opération md maintenance but also used In pro- 

duction plan. 

Mere, cases of process capability research activities en current- 

ly operating »achines are introduced. 

Chart 3-2. Armature core outer-radlus finishing proceas 

Ohsumi high speed lathe 

Main axis; 1,500 rpra 

«Below 0.08 

Deflection overhaul in «4© 
*"•'•*• '..«,_, ,"* 

.3.0 t 
K0{.0uter radiu»—~_3":T: 

UT"»   ~4ö     «f    «¡?     4.!     44     ¿a    a 
— Year  (Showsj 

il)    Regular inspection 

Chart 3-2.  is a process example having regular process 

bility.    As Cp gradually reduced overhaul was scheduled. 

(2)    Countermeasures in abnormal situations 

Important quality process by centerless grinder is currently 

difficult to maintain quality within standard; this infor- 

mation was ürought to ìiainttnan.-e Dcpt.  fro« Operation D«pt. 

So far 2 aullan pieces have been produced. 

- 30 - 



in process capabii ity research result afl production of 

500,000 pier.s, Cp *a« sat^factory by 1 A3 (Sim - 0.056). 

Accuracv chcok-up was «.»duct«! by maintenance, crew. 

The actual result is that Cp is reduced to 1.03 (8 m - 0.078) 

Tli« fruit waa rouaj there war, a big backlash of 0.08 at 

the point ot feed screw of regulations wheel. After ad- 

•Mts»nt of this backlash, process capability recovered 

and peved chat there sti.ll was enough accuracy. 

As a result, "fieaaure.ne.nt of backlash of feed «„„ of 

adjustment wheel"-«»« added in the preventive maintenance 

Itemi in the patrol of maintenance member. 

(3) Research before and after machine overhaul 

Baaed on maintenance performance result data (operation 

rate, frequency of equipment breakdown, degree ot mal- 

operation and maintenance cost, „te.) and alio on prece« 

capability, number of products and the life of the awchlM, 

in October each year, we prepare overhaul plan on each 

machine. This is done within full cooperation with Freeets 

iJmign, Maintenance and Operation department». 

in predice, machine repair report is made for accuracy 

comparison before and after-the repair. 

An overhaul conducted report is also made for it is use- 

ful tu confirm the recovery of accuracy and cost estimation 

for the next overhaul. 

11 - 



4.    Maintenance impi-t,vt-:.i:u  .«et¿vit fes of  process capacity 

(Machine operai io» rt».':<^ 

As Mentioned before,  at "íihon Dorso,  in addition to retain the 

qualitative process capacity of machine is aJso maintaining and 

improving tin» process capali3Uy which  is Buchine operation rate 

(MOR).    Thiti MOR is the primary  inUex to PM performance. 

Maintenance iraprovemet'C activities et »achine operation rate at 

Nihon Denso   ¿s outlined i.« the following. 

(!)    Equation of machin« operar ion rate (MOR) 

(2) Data collection ay n eft or? uuchlne operation rate (MOR) 

(3) Methods of maintenance improvement of machine operation 

rate (MOR) 

(4) Ca*«« of  iaprovenent methods for machine operation rate 0191) 

(1)    Equation of mac hin*! ©¡.¿uatio.i  rate 

Machine operation rate is the ratio of net operation tine 

and active time as shown b -low.    Net operation time, 1» prlnci- 

pie, is the number of good product* expressed in terns of timi. 

Machine operation rate (%\ * to£aÜSQ_ÜSi- x 100 „ 
Active time *     " 

Ket operation time     __ 
{jÉtet operation time) + (down-Uwe)    x lW ***  *^ 

Hat operation tine is generally figured out by equation (2) but 

in caae of painting, plating and using general purpose proaaing 

machine tuere ar.   many cataríais waiting for process, Making 

it  áitílcult  to  calcul .-iti; a  wilt   cycle  Une,  equaUou   (3)   is uacd. 

- 12 - 



In this case ihe  net operation ¡ime * Cycle tine  in second« 

stipulated at  the  point  o*  it» process design ;t number of 

good products x  1/3,600  ...   {2)   is used. 

Net operation time - .'active  time) -  (down-time)   ...   (i> 

**    Down time »  (set-up S adjustment tine) •»• (routine mainte- 

nance, production preparation time) +  (tl«« producing 

bad products)  + (««chine regulating t ime) T (other al- 

lowance time)   ...  (4) 

When figuring out machine operation rate, special attention 

•hould be needed:    all  terminologie« relating to machine 

oncratlon should have specific definitions to be clear and 

consistant among the people concerned; otherwise the reli- 

ability ol original material déclinée and evaluation of fM 

performance among sections,  facilities and departures become 

difficult. 

"Calculation Guld« of «achine operation rate" (which it 

Attachment 1) is an except covering major subjects relating 

on «achine operation» describing exiatine. equipments in the 

company to be distributed to the people concerned In operation 

in Production, Maintenance «nd Planning Departments. 

4.2,    teta collection system oí machine operation 

'5.1.!V «ol!t..-tion activities m¡ currently existing machines are 

outlined in Chart 4-1: 

- 13 - 
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4.3. 

Dat:a on failures more  t.lv:    JO minutos and naiutenanre performanci- 

are   LnUviduoliy   iilUd  hv  ••a,-h fallut.'   in "Main.-onam-e  Kfport 

application"  (Au..   2)  and Malrtfl.-upce Dojit.   fili«  .her*,  reports 

under  «ach «uehiru:   type   ¡nd   '.,:},ul   m.ijor  It ms  In EDT\    While data 

on machine operation snvh as .-univo time,  number of producta, 

nun>ber of  rejections,  .-'.own tinu wir.h dencripUmia are daily re- 

corded  its "Pi-.i'hintì  operation  aru! discrepancy repo/t"   (Att.   3) 

jy Operation ;,Vpt.   on :»M ctiLie.il machinen  Upprox.  900 muchi ties 

accounting for «% Oí   the  iot.il) ate listed in order tc keep 

nomai operation by doinj; routine control. 

in the beginning of  the tollowin« month, operation rate, active 

time rate etc. are ported in "Critical machine operation situation 

rtaearch liât" and  imput ro lop, 

tbu« maititonance .imi operation situation are matched in EDP and 

costs oui. with various second -lata.    These dr.ta are used for 

evaluation, countermen sure and application of PM pericrmanci. 

Method* of maintenance improvement for machine opération rate 

Operation situation«, uf  p"*iuctive machine facilities used in fch« 

company ¿ire shown  in Chart 4-2.    Approximately 801 of down-ti»« 

accounts tot repair uf  failure,  routine maintenance operation« 

(which is directly relau-d to PM) and s«t-up and adjustment 

(which is relat*d  to TM) on machine technique and skill. 

It» order  to  Isiprovc thii. appro*.  80?. of down-time,  not only the 

efforta of Maintenante Dept.   as allow  in Fig.  4-2 and raoraovtr 

with the cooperation of   UH   t uree department* ar,-  indispensable. 

-  IS 
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Pig. <-?. -•iSiLiL**ÎÎ'.Lîi.iiSi.!V.¿'JKi:, JJ?JJlV_Jto¿r(,vi>T 

[\    "•—~JJcpl. 

Act (vi 

Deduction tu 
Breakdown 
(¿tel lability 
1 ripioverne tu) 

F'l.i ¡îning 

Pillviîr  te Opi r,jt ion machinen 
wllch can oner.te t lie stipu- 
îatu'i  funct im. wi» h tiinimuin 
cc;;t  i..iti no fui'iir*  (Instal- 
lât iuii,   nœud«!  '.  remuai; 

Appi« cou«tcria«a.«ur»!i; ro 
prrwni   iwrthtt   iallurra to 
uu-xt wie!, i ne ,«\d  tu «imitar 
«jichi»vu,  process <le>fg;i, 
machine design, machine 
mur-utortur* fit nuichliv» 
i imporr loti  »tandardi». 

Katrt «nance 

M    Ih«   r,t,l.C'S(!t   .if   OpiTiltílM 
llCpt.   .'Ild   .!!;,,)   .lt    ([,<.   lûeuB,-. 
mrt.dai kun¿. to opur-jrj..;i 
l.'vptt,  ¡.heck up,  aûjimiri'nl 
ir.,   i ffuJi   should bu it.idi' to 
,u!-.icvo  ¡no Ht ¡i'jl.iicu  lUTOtlon 
vit M ai lu iir-vw cosi   nid ne 
1. Hurt. 

Opérât io'n 

|T«. achlwo production plan 
Ibv fuJîy operating  the «Maw- 
:1M'cd lu-¿ir ion viUi ntiilsun 
en and without   fai Hire 

Shorten 
Maintenance 
«Ime (Ma Into- 
natili I ty iB- 
pravcafeni) 

{'••KlgiùOR, «aim r act tir irig 
um! «test t lor, ot «acMnos 
that  ri.-ciulr«- easy «ninto- 
nuitct 

O Cor, Jut t log  hcruruf!' t,  uff- 
l"¡i¡ní  ehe.-Mip (M adiiíftmcot 

o Tic.ii(,'tnt' irmtiitfnanci" Kuid,itir; 
o v'o«J«';.ttns correctiva mainie- 

iiur.ee uc reduce íaiturüu 
<» Feed luck ol goad  Information 

to plu,  Inn I>opt. ' 

«nduet cornet i>?| maint»-- 
naiKi' ir Improve Maintena- 
is Ht y 
f'etìtS h.¡'-k of  guod   in f.-tina I i.iii 

"< t1  f'lii.iitr.R Dc¡>t. 

I 

Külucfrcwent of nomai t»¡>- 
L'tiilon ri ml accurate rour. In* 
««Intendne« 
U>od cnanuniration Í. prunkt 
leed-bark to «¿iltu «mance 
Kevlalons of  all routine 
.T,,.1iit.,iiè*iu.? (.tatui*) rd» 
(.S«li»ciioii of  routine «alnte- 
nane«  Item* directly conru'ft- 
ed  to prevent  briak-dovn) 
To prevent »inor iailurc.1 

Ilio r • t n i tir, rou 11 m- ma 1 nt #>- 
naiuv  i Uli- by  improving 
tu,it Ine check-up procedures 
and  l'ibi let Ion 
Uingh'«!iilnt clu>rk-tip lylc 
basini on break-down ami de- 
duct Ion  1n check-up tin» 

! 
iS'iortau ne i-up 
U  AdjU-'itlKllt 
tela» 

o titulan and «aouf.iitutp of 
iiiniiiiica that  are ensf for 
sci-up unit »>0 iuNtmcnt 

u ¡ en^tlufii  Hie  o^.aa iif 
|      blu-K and «vide. «Uh new 
j       icoteri.il:,  a«d   proiLMiliiJ 
I      m ci inula 

o    upport   ictivltftH at ptaanlng 
pud oper.»r Ion i>#pt, 

by  I-snroVi ig  «kill worker» 
In reduce tmit  «dìt-np 4 
ad justKtimt liac, 
CuiMiiict »Inor  iMprúvr.a,enta 
to «;vinu life ».pan of Mold« 
..ml Mr.et. 

I» ordar to J*prov* ««.uipnanl ttficleacy, MintiMm,. teprev»*«!« al «m ahutOd prlnirlly b« imptoveá. 

I» tirdar t<. actflmplini! tin» guai, &itl, deparw.mt «Uuld fully corporata dl*cliar»i«6 ita r.apoti.lbllity. 

I¡. ot!** word«, .it  fHpiii.i. i«.,»*., anellini, nptrrdtion .alt- IMO«)   li rn«»jd«r«4 I« he mont appropriât« tot 

,e#WrB,,'m  at   J":'-1  f'lartivitl,.,.     Ami  »M„ J**   .     •...   ..U-i.-. t   !.. ..,,    .-«,,,..»  ,«,*,,•   .«puriaul   indr*. 
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*•* (intì0B of M)W improvement ccuntermenaupea 

<*te #xMf»(>1ft eiic>i of ii*»Hin-ninf-, Mfiintennnce and Opcrn tien Uepartmenta 
in shown her«. 

(1) <3«s« of MncM.ne !>*aigning ];epertmont. 

pvodtict   A-l  i H »'Xper.ted  no drasticollv increate ita volume in the 
t»»»»v futur«.      ir w« n.-hieve tMs inore n.¡« uainr the c<>r»ve6tionr»l 
huit; convoyar lin«,  th« number oí" rounuel asaaiublv operator« «ho «re 
fiillv  Mftilled  .•¡>:<r.¡í.f1   inort'Mue pro¡-ortinrmtely. 

Thereto-«, we âi«cus$#4 vara ou« probi fr.-, :«»-^iüt;ng frorc t;h^ similar 
«atiatime lins A-, , we fu* ve déte »i ,ine<t to áeairn another production lis« 
with i« roved a.$aembly speed of  50*, with reduced number of woraara by 
¿Cflt Mitt with improvvidi (••« h' of 10?', h'-.^^v n  rota »f 1.9 times incraaaa 
if» productivity when compared to production Una for k~2. 

Otiilt *-$ Keview end analysis of rational!t*d aoaemoly line 

&•' Owl*)'     f   h.*«t-eWl 

tttafruMtf   fo|i*( 

11,'.. <     ,  i     , -        '   »It 

£»»l«yt<'4 Mr$M«i t..it 

1 i    il II        ll"       II ••nif 

f**l~op4raX.vìt ai* 
pnvelf je»*«?«  ietfto* 

K» »^>*| #* «tüé»* pe»« 

N  2- fft((«it s M wW* potest 
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nr,   :,   remili   cf   i.;itf  M,ove   c....n   r .-e*   ,;»v . .  .,   • 
is  we  h;.v«  ovi'-in/Olv   rl.-nn-i   ,.,!fi   r.-.'M'.^'„.L  ¿„3Î"'      ''"'  °"«irii»t  in* '"•'*' t'vpi   i.     tiioea of 

mnvr  ihi>ß*%  ouinîpw^t.r«,  wich   ••;* r.-rs-M.-r-i   in 

were „t.-wl-rni^d   im,o   i*«¡.-n   ;.al^ .u,,nd   T-H   Jr,,,,x  (llf. in^ 

(2) Cas« In Maintenance Department 
flUUMMMt „f Corr.cUv. M.l„te„.W. «, »,«„, „.,„Uuw!. <.,„,., 

Coni tane temperatura furnace of diecasf- 
Th. «ru.tu,. of tK. tmm  ,. .hom ,„^.4.     „ C(m>uti of lirrtrirti ^ 

i».„..u„. «en...   .„« „,[lni p.„   „,, g.Mritor t> ln tb#  ^ of chrrMnt|im- 

flower. 

l.for. e.tabliehing inaction cycle.    lmpra,emat  ittm nh<m ^ (i%^% ^ 

«»perlnenud on 15 furnace, efter analen* the pr.aent aituatlon of heat 

generator by Maintenance Dept. and related Départante. 

Than re.«lt th* above EDP .. output plotted m Weibull Probability She«. 

Aa tho*m i«ûUr4-5'Wan time between f*W   (MTB?)  improved fro» 

5.5 «onth« to 15 month, and distribution of failures changed fro. 

index di.tribution type <„.i.0> to w«ar-o«t distribution type (a-l.e) and now 

capable to apply preventive malnt.n.ne. end practice regular changing of h.« 

generator. 

Regular Changing Cycle («hovn in OU* 4-6* i. e.tabiiehed at the point when the 

•».   of down.ti.ee loas and total preventive maintenance coat beco«* «Int.«. 

That L, mn.t economical changing cycle U tt o ro0Bth,, tim ,nd ch|mg# ^ ^^ 

Thia va. atandardised aa Regular Machine Standard«  (DM S-U . 

*«a«lt: A. aat-up time cycle lengthened and cataatrophic failure dra.tleally 

taduced, «.chine operation rate of Diecast machine  improved. 
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Fig. ¿»-3 Problems  sn<\ ¡mpcavewnte 

Problem Sugfegt^.etl Improvement» 

l.Many generator  fai!urei; 

2. Along with machine automation, brought  increate 

In aluminum hot-un lue inn us« and Ine ret sc of throw-In 

of ingot.  (Increase nork-lua*! of iumatei 

1. Increate generator capacity 
tr< « m fro» 46KU 

2. Change aectlonal atta et generator 
from 1.» x 11 to 2.0 s 16 

Ckmt. U-U,    Constant teonertture  turnaca    structura 

Malting pot 
Heat antrat or 

Material; pilo «g» 

Capaciey; 46ICM 

F ltv.br lek 
; "^    lleat 

J   irteli I at or 

Sectional viewA-0     T~ 
     -• «a 

?*»** *'5      Analyala by Welbuii  Pmbability sheet 

T" B*Í9t« ! After 
Improvement 

1.6 

15 month« 5.5 month« 

logarithmic 

regular type 
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Pig.   .'i-6 Ft-u'y  of mort   .•c>u,;.V«i  ch*nglnfe  cycW 

'V'if:  p»rîo.-« •  tve. y^r.«'. 

Change  int*rvalfby month) --*• 

'""Tir"..-i  "~'~~, r^Repair cost, 

'"        7^."~.z,~¿.y!^zlim logg) 
!. ' X1V£H LVJL iL« iE1 «»«nee "cosci 
-*'HÍAt?p.<'nc« c'rew*lïBiî"coit, 

parts tnst) 

(3) Case in Operating Departmcnr 

rprep.ratlon of PM   operation manual ,y PM    circle activities to reduce machine 
failure«) 

Automatic sine plating equipment I, « l«g« equipment   and h*s serie, of closely related 

function«,    it  ie very  is.p.rtant ¿or an operator to know the occurence of abnormality 

in the equipment and give "promet" treatment t, maintain a smooth operatloa.    Aa 

a role of machine operator»,  to provide on-the-spot action and to standadlse the 

items of routine maintenance  for prevention of abnormality; the following was 

reviewed by PM circle. 

Chart 4-7 aho*« the accumulate of failures,  taken from past abnormality records, 

both on »Maintenance Report  - Amplication" and »inor abnormality not «corded in this 

report but tftc-.ir.le«! hy circle «neher».    Along with technical education and improvement 

«f morale,  thia prob ¡en, «a* reviewed by examining each itema of c4«.ea, emergency 

actions, routine ««aintenance  items, and «paro  parte control within 6 month«; 

Includine 3» of newly brought  abnormalUv problem,   132 failure cotmtermeaaures 

were established and, furthermore,machine structure check-up, operation methods 

were added  Lo prepare Che Manual oí PM operations. 
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Chart 4-8  is  a  part  < f chis Manual  where machine  itself and  It» suppllmtntal 

conveyor arc explained  and  ala.i  the (.moreney action« for movable loader which 

were, standardised. 

ra 
((WMC.4-7 Failure Result 

1 **i 
Machine down-timo 
Number of failure 
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ÎWi m operation Manual  has brought such intangible effects «• improvement. 1« 

t.chm,*I knowledge and morale for the circi« aerara.    Ä.  t*mibl# 

•ffecta, over 50? decrease  m failures,     „«Mn* dmm-ti«., «p.tr ilM, 

•djiatment time thus Imrpovtng of MOR. 
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Chart     4-8     cluües ,.f Falhire „„,, tu,tvgi,My at.Uons 

ïtRc8Îtf"Tt,|Abnàr»*Hty 

i 

r 

—... ,. 
Cause»    '^»«ï^iiiicyRoutin* Main« 

""i 

'-—^-T" 

 ^Action» |t«n*nc*. Ttc»-> I rRti«i'«»ncy !     Lift 
uWi.* .t, ï^^~^;,:.,r;rL '  

I i 

Remark? 

s 

I í . L_L 
T*. »fleet, «f d.Nrt«.„t,i 1^^-^.t acfvUf« «la-^ ,bw ^ 

apprew.  lï% inert*** i„ »«chiR# operation rat« nf rk. , —        »      ^ 

ThL ha, bro^ht . great ,5âtflBg ln  e<îutpB|enr    tr)vt,eiî#%nt 

Chart 4-9 Transition of MOR 
//J. 

6 
u 

'••i¿__ .Lì; I 
Ut Half "~*,.. ,.~.r '  ì 1 J 

S. 45    / i<i^,« *                 2nd Hai? 2nJ Half 
*  * ?C>    S.   46  (19 »y M 

S.  «7   (»ITJ.} 

Year   iby halves) 
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5.   Borne important consider-'! tion¿¡   on TM ay a r, em 

So  far in  thin  report  1   h*v» explained how to improve  and 

maintain .^vailabxjity  j run;   the  aUrdpomt of,   firat acquiring 

process capabilities  and then to  improve and maintain Machin« 

Operation Hate  fc.v  iUustratinr actual cases pertaininp to policies 

and methods in  Nihon  Denso Company. 

I would like to close  chis report by outlining some of the pointa 

which should be taken into consideration for coordinator PK 

activities. 

to do this,  the following three  i tema should be emphasi&wd. 

O) Pf-: '»ctivitirs thst fit    into the derree of automation of the 

company 

(2) Develop training prograea and enhance morale of. th«  employées 

(3) Clearly define share oV responsibilities amone- PM related 

departments and establish a  total I'M sytem 

5.1.  «* activities that fit into the derree of automation of the 

company 

As shown in *i*5-l, »achine end equipment become more and nor« 

complicated Addine extra  functions in .cooM-noe with tin» davalop- 

•ental svapa in automation.    'Phus, maintenance ays tern corresponding 

to each of  the added functions in respective automation asps shoulc; 

be strengthened. 

-2*- 
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The more the  •¡utonvtion  pror-ve^ea,   the more   reliai, i t.v,   m»inte- 

nubility «no   anf.t    of   wo», ine  f-ciUtien  :>r-     e-¡uir«d.     Uo  :,ot 

only maintenano   «y stein  bu'   also Mr  system  by   -.reject, enrineera 

should  be  3,.reftth.;re'î. 

also,   the jroal of   •*? activities should not only be the 

reduction in  failure breakdown but alao to lointain and improv- 

availability  is m.-^dfcd. 

For this  ¡.urposo,  elonr *iMi  acquisition  oí   specific techniques imd 

control  technique«,  tra ini a«?: of r:eo,.le ;,nd total-system of machine 

c nti-ol are very i.nirortant. 

' .2, muet im and trainin?:    and methods for morale enhancement 

Assembly type industry has its ultimate p-oal in automation and 

unattended f-cilitiea.    But at present, it is in labor intensiv« 

industry Mid its  facilities *nd machines are com. licatedj   ao n8 to 

fully utilize the «xjatinp. facilities,- ¡oaitive methods of education 

and trainine and also morale improvement   *re required. 

The aim  in education and  trainine differs according to the production 

systems:  In cr.se of small volume production,  generally, aa decree 

of automation is very low end dependence on akill of operators  is 

hirh, eiaphasia is on specific  techin ue truininra.    While in the 

case of mesa  production,  tv0 de- reo of automation is hirh and  aeetn- 

»nrly there  are nume-ouo  monotonous operation« .conducted b.y 

unskilled o era tors.    Therefore,  not only  improvement, on'operators' 

skill  but alao morale im-.rov«¡:,ent   >.¡d systems nie and various  types 

of  t-aininr prorramaaho-Pd  h,  »...j. :(|,J ished   for  pronol in" employ, 

voluntary control  retivi • 

a< 

ci 

2*- 



# 
Th«8   iollowloH» are  some  c Ui.-.«.»L&   of  trainino 

•* prugra»  tor .„fdd.e wnfl(fewnt  „, „.^^ 

by «neh départit   in «..  pr«duett*» .««.*);.  type  industry. 

O) Training oí operators 

H Step n«.  <Funrf.rn.nt.I  fwtsti The f«l!«,iflg Bu0jtcts WU1 bu 

t.k.» up chi.f|y for oit   (on the Jub tr.lBln-)  „„^ 

(a> Relación of 4M (    four KU».». *« four CIeraents tw pr0(:„,  . mR    aÄehtB-i ^^ 4 ^^ 

to the function of prnccesud product. 

M S.C. .„d .»pro,,,.,. wilM .„„ r„ltl„, MInt«M„c, WM| Uui m 

critical and underatandab le atand.rdÈ 

(c) Diacrepand«, c.U8ed by not curving operational .undard 

fd) Knowledge of fundamental action« 

Ne«  step it to check whether operation» an» tat,., «i-      • peratton» are taken place in accordance with the operatic 

standard» and give «valu.ti on and guidance. 

«>   Step two    (inurbiate c«ur«> The follow^ ls taugBt .. . ^„^ Qf ^^ 

and OJT program. 

'" ta-ta*. oé «M« «.t««,« .„<, (Mlctl<w. ln ord„ ,„ ,lild -chlM ^^^ 

¡» the early at«,«    o( 0B,r,tloo. 

*> N.«  ». „„*,,,„,,. „ .,.„,. nfttr ^ t itnu <Mi9iUmt Mtui>   ^ ^^ 

operai iona. 

"' F«tar.  .0 w c.,..,. t. t„.ch llw tD tMln u„gUlu,d worker( in ^^ 

» '».««1« pr^c.on „f v.rlou. C00nt,rra.sil„c, ,. „, Mtlve ta yaiunt>ry ciinuoi 

viviti., „d .„„^ .ctwule> ,och M eirt]e KilvU|Mj fniumtlm mttlnt (or 

-«-1 M.1...  iVr„w„t ,w„clm ...,„ „ to (,athe c(-w ir>(nin8   ^   t 

•••P~UII, .. co, .„wlef.. „. ,_ „ „,,, 8toüp<i thi, it-wi )f f(rit UiMj rk>ri, 

circles     should be given the knowled*« offer.»,! <n M,,.  ,   t „  fc    , w»«UJi»8 orte red in this  intermediate  level training. 

29 



(2) Training oí Machine Mair.tenmice Workers 

T)i*! aim for thin trailing program slumld he to educate workers 

lo be «killer! maintenance technicians. Skilled maintenance 

technician« are experts those who are vary good in check-up 

and repair sfeill und ' hoae who have acquired aualysis method» 

and forecast technique»! of breakdown. 

The following is the recoraeiended education steps. 

Chart 5-2. Training steps of skilled maintenance technitiana 

Training 
of fun- 
damental 
knowledge 
of »kills 

Training 
o be a 

multi- 
craft 

Training 
to be 
special- 
iste 

Training 
of ana- 
lysis me- 
thod and 
control 
technique» 

Training 
•H»to be an 

inatructor 

(3) Education and training for Planning Dept. 

Referring to the following procedure of general training 

•athoda, training program should be specifically designed 

in accordance to the type of industry and kind of duties 

in thla department. 

(a) Specific technique, control technique, operation pro- 

cedures should be atandardited aa much as possible and 

be taught in classroom, reading circles and OJT courae. 

It is important to make it a habit to actually confira 

and check th* collected information iU'.,;, and analysl* 

with the trainee's own eyea. 

(b) Train in order to acquire higher profomUomil technique«. 

(c) Cultivate self-development and creative thinking and 

ability to apply those thinkings. 

-50 



So r«.  I have „plaioed el^nts of training „iddio cl..« PM 

•«»ber. hy üp«« io», Maint^n.« and Ha.u.in* départit,. 

To... ù^artmenra.  r,ainltgfc ,,,oaid bo ByBtot,.,tlcally coii|U|ct§d 

parali« with basic training which i« conducid «t .«„ 

organi gâtions! lave!. 

5t- 



5.Î.      Share of ra.prm.tbUttie« by relate ¿«pigment« and Total PM Synte» 

Referring to .hare of responsibtlitie. among Planning, Nainteoance and Operation depart.»»** 

•how«  in Pi« 4-2 of »Dopartmenta) activity    for   HC«  Improve««'' an appropriata org«.Latlon 

•hmttd be adapted in accordance  with  the type of ttie compay. 

Basad on -hla prlnciple.ri&.S-'» shows ta* «.»taonshea f« pienotto« ay»ti« and It it 

de* ir «al I« to build-up cooperati ve aysie«. 

Chart 3-3   TfMW^^^Jtott^i* '"H"'6 »la*d c««p««y 

^ .       \Coporat« m CoMtttaaigitaaUili company m polle 
N        ^ * objectiva*) 

Department*. 1 PM C ornairtoe  (Eitablieh 
départirent PM poUctaa and bojecttva«) 

H--PH circle  leader Commit tee 

circle 

ah-*-**1 "ub-cirele 

IN goal a«t 

la each gre* 

Pit group 
•«elviettf 

/ 
L  

Planning 

\       Operators 
t \ 

» { Note: desirtab If nuaber of « group 
L __» —„.   „». [  \ is S « 10 people 

Maintenance Operation 
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basad on I'M palici*,» and objetiva detained by .operate levcl 

Kt Colute«,  dop.rtmen.nl   .^««orw, «m«^, nnd  Rroup loador, 

«liould work on »anageaent by objectives.    It  is inportant  to make 

Uva, the corporato wide evaluation methods of P.M performance and 

to have «yBt^atlc co-relation between manag««« by objectives 

and actual PM result ev.eîuartion. 

PM valuation do.« not merely  inclad, such hard  figures aa MOR 

ami «lat«.« coat  byt  it  also  includes the evaluation of .it- 

uation or atnoaphere where coporate level PM policies set-out by 

top «anagonent should be decanting aB*>ng the first ciaas worker» 

and practice to prevent further failures -nd standardise ion« are 

observed. 

I» order also to prometo this TPM activities through this TPM 

•yate®, understpnding and «nthuaiaaiu of top management and zeal, 

'ideas and petition of  the ««nb«. of the Corporate PM confitte 

are greatly needed and their continuous ¿fforts are a must for 

success. 
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