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INTRODUCTION

The activities for maintcnance twprovement of machine availability 1s @
great subject to mske the mest use of fac 1i{ties which is undertakidn as one
cycle of PE activities in the whole life span of machines which includes
resoarch engineering, process planning, designing, manufacture, {fnstallation,

operation, maintenance. renewal and disposal of the mechine,

In this case approaches should be appropriate to the organizational structure
and size of each company.

It {s beyond my ability and length of tiiis report to handle all ranges of
maintensnce improvement activities of machine availability; the followings

are the objects and scope of this report.

. Assembly type industry as acompany(System of Nihon Denso Co.)

. Steps in the life cycle of machine from design to {ts operation and meintensace,
that is, explaining "maintenance improvement activities of availability on
the currently Bperating machines in a typical assembly type factory®.




2. Maintenance improvement activities of machine qvailability

2.1, Definition of availabilicy

Reliability terminology JIS 28)15 (Japen Induscry Standard)
defines "Availability" as follows:

.
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- 1 Probability of repairable aystem, equipment, parts main- :
}
'

-

| Availability (A) =

‘ : Capable Oper T

1 (Capable operation time) + (Incapable operation time)

—

| Capable oparation time: Length of time when systems,

equiprient and parts are in functionable condition as

-

-
2
£
:;
S

Incap.&‘!“ble operation time: Length of time when systems,

y ®quipnent and parts are no't in functionable condition as
:ctipulatad.

:Rnarks: Consiating of maintensnce time, delay time end

!
| managenent time.

To improve availability is to lessen incapable oparation
time and increase capable operation time.
2.2, Maintenance improvement of machine nvailabiliey

We apply the concept of the above mentioned "Availability” co
control activities of currently used machines in assembly type
industry. Thet is in the following mannar. In other words,
«£0 successively produced quality goods satisfying the quality
standard during the net cycle determined at the time of equip~-

ment planning, aiming at active and systematic and stabilised




activities of maintenance improvement, both in terms of

qualitacive cdpacity and quantitative process capability.

(i.e. machine operatton rate (MOR)

The major etress tc maintain and improve machine operation

rate (MOR) is placed on how to reduce Lncapable operation

time (at Nihon Denso Co. ir.is called "down-time").

To maintain and improve this qualitative capacity and quan~

titative process capability (MOR):

© Relationship among Planning, Maintenance and Operation
departments is improved.

© with participation of all personnel from top managemant
to first line worker whe will be

© engaged in PM activities within small voluntary groups.

1 am to provide you with some ideas showing examples of

practical applications.




J. Maintenance Improvement Activities of Qualitat;ve Process Capabilicy
To maintain and Improve product quality, maintenaunce and im-
pProvement of four factors which make up process, that is, machine,
man, material and method :re nccessary,

As for ‘lachine, lmprovements such as in expansion, high capacity,
automation and unattendance have been taking place. Thus machine's
role of producing quality good s imcreasing and qualitative pro-
cess capability of machine is now recciving o great attention.

3.1. Definition of Qualitative Process Capability
Qualitative process capability in machine industry, the scale for

evaluating Process capability in producing standard products is

shown in the following Process capability Index (Cp).

(1) How to figure out Cp (Fig. 3-1)

Standards Cp Symbols
T or T T: Blueprint conmon difference
Both aides ry~4 T Tu: Upper limit standard
P Ti: Lower limit scandard
Upper side l‘%—}p—}f- X: Average valuc
i X - T ¢ p: Process Capability
¢ sida 34p standard deviation *Note

om: Machine capability
staudard deviation

Note: How to figurc out vp:

Cenerally, make histogram from Process capability chare

(one point graph) and X-R control chart and calculate rp:




(2) Evaluation Process Capabiliiy

Process capability cau be evaluate! as follows (Fig. 3-2):

Capability Evaluat ion Class
Index .
R I e z
LasG | iy e isterton |
126 | [Dihaamr e ;

In the case of general purpose machine where Cp applicstion fe

difficult, Static Aceuracy Tudex(T) is used to confirm wachine

accuracy for quality assuarance.

® How to figurc out (T):

R e e R e T

T= f !?g[!slz
n

Tp: Actual Value
Tss Allowable Value

n: Number of measurement i{tems

© Bvaluation standavd of static accuracy (Fig. 3-3)

[Aecntacy index

Evaluation
T 31 Satisfactory
Careful cxamination on items not
1<T14 fittiug with Ts amnl decide whether
or not t¢ repair
T4 Objectives for reapir




3.2.

Rescarch methods and utiiization systoem of qualitative
Qualitative procees capability researciv in done in the procedure
shown in chare 3-1(B): Star: systematic research from machine
Plavning stage as shown in (A). These research results as shown
in (C) are uscd in process design, machine design. ma.hine nainte~
nauce, production process and also used as data for examining
blueprint swndargls in production planning stage and in establish-
ing product ion standard. In developing process copability re-
search, in ovder to make most off icient use of research informe~
tion, careful analysis shiould be done on various factors and

alternatives, muking a summary of each report.




Research method and utilization system of Qualitative
Process Capabiliry

Chart 3-1.

(A) Procedures for Process Capability Research

tguination of Renoa ol At :__v]

Lﬁgfaﬂn;a*tion of Mcasurement Method)

Rescarch of AM Situation)

. ' {Privary Measureament}

IR
&f@tion of Sampling Method)

I&uearch Pla_:ﬂ

Research

{_S_u_garx of Reuarcg

JAct {0 :
1

LRSI

[Contfrmation ] !

RIS |




(B) Application of process capability research results

;Applicable tunctions Application items

Process design 0 Basic materials for process design
0 Materfals for nachine planning

o Materials for production standards

Machine design o Materials for design objective
«stablishment

© Confirmation afier coppletion

Machine maintenance ¢ Materials for Raintenance items and
check-up cycle

© Evaluation naterials for repair time

o Evaluacion materialg for receiving
inspection

Production 0 Materials for production standards

o Materials for critical control

. © Materiale for fajlure analysis

R,




3.3,

Cases of process capability research activities on existing
machines. |

As ghown in Chart 3-1, result of qualirative capablility research
includes not only process plan, rachine plan, machine manufacture,
instal lation, operution and maintenance but also used in pro~
duction plan,

liere, cases of process capability research activities on curreste
ly operating machines are iuntroduced.

Chart 3-2. Armature core outer-radius finishing process

Ohsumi high speed lathe

Main axis: 1,500 rpm

NG
el Jpego
048,
3.0
c? Deflection Overhaul i{n ‘46
2.u e Bema, g, ¥ k. « ORI ‘“

. ""‘"r"~ - AT A L4

e cee g2 21ms st pmimram e amra e < i <
MY &N 4 e & ouos

-~ Year (Showa)

(1} Regular inspection
Chart 3-2. is a process example having regular process capa~
bility. As Cp gradually reducced overhaul was scheduled.

(2) Countermeasures in abnormal situardions
Important quality process by centerless grinder is curremtly
difficult to malutain quality within standard; this infor=
aation was urought to Maintenance Dept. from Operation Dept.

So far 2 miilion pleces have been produced,

- 10 -



[u process capability research result after production of

390,000 pieces, Cp was sat{sfactory by 1.43 (S¢m - 0,056 .

accuracy check-up was condicted by maintenance crew.

The actual resuli is tiag Lp is reduced t0 1.03 (B m = 0.078).
The result was found there was a blig backlash of 0.08 at

the point of feed screw of regulations wheel, After ade
custment of this backlash, precess capability recovered

and poved cthat there stiil was enough accuracy,

As a result, "Measurement of backlagh of feed screw of

ad justment wheel" was added in the preventive maintenance

items in the patrol of maintenance member.

(3) Research before ond after machine overbhaul
Based on maintenance performance result data (operarion
rate, frequency of equipment breakdown, degree ot mal-
operation and maintenance cost, etc.) and also on process
capability, number of products and the life of the machine,
in Uctober each year, we prepare overhaul plan on each
machine. I'his is done within full cooperation with Process

Design, Maintenance and Operation departments,

In practice, machine repair report is made for accuracy

comparigon hefore and after-the repair.

An overtiaul conducted report is also made for it is use-
ful ta confirm the recovery of accuracy and cost estimation

for the next overhaul.

11 -




4, Maintenance improvenvat activities of process cupacity
(Machine operat fow rared
As mentioned before, at Nihon Derso, in addition to retain the
qualitative process capacity of machine is also maintaining and
improving the process capalility which 1s machine operation rate
(MOR}. This MOR is the primary iadex to PM performance.
Maintenance improvement activities of machine operation rate at
Nihon Denso is outlined 10 the following.
(1) Equation of machine operarion rate (MOR)
(2) Data collection systen ar machine operation rate (MOR)
(3) Methods of maintenance }mprcvement of machine operation

rate (MOR)

(4) Cases of improvement methods for machine opevation rate (MOR)

(1) Equaticn of machine oparation rate
Machine operation ratc is the ratic of npet operation time
and active time as sbown bolow. Met operation time, in prinei~

ple, is the number of good products exprested in terms of time.

Uperation time

Machine operation rate (%) = T tive tine

x 100 =

Net operation time L
Tﬁe: operation time) + (Jdown-t ime) x 100 ... (1)

Net operation rime is gencrally figured out by equation {2) but

in case of painting, plating and using peneral purpose pressing
machine taere are many raterials waiting for process, making

it @rttdeult to caleulate a wuit cycle e, equitivn (3) fs used.

-~ 12 -




Tu this case the net operation iime = Cycle tire In seconds
stipulated at the point of {ts process design < number of
good products x 173,600 ... (2) iy used. .

<

Net operation time = (active time) - (dowa-time) ... (93,

**  Down time = (set-up & adjuscment time) + (routine mainte=-
nance, production preparation time) + (time producing
bad products) + (achine regulating time) ~ (other al-
lowance time) ... (4)

When figuring out machipe operaciun‘r:te. special attention

should be needed: all terminologies relating to machine

operation should have specific definitions to be clear and

consistant among the peopls concerned; otherwise the reli-

ability of original material declines and evaluvation of ™
performance among sections, facilities and departments become
difficule.

“Calculation Guide of machine operation rate" (which is
Attachment 1) 1s an except covering major subjects relating

on machine operations describing existing equipments In the
company to be distributed to the people concerned in opc:atiﬁn

in Production, Maintenance und Planniag Deparctments,

4.2, Data collection system of machine operation
Targ collection activitien an currently exfsting machines arve

outlined in Chart 4-1;
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4.3,

Data on failures more thor 40 wmistes and nalntenance performance
are fodividually £illed by each fallure 40 ™aior enance Report
application” (Att. 2} and Malrtensnce Dept. file .here reports
under each machine type and lopet wajor Items in EDP. While data
on machine operat.ion such as artive time, number of products,
nupber of rejecricens, down fime with descriptions are daily re-
corded In "Mochine operacton and discrepancy ropost™ (Att. 3)

2y Operation dipt. on "M vritical machines (approx. 900 mach!nes
accounting tor 8% ot the toral) are listed in order te keep
nomal operation by doing routine contrel.

in the beginning of the foliowing month, operation ra;e, active
time rate wete. are posted in "Critical machine operation situation
research list" and imput to EDP,

Thus maintenance and cperation situarion ace matched in EDP and

comes out with varfous sccond fdacta., These drta are used for

evaluation, eountermensure and application of PM pericrmance.

Methods of maintenance improvement for machine operation rate
Uperatiun situatfons of productive machine facilities used in the
company are shown in Chart 4-2. Approximately 80% of down-time
accounts {ov repadr of failure, routine maintenance vperations
(which (s directly related o PM) and set-up and adjusteent

(which is related ro PM) on machine technigue and skill.

In order to iuprove thiu approx. 802 of down-t ime, not only the
efforts of Maintenance Dept. as shown in Fig. 4-2 and moreover

with the coopuration of the three departments are indispergable,




Doun-time factors

Fig. 4-2
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Fig. &-2,
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4,4 Cuses of POR improverent countermensupes

(me ex:mnpln ench of pesirnine, Mrintenance and Opersticn lepartments
is shown here.
(1) Gase of Machine heaigning Lepsrtmont.

broduct A-1 is expected o drasticmllv increase its volume in the

neny Yubure, 18 we anhieve thig incresie usine the convestionnl

kel conveyor line, the number of mununl assembly operstors who are
31y sinilled .-:.':o:s].d inpresge projortionstely,

‘heretore, we discusged variou: probler. sesylting from the gimiler
exigting line /-, we hive detemined to <desirn another production line
with improved a.;sembly speed of 50%, with reduced number of workers by
0¥ Lud with improved K of 109, hevine o total of 1,9 times incresse
in productivity when compared to proguction line for A~-2,

Chirt 4-35 Weview end annlysis of retionaliged agsembly line
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(2) Case {n Msintenance Department .
(Eatablishment of Corrective Maintenance and Preventive Maintenance Cycle)

Constant temperature furnace of diecast:
The structure of the furvace {s shom indagb-4, 1¢ consists of firebrick, hest

insulating materlals and melting pot. Heat generator is in the shape of chryssnthenus
f lover,

Before establishing inspection cycle, Improvement ftems shom in fig.4-3 were
experimented on 15 furnaces after ana lyzing the present situation of heat

generator by Maintenanca Dept. and related Departments,

Then result the above EDP as output plotted {n Weibull Prcbability Sheet.

As shown in Zaar4-5"mean tlme between filllure (MTBF) improved from

5.5 months to 15 months . and distribution of fsilures changed from

index distribucion type (n=1.0) to wear-out distribution type (m=1.6) and now

capsble to apply preventive mai{ntenance and practice regular changing of heat

senerator,

Regular Changing Cycle (shown {n CRaw 4-6) is established at the point when the
sum of down-time loss and total Preventive msintenance cost becomes minioum,

That 1s, mnst economicsl changing cyele {s at 9 month's time and change the generator.

This was standardized as Regular Machine Standards (DM §-4) .
Result: As set-up time cycle lengthened and catastrophic faflure drastically

reduced, machine operation raie of Diecast machine improved,
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Fig. 4<3 Problems and improvecents
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(3) Case in Operating Department
(Preparation of PM overation manual ©y PM circle activities to reduce machine
failures)

Automatic zine plating equipment {# a large equipment and has series of closely related
functions. It is very impurtant for an operator to know the occurance of abnormalicy
in the cquipment and give “promet" treatment ro maintain a smooth operation., As

a role of machine opecators, to provide on-the-spot action and to standadize the

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

reviewed by PM circle.

Chart 4-7 shows the accumulation of féilures. taken from past sabnormality records,
both on "Maintenance Report - Application” and minor abnormality not recorded in this
report but rrcorded bv cirele nemeberﬂ.‘ Aiong with technical education and improvement
of morale, thia problen was reviewed by examining each {tems nf causes, emergency
Aactions, routine waintenance ftems and spare parts control within 6 months;

{ncluding 38 of newly brought abnerwality problems, 132 failure countermeasures

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

were added Lo prepare the Manual of PM operations,

I




Chart 4-B 1s a part «f this Manual where machine itself and its supplimental

conveyor are explained and aisc the emerzency actions for movable loader which

were standadized,
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This PM operation Manual has brought such intangible effects as {fmprovements

technica!l knowledge and morale for the circle members. As tangible

effects, over 507 de crease in failures, machine down-time, cepair and

adj stment time thus imrpoving of MOR.
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Chart 4-B  Ciuses of Faflure and ceevgenty actiong
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5. Some imoortant considerations on FM systen

So far in this report 1 have explained how to improve and

maintein svailability ron the stardpoint of, Tirst acquiring
process cipabilities snd then to improve and maintain linchine
Operation Rate bv lustrating actual cases pertaining tO‘p01iciaa

and methods in Nihon lenso Conpotiy.

I would like to close this report by outlining some of the points
which should be taken into consideration for coordinating PM

activities.

To do this, the followin~ three items shovld be emphasized,

(1) P netivities that fit into the derree of automation of the
company

(2) Develop training programs snd enhance morale of the employees
(%) Clearly define share ol reaponaibilities smone FM related

departments and establigh a total 1M sytem

S¢l. "M activities thst fit into the derree of antomation of the

company

AB shown in FipS«1l, machine and equipment become more and more
comuplic. tad adding extrs functions in accoid-nce with the davelop-
mentel sceps in automation. hus, maintenunce system corresponding

to each of the added functions in respective automation d#eps shoulc

be strenythened.
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The more the Tutom-tion prorredces, the more relisbiltv, msinte~
nability ann gafet o' w ohine focililies o erjulred. 0 ot
only maintenanc. sysuem hu' elzo MY ogyaterr hy Crogject enrineers
should be s'retthered,

ulso, the goal of M activities should not only he the

reduction in failure bremkdown but also to maintain und improve
uvailability ig needed.

For this 'urpose, alinr with mcquisition of specific techniques and
control techniques, trainine of weoule snd total system of machine

¢ nt.ol are very r1mrortent.

“e2¢ RBAucatiom and training and methods for merale enhancement
Assembly type induetry has its ultimate ;roal in automation and
unattended f-cilities. But at present, it is in labor intensive
industyy and its facilities rnd machines ere com licated; so ns to
fully utilize the existing facilities, ;os1tive methods of education

und trainine and also morale lmprovement are rejuired,

The 8im in educntion and troinings diftfers according to the produciion
systemns: In cnrae of small volume production, generally, as derree

of automation is very low end dependence on 3kill of operators is
high, emphasis is on specifice techin-ue truinines, Wwhile in the
cuse of mass vroduction, the der ree of auwtomstion is hirh and seemn-
inrly there &are nume ous monotonous operations .conducted by

inskillea o erators, "Therefore, not On.y imurovement on ‘opeprators’
8kill but also morale imoroveisent -nd systematic and various types
of v-aining provramsshoadd ha o.abh)ighed for wvromoline emnlo:.

voluntary control activi:

26~
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&
The {ollowiags are some eleaeats of trainfing Prugrams for afddle managenent PM members

by each department {n mass production assambly type industry,

(1) Training of operators

17 Step mme (Pundamenta ! coutse ! The following BuDjccts will by

taken up chiefly for 0T (on the job training} program,

(a) Relation of 4M ( four clements for process - man, oachine, matertial ¢ method)

to the function of processed product,

(b} Safe and appropriate operatioca and routine mafutenance methods based on

critical and understandab le standards

(¢) Discrepancies caused by not observing operationa! standard

(d) Knowledge of fundamenta! sctions

.

Next step ts to check whether operations are taken place in Sccordance with the operation

standards and give eveluation and guidance.

{(2) Step two (Intermediste course) The following is taught in a combination of classroom

and OJT pr ogran.'

(@) Knowledge oh machine construction and functions in order to find machine abmormality

in the early stage of operation.

b) Next s knowledge on simple repair and & lizelo complicated set-up and ad justment

operations.

{¢) Further, to be capable to teach how to teain unskilled workers in fundamental steps,

1) Positive promotion of various countermeasuccs co be active {n voluntary control

'etivities gnd fmpr ovement sctivities such as circle activitfes, presentation meeting for

dctual results, improverent SLgdestion system, send to oft ~the company traintng and etc.

Fspeclally as circle activities are dme in wmall Rroups, the leaders of fieat line & rhers’

circles  ghould bde given the kuowledge offered in this {utermediate level training.

-29‘..




(

2

)

training of Machine Malatcnance Wovkers

The aim for this trafiing program should he to educate workers
to be skille! waintenance techaicians. Skilled maintenance
teclhnicians are experts those who are very good in check-up
and repair skill and 'hose who have acquired avalysis methods
and forecast techeiques of brealkdown.

The following 1s the recommended education steps.

Chart 5-2. Trainirg steps of skilled maintenance technitians

to be a to be of ana= -»ito be an

uliti- epecial-~ lysis me- instructor
Eyaft ists thod and

control

techniques

Training q{Training Training | [Training
T

(3) Education and training for Plaaning bept.

Referring to the followiag procedurc of general training
methods, training program should be specifically designed
ia accordance to the type of industry and kind of duties

in this department.

(a) Specific technique, controi technique, operation pro-
cedures should be standardized as much as possible and
be taught in classroom, reading circlea and OJT course.
it is importamt Lo make 1t @ habit to actually confirm
and check the collected Information itens mul analvsis

with the trainee’s own cyes.

,(b) Train in order to acquire bighor professional techniques.,

(¢) Cultivate self-development and creat jve thinking and

ability to apply those thinkinps,

-30 -




So rar, 1 hLave explained elenents of training middle class PM

members by Uperat fon, Mainteoance and Plamning depaviments,

These departmenral trainfige viwould be systematically conducted

parallet with basic training which is conducted at each

organizational leve?

e o %
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5.3, Share of rasponsidbilities by related depariments and Total PM System

Referring to share of responsibilities amoag Planning, Maintenance sad Opsration departments
shown in _!-’ig 4-2 of "Departmental activities for HMOR improvemeat" sa appropriate ormiuuon
should be adapted in accordance with the type of tne compay.

Basedon -his principle Fig.5-5 shows toe cotadiished rn prumotion system and (t is

desireal le to build-up cooporative system,

Chart 5«3 TPM promotion System {n medium sized company

/\

Coporate PM Committes(Estadlish compsny MM polici
& objectives)

¢ Departmental PM Comittee (Establish
departnent PM policies and bojectives)

9--PM circle leader Comittee ‘ ‘

"™ goal set
ia sach grow

§

circle

\ M group
. Q-YPH sub-circle activities
OPerators
Note: desireable nusber of a group
Y is 5 - 10 people

Planning Maintenance Oparation




hased on M pelicies and obiectives determined by coporate level
P!t Committoee, departmens al MANARCrs, execuvtives and group lraders
should work on management by objectives., It is important to make
clear the corporate wide evilualion methods of PM performance and
to have systematic co-rulation between management by abjectives
and actusl PH result evieluation.

PH evaluailon does not mercly inciude such hard figures as MOR

and malatenance cost byi it also includes tha evalueat{on of it~
uat ion or atmosphere where coporate level PM policies set-out by
top management should be decentnating among the first class workers

and practice to prevent fucther failures and standardizations are

observed.

In order alsc to promote rhig TPM activities through this TPM
system, understanding and entchusiasn of top management and zeal,
Tdeas and persuation of the members of the Corporate PM committe

are greatly nceded und their coat inuous 2Aforts are a must for

success.
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