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Synopsis

The objective of mainte iance costing i: two-fold.

One is to insure proper bookkeeping, and the other is to
provido.the necessary information for internal control and
performance evaluation in order to reduce the cost.

This thesis deals with the latter point, internal control
and performance evaluation by placing a special emphasis on
reduction in maintenance cost, and I would like to take up
the subjecta in the following order:

1. What is the maintenance cost?

2. How much ia spent in maintenance cost?

3. What 1s the purpose of maintenance coating?

d. Classification of maintenance cost.

5.' Total approach to the reduction in maintenance cost.
6. Budget and control system of maintenance cost.

T. Who controls maintenance cost?

8. How to make reducti n in msintenan.e cost and

its successful caaes.




1. What is the maintenance cnst?

First, I would 1ike to glve a clear definition of the

maintenance cost.
1.1 Definition of the maintenance cost

Roughly speaking, mainvenance cort menns all the cost

that is expendeﬁ for the proper functioning of facilities. %
According to a British standard, the definition of main-
tcnance cost 1s stated as follows: "Work undertaken in

order to keep or restore every facility, 1i.e. every part of

e ki 3 v B b o .

a site, building and contonts, to an acceptable standard" §
(Clossary of gencral torms used in malntenance organization,
B.S. 3,811, 1,964). Therefore, we might call all such costs

expended for the above-mentioned type of maintenance work

as the maintenan:e cost,
Also in the FM Glossary of Terms by “IvFE (Japan Institute

of Plant Engineers) defines the meaning of the malntenance

cost as follcws.,
"In a broad sense, the malntenance cost means all the

cost expended to maintain the performance of facilitles,

and the following three types of custs which are classified
according to its purposcs would be included.
0 Routine maintenarce cost
All such cost of labor and materials required for
check, lubrication, clean-up, and adjustment in ordep

to prevent the posstbile deterloration of facilities.




o Facilities inspecbion cost
All such cost, of labor and materials expended for
inspection of facilities in order to determine
wh:ther there are any bnormalities, ¢1d 1f such
abnormalitie: are repairable or not.

0 Repair cost
All such cout-of labor and materials expended tc
repalr deteriorated facilitles.

In a narrow sense, only routine maintenance cost, or

the routine maintenance cost plus facilities inspection

cost would be defined aj maintenance cost.

1.2 Distinction between capital expenditure and mainte-
.nance cost

Acqulsition of the fixed assets such as newly installed
and replaced facilities are amortized as the capital ex-
penditure for a period of antlcipated and legally prescribed
11fe of such facilitics, and the maintenance cost, in this
case, would be Incorporated irto the general ~roduction cost
for that particular fiscail yeur term under the present
company accounting practices.

llowever, from the period of such fixed assets being
procured up to the time of its replacement or disposal, we
often encounter with the difficulties in ldentifying whether
the sald-fixed ascets might be classificd as capital ex-

penditure, or the production related cost,




After the acquisition ot the filxed assets, any cost
thus incurred with regard %o the facilitics should be
divided into the following 1tems:

1. Maintenance cost

It means the maintenunce cost which was explained
earlier In the coluin . Lo c:nse, tlat 1is,
routine maintcvnance cost, facilities inspection
cost and repalr cost.

2.‘ Facilitles uuprorencnt cost

Ite objective is not to maintain the capabilities,
like that of tne malntenance cost, but {t is the
cost required to increase the value of the fixed
A8sets such as the augmented production capacities
and renewal of fucilities.

3. Added fantilities cost

They are any costs required for inerease of quant ity
such as those required bty oxpansion and addition
of facilitiesn,

Of the above additional expenditure for fixed assests,
1t 18 understood that Improvemen’ and added costs are con-
sidered as capital expenditure icems.

But, when the additional exnenditure ls involved,
situation would be confusing to differenciate the capital
expenditure from maintenance cost. Jor example, the si-
tuation wherec the facilities would bo improved or expanded
while they are in repair, ov during the initial faflure

period, or lmmediately after the fnctallation of facilities,




It 18 rather common to perform some minor adjustments
8ince the fecilities does not work as specified, There
Way occur a lot of discussion on the subject whether the
cost reqiired for such operatl .on’ should be r garded as
maintenance cost or the capital expenditure,

As for the division of such capital expenditure and
muintenance cost, it is generally governed adccording to
e&ch country's tax system and its related rules, and

they should be managed accordingly.




2. How much is spent in malntenance ecost?

How much 1s the proper amount of maintenance cost?
Do we spend more or less malntenance cost than the ave-
rage standard compared to other companies? These are
the problems In which manager of 1Laintenance depa - ‘tment
@8 well as maintenance staff show their great interest.
In order to answer such demands, I would introduce the

results of surveys both done in U.S.A. and Japan.

2.1 Resu.ls of the surveys

In U.S.A., the survey on the maintenance cost was
made in 1957, :nd 1ts rcsult was published as a follow-
ing chart 2.1.

(Heference: Maintenance Cost Guide, Factory Magazine,
Fetruary 19%7, Total of 687 companies)

By using almost same method of the survey done in
U.S.A., I led the survey in Japan for three times in 1961,
1966, and 1969. Chart 2.2 1s the result of 1961, chart
2.3 shows that of 1966, and chart 2.4 shows that of 1969,
(Reference: Management, June 1961 Maintenance Gu'de
Book, Oct., 1966, Plant Engineer, Oct. 1969).

Chart 2.1 to 2.4, types of Industries pertaining
to the types of factories are shown in the f'ootnote of
chart 2.1. As of the types of factories, bench work is
included ir the light assembly 1in the gurvey of 1966,
and 1969. 1In the survey of 1969, 1 ommitted the mainte-

nance cost ratio to the totul saleg.




+ Any of these numerical values are summariced by
classifying the types of industries, and scales of com-
panies, degree of automation of théir racilities, and
other conditions are also included, so the.numbers are
much icnttcred. Thererorb, by comparing these numerical
values and the values of one's company, it is dangerous
to make . comparison in size. But by considering one of
the mean number as one yardstick, it would be better to
~ examine whether you are using too much maintenance cost

- or reducing them too much.




Chart 2.1 Survey on maintenance cost in U.S.A.

Types Yearly maintenance cost against ?eurly unint.cost,a-' Yearly maint. cost l

of total sales ;ainst manufacturing against fixed sssets
factor- |minim- |lower | mean |[higher maxim Jower | mean [higher | lower | mean | higher
ies um 1/4 no. 1/4 S 1/4 no. 1/4 1/4 | no. 1/4
Heavy lo.83 [3.39 [s.01 [7.65 [15.92 4.76 17.25 l10.5' |3.95 5.80 |7.90
process

LNt lo.o4  [0.99 [1.84 [3.08 |10.38 | 1.45 |2.56 | 6.37 13.46 |5.08 7.20
process

Heavy

assembly 10. 34 1.46 ]12.08 [3.24 17.46 | 1.83 12,60 | 4.14 |5.10 |6.97 |10.25

iLight N N
assembly 0.12 1.35 12.09 |3.25 8.62 | 1.88 [2.75] 4.29 }4.37 |6.46 |9.43

banch~
work

| A1L the
frctor- [0.04 1.37 | 2.45 {4.25 17.46 | 1.91 3.18 | 5.74 |3.97 |5.89 | 8.53

les ]

0.19 0.89 |1.49 |2.74 8.48 | 1.06 |1.98 | 3.68 3J.40 |5.34 |10.50

Notice: Lower 1/4 means 1/4 of corporations’ maintenance cost
is under the said volue,
! Bi.hor 1/4 means 1/4 of the corporations' maintenance
cost 1s above the said value.
Types of industries pertaining to the types of
factorices are as follows:
o leavy process ziron & oteel, paper pulps, vinyl

(chleriae, soda ruyon, puri.ied sugar,
(

(petroleum etc.

o Light process (rpinning, electric wire and cables,

(o1l & fat, foodstuffs, brewings, etc.

0 Heavy assembly (industrial machineries, machine-

(
(tools, sutomobiles, ship buildings,

(

{etc,




o Light assembly (light electric machines, automobile
(
(parts, rubber products, plastics &

(

(resin, bearings, etc.
o Bench-works (instruments, watches, cameras,

(

(excl nges, radio sects, :tc.

Chart 2.2 Survey of Maintenance Costs in Japan

Types  |Yearly maintenance cost against Ycarly maint. cost a-|{Yesrly maint. cost |
of ' total sales inst manufscturing |against fixed assetr
fuctor= 'lini- lover | mean | higher | maxim~| lower | mean higher | lower | mean |higher
s mun 1/4 | no. 1/4 um 1/4 | no. 1/4 1/4 | no, 1/4
: T
veAvY o lo.ar | 1.56 [2.93)4.00 [8.94 | 1.83 |3.46 5.40 {4.27 |7.08 |10.48
nrocess ‘ -
L:g::" “0.3‘ 0.79 |1.38]2.04 8.05 1.05 |{1.8513.09 4.22 |7.50 |10.90 |
Heavy .
2snembly 0.04 0.47 | 0.84 |1.38 3.48 0.5 |0.97]1.47 1.73 [2.93 ]} 5.45%
Lirhe e
“3eenbly 0.20 0;79 1.07 1 1.66 3.21 1.03 11.3712.37 3.29 [4.05 | 8.60
;i::h 0.15 0.66 | 0.85}1.23 2.82 0.58 [ 0.89|1.45 2.00 {4.00} 7.57
ALl the ' :
ies

Since the time of research varies between Japan
and J.S8.A., to compare t ese numerical * ilue i3 quite
rough, but if we compare the numerical value of Japan
of 1961 to that of U.3.A. of 1957, the tendency of ‘the
types of factories are quite similar to each other,

and the tendency of 1966 and 1969 in Japan also show

their simfiaritics.




2.2 Maintenance cost comparison according to the types

of industries

In the survey of the last clause, the typet of fact=~
ories are roughly divided into four to five types, so due
to such a rough division, the spec’'ality of each type of
industries are not fully presented. So, from the surveys
done in Japan, 1 selected ten types of industries which are
relatively well answered, and tried the comparison according
to the types of industries.
(Reference: PM Journal, December 1966)

Between the labor-equipment ratio and the mainte-
nance cost ratio according to the types of induatries,
it was judgeq that there is a co-relation, so I decided
to draw a chart »f co-relation.
' The labor-equipment ratig was worked out by the

following formula:

Total amount of tangible

« [ixed assets
Labor-equipment ratio the numbers ol em-

ployees of company

But in this case, the numerater, the total amount of

tangible fixed assets is the “otal of the book value of
the tangible fixed assets without the real estate.

On the labor-equipment ratio, if the mean number of
cach type of industries are arranged in order of size,

T the results came out as diagram 2.1,




According to the diagram 2.1, o1l and fat, petroleum
refining, iron & steel, and other so-called process type
of industry has a high labor-equipnent ratio, and light
electric machine, machine tools, industrial machineries,
and other assembly typé of industry had low labor-equipment
ratio, and it was exactly fui.owlng our expc cation.

When the mean number of each type of industries on
the maintenance cost ratio to the fixed assets are arranged
in order of those mean numbers, the result such as one

shown on the diagram 2.2 was aehleved.

Diagram 2.2 Maintenance cost ratio to the fixed assets
If you see diagram 2.2, soda came out to the top, and
its maintenance cost ratic to the fixed assets is 7%. 1If
the labor-equipment ratio of diagram 2.1 and maintenance
cost ratio of diagram 2.. are compared, there is a little
difference in the order of the types of industries, but
on the whole, the order of both diagrams 1is qQuite similar.
80, when I drew a diagram of co-relstions of labor
esquipment ratic and maintenance cost ratio, diagram 2,3
would come out;

Diagram 2.3

11 -




3. What is the Objective of Maintenance Costing

In the Maintenance Engineering Hand Book, Mr. C. H.
Knight of Monsanto Company states as follows:
(see Maintenance Engineering Hand Book, 2nd ed. 1966;'
p. 5-3)

"there are two reneral goals of any cost system.

One is to provide an accounting activity with informa-
tion required for proper bookkeeping; the other 1is to
provide the operating department with information requir-
ed for it internal control and performance evaluation."”
In the Plant Engineering Hand Book, Mr. H.W, Shockley
of E.I. du Pont de Nemours & Co., Inc. notes as rollowg:

(See Plant Engineering Hand Book, 2nd ed., 1959, p.9-32)

"The oblective of the cost control plan is low

malrtenance costs."

As . C. H. Knight states, there are two general
goals in raintenance cost system like any other cost system.
One is for proper bookkeeping, und the other i3 to provide
inforruticr for the operatlon department which it requires
for !ts interrnal control and perfc 'mance evaluati n.

“hat 1s to say, the purpose of maintenance costing 1is:

1) Information for proper bookkeeping

Cost data of' labor cost, miterial cost, contract-

ing cost, and others for maintenance which occur
within the maintenance department and other areas

should be accurately recorded. The infurmation

would be sent to accounting department, and within




the department, they would.be summarized and

arranged according to the cost price, the

cost center, and others. They would serve

as fundemental data for a statement of profit

and loss, and for t' cost accountin~ record

according to the department or to the products,
2) Information for internal control and performance

evaluation

By using Mr. H. W. Shockiey's words, internal

control and performance evaluation which are

used by Mr. C. H. Knight means a control plan,

and 1ts purpose 1s to reduce the maintenance costs,

In thiq thesis, I would like to treat the problem
of q;intenance costing from the point of haintenance
management . ‘Therefore, the emphasis would be placed on
the subject of internal control and evaluation, namély,
the problem pf reducing the maintenance cost through cost
control, rather than the problem of bookkeeping which

was nentiuned in column 1.

- 13 -




4, Classification of Maintenance Cost

Maintenance cost on accounting's needs is generally

classified as follows:

o Classification by the cost. price

Repairv ma;evial cost (mat :rial cost such as the
necessary parts for maintenance, general materials,
oil & grease, and tools and fixtures.)

Internal labor cost

Repair payment (expenditure ,paid for contractor)
classification by cost centers

They are classified according to every cost center
such as machine, line, and department, and others.
But, making a diccovery of problems from the view-
point of cost control for taking an improvement
action, this clagssificatlion on accounting's needs
{s rather insufflicient, theretore, we should try
to acquire beneficial information for management
controls by making a clarsificatlon as follows:
Classification by maintenance purposes

As mentioned in the state 'ont of the mailitenance
cost difinition, the classification will be as

follows:

Routine maintenance cost (Prevention of degradation)

Pacility inspection cost (Measurement of degradation)

Repair cost (Recovery of degradation)

- 1N -



Q Classification by planaings
Planned maintenanse
Unplanned maintenance
Emerrency masintonance
o Closs!iticution by maint =nance methods
Preventive maintenance
" Breakdown maintenanee
Corrective maintenance
Bésides above, several other classification are
done, such as:

o Classification by mainténance areas (mechanical,
electrical, plping and plumbing, civil englneering,
measuring Instruments, vehicles, ships, ete.)

o Classdfrication by the silze of maintenance works
(large rcrp#ii', medium, small, or specified work
and mlscellaneous work)

o Classificution by the maintenance periods (regular
maintenance, routing nailntenance)

o Classification by on~-work or off-work (on-stiream
rep.dr, on-stream Iinspe tion, or shutd wn work)

At E.I. du Pont Hemours & Ine., maintenance cost is

classified by direct, indirect, and general as follows.

(Ref.: Plant Engineering Hand Book, 9-32, 1959,

or Maintenance Engineering Hand Book, 1-63, 1966)




Diréct maintenance covers repairs to operating
equipment or auxiliary equipment attached to 1t. It also
includes miscellaneous repailrs, such as oiling machinery,
packing pumps, inspections, etc. Direct maintenance should
be in proportion to product lon. Fi;ﬁre 4,7 1s a cuart for
establishing monthly budgets based on direct, indirect, and
general maintenance costs.

Indirect maintenance covers repairs or replacement of
parts (such parts being not entirely worn out) with parts
of improved design, additions (when not capitalized), re-
placements (when they reflect changes in design), materials
and methods only, rearrangements, and service to operations.

General maintenance covers repairs to bulldings, out-
side lines, storage tanks, roads, main power, stream, air,
or process lines, and structural supports of bulldings but
not that supporting equipment. General maintenance covers

any type of repalr that does not very with production.

- 16 -




Chart 2.3 Percentile of yearly maintenance cost against

manufactured cost and fixcy asscts and total sales (1966)
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Chart 2.4 Percentile of yearly maintcnance cost agminet
manufactured cost and fixed ncsela (1969)
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Diagram 2.1 Labor equipment ratio (median no. arranged by the types of
‘ . . industries)
unlt. ¥1.0«:.-

1,000  :,00C  3,C00 4,000 5,000

1. Petroleum refining - LTI T ‘h‘fsl
2. from & Btecl R e EE K
3. Induatrinl medicine LT T 3,007
b, Boda LT DT 2,806
S. Automobile 1Y -3
6. Nomeferrous metals LT 31,628
7. Pharmeceuticals 7.7i1,291
8. Industrial sachinerien | 1 983
P -

9. Machine tools -
10. Light electric machines [ 757

-plo-

Tiagram 2.2 Mainteaance cost ratio to fixed assets

Unit % 1 2 3 & 5 6 7
i. BSoda
2. .Nomeferrous metals S
3, Industrial medicine oo oL T
b, Automobile v T T T
5. Iron k Steel LT
6. Pharmaceuticale R
7. Petroleum refining |
8. Machine tools oI
r. Industrial sachiner.cs o
10. Light elec ric machiren -7 '

: ~ -pll-

Diagram 2.3 Co-relations of labor cquipment rat o and saiptemance coet ratio

Soda

i . X /
7; Non<ferrouc metals
} /
6. .
. Indugtrial medicine
[]
5 nito bi}e
4 / ron & Steel
Pharmaceuticals 4 .
b §
3 Petroleum refining
Machine tools '
2 » / Industrial machineries
7/
1, 4

Light electric machinen

1 2 3 4 5
Labor equipment rstio (¥1,000,000/man)
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Diagram 6.5  Examplc of work order form

- i b tren e e e e e lemmes e en s e e b G 1 -

Work order form

No. icsuced!
tIszued yr. mths., .  day Issued: Section

- . s - B s S r

Fixed assets no.

Specified work
, e e e e e+ e
o ] Facilitiea name
% vork Specification Blue print no.

'.. r—
Work classification

"._‘ﬁ;:s';ective time for delivery

e ——————— . p———— . aro—. .

. Planned starting date
i ( mths, day)

| Planned completing date
R ¢ mths. day)
Materials | standard| No. [ Unit |Amount of T Estimated
Aabe | price money . man=hour Completion )
--—+ — $ - . -4
| ¥ ¥ D
S B ma B VRO mth.  day
- s e e -.,man-hour T Inapectxon stanp
S b= 4 mths,  day
| @ ‘ e Material cost ¥
L T T B [ it \
| : Labor coat 1 |
3 -1 — e - “" + oo e ‘-! f . ———— s b --—-‘---. Ot o mmes. = pomen o et
B : . ' % | Expense of sub-contractor
3 A SR .
' -~ I N
3 S S S - | e
& e SRS .
| T A R ]
Issued: Lﬂccelpt No. i eceived'
- ¥ T o T
. | Work no. ; J
Pereon in cherge | f 77T Person dn charge :
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Diagrsa 8.2 Maintenance coat ratio
(Kojimn Press Co.)

Diagren 8.3 Tremsitien of maintenance cost retio
' ' (Xobe Steel Ltd.)

.yl

0.9




o 100 200 300
Production in Thousand Pouads

3’“?”.““[,'}1; | A

| = L4 1L ) RPEY

? 0 D 5P g

» SRR A Sl 4L ind generad
| :5 eor] ,.o.:,.-u.i et P

! | R g @I

\ 2 L LT T P f

‘ ° H 4 L 0“ AR Y PN ...n...}.., e

i i 200 " O e

| 32 ~-

; i _ liyr seata,
| S S

| 400

Fig. &.1 Chart for vstadlishing monthly bdudgets dased

|
|
|
; o8 dircet, indirect, and general sainmtemance costs.
|

SIWITST OCT 297 390D




5. Total approach to the reduction of maintenance cost

Here is a guite natural, yet quite important idea:
the real meaning of "low maintenance dost" does not simply
mean reducing the maintenhance cost. That is, assuming that
full and necessary malntenance act:'vities should .e per-
formed in order to exccute the prescribed function of any
facility without mishap, the words "low maintenance cost"
actually mecans reducing the cost which 13 required for
the above mention=d, necessary maintenance activities.

It is possible to curtall the maintenance cost is
unilateral mannger, without being based on the above ideas.
But as a result, the facility may not be fully kept in good
condition, failures may occur in successlon, and expected
function may not be performed. Then the quality of the
products may deteriorates, and that may cven cause & loss
to corporation.

We could say that the pursuit of real economy is
to consider both the loss caused by the facts of undo-
ing the maintenance, and at the same time the expense of
maintenance, and I would like to wuie on this poli.i a little
more in detail.

2f .the maintenance cost is spent on the facilities
to keep them in a satisfactory condition, then the pro-
ductive loss which could have been avoided is called

opportunity cost, and we call the loss resulted from thc

degradation of facilitles as "degradation loss".




+.A8 for corporation, it 1s most economical to minimize
the total of the necessary maintenance cost which is to
maintain the function of the facilities plus degradation
loss caused by the said-degredation of facilities, and
JIPE decided to call this toi/1 of the maintenance cost
and the degradation loss as "total maintenance cost",

- denerally, i1f the maintenance cost is not fully
spent, the degradation loss of the facilities will grow,
and in contrast with this, it would require much main-
tenance cost to reduce the degradation loss of the facil-
ities, and the best answer (the least cost point) could be
acquired by combining these two essential elements uQieh
tends to be contrar) to each other.

(see fig. 5.1)

the lenst cnat poiat

Degree of maintenance

Fig. 3.1 1dea of lev total ::aintenance coot




There is an 1dea of maintenance which pursuits what
may be the most economical way after all through the entire
management system of the alove total approach.

We call such an idea as "productive malntenance"
These words, productive maintenance, themselves were first
used by General Electric Company of U.S.A. in 1954, and
the idea was sympathized also in Japan, and the idea was
s0 much lynp‘thised that if anyone says PM nowadays, it
would even mean productive maintenance rather than pre-
ventive maintenance.

In case the low maintenance cost may be argued later

on, please take its meaning as stated here, for it signi-

fies the low total taintenance cost.




6. Budgeting g cost control system for Maintensnce
6.1 Budpgoet preparation for the maintenance cost

Generally corporations prepare thelre yearly op half
year budget In every fiscal year or haifr &car, andg as rSr
the maintenance, the budget preparation is nften done as
une of the expense budgets.

When the budjret Freparation of the maintenanco cost
is simplified, 1t would be like diagram 6.1. Fron the point
of management policles and plans of the subject yevar, fi-
nance department or budget secretariat calculate the budget
allocation to each department. On the btﬂer hand, from each
department, the budget requiaition calculated from the re-
gular accumulations of the maintenance plan would be sub-
mitted, This budget requiusition generally exceedg the budget
allocation plan, so, the adJustment of both budgets would
be required, and many corporation have a budget méeting in
order to do such adjustment,

Besides each department, budget preparations are often
arranged according to the maintenance purposes, plans, methods,
objects, size of construgtiow works, maintenance cycles, and

other classifications as said in the paragraph of the mainte-

nance cost classification.
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Diagram 6.1 Budget preparation of the maintenance cost
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As for the standard to decide the budget allocation,

it 18 up to each corporation to deiide what 15 to be utie

lired. According to the survey I made in 1966 and 1969 in

Japan, as it is drawn on diagram A.1, tendencies of both

years were almogt. the same aws previeus ferm n-~formance"

is mostly used for measuring the standard, and fixed ratio

which slides with of production volume, total sales, or

production cost budget 1s also in use,

Diagram 6.1 Standard to determine maintenance cust total

budget (numerical value shows % of numbers

of factoriea)

1966 1969
Previous term performance | a 80
Accumulatidn of repair ﬁrograms 64 54
Productive volume slide 28 .27
Fixed ratio to total sales or production budget 28 lh‘
Others 13 6
Without any standard ' 3

I would show an example of forms for the budget
Preparation used in Japan on diagram 6.2 and 6. 3.
Diagram 6.2 is a form for each budget requialtion, and

diagram 6.3 is the budget diagram arranged by each de-

partment,

b




6.2 Budgetary control and 1lts performance check

On the occasion of tine budget execution, person in
charge of the budget execution ought to endeavor that the
actual expenditure should not exceed the budget amount. .
For this purposc, 1t is necuasary ‘o systematize the way
to grasp the execution state In every moment. That 1s,
to make a system which sums up icpalr material cost, re-
pair payment, internal labor cost according to each work-
number.

In order to grasp cost data, there are three oppor-
tunities such as points'to determine order amount, receiv-
ing amount, and payment amount. Most efficient way to.
stop the exceeding of the budget is to grasp the cost data
at the order point.

The meetings, such as so-called budget committee or
cost review committee would be held regularly to compare
and examine the maintenance cost budget and performance.
The finance department who is in charge of the matter should
promptly report the balance of budget to the managers of
each cost center, and the managers of each department should
regulate the expenditure by themselves in order to keep
their budget within limit.

Diagram 6.4 is an example of the report sheet which

shows the amount of budget, balance, and its state of pro=-

gress according to each department and its purpose.
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It would be finc 1t the budmet would work out as
it was planned, but by meeting; the needs of later sit-
uation, and by making it poesible to rationalize budget
supplement, reduction and revision, we would be able to
perform a real control,

6.3 Recording of the cost data

I would like to show an example of a work order system
for recording the said cost data.

Diagram 6.5 1s an example of work order form_ror'the
repair construction work. This slip would be used con-
sistently for the construction work request and planning,
construction work instruction, progress éontrol, and for
performance record. (This 1s so-called one writing system),.

In case of a large scale construction work, several
s8lips would be issued for each unit of construction work.
Diagram 6.5 An example of constructlon work slip form

| As for the contracted construction work, the repair
plyment.could be estimated by the construcion work order
lheef, or by an involice submitted by contract worker after
the work 1is completed, or hy a payment slip. |

The repair material cost could be estimated by

materials shipment slips and others.

Y




7. Who Control: the Maintenance Cost
7.1 Share of responsibilities among maintenance cost
related departments

The department related to the maintenance enst control
could be roughly divided into three main departments such as
operation'department, maintenance department, and finance
department .

Corporatlions with high level of maintenance technics
and controls in those three departments generaily classify
the maintenance cost control responsibilities as follows:
Finance department

" In time of budget preparation of the maintenance
cost, the department would calculate the budget allo-
cation'on the basis of management policies ahd plans.

The maintenance cost budget of each department would

be decided by coordinating the budget requisitions

which are submitted by each department with the budget
allocations. This adjustment 1s of'ten done at the
budget meeting.

On execution stage of the budget, th.: department
would sum up the maintenance cost control performances
of each department and eport the balance to the relat-
ed manaﬁers, and would held a budget meeting in order
to give advices to managers of each department not to

exceed the budgetary limits.
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Maintcnance department

In time of the budpet preparattion, each de-
partment would make lists of malntenunce work required
for that particular fiscal year, and would estimate
the maintenance cost of cach and every maintenance
work. ‘"hey wculd alsc fotrmulate the original plan
of the budpet requisition aecording to each depart-
ment. They would consult with operation department
on the original plan they had made in order to decide
the final budget requisition, which they would submit
to the finance department.

The representative of the maintenance department
would participate in the budget meeting which will do
the adjustment of their budget requisitions, and the
maintenance cost budpget allocations caleulated by the
finance department, and from tho corporate and divisional
standpoints, the representative would state their

opinions for the budget as maintenance speclalists.

On the execution stage of the budget, maintenance
labor cost, material cost and other cost data would be
recorded according to the work order, and the record
would pe sent to‘the finan~e department as the primary
data for summation of the maintenance cost performance

during that particular term.




The representatives would also participate in the
budget meettig *o oxamine the performance, and from
the standpoint. of tphe maintenance speclaligs., they
would explain the progressive condltion of vhe
maintenance work, and vould give advices for not to
excead the budgetary limit to relauted depariments.,

vperation department

In time of the budget prenaration, based on each
department's original plan of the budget requisition
which 1s submitted by the maintenance department, the
repﬁesentatives of this department would decide the
total budget requisitions by making some necessary
modifications to meet theip from their standpoint of
production to meet theip plan.

On the ecxecution stage of the budgzt, they would

request the construction work according to their bud-

get, and endeavor not to exceed the budgetary limit
by checking the report of balance on the maintenance
cost performance provided from the finarce department.
'H'oweVer, thelir duty.is not only to keep down the
execution of budget within 1ts limit, but to strive
to reduce the maintenance costs with the assistance

of maintenance department.

As for the control of the maintenance cost, the said
departments such as operation, maintenance, and finance

department ought to fulfi] thelr share of responsibilities
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as mentioned. This i quite an important idea to realize
that controlling the budget within its limig and reducing
the yearly maintenance cost are the duties of operation
department. Malntenance department and frinance department
are in a poeition to cooperyte with operation department
as speclalists for ¢lfoctive cOst control.

Here In this thesis, the budget preparation and per-
forrmance sunmmation are catepolized under the ghare of
responsibility of the finance department, but with the
recent raptd progrress of EDPS, the summation is gétting to

be done by computer department.

7.2 The relation betweer the maintenance level and

the maintenance cost control

The share of responsibilities by the above-mentioned
three departments only applies to the corporaticns with
high technicual and control level uf the maintenance.

If the maintenance level would vary, ihen the share
of respcnsibility of the maintenance cost centrol would
a2lso be differcnt from the above. The reason would be
clearly understood by looking back the history of mainte-
hance progress in Japan,

History of our maintenance progress may be rough-
ly divided into four stages. The fact may denote the general

transition of the whole country, and these foupr stages may

also be applied to each corporation as well,




First stage: Breakdown malntenance age, verope 1950's

This stage was consisted of' an idea that facllities
are something that will e repaired aftey they break down,
and this was the condlticn nt bre-proeventive maint enance.
At t;hi; stage, 1nspection or routine maintenance and pre-
ventive maintenance were not yet done, and instead of
maintenancédepn.rtment, there were repair shops to do the
brea}gdqwn repairs which were ba.eaq on the request of
operation department.

From the lack of the information which otherwise
could have been accumnulated on each maintenance plan, the |
maintenance €03t control of this 3tage could prepare the
budget only in a rough manrner even if they wished to have
& close budget preparation,

The maintenance cost concrol of this age was the
responsibility assigned to the operation department , but
8ince catastrophic fatllures r unplanned repairs were
frequent, sat 1sfactory cost control was noet often done dur-

ing this Stage.

Second stage: Preventive maintenance age, after 1950's

American type of preventive maintenance was intro-
duced to Japan around 1951, and with the introduction of
preventive maintenance, the share of responsibilities of
the maintenance cost control made a drastic change in our

country,
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While there were only vepair shops !In the breakdown
maintenance 1ge, lnspectors who were in charge of Inspection
profecsionally appoared to CArry out the preventive maintee
nance, and the speelal molntenance department. was establishe
ed by combining the Inspecior and the repalr shop.

To achieve the new preventive maintenance functions
completely, authorizing the maintenance department on the
matter of cost expenditure became of 1{ts utmost necessity,
because if the operation department were to keep their
power over the expense of the maintenance cost, the old
concept of the breakdown maintenance age would remain,
for even ir the malntenance department wished to inspect
facilities, or perform the regular repailr, the operation
department mipht 1ot shut down the facilities out of thelir
short-sighted anxlety ol production loss caused by the
shut down for the Inspection and the preventive repair,

Thercfore, 1n ordger to establish preventive mainte-
nance, the authority of the maintenance cost expenditure
for preventive maintenance was deelded to be glven to

maintenance department.

Third stage: .Productive maintenance age, after 1960's

Conceptluf productive maintenance started to expand
in Japan in the 1950's, but §t wus popularized only {n
process type Industry in the beginning, and during the
1960's, the productive maintenance began to spread in

fabrication industry espec'ally among the automobile




Induatry and electite home arnpliancen Industry, and 1f the
word PM is ment ioned at. prevent, 1t sipnifies the produc~
tive maintenance. This preduct iye naintenance ailms at the
totally reduced malntenanoe Cosl which {5 the suw of the
maintenance cost ang d:gzadat-on loss, and i opder to
achicve the purpose of the productive maintenancey:

At the stage of facilities .., Maintenance‘preVention
planning and {nsta1)] 1t ion

At the stage of facilitien ... Prevent ive maintenance
operation
At the stuge where the v+ Corrective maintenance

fallures occur

Thus, 1dea of Fetting the effective maintenance re-
culting from these Mp, PM, CM as its three main supports
began to permeate.

Maintenance cost control of this stage was‘still a
continuation of preventive maintenance age, and maintenance
department had the power on the maintenance cost expenditure
at most of the corpcraiions, but as PM concept began to
Qpread even in the operation department, a new idea that
the maintenance cost control should primary be the res-

ponsibility of the operation department began to appear.

Fourth atage: Total productive maintenance age, after 1970

As the concept or MP-PM~CM begal to expand 1tself,
facilities maintenance was thought to be done not only- by
the maintenance department, but also by the planning,

operation, and other departments related to facilities.




By the participation of all these department:, a total’
maintenance system coverdng entire life-span of the facil=
ities was considercd necessary,

Operation department

The routine lnzpection, luorication, and tlean-up
and other heccssary jobs would be done by the fanilities
operation department, and the repaire which this department
is not able (¢ do ty 1tself would be requested to the
maintenance départment, and operation department would
also be responsible for the maintenance cost control,

Facilities malntenance department

As maintenance specialists, this department would do
the overhaul, adjustment, and repairs at the requests and
recommendation of the Opcration department, and would also
gilve advice and guldance to the operation departmant re-
garding the actual method of maintenance and operation,

As for the maintenance cost control, this department
would give their aid and cooperation to¢ the operation and
finance departments on their budget preparation, and ree
cords of data and performance.

Pllnning department

This department 1is responsible to hand cver the fa-

cilities with hign reliability, mainteinahility. and economy
to the operation department.
If the functional specialization in the field of

operation and maintenance £oes Loo far during the preventive

maintenance and productive maintenance “ies, < attertion




towards the facilities by the cpopiy. Corartment. would
be weaker, and as a result, carly dcteetion of failure
and roul.lne malntenance would po only halr way, and they
would lead to the breakdown of Lhe fretlities, ang bring
about the lnereasge of the maintenance o L.

The rclation betweon the operation departinent and
malntenance department, resembles that of cap driving
and maintenance, Driver would do his routine check and
elean-up of his car by hWimselr, and would usk Lhe regular
miintenance and overhaui to Auto-prepatr factory., The
relation boetween the operali n, - maintenance is mueh the
BT, Operation corresponds to the driver, d malntea
hisce ls equivalent to Lhe auto-repair shop.

As each department reallizes their part in above
nir-=r, and try their best to > i the maintenance cost
with their very best, !t would obviously bring a preat
eff20t rather then sole effort of maintenance department .

In Great Britain, a new word ”Terotechnology“ as
colned in 1970, and ihis werd 1dvocates the total System
for the whole l1fe-span or factlities as the objective
of maintenance minimization. Soupce of this word "tepo"®
is derived from a Greek root "tepco" which means "to take
care of." The terotechnolopy places its point on what

we call as Maintenance Prevention, and its qim 15 quite

allke to total FM which we at JIPE advocate .
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8. llow tou make reduction in maintenance cost, and its
successful cases.
8.1 Variasble factors of maintenance cost

In order to reduce the maintenance cost, we ought to
review what are varlabic factors of the maintenance cost,
and what sort of fnetors have a ppeat, influsnce on, and
then take an cftective actlion.

Professor llibl states "the factors to arfect mainte-
nance cost" in hls book. I we enumerate the variable
factors of matutenance cnst by refering to the above ment {on-
ed subject, 1t would be ag foilows:

(Referciice: Hibi Sliohel: How to measure maintenance efficiency,
1971)

o Faciliticy itselr:

Types and classes of Tacilities, 1ts age, quality
of desipn ete,

0 Method to operute facillities:

Degree of operation, quality standard, application
of load, how to operate ~te,

© Method of mnintenanco-:

®M or BM, degrece of upkenp and cars, repair
techniques, organization of maintenance, inhouse
or contracted outside ete,

o Environmental conditlon:

Temperature, humidicy, preasure, chemical atmos-

pherc, vibration, etec.




Besides these, motivation 2f top manapement, middle
management, and the first line worker, management dystem
or'accounting and purchasing and warchouse, level of budget

preparation, and flucuation of price etc. rould be stated,

8.2 Reducing Ll.e total maintenance cogt by TPm

In order to reduce the total maintenance'nost which
is the sum of maintenance cost and degradat fon loss, JIPE
advocates TPM in Japan after 1971, and much inereas~ 1p
number of corporations which induced TPM has béen seen,

This TPM is the abbriviation of Total pM whiéh means

productive maintenance participated by all employces.
JIPE defines TPM ag follows:

1) To maximize equipment efficlency (to acbieve
synthetized optimization of equipment use ... to
minimize maintenance cost + degradation loss)

2) .To establish the total system of PM for the whole
1ife of the facilities,

3) A1l the way through planning, operation, and
maintenance depértments 0f the facilities,

b)) The participation of all the employeeg from
the top management to the fjrst line workers.

5) Management by motivation, that 1s, to promote the

P¥ by small voluntary group activities.,
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There are three meanings contained in the word,

"total" of TPM. First meaning 1s derived from the total

participation of all the employees. Next one is derived
from "total system" 's total, and the last one {is dérived
from "totally synthetized optimigation". _

The first company in Japan to put TPM into practive
was Nippon Denso Co., Ltd. and this i considered as the
model comhany of TPM. Since admitted that they made a
great effect on reducing the total maintenance cost by
IPM, they received PM Prige of 1971 from JMA and JIPE,

(This PM Prize was inaugurated in 1964 to raise the mainte-
nance level of corporations, and is offered every year).

In 1972, Toray Ltd., Okazaki Plant received PM Prize also
on TPM,

_Small voluntary group activity.signifies the inde-
pendent, sclf-controlled activities by all the employees in
such small groups as QC circles or 2D groups, and these
small groups take up PM with QC and ZD and will carry routine
lubriéation, 1nspéction, care, and other Jobs which they
could do voluntarily or indepen‘'ently. At the 3pecial

department such as project engineering and maintenance, by

showing high lcvel of technics and 8kills, their aim 1s to
" reduce the total maintenance ¢ost drastically by MP and
CP. This TPM 1s especially pursued by highly skilled
operators and maintenance crew, and its absolute condition
for success is fully motivated, voluntary activities of

those employees.




ﬁmepicanlway o{ﬂpreyentiye maintenance wds introduced
Japgpmin 1951, and twenty ycars has passed since then,
d Quring the time, technic, skill, and philosophy of
nagement have developed, and f'inally reached to TPM, so
M 18 more like that of Japanes. way of PM.

vIn the developing codntries, I'dish you to study the
veloping history of PM in Japan, yét not to imitate PM
Japanese way wholly, and reduce the total mainteh;nce
8t by these methuds which suit best to each country's

ndition.

3 Examples of reduélng maintenance cogt

I would like to introduce some examples which made a
eat erfnct for reducine thc maintendnce cost.

From above-mentioned PM prize winner's plant, I chose
veral types of industries, Diagram 8.1 shows the pro-
tion of the repair cost of Toray Co., Ltd. Okazaki Plant.

recent six years, 15 splte of“éhe fact that the 5#6;
ctive volume increased twlce, the reapir cost was reduced
about 30%. (B of the diagram’, and if you se" the repair
st by the productive unit, 1t was reduced by atout 60§
You may see the curve A ‘r tho diagzuml

Diagram 8.2 shows KuJiMa Press Co. which received PN

i1ze 1in 1970, and tts marntenance cost rétio to the manu-

.cture cost decreased to a_quarter;w1thiﬁ four years,
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'Diagram 8.3 shows Kobe Iron and Steel Industries
which received PM Prize in 1968, and within the recent
seven years, meintenance cost per unit product shows a

30% decrease.

Diagram 8.1 ‘ransition in repalr cost
(A) o~—0 Repair cost (B/C)
(B) === Repair cxpense (repair payment + factory
expendables cost)

(C) === Productive volume
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