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management models. Because of this time
boul a decade, that the evaluation these models

hased on sufﬁcient xperience is possible. In the productive sector. it is

I
probably - the World Class Manufacturing (WCM) models give form to the

most widespread world class standards. Even though individualized pack-
es of WCM technologies have to be designed for the different industries
d types of companies, the modern maintenance management methods al-

vavs represent one of the most important parts of the WCM, This paper is

o

about the implementation process of these methods in Hungary.
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First of all, it is important to point out that companies in Hungary
have taken two general routes to the implementation of these maintenance
management methods. One route was the natural one, where companies had
realized on their own the necessity to implement these methods. However.
the most typical way of the implementation of new methods has been by
foreign or multinational companies that they have purchased Hungarian
companies and implemented these methods right away. These somewhat
too rapid implementations have revealed the weak points of these methods.
or at least the weak points of the specific applications of these methods
used in Hungary. It soon became obvious that withoutr corrections and
modifications these ‘imported” methods cannot be effectively applied in the
current economic environment of Hungary.

ungarian Company Environment
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e Lack of prompt decision making abilities
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e There is a lack of clearly defined bodies or committees
making and of accountability

s Workers or managers in lower level positions are rarely
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Therefore the results have to be
and thev have to be achieved as

2.4. Some Characteristics of Maintenance Management

e Operation and maintenance are formally separated.

@

Machine operators basically do not perform maintenance of their equip-
ment

¢ No small-group improvement

e Lack of organized data collection, resulting in insufficient data

@

Lack of data analysis

e Practically no planned preventive maintenance

@

Breakdown maintenance
e Lack o

e Lack of business-mindedness
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2.5. IS0 9000 Quality System

Being a special case. It is important to mention the ISO 9000 Quality Sis-
tem, which is widely spread in Hungar}: The implementation of this qualir;\'
system is often a question of lif 1

t1 life and death for Hungarian companies because
the ISO 9000 is not only the basic requirement for exporti

rope, but it is more and more becoming a f‘equu’emem
the Hungarian government. TheYevore the
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¢ establishes the now widely spread implementation of
or condition-monitoring technologies.

condition-based
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3.2. Total Productive Maintenance

In contrast to the RCM approach. the implementation of the

ductive AMaintenance (TPAl} seems to be more practical and sw

our country. TPM consists of & range of methods which are kno
maintenance management experience to be effective in improving

12
ity, quality, and { roducuon (AL-NAJJAR, 1996). It aims to reduce
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set-ups, and other causes of poor or reduced production by involving the
operators in the maintenance of their machines, as an integral part of the
TQM philosophy. This framework requires operators to take over some of

the maintenance staff tasks (e.g.. clean. lubricate, tighten bolts, adjust and
report their observations about changes in the machine condition) (NAKa
jima, 1989). Condition-monitoring (CM) (e.g.. vibration analysis) also has

an important role in TPM for supporting the operator maintenance and to
ass'st the operators in searching for abnormalities in the equipment (AL-
VAJJAR. 1996).

To summarize, because its basic philosophy seems to best fit the nec-
gary. the implemen-
\garian companies.

s
o
o

~

tation of the TPM is recommended in most of the

ary process of changing the company culture in Hun
H

Create a TPAL

Goals; e.

wave the adequate background

outlined form.
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TRONIC COXMPONENT PRODUCT
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In our view, a Pre-preparation, or Introductory Program should pre-
cede the Preparation Phase of the TPM when a company is not vet prepared
for its implementation.

@3

. A Proposed Pre-Pr
Implementation o

later use consu
more c()mp?\(

problems and at
the problems. Thls can be excelle—ntly achieved
tations and explanations, v

>r simulations. A further
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approach 1s that our exercises will include data collection and analysis, an
important practice that a typical Hungarian company does not effectivel
employv today.

-

5.1. Some Characteristics of the Pre-Preparation Program
Perhaps a good example ¢ above mentioned graphics aid is the following
(MARSTON., WINFREY -11 hE.\IPSTE,_ . 19535 Lg. J‘l

100
™

90 \
\ LI
\

\

80

7017 Survivor curve Y \"3
| i i ]

[ N
. Ageequalto :
60 == a\?'er:;ge life \ \H rd rate curv !

Property sueviving in service (%)

(]
T
[
o
o]
o

these curves.

A special characteristic of the teaching of Engineering Economy is that
it uses continuous cash fows instead of discrete cash flows, that is
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ention to this fact when the system

MTTFE (MTBF). In hi case the
as the sum of the failure process

the failure proce

therefore the preventive

T
e It is relatively sm:lple to see that the application of the prevez_tive
malntenance rnmh.od is reasonable only it the cost of a preventive re-
. )

" N R 2P & e £ ia
pair is apprec 31\ lew than the cost of a failure and
of the equipment also has 1o

repair. If dle

becomes more complex. We can see in the

hat the cost minimum and the availability

usually not at the same 7. Consequently, in such

o Tllld the 'FA‘T'\ts'\'G malntenance 'YP(IUGHC}', where

bewc cen the expected wldm%. h per unit time pro-
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The task of the team commis-
rest measures which increase the

Ishikawa Diagram

ture of the production line and the

s Due to the heterogeneous com-

position of the team all the significant technical, economic and organisational

criteria have been taken into account. The main causality parameters of the
| 1

1
Ishikawa diagram plotted by the team were as follows:

e Construciion
e Set-up
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Table 2.

i Source of waste Downtime | downtime/Total

; {hour! downtime(%)

¢ Machine 1 1454 26.1
Machine 2 ; 1.2

| Machine 3 2.1 |

| Machine 4 9.5
Machine 3 16.7
Machine 6 7.1 }
Machine 7 6.5 :
Machine 8 1.5 1‘ 11.6 |
Machine 9 13.8 2.
Set-up and adjustment 11.7 2.
Idling and minor stoppage 0.7 0.

i Reduced speed \ 39.6 7.

. Reduced yield § 1.0 0.

\ Quality defect i 40 T

Total

Technical condition

[CI 4

Operational pz’umneters

Smnd

f mainre

”')'d"'f

abov

stoppage. reduced speed.

In this s s on the basis of the tech-

v the team carried out the ane
nical failure of the 9 machines constituting the system and on the additional

t
five sources of loss (Table 2).
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ELECTRGNIC COMPON

The table clearly shows that the distribution of the total 357 hour idle
time follows the Pareto principle since 28.6% of all the possible sources of
P I
0

Pareto Chart
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Cum% 259 426 542 637 708 780 852 916 941 982 100.0
Fig. 5
6.5 (OEE]

where
A = Avazilability = (Loading - Downsime) / Loading time
P = Pel-omv'mce efficiency = (Theoretical cvele tim Amount pro-
cessed} / Operating time
Q = Quality rate = {Amount processed - Defective amount) / Amount
processed

The team analysing sources of loss concluded that OEE can be increased
economically by increasing availability.
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Table 3.

| Distribution | Mean time | Distribution | Mean time | Deviation of
$ ‘ of time to  © to failure of time to L to repair w time to repair |
‘ | failure ‘ {hourj | repair . (hour; | {hour}
Mach. 1 | exponential 21.28 normal | 3.2 : 0.95 |
Mach. 4 | exponential 47.62 normal | 0.87

6.4. Increasing Reliability by Duplicat:

rem machking |
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enddo
enddo
endiacio

enddo
endmacio

Fig. 6.
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WIAM ] M1A" | "1B" | "1R" Both WAAM | 4A" | "4R" | "4B" | Total | Both
down | load load | down down down | load load time | down

6.5. Economic Analysis

[de} SUppOl’t the sig-

The team also provided engineering economic analysis
gested idea. When preparing the analysis. the following assumptions and

data were considered as a bas

by the team:

s An annual 5.6 million products have been sold by 0.95 USD so far.
e More products originating from increasing productivity can also be
sold by the above price.
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e The direct cost of the product(including the maintenance costs as well)
is 0.51 USD.

o The duplication of the two elements needs a 500,000 USD investment.
(It is not possible to invest into only one of the two machmes.
the duplications should be regarded as one investment.]

of production remain fixed. The economic life of the two
elements is 5 years.

e Indirect costs

o By considering the averages of industrial branches and companies, as
well as the market risk of the product. a 12% discount rate was settled.

The calcularti

I NPV can be seen bhelow.

:_/

NPV (12%) = —500,000 +

~ 1]5.600,000(0.95 — 0.51)=(1 — e "%

corporate

f a0 TQM program.

transformation of the corporate culiure dees not

process. but it is a more easily controllable one. as . °
of sitting back and waiting for the changes 1o occur in Lhen ural course of
dev eT Dment and instead of importing unfit methods from other countries,

r solutions that will enable the changes in our corporate
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culture to occur in the smoothest and fastest fashion. We hope that our
proposal of the implementation of a form of the TPM that is adopted to our
local environment is an example of such a solution.
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