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ABSTRACT

Recently, 1n'devé10ping countries, the importance of
maintenance planning is be1ng well understood by the management
of big companies, especially in industries where 1osses caused

by sudden failures are very high.

For every company, there exists a trade off between the
costs incurred in unexpected failures and costs invested in the

planned maintenance activities of the company.

On the one hand, sudden failures lead into significant
prbduction time losses, which, in turn, usually have very high
associated costs. On the other hand, for a planned maintenance
system, the number of necessary maintenance personnel is higher,
and a safety spare parts stock should be kept available at hand,
which both have a considerab]e cost, but since the rep]acement
time is much shorter, the down time costs will be negl1gab1e

when compared with failure replacement po11cy

In this thesis it is aimed to devise an intéréctive bomputer
program to aid the decision maker.in planning maintenance
activities. The program will help the - maintenance planner in
developing efficient scheduling, as well as identifying correct
maintenance periods andvdetermihing minimum safety spare’barté

stock levels.

Bekoteknik San, A.S., a producer of consumer electronics,
is se1ected as the pi]ot factory, but the model is designed in
such a way to enab]e easy adaptat1on to other factor1es, provided

past data about the current mach1nery is ava11ab1e



- OZET

Son y111arda,'gelismekte olan iilkelerde, 6zellikle ani
durmalardan dodan maliyetlerin cok yiiksek oldugu biiyiik sirket-

lerde, Bakim Planlama gittikce daha biiyiik ilgi gormektedir.

Ancak p]én]1 bakim belli maliyetler getirmektédir. Belirli
biyliklikte bir bakim ekibinin ve yedek parca stogunun siirekli
isletme biinyesinde bu]unduru]més1 gerekmekfedir. Her sirkette,
bu planla bakim maliyetleri ile ani durmalardan dogan maliyet-

lerin bir karsilastirmasi yapilmalidir.

Bir taraftan, ani makina durmalari, maliyeti cok yiiksek
olan liretim zamani kay1p1ar1na.sebép olmakta, diger taraftan,
planli bakim masraflari, daha diisiik siireli makina durmalarini

sag]ayaca§1ndan, kendi maliyetini fazlasiyla geri Gdemektedir.

Bu tezde, karar vericiye bakim planlamasinda yardimci ola-
cak etkilesimli bir kompliter programi gelistirilmesi amaclanmis-
t1r;'ProgFém'bak1m planlamaciya hiz]1 ve saglikli bir sekilde
makina bakim zamanlari bé]ir]enmesinde, dogru bakim periodlari-
n1h,usiparis miktari ve minimum stok seviyelerinin saptanmasinda

yardimc1 olacak sekilde ‘diistinilmistiir.

Bekoteknik:San; A.S., bir elektronik mamuller ireticisi, bu
calismada ©ornek isletme olarak alinmistir. Prqgram'bu firma
ihtiyaclari dogrultusunda hazirlanmis o]makfa birlikte mevcut
makinalar dicin gecmis bilgileri olan her tiirli fabrikada kulla-

nilabilecek sekildedir.



Vi

TABLE OF CONTENTS

PAGE
ACKNOWLEDGEMENTS _ . ‘ 111
ABSTRACT . - " Cdv
UZET ' : 2
TABLE OF CONTENTS vi
LIST OF FIGURES ’ : ' viii
I. INTRODUCTION | | 1
1.1 Objectives of the Study ' 1
1.2 Literature Survey on Decision Support Systems 4
1.3 Preliminary Concepts - 9
1.4 Overview of Preventive Replacement Policies 16
1.5 Scope and Organization | | 18
1.6 Description of the Production System. - ’ 19
1.7 Description of the Current Maintenance System ' 20
I1. MODELS USED IN THE PROGRAM ! 24
2.1 Machine Scheduling - ' 24 -

2.2 Determination of Optimal Replacement Times of Spare Parts 27

2.3 Finding Optimal Order Quantity and Reorder Point of Spare 35

Parts
II1. DESCRIPTION OF THE PROGRAM _ : 39
3.1 Information Files i 39
3.2 Menu Presentation - ' ' ‘ 44
3.3 Application . , 53
TV. CONCLUSIONS AND SUGGESTIONS . o 55
4.1 Conclusions | E 55

4.2 Suggestions 57



APPENDICES

E.

. Limitations and Constants of the Program

A
B'.
c
D

Notes on Programming Aspects

. The Program List
. Computer Outputs for the Selected Féctory RefTecting

Monthly Maintenance Reports during a Six Month Study

Graphical Representation of Maintenance Costs

REFERENCES

vii

PAGE

59

60

61
86

90

9



Figure
Figure
Figufe

Figure
Figure
Figure
Figure

Figure

Figure

Figure 2.

Figure

Figure
Figure
Figure

Figure

Figure

.Figure

—_— ot — —t

N N NN
[o2 NN & B %

W ©® - > ;s

LIST OF FIGURES

Data input and information output of the designed
computer aided maintenance planning

Description of machine status when an unexpetted
failure is encountered

Description of machine status in case of planned

“maintenance activity

Total maintenance cost function
Representation of failure rate function
Age replacement policy

Block replacement policy

TV Production flowchart

PCB preparation flowchart

Maintenance scheduling flowchart performed by the

‘program

The fai1uré dénsity function for the Weibull
distribution

The Weibull reliability function

The Weibull hazard function

A cycle for inventory model

Cycle for inventory model with infinite input rate,

- no backToggingyb

A typical machine record

A typical spare part record

viii

PAGE .

3
9
1

13
15
16
18
21
22

31
36

42
43



I, INTRODUCTION

1.7 Objectives of the Study

‘This study mainly comprises the following subjects. First,
the model acts as a data input,'data output, information-
accumulating media. Every action that has been undertaken the
méintenance activities can be stored into the corfesponding

files.

Data about the past maintenance activities can be analysed,
and optimal periodic rep]acemenf times of parts can be
identified. For all planned maintenance activities of a factory,

annual manhour requirement can be calculated.
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Periodic repofts of maintenance activities can be generated
"to be utilized in the performance evaluation of the maintenance

department.

‘ Finally, reorder poiﬁts and economic lot size order’
quantities of parts can be calculated. Stock level of parts are
continuously controlled and the user is immediately warned as

a spare part drops to its reorder quantity level.

“The computer program developed will aid the maintenance
planner in developing fast ‘and accurate scheduling, as well as
identifying correct maintenance periods and determining minimum

safety spare parts stock levels.

At any time, interruptions or changes in the maintenance
plans are permitted and the decision maker has the flexibility

to revise the schedules for each particular period.

Each preventive maintenance, repair or replacement
éctivity is entered into the program. Hence data is accumalated
in the file of each particular unit to allow the submodels to
~be run when desired to update héintenance periods or safety

spare parts stock levels. This is portrayed in Figure 1.1.

This program can be utilized as a vehicle to measure
performance of the maintenance department. By keeping track of
the maintenance activities on the computer, this tool reflects

how effectively the management goals are met.
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Figure 1.1 Data Input and Information Output of the Designed

Computer Aided Maintenance Planning
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1.2 Lliterature Survey on Decision Support Systems

The model deve]oped‘in this study will hé]p the _
decision-maker in preparing fast and accurate séhedu]ing of
maintenance activ{ties, finding out correct fep1acement periods
and determining minimum safety spare‘parts stock levels. A
decisi@n support system is defined. by Micheal chtt Morton'as:
“Any interactive, combuter based §ystem that helps decision-
makers utilize data and models_to solve unstrucfured problems™.

(Sprague, 19).

_ Within the last decade, fast deveiopments in data handiing
systems such as personal computers, computer networks, large
data bases, color graphics-and computer-based models lead to
an‘increaéing interest in the use of computers to support
decision-making. Such uses are being called Decision Support
Systems (DSS).

Since there must be a close relationship between the
decision-makers and the system in order to be effective, DSS
~differ from the traditional recardkeepingﬁ’For this close
fe]ationship to occur, the decision-maker must understand what
the DSS can do. | | |

The first conceptsinvolved in DSS are presented by
Michael S. Scott Morton as "Management Decision Systems",
in 1970's. He sought the possibilities for improving thé
ménagement prob]embsoTying through the use of a visual display

device, and made the aforementioned definition of DSS.

This definition, however, is thought as a restrictive
one, and later, a more broad definition as fany~system that
makes some contribution to decision-making' or ‘any system

that supports a decision' is proposed.
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Usually, managers have informal models or processes that
they use to solve prob]ems as they perceive them. In this form,
prob]em so1v1ng becomes an 1ntu1t1ve Judgemental kind of
process. It seems desirable to he]p the decision maker build as
firm a base from the facts as poss1b]e, and only then have -
him apply his judgement to this base. This_ie done”by providing
him necessary materials such as high1y'deVe1oped;computers,
operations research methods, mathematical models etc. to analyse
- data an draw effective conclusions by making use-of formal

models.

Decision support systems bay'be recognized by their

following characteristics:

- They tend to be aimed.at the less well structured, under-

specified prob]eme that upper?Tevel managers typically face.

- They attempt to combine the use of models or analytic.
techniques with traditional data access and retrieval

functions.

- They specifically focus on features that make them easy to
use by noncomputer people in an 1nteract1ve mode, they are

user initiated and contro]]ed

- They emphasize f]éxibi]ity and adaptability to accomodate
changes in the environment and in the decision-making

“approach of the user.

The decision making which occurs at several levels must
often be coordinated. Therefore an fmportant dimension of
decision support is the communucation and coordination between
decision makers across organizétibnal levels as well es at

the same level.



DSS differ from the Management 1ﬁf0rmation Systems (MIS)

and Transaction Processing Systems (TPS) in the sense that

they.usé the data handled at TPS and reports or inquiries.

- developed by MIS, combine the results and.using some models

or methods help the user take implementable decisions.

'Capabi11tie$ that good DSS should possess can be analyzed

through some perfokmance objectives. DSS are usually very much

| dependent on the task, organizational environment and decision

maker(s) involved. Therefore a specific decision support system

can not be required to satisfy all of the performance measures

listed below:

1.

DSS should support semi-structured and unstructured decisions

as well as structured ones.

A decision may be unstructured because of.its constraints,
lack of knowledge, large search space, mu1tid{mensiona11ty,
compleq interrelationships, nonquantifiab1e data, dynamic
environment and unstructured decisions are of greétest‘

concern to decision makers. (Gorry and Scott, 6 ).

DSS should be developed in such a way to be used at all 1éve15
assisting in integration between the levels whenever
appropriate, decision levels can be classified as the

fo]]oWing (Anthony, 2 ):

1. Strategic Planning; related to setting policies, choosing

objectives and selecting resources.

ii. Management Control; related to assuring effectiveness

in acquisition and use of resources.
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iv.

Operational Control; related to assuring effectiveness
in performing operations.
0perationa1‘Perfdrmance; related to performing the

operations.

DSS should support the communication between dec1s1on makers

so as to support interdepending dec1s1on making.

Decision types are classified as (Hackathorn and Keen, 8 ):

i.

ii.

91,

independent: a decision maker has full responsibility _
and authority to make a comp]éte implementable decisiqn,A
éequentfa] interdependent: he makes part of a decision
which is passed on to someone else,

pooled interdebendent: the decision must résu]trfrom

negotiation and interaction among decision-makers.

'DSS should support all phases of the ‘decision-making

processing.

A popular model of decision-making with four steps follows
(Simon, 18 ): »

i,

RN

iid,

iv.

Intelligence: Finding out the situations where a decision

"is required. Past data and necessary information is

analysed to identify prob]ems

Design: Creating poss1b]e alternatives by clearly
idehti?y1ng problems; developing so]ut1on methods ‘and
testing thekresu1ts for va1idity and feasibility.
Choice: From thé‘a1ternativ§s‘abdve, selecting the
best suitable one to the anaTysed situation.
Implementation: Investigating for the decision made

above.
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5. DSS should support a variety of decision-making processes.

It should be‘kept in mind that a specific decision may
be df a different type, in different organizations, at
-different times, for different decision-makers. Therefore
DSS'shou]d be flexible, friendly and provide’a.Qariety of

options, so that the user's style should become irrelevant.

6. DSS should be easy to use and user controlled, i.e.:
decision-makers can enter and use DSS at any point in the
decision process. DSS should be constructed in a way to be

used by people who may often be unfamiliar with computers.

The above 1ﬁsted objectives, as a whole, represent a set
of‘capabilities that determine'thé value of fhe DSS concept
from the user's point'of view. Of course, depending upon the
task required from it, a decisien support system may not

satisfy all of the-performance measures listed above.



1.3 Preliminary Concepts

1o

"A machine status, in any production line, can be

represented as in Figure 1.2.

/
Machine . .
Status Operating Operating
]
DOWNTIME
. ,
1*— (VY e 3
0 {':. "3 ‘b4 tS {’s t-‘r b’ b-’ .t.ime
;‘ Lateness > Service Logislics Service Time
Time
Operating Downtime Operating time
T Time -
\] = Machine up
0 = Machine down
t, - Failure occurence, Machine down
t, - Report to Maintenance Department
t, - Assignment of Repair Crew |
t, - Trouble Shooting Started.
tg - Failure diagnosis made
tg - Procurement of Spare Parts, ordered if necessary
t, - Order replenishment
tg - Repaﬁr restarted.
tg - Repair completed, Machine is up again’

Figure 1.2 Description of machine status when an unexpected

failure is encountered.
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In Figure 1.2, the first interval tj-t,, represents the
~time elapsed since the failure of the machine to the time when
the maintenance department is informed about the failure. The
second interval stands for the time that the maintenance
department takekactiong form the fepair team and schedule the
repair or replacement. Interval ty-ts shows the time to find
out the reason or failed part. Interval - ts-tg represents the
time for spare parts procurement or finding it from the stock;
In instances when the failure does not need a spare for repair,
interval ts- tg is said to be zero. Finally, interval tg-tgq .
is the actual repair time of,thglméchine, which includes any

tests or adjustments time if necessary.

The time elapsed from the beginning of failure, to the
informing time of maintenance department is called the lateness,
and the interval from that time to reoperation time, is called

as the service time.

Lateness and éervice time together, constitute the downtime
of the machine, whose'relative'1éngth,,d1rect1y 1nf]uénces the

effectiveness of the maintenance department.

We can now defihe’the machine avai]abi]ity as:

Operating time

Availability =
Operating time + Downtime

The effectiveness can be improved by increasing avai]abiiity'
of each particular machine, hence decreasing the downtime.

In Figure 1.2, it is worth to note that the downtime s

mainly composed of four time segments, namely lTateness, service



time to find out failure reason,_1ogistics'and‘éctua1 repair

time.

If we consider a.p1annéd replacement policy, lateness -
and logistics times will be zero, and the downtime will only

be composed of a single service time. Thé}efore the avai]abi11ty
of the méchine will be higher, because the numeratcr in the

‘above equation will be close to the denominator.

4

machine ‘ o ] ~
4 status ‘
1 operating ' operating
tarned periodi
fna' L ';r:crm \c ) A . ) ]
downlime >'
: 0 service time - ' time

Figure 1.3 Description of machine status in case of
' planned maintenance activity.

In planned replacement models, a unit is replaced either
at some prespecified time, or at time of failure, whichever

occurs Tfirst.

It is especially meaningful to try a p1anned'rep1acement
policy, when the items in the system have the aging |
characteristics. This means that the hazard rate, or
instanteneous failure fate, shows an increasing failure

probability as the timé increases.
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In pfoduction systems,‘minimizing the produét%on time
losses due to unexpected faiTures, and rea]izatibn of repair
in case of faiiure in minimum amount of time and most
' 9conomica11yvare-diréct1y_related to how effective the
~maintenance planning is done. This planning aims to reach the
desired availability 1imits of production units with minimum

cost and in a most reliable way.

As mentioned earlier, the availability of a machine is

affected mostly by two factors:

i. reliability function of the machine, i.e. how often the
failures occur?

ii. Delay of machine repair due to unexpected failures.

The main aim of maintenance planning is to increase the
availability of machines which, in turn, improves the
efficiency of the production system. Correct deéisibns are
to be taken for the fol]oWing subjects in order to minimize
costs and to increase the efficiency and profitability.

Maintenance manager encounters decision problems related to

a) planned maintenance of machinery before a failure occurs, ”
b) in case of failure, realization of repair effectively, in
minimum time, '

é) keeping the necessary maintenance personnel,

d) supply of necessary spare parts when needed.

In a modeliing study of a maintenance system, it is important
that the objective'fungtion is a correct representation of the
real system. Furthermore the assumptions should be made

~carefully,
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Usually, the total cost is the sum of two cost functions

slopes have different sign with,respéct to the planned

replacement time:

i. Cost of downtime due to fai]ure;'

ii. Cost of planned maintenance

.as shown in Figure 1.4.

cost per /

unit time

Downtime cost

Cost of plénned
maintenance

l
|
|
l
|

number of planned

'l/tp

Figure 1.4 Total maintenance cost function

Note in Figure 1.4 that 1/tb represents the optimal number

of planned replacements per unit time.

An important statistical characteristic of equipment used

in replacement studies should a1so:be mentioned here, before

proceeding any further. It is related to the failure rate. Let

us suppose that a test where a Targe number of identical

~components are put into operation and the time to failure of

each_component is noted. An estimate of the failure rate of a

component at any point in time may be thought of as the ratio

replacements per unit tin
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of a nﬁmber of items which. were operational at the start of
the interval. Thus the failure rate of component at time t
~is the probability that the component'willvfail in the next
time interval given that it is good at the start of the

interval, i.e. it is a conditional probability.
. Specifica]]y,_]etting“h(t)At be the prpbabj]ity that an
item fails during a short interval At, given that it has

survived upto time t, then this may be written as

P(A/B) = probability of A occuring once it is known that
B has occured
=-h(t)st - '
where

A is the event "failure occurs in interval at".

‘B is the event "no failure has occured up to time t".

The conditional probabi1ity can be expressed-as

P(A/B)

P(A and B)/P(B)

n

. t - ) -
P ety 1T f()dt
T t

where f(t) denotes the probability density function. If the

cumulative distribution function is designated as F(t).

Then, the failure rate in interval At is

Z+At £(t)dt F(t +at) - F(t)

. | 1 - F(t)



Dividing both numerator and denominator'of the above equation.

by t, and letting t go to zero,_yie1d$.

h(t) = — (b -
1-F(t)

which is the 1nstantaneoué failure rate.

For some Tifetime distributions like hyper exponential,
the failure rate decreases with respect to time. This may'be
interpreted as an improvement in the equ1pment with time and
may be the case with equipment which requ1res sma]] adjustments
after an overhaul or replacement to get it completely
operational. Such situations are ca11ed_DecreaSing Failure
Rate (DFR). When the failure rate increases, such as for the
normal distributioh, this indicates an ageing or wear-out
effect. Such situations are called Increasing Failure Rate
(IFR). With the negative exponential distribution the failure
raté is constant (Constant Failure Rate){ It is to be noted
that a periodic replacement activity éhou1d only be carried out
when the failure rate is increasing. Figure 1.5 distinguisﬁes

the three failure rates mentioned.

:'_; .

= Increasing failure rate

- v

Y

(]

o

@ Constant-
3 Failure
p

L

Rate

Decreasing failure rate

time
- Figure 1.5 Representation of failure rate function



Especially in factories where the output rate is high,
the repair'cost incurred at fai]ure, is usually much larger
than the planned replacement cost.’Therefore, preventive
replacement policies are suitable for such systems whenever
the components have the aging charécterisfics, i.e. whenever

the failure rate h(t) is IFR.

Two major replacement policies wf11 be discussed in the
remaining of this section. These are age rep1acement and b1ock
replacement policies. Because of mach1ne characteristics of
Bekotéknik for which this study 1s,undertaken, the age
reb]acement policy seems to be more apprbpriate; The main

reasons for selecting this policy can be listed as:

- Existencevof few identica1 machines,
- significant differences in periodic replacement times of
components, | - |
- existence of very few machines which have more than one

identical components in them.

—

.4 Overview of Preventive Replacemeht'Policies

—

.4.1 Age Replacement Policy

A unit is either replaced at a specific age tp or on

failure, whichever comes earlier. This is shown in Figure 1.6.

P O TN 0 O

I e— K

x ¢ Failure Replacement .

® : Planned Replacement

Figure 1.6 Age replacement policy.



For any period tp, the expected tota] rep1acement cost

’ per unit time can be expressed as:

_ E[Cost dUring-replacement period tp]

E[Unit time cost]
' E[Replacement time] .

Employing the

f(t) : probability density function (pdf)

F(t) : cumulative distribution function (cdf)

R(t) : reliab111tyrfunction, R(t) =1 - F(t) A

h(t) : hazard rate (or instantaneous failure rate), h(t)=Ff(t)/R(t)

- Cp : cost of planned replacement
Cf : cost of failure replacement
tp : replacement period |

the expected cost per unit time can be defined as

C. F(tp) " e R(tp)r

- T
t R(t ).+ f(r)d
p p 0

To find the optimal value of tp’ derivative of E[C] is set equal

to zero and is solved for t-

1.4.2 Block Replacement Policy

A unit is replaced at fixed interval of times fp, whatever
its status at that time. In other words, even if the unit is
}Arep1aced just before 1ts rep]acement time tp, it 1s rep1aced o
again, at time tp. This replacement po11cy of fmxed time

interval 1s



P

* S T ey - ‘T‘ — »
L < t .

x : failure replacement

® : planned replacement

" Figure 1.7 Block rep]acement policy

In this case

C+C_ F(t
C Cp F(E)

E[Unit time cost] =
o | :

P
and we should minimize this, to find the optimal replacement
time of part, t . ' '
p

1.5 Scope and Organization

In this stUdy it is mainly aimed to devise a computer
program to aid maintenance planner in taking decisions about
the maintenance activities. Upto 100 machines and 500 spare
pérts can be cata1ogued'and'a11>information about them can be
stored in these files. Submodels built in.the programrservg

~to the fo116wing purposes:

a)ASchedu1ing of machines whose mainténance is to be done.

b) Finding optimal rep]acgment times of parts by analysing
past data about'them.

c) Ordering of spare pards, reorder quantities'and minimum
stock levels. | '

d) Preparing periodic reports about the maintenance activities

of maintenance department.
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Details of the above submodeTs-are explained in ChapterFII.
The organization of the interactive computer program will be
111ustrated 1h‘Chapter I11. The conclusions of the study and
the suggestions for further stud§ wi11 be presented in the
subsequent chaptef. Description of the.prdduction system and
current maintenance practices are reviewed in the following

sections.

1.6 Description of the Production System

Bekotekn1k is a producer of consumer electronics which
manufacture more than 300,000 TV sets, 300,000 electronic
- caéh registers, 50,000 video, 200,000 radio and music sets
per year.'Although approximéte]y 27 different models of these
products are manufactured, the production technology does not

significantly differ among them.

An electronic product, can be thought of as a group of
modules which work consistently with each other. Although
these components serve different functions, the productioﬁb
stages they go thfough are similar. A module is composed of
a printed circuit board (PCB) and all e1ectronic'cohponents
installed on it. The pcb plays a role of carrying the e]éctronic
components and electrically connecting them one to another.
Usually the main module is called as the chasis.'At the simple

audio products all groups are cqndehsed on the main chasis.
Stages of the production process can be illustrated as follows:

1. Input quality control, |
2. Pre-assembly preparation of components, preparation of

semi-finished products,



3. Preparation of printed circuit boards,
4. Insertion of components on the pcb's, foam fluxer,
pre-heating and wave soldering app]icationé,

5. Functional control of modules, adjustments, allignments.

‘A11 modules and seperately preparedrmechanica1 components
are combined at the final assembly line and a product is thus
produced. The details of TV production line is portrayed in

Figure 1.8. PCB manufacturing is also depicted in Figure 1.9.

1.7 Description of the Current Maintenance System

The maintenance activities in the selected factory are
conducted by the maintenance engineer, who works under the
supervision of the production manager. Each month, he selects
the machines whose maintenance activities are to be done. He

assigns the maintenance personnel to perform the maintenance.

The machines in the factory are classified into four
categories, with respect to their maintenance periods as 12, 6,
2 and 1 month respectively. These maintenance periods are

determined in the following manner:

Decisions on periodic maintenance are undertaken in the light
of a scoring mechanism. For every machine, different people
involved in the production system give subjective points over
ten, considering the critica]ity.of the machine in the oyera]l
production. These points are given by: production manager, |
indhstrial engineering department, maintenance engineer and
the chief of the shop where the machine is. If the mean of
these points is 7 or over, it is decided that it ﬁs rational

to do periodic maintenance for that machine, otherwise repair
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on failure policy is applied to the machine. If periodic
replacement is chosen, then a suitable periodic replacement

time is selected and applied.

Every month, priority for maintenance is given to
machinery with respect to the cost due to unit production time
loss. Overdue schedules from the previous months afe also taken

into consideration in assigning priorities.

The duties of maintenance deparfment in Bekoteknik are
not restricted with unexpected failures or p]éﬁned (preventive)
rep]acemént activities. The additibna] job requests originating
from the production department such as constructing small
conveyors, kinds of jigs, épparatus,'tab]es, racks etc. are
triéd to be met by the maintanence department. Due to this
current extra workload, once the maintenance engineer, who is
responsible for preparing the maintenance schedules, can not
assign jobs satisfactdrily, undesired delays may cause

significant production time losses. -



11, MODELS USED IN THE PROGRAM

2.1 Machine Scheduling

For any week, the machines whose periodic replacement
activities are to be done are se]ected.according'td the unit-
cost incurred upon failure of those machines. Whenbthis
function of the program is to be used, the program.asks the.
user the week for which scheduling is wanted to be performeﬁ,
i.e. current week's number (the weeks of the year is supposed
to be numbered from 1.-first week of January- to 52 -last week

of December).

The scheduling within the progham_is performed at the
subprogram “procedure ma;sec'. In this proéedUre, two
sequential operations of}se]éction and sorting are performed,
and the results of these two operations are displayed on the

same screen which is vertically seperated in two..
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First, all machines present in the files are cheCkéd. If
‘a machine's last date of maintenance plus its periodic
rep?acement time equa]s'p? éxceeds the current date, that:
machine is selected as a candidate. Then, the selected machines
are considered and sorted in déscending order Qith:respect to
theif unit time costs. The term 'unit time cost' is used to
represent the cost which will be incurred if a machine is ﬁot

operational for one minute.

‘When the sorting is f{nished, the machines are taken one
by one and if the maintenance activity of that machine can
be performed with the.current available labor hours, that
machine is assigned énd required work-hour is subtracted from
the current available man-hour. At the beginning, available
manhours is determined from the number of workers énd'
qué]ified personnel, and as the machines are‘assignedg it
continuously decreases. Machine scheduling activity is’

illustrated in Figure 2.1.

For each week, maintenance delay would contribute an
increase in the assoéiated prodhction loss cost of that machine
by dividing it with a factor, (availability)", where n denotes
number of weeks maintenance is postponed,'This would increase
its pribrity for maintenance in the following weeks. Thus,
the machine scheduling is performed according to the index

(production 1oss_cost)/(avai]abi1jty)n.

If a machine requires more manpower than the current
available amount, then it is skipped and next one is assigned.

This procedure continues until no more machines can be assigned.

ROEATICH UNIVERSITESE KUTUPHANES
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At the end; in the display two tables are seen. At 1eft,
the machjnes_whose periodic replacement activities are to be
performed; at right, those whose maintenance can be realized

with the current available labor.

The maintenance activities for the scheduled machines
afe not assumed to be automatically carried out. This is due
to the fact that planned and real 1ife situations may differ,
and for some reason the mainténance of some machine could not
be fullfilled. For example, a machine with a considerable unit
time cost‘might have failed and, of course, the repair of that
machine will be more crucial. In fact, it is always more
reasoﬁab]e to aséign failed machines before the scheduled ones
in practice. Therefore, when the maintenance of a machine is

done, it should seperately be entered into the program.

2.2 Determination of Optimal Replacement Times of Spare Parts

The maintenance activities perférmed are entered only to
the machine files and necessary information about the spare | |
parts afe automatically transferred to the spare part fi]es.
Among these information, the replacement dates are analysed..
Those replacements which occured as a result of a failure are
conéidered and the times elapsed until the failures are taken

as data inputs of the ana]ysés.

- The Weibull distribution is one of the most widely used
1ifetime distribution. Therefore this one is selected to be
used in this study for ana1ysing past failure data and finding

optimal fep1acement times of parts.



An illustration of hovaeTbu11 distributioh arises in
_practice is presented in Kapur (11). The model is related to
the machines subject to voltage fluctuations. The shocks

received may eventually lead into machine failure.
Following assumptions are made:

1.vThe»fai1ures'bccur‘completely at random and independently.
That is, the occurence of a failure doesbnot'provide any

information as to when the next failure wil] occur,

2. The probability of an occurence during any interval of
time At is proportional to the length of the interval, the
constant of proportidna]ity being A. That is P[one failure

during at] = ant.

3. A function p(t) denotes the probability that the system
will fail at time t. T

If R(t) is defined to be the probability that the system
is surviving at the time't,fhen for a small interval of time at,

we have

(system surviving at time t [] no failures occur

P during at) | (system surviving at time t ] one

R(tiAt)

" failure occurs) U ....

R(t)(1-2at) + R(t)ast[1-p(t)] + R(t) (aat)?f-p(t)]? = ..
rearranging and dividing by at yields

R(t+At)l— Rkt)
At

- -AR(t)p(t) + (terms of the order (at)",n



takihg the 1imit as At » 0, we get

_dRrR(t)

= -’AR(t) p(t).
dt o

Rearranging and solving for R(t) gives

o aR(E) s ap(t) dt

R(t) -
Tn R(t) = - sap(t) dt
R(t) = exp {- fap(t) dt}
, o t
define p(t) = s p(1) d«
0
then -R(t) = exp{ -aP(t)}
and £(t) = ap(t) exp{ -aP(t)} , t > 0

We can now observe how a distribution is selected.

If p(t) is a constant, f(t) would be exponential. )

If Ap(t).is‘a power function of t given by (3/9)(t/9)3-], then
f(t) is Weibull., In this case}_as time passes, the system will
deteriorate if g> 1; thai is, a faiTure will have a greater

chance of occuring with increasing age.

A linear function with é = 2 would give rise to the
Rayleigh distribution, which is a special case of Weibull

distribution.
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The weibull failure density function is

B

f(t) = —— ¢ B! exp'{-(t/G)B} t >0
) : ‘

where B known as ‘the shape parameter, and © known as the scale

parameter, both always positive.
From the above, cumulative density function s found to
be - |

F(t) = 1 - exp {- (t/0)F)
and the reliability function
’,R(t) =1 - F(t) = exp {—(t/G)B}

and hence, the hazard function (or instantaneous failure rate)

- . . 81 .o
h(t) - _M..._'___ B_._t__B__
R(t) 8 .

Following figures illustrate varioué forms of failure density
- function f(t), reliability function R(t), and hazard function
h(f) respectively with changing Bg.

4
(1)

w
n
~N
w©
>

L« »]
nn
(3]

>
>

0 ;, t

"Figure 2.2 The failure density function for the
Weibull distribution



R(f) 0.

o

h(t) a4

0.

0

e L . a 2

0.2 0.4 0.6 0.8.1.0 1.2 1.4 1.6 1.8 2.0
' Time to failure (t)

Figure 2.3 The weibull reliability function

6 =1/2

N L 1. I 2 1 X

0.2 0.4 0.6°0.8 1.0 1.2 1.4 1.6 1.8 2.0

F{gure 2.4 The weibull hazard function
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It is worth to note that the hazard function is decreasing
for B< 1, increasing for B> 1, and constant when B is exactly

one,

In parﬁicu]ar, when we consider the weibull distribution
withg= 1, the expression for the reliability function reduces
to '

R(t) = exp {-t/0}
and the hazard function reduces to
h{(t) = 1/8 ,» a constant.

When g< 1, this means that the probability that the part fails
does not increase with time. So whenever B 1is found to be
less than or eqaul to one, the program- warns the user that it

is not meaningful to apply periodic replacement to that part.

In order to determine the shape and sca]é_parameters'of
the Weibull lifetime model, Mennon estimators are used (Mennon,

16). The shape parameter g, is estimated as:

6
g = 1/4 -

. : _
Int.)? -
2 [151 ( nt1) (

it M=

It )?/m ]/ (n-1)y

=1

where ti's are the failure times of the component analysed.and

n is the total number of failures observed.

The scale paramefer, 8 is estimated by employing:

8 = exp {-l—
n

1nti - 0.577/8}

nms

i=1
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Once the paratemetrs are found, the optimal replacement

time tp is found by minimizing the éxpected total cost which

is:
. C.F(t ) + C_R(t.)
E{Total Cost] = ft P P P
D
St f dt + t_ R(t
/ (1) 0 ( p)
where : C_ = planned replacement cost (materia1,usedi labor) -
Cf,= failure replacement cost (Cp-*cost incurred due

to production time losses)
The integral in the above equation is approximated by a

summation in the calculations, as follows:

t . .
p .

faf(t) dt = ¢ ti f(ti) At

0 . » B

where t
At = - , N = number of time intervals,

t. = t. + At s t-l - At

In the expected total cost formulation:

F(t) = 1 - exp (-(1/0)F)
B
R(t) = exp {-(t/8)"1
g1 ,
Cf(t) = ——Eé—— exp(-(t/8)")
T 8 .

and the formulation becomes:
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(1 - exp(=(£/8)%)) + ¢ exp(-(£/8)F)

E[Cost] =
B N .8 ) B B,
o8 131[t1 exp(,(ti/G) ) at] o+ tpexp(-(tp/@).)
to find tp we set | ~

—%z'(E[cOst]) =0

C .
1 -t se)® 5B e (v ueP
[ g1 (87007 BT m(2 /007
gB P | QB, p
I B L L L
gB izl i ! JRL

B - L
[epn - e 5/ e e (57807

A

-{(t_/8) = 0
p ]
vsimﬁiifying the above, we get
' x 1871
BBt n _ B
(/8 b o oy 3 1P e (%70
gB f P QB 'l::] 1
B B | B
-(t _/8) _ -(t_/8) . -(t _/8)
+ tp e 'p 1 = (e 'p, (Cp .Cf) * Cf) e p
rearranging terms we get
Bt S | _ B
: —p (Cf - C y——§§~ z tf e (tilg) - C;
_(t/g)B 98 P ) i=1
e = - 5 tg
. C - C -
(11— (c - cp)

e



. For any given tp the right hand side of the above
equation is_fdund to be A, let's say.
Then
exp(-(t/8)") = A

(t/638 - c1na > P 2 -0 1
g
Int .= In(-6" 1nA) /8

t = exp(]n(-QB 1nA)/5)

‘this is a recursive formula as t = g(t). To find the optimal
'tp we first assign an initial value for t and letting t = g(t)
we find another t. This iteration continues until two
successive t's are found to be close enough with a small

- tolerance e (this method of solving t = g(t) is called the

successive approximations method).

2.3 Finding the Optimal Order Quantity and Reorder Point
of Spare Parts '

In periodic replacement maintenance systems, it is,.’
extfeme]y 1mpdrtant to kéep the neceésary amount of spares
at hand, feady to use. The inventory model used in this study
is a deterministic single item model with static demand. -
kA1thdugh in real 1ife situations, the demands of'spare parts
are stochastic, in near ideal cases where uhexpected f@ilures
are very rare, it is meaningfuT to assume a determiniétic demanc

which occur only due to planned replacements.

The general behaviornof the deterministic, economic lot

size models is shown in Figure 2.5 where"
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b = backlog level
Tp = Production period
I

= Maximum inventory level

max

Net
Inventory

Ti—3 T——9T4
T

T ] Time
Figure 2.5 A cyclie for inventory model

Because the order size and the demand rate are constant,
orders are received at equally spaced intervals of length
T = Q/D. '

In our case; the production rate is infinite and backorders
are not allowed (P~ « and b = 0), hence I .. =Qand T =T,
becaugé T] = T2 = T4 = 0. Then the representation of the

inventory state can be traced as in Figure 2.6.

~ Net
. Inventory
Tnax |
0

: : time
Figure 2.6 Cycle for inventory model with infinite

input rate, no backlogging
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The average inventory over a cycle becomes I = —g—;.
The average cost per cycle is the sdm of prochrement and
inventory costs duringwohe cycle.
Defining_ |
. fixed cost of an order

¢ yearly demand

[ I v B

unit cost

-

annual inventory carrying cost rate

Q : order quantity

the average cost per cyc1e'1s
A+ CQ + hTI

By substituting the values, and multiplying by the number of

cycles per year (D/Q) we obtain:

AD

Cost/Year = +CD *+ iC Q/2

which is minimized by setting the derivative with respect to

Q to zero,

-Ag . _iC -0
Q 2
and we get Q _/2AD
‘ S iC

On the other hand, reorder péint ih terms of net inventory is
giVen by r = tD - mQ where t is the lead time between an
order placement and order receival. m is the greatest integer
bless thaﬁ or equal to t/T and mQ stands for the on-order

inventory immediately prior to ordering.
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In this study, the yeér1y demand is found by dividing
52 (number of weeks a year) to the optimal replacement time
of'the.component (in weeks) found as the result of the

previous model..

Annual inventory carrying cost rafe, i, is taken tbfbe
50 percent. Before the model runs for a spare part, it asks
the user to enter the fixed cost of placing and order, and
if any change in unit cost and Tead time occured, they can
also be changed. While recording the pérformed maintenances '
into the program, if any spare part dropé to the reorder point,

the user is immediately warned on the screen.



I1T, DESCRIPTION OF THE PROGRAM

The program developed in this study can help the

. maintenance planner in many respects.

3.7 Information fi]es

First, the program acts as a data input, data output
"media, information storing file. In the machine file, 100
machines and 500 spére'parts can be catalogued,'and all

necessary information about these machines and components

can be written.
The following information about the machines are avai]ab]e:

- Name of the machine

- Code no

- Periodic Replacement Time (in weeks)

- Revision Time '

- Cost per minute Lost (i.e. cost:which will be incurred if tha
| machine fails one minute) "

- AVai1abi]ity of the machine up to last maintenance date

- Maintenance date

- Type of maintenance (a: for failure; p:'fdr periodic)
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- Labor used at the maintenance (number of electrical or
mechanical .technicians, and number of qualified persohné])

- Durationldf failure and maintenance in minutes

- Spare parts used (for eéch machine, up to five spare parts

“can be reserved, and nUmber of -spare replaced is directly
written to the corresponding column)

- Cost incurred for each specific maintenance activity.

The first five information are written on the machine
“record once, and do not change any more unless the machiné is
disposed. The other items are entered on the file whenéver

a maintenance is perfdrmed. One maintenance will be written

on each line, and at the end of -each line the cost associated:
with that maintenance is calculated automatically. The
maintenance cost is compdsed of labor cost, cost of components
replaced and cost of production loss due to maintenance. If
the maintenance is performed on overtime no production loss
cost is incurred, but labor cost changes according to overtime

labor cost.

Although the cost-associated with each maintenance
activity is calculated automatita11y, the user has the option
of changing it. The feason of d]]owing-this option is that
only labor, spare and production time 1oss-costs are included
in each cost figure. However some other costs might arise
during a maihtenancé activity and it can be manually loaded to

the program,

Oon each machine record, the figure at the top middie of
the record represents the availability of the machine up to

- the Tast maintenance date,



At the bottom of the record, the mean values of labors,
durations and costs are given. While scheduling the machines,
these numbers are taken as labor requirement and expected

duration of the machine.

Total time a machine interrupted from production is
another important characteristic of the machine, and is
‘represented at the,end of failure duration column. A typical

- machine record is exemplified in Figure 3.1.

The spare part records, illustrated in Figure 3.2

‘contains the following information:

- Name

- Code No

- Minimum stock (reorder point)

- Unit (pieces, kilogram, meter, etc...)

- Unit price ' |

- Order quantity , -

- Replanishment time (lead time betweenAplacing and receiving
of an order)

- Number of machiné to which that spare part belongs

- Current amount available

.- Date of receiving an order'

- Amount receivéd

- Name of supplier |

- Date of use of the component |

- Type of usage (why the part is: rep]aced, a : for failure;

‘p: for periodic replacement)

- Suggested periodic replacement time of the component
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MACHINE RECORD

Availability : 0.9981 "

NAME : 80 ton hidpres
CODE NO : 1827 Periodic Replacement Time : 8
FILE NO : 58 : Revision Time : 52
COST CENTER 1 Cost per Minute Lost (x100 TL) : 90
MAINTENANCE :
| Electric Mechanic Senior Stopping |. Maintenance Spares .

" NO | DATE | TYPE | Technician | Technician | Personnel | Duration Duration Used Associated Cost’
Normal|Over ‘ L urel Periodi
time |time Failure|Periodic

1 4 a 0 3 25 15 0 | 2122 2660 0
2 12 a 1 3 30 30 0 21 24 25 28 2560 0
3 15 a 1 3 20 12 0 21 1923 0
1 ' _

5

6

7

8

9
10

Mean Values : 1 3 1 25 19 0 12381 0
TOTAL DOWNTIME : 75 minutes

Figure 3.1 A typical machine record

et



¥ % SPARE PART RECORD x x

- NAME : PIM Min. Stock Level: 4
CODE NO : 6827 Unit: Ad
FILE NO : 21 Unit Price (100 TL): 120 -

Order Quantity: .9
 Lead time: 6
Machine No: 58

Current Inventory: 11

Arrival Lot : ‘
NO Date Size Supplied From Date Used Type of Usage
1 0 5 Stock ' 4 ' a
2 10 9 Supplier 21 12 a
3 15 &
4
5
6
7
8
9
10

"Recommended Rep]acemeht Time : 17

{

Figure 3.2 A typical spare part

record
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The first_eight items are written on the spare part
record once, at the beginniﬁg. But during the program, minimum
stock point and order quantity can be changéd when thé spare
inyéntoryuquel is used.  Also unit price and lead time may be

updated.

The current amount avai]ab1e'at the inventory always

updates itself whenever an order is received or the spare is

used. -

Date of use and type of usage are not always written
on the spare record. Whenever that spare is shown to‘be
" replaced at its corresponding machine, these two columns are
automatically updated on the spére record. HoweVér,‘when

~needed, they may also be written seperately on the record.

'The first three colums on the record are written when an

order is received.

Finally, suggested periodic replacement time of the
component appears if the corresponding model is run for this

spare part at least once.

3.2 Menu Presentation

The main menu of the program.is portrayed as

> To change system parameters
> Initialization
Scheduling of Machinery

> To find file numbers of machines

w N~ O O»!m
\4

> To find mean values of maintenance duration, labor

‘requirement and cost
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> To
> To
> To
"To
> To

>TO

W 00 ~N OO0 o1 p
\'4
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inspect spare part records

see list of existing machines

enter information on machine records ‘
find periodic‘maintenance.time of machines
get report about maintenance activities

find labor required for planned periodic maintenance

activities

Q>TO>

.2.1 Option

Quitvprogram

S

Some system parameters may be changed by making use of

this option. The following constants may be changed.

Cost per minute of an electrical or mechanical technician

Cost per minute of a qualified personnel

Number of electric technicians

Number of mechanical technicians

Number of qualified pérsonnels

Workhours per week

.2.2 Option

0

Erases all information in the machine file and creatés a

hew file ready to use. To protect the information a code is

to be entered to make the option active. If a wrong code is

entered the program returns to the main menu. The code of this

program is 'Z'.

When the

correct code is entered, the program warns the

user that it is going to delete all information about the

machines, .and waits for 'E' to confirm or 'H' to return to the

main menu.



3.2.3 Option 1

When this option is selected, the user is asked to ehter
the number of week for which he desires to schedule the .
ma1ntenance act1v1t1es A number between 1 and 52 is entered,
‘and as output two lists are observed. At the 1eft part of
the screen, machines whose periodic ma1ntenance are to be
done that week are listed. At the right part of the screen,
the mach1nes whose periodic rep]acement that can be doné with
the current lTabor available are listed in the order of
decreasing unit’cost The deta11ed ‘explanation of this opt1on

is given in section 2.1.

3.2.4 Option 2

The machines catalogued on. the file can only be referred
with their file numbers. However the user may not recognize
the file number of a machine, but may remember the name of

the machine he wants to see.

When this option is selected the user is asked to enter

" the name of that machine.

The output is either a méchine's file number or a notice
as 'No such machine exists in the fi1e'. And the user ié asked
whether he‘or she wants to find file number of another machine.
If 'e', 'E' or 'x' is pressed this option (2) is reselected

automatically. Any other key returns to the main menu.

3.2.5 O0ption 3

On the machine records, at the bottom, a line shows the
average number of electricians, mechanics, senior maintenance

personnel and the average duration of failure and maintenance



as'well as average cost. Whenever option 3, in the main menu,

Cis se]écted, this 1ine is updated.

Only last ten maintenances are kept in the machine records,’

but the avergae number is average of the whole past data of the
machine.

Whenever the program"Bak1m' is runned, this option is
automatically performed before the program begins. But, it is
also put as an option, into the main menu, to enable the user

to get the averages when he enters new data.

3.2.6 Option 4

Every activity concerning the spare parts are activated

by thes option. When it is selected a submehu for operations
about the spaké parts is observed. The spares submenu is
portrayed as:

1 > Initialization of spare parts records

2 > To examine parts and to enter data on their records

3 > To find optimal replacement times of spare parts
> To find order quantity and reorder point of spare parts
> To see 1ist of existing spare parts

> To initially open thé‘Spare part records

~N O o b

> To find monetary value of all spares currently present
at the inventory

8 > To return to the main menu

3.2.6.1 Spares Option 1

Erases all information in the spare part file and creates
a new file. -
Same brotection precautions are taken as Optkqn 0 of the

main menu, and the code is again 'Z'.
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After entering the code, an 'H' returns the user to the.

spares submenu and 'E' confirms to delete all past data.

3.2.6.2 Spares Option 2

Is used to see the spare parts records. When activated,
asks the user which spare he or she wants to examine. A file
number between 1 and 500 is entered and that spare's record.

appears on the screen.

For every spare, 1ast'30'data afe képt in its record, but
they are displayed 10 by 10 on the screen. Only first 10 data
appears f1rst, pressing any key displays the next 10 data,
and pressing any key once more brings the last 10 data about

the spare
Now the user has three choices:

i) 1 is entered in order to write the receiving times, and
quant1t1es of spares on their records. ‘

ii) 2 is entered in order to write the unexpected usages of
spare parts. For example a spare may be broken when trying to
install it in the machine, and a second.oné is installed. The
one which is broken mdy be entered in this option. )
111).Any other key is entered to see another spare part record

or return to the spares submenu.

3.2.6.3 Spares Option 3

This option calculates the optimal replacement times of
spare parts, assuming that the failures come from a weibu11‘
distribution. The data input of the model are the time 1ntervais
up to a failure. If no failure or only one fai]ure of a spare

is observed, model stops giving a message as 'There is not
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sufficient information'. If at least 2, or more failures of
the sparé were observed, then the model finds shape and scale

parameters of the weibull diétribufion associated with tﬁat

spare.

If the shape parameter is less than or equal to 1, a
message as 'It is not rational to apply periodic repiacement

for this spare part' appears and again the model stops.

However, if the shape parameter is greater.than 1, a
periodic rep]acemeﬁiftime, tp’ is found as optimal as described

in section 2.2.

3.2.6.4 Spares Option 4

This option calculates the optimal order quantity and

reorder point (minimum stock level) of:spare parts.'

First, "it asks for the file number of the spare for
which the user wants to determine order quantity. If previously
~a replacement time for that spare was calculated, that is used
to fiﬁdvyear1y demand. Otherwise, the program asks to enter

the rep1acement time of that spare first, then continues.

ft asks the cost of ordering, and also checks the unit
price and rep}enishment time. If they are changed, it accepts
-the new values as the actual ones. With the above inputs, it
uses thé model described in éection 2;3, and finds the order
quantity and minimum level of inventory for the spare part.
The user has the choice of acceptingfthese two values as true

for the future or rejecting it.
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3.2.6.5 Spares Option 5

This option displays a list of all 500 spare parts' file

numbers with corresponding code numbers.

The spare parts whose code numbers are zero in this Tist
are to be understood as empty ones, i.e. no such spare part
exists., | ‘

3.2.6.6 Spares Option 6

This option is used to create a record on the spare file
for a new spare parf. For each newly created spare part, the

following information entered into the record.

Name o Order quantity
Code No _ Replenishment Time
- Minimum Stock | Machine No
Unit ‘ Current Inventory Level

Unit Price (x100 TL).

Machine No is the filé number of the machine in which that

spare part is used.

3.2.6.7 Spares Option 7

In a periodic rép]aéemént haintenance policy, a number of
spare parts have to be kept at the inventory. One may be
v{nterested in determining the amount'inVested\in spare parts,
any time. When this option is se]écted; the monetary va]ue'of
all spares currently present at thé inventory are calculated

and displayed.



3.2.7 Option 5

~ This option displays a list .of all 100 machines on the
file with their code numbers versus file numbers. Zero code
number means that the machine record is yet empty i.e. no
machihe‘is»writtén on the. record corresponding to that file

number,

3.2.8 Option 6

- This option is used to create a new record on the machine
file for a new machine. For each newly created machine,

following information entered into the recofd.

Name : Periodic Replacement Time
Code No Revision Time

Cost per Minute Lost

Cost per minute Tost is the cost which will be inéurredv_
to the company, if that machine fai1s”one single minute. In
determining this number, the user should be'very caréfu]
because in factories where the output rate is high, the
maintenance costs as§ociated with the production ‘losses are
very high when compared with other costs. In this program,
the production Toss costs are completely determined from this

value.

3.2.9 oOption 7

This option is used to find the periodic maintenance
times of the machines in the machine file. It js .assumed that
the spares of one machine are replaced at the same time, ile.
at the periodic maintenance time of the machine. This time is

detérmined from the replacement times of the spares of the

machine.



3.2.10 Option 8

| This option is used to get reports for specific periods
Qf time, about the activities of the maintenance deparfmént.
Fifst, the interval for which report is required is entered
into the program. For that period, the fo]]owihg information
is obtained: | '

Total work-hours available in that period

Time spent on maintenances on regular time

Time spent on haintenances on overtime

Spare.time_spent or time spent on other activities

Total production Toss in hours | »

Production losses due to periodic maintenances (hours)

Production losses due to failure maintenances (hours)

% % % % X X X %

Cost of labor for normal work-hours

Cost of labor for overtime

Cost of total labor

Cost of spare parts rep]aceQ'

Total direct costs .

Cost of production losses due to periodic maintenances

Cost of production losses due to failure maintenances

TOTAL COST  vevvneecnnnennnnnn _..;.., ...... ..
- Table 3.1 Outlook of a Report of Maintenance Departmenf

In Table 3.1, the information above the stats are related
with times spent on specific maintenance activities in hours.
Below the stars, the figures represent the costs associated

with the specific times,



53

3.2.11 Option 9

This option is used to find the required number of
'e]ectr1c1ans, mechanics and senior ma1ntenance personne] for

the ma1ntenance department assum1ng only per1od1c maintenances
occur,

3.3 Application

The model developed is implemented as a_pi]@t study in
a production departmenttof a factory. For the sake of
11Iustratiqn on]yra sma]1 section 1is consﬁdéréd. 25 machines
and 70 spare parts are entered into the program. Each
maintenance activity is recorded into the program for 26
weeks and month]y reports prepared for the first 6 months

are presented in Appendix D.

In this application, cost centers in the machine records
are numbered as follows: | | - - '
PCB manufacturing shop
Machine shop
Pa1nt1ng shop
Manual TV PCB insertion 11ne
. TV Ma1n Chasis adjustment line
. TV final assembly line

Cable preparation shop

00 ~N O bW N -

General machinesv

In these reports, current avai1ab1e labor and'working
conditions of the maintenance department are considered. That
is eight e1ectrfcians,'sevén mechanics and three senior
personnel are entered into the program; week]y working'hOUrs

are considered to be forty five hours. The effective time is
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takep as 90% of this amount after deducting the workerS'
personal time. Unit overtime labor costs are twice the normal
labor costs. The production loss costs are calculated by summing
_the'products of individpa] fai1ure'duration of machines with

the unit production loss costs.

It is observed that the man-hours utilized for the
maintenance activities is only-a small portion of the available
Tabor time. This 15 mostly due to the fact that there are
plenty of other machines that thé maintenance peréonne] give
. service to.The corresponding maintenance time for those
machines are seen in the item stated as id]e.time and other

activities.

Usiﬁg the results of the pfepared reports, some
conclusions about fhé‘performance of maintenance department
can be drawn. These reports can be supplemented with grabhics.
For this purpose, DrGraph working under CP/M 80 operating
system is utilized to transform the tabulated cost figures
into grabhica] form. The data stored {n specified files can
be eaéi]y retrieved as the data set for the figures. These
figufés are illustrated in Appendix E for the factory under
study. It is observed that various gréphica]-options are -

available for the user.



IV. CONCLUSIONS AND SUGGESTIONS

4.1 Conclusions

Maintenance planning model developed in thﬁs study 1is
evaluated on the basis of capabilities expected from decision
support systems (see section 1.2).

1. The pfoblems concerhing the maintenance planning in medium

‘ and large scale plants are often unstructufed. Total

production losses are hardly quantifiable due to complex.
interrelationships among the -machines. Depending on the
status of buffer stocks, a machine failure may cause
production lTosses on other related maehines.‘Certain
predecessor machines may be blocked due to the buffer
limitations. Also machines placed after the failed oﬁe may
be starved due to unavailable material flow, The ﬁossTbi1ity
of‘conf11ct1ng managerial objectives such as not allowing
any overtime, keeping spare parts Stoek at a low level or
to avoid unexpected failures as much as possible, makes

the decision making process more difficult.
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2. Both managerial and'operatiohaT eqntro] level deciSiohs are
concerned in planning maintenance activities. While
decisions concernlng setting p011c1es and choos1ng
0b3ect1ves are taken at upper Tevels of management, assur1ng
effect1veness, eff1c1ent usage of resources and h1gh
availability of machinery in performing maintenance
activities are 1eft to the responsibil-ity of the operat1ona1

management.

3. While using the developed program and taking decisions,
upper level decision-maker will use the results obtained by
the maintenance manager. Hence the model will act as a
communication media between them which allows the

information flow.

4. Predetermined steps of decisions can directly be given to
the model, and it can be used from that time on, at any
level of decision-making process. It allows the decision-

maker apply his own techniques andvjudgementaT'criterias.

5. The model is completely user oriented which makes it flexible
and process-independent. Special attention is paid in
designing the progfam in order to make it easy to use.. The
model, does not require the user to have any practice on

- computers.

As defined earlier, a decision support system is any
system that makes some contribution to decision-making, and
considering the above a;pects, the model developed in this
study can be c]assified'as a decision support system. The
‘model, even satisfies the conditions fequired by the
restrictive definition of decision support systems, which

js stated as interactive computer based systems that help



decision-makers utilize data and models to solve unstructured

problems.

7 But it would be more rea]ﬁstic to view .this program, at .
somewhere between MIS and DSS, because only one single mode
1s_developed and provided for each purpose, and the validity

of the models for the situations concerned are not checked.

By making use of the models developed in thié'studyg a
decision-maker can easily plan and apply every avtivity
conterning maintenance department. In planned, periodié
replacement maintenance policies, most important characteristics
such as replacement times of components, périodic maintenance
times of machines, scheduling machines fof maintenance with the
current labor available, order levels and order quantities of

components can be determined with the model.

Repofts prepared by the program for specific periods of
time, may help to visualize the performance of the maintenance
department in time. Some information which may be required
for efficient managing such as ﬁhe percentage of the overtimes;
the ratio of cost due to failures to costs incurred by periodic
replacements, invested amount 6n spares inventory, total

production time loss costs are provided by the program.

4.2 Suggestions

For making efficient use of the proposed '‘Maintenance
Planning' program, first of all, a reliable past data about
the machinery should be‘avai1ab1é. Otherwise, one should have

to wait until enough data accumulates within the program.

When'a spare part drops to the order level, it is good
practice to check the optimal replacement time of the spare

part first. This information can be used to project the yearly
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demand of the component in the iﬁvéntory_model, and more

reliable results can be obtained.

- A decision support system‘is said to be.never complete.
Many possible extensions to the program developed in this

studyvare possible. A few of them will be mentioned here.

The program'may be interfated with a simulation model
to create scenarioé through which "What if" type of analysis
can bé-carried out. The results of different scenarios may be
realized by generating machjnevfailure times. Thus, the
advantages of preventﬁve maintenance po]ities can be observed

more effectively.

In an extended study, another_modu]e-can be designed to
specify the state of the job shop to be studied. Unit costs
of production losses can be computed with the aid of this
module, rather than entering those figures.manually. This

~would also give an idea about the criticality of each machine.

"An estimate for the'expecped_number of failure
replacements of machinery can a]éo be added to the program.

This would aid in maintenance persdnne] planning.

In scheduling the machines, ordéring spares and
determining optimal replacement times, othef models can also
be added to the program and results of diffgrent models can
be compared in order to choose and inyestigate the most

appropriate one.
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APPENDIX A

LIMITATIONS OF THE PRBGRAM

"Up to 100 machines and 500 spare parts can be stored in the
program, and whenever a machine or component record is to-

be referred, one should enter the corresponding number.
Maintenance durations and downtime durations are in minutes.

Preventive maintenance period, revision period and suggested
replacement time of spare parts are in weeks.

Whenever needed, the dates also afe entered in weeks. For
.example first week of Februery is entered as 5, second week-

of March is entered as 10, etc.

Maintenance type is either 'a', if it is done due to an
" unexpected failure, or 'p', if it is done due to a periodic

replacement.

A maximum number of 5 spare parts can be entered for a

~maintenance activity.



“ APPENDIX B

NOTES ON PROGRAMMING ASPECTS

Turbo Pascal is used as the programming language. This
"Maintenance Planning" model occupies a -39 Kbits of memory.
It is developed using the CP/M 80 operating system. It is

also modified and currently available under the MS-DOS operating system.

The program is run for the sdmp]e factory data on the

. NCR Decision Mate micro compute’r.



APPENDIX C - THE PROGRAM LIST ‘ —

FPROGRAM MAKINA (INPUT,QUTFUT);
. CONST
- MAXNOOFMACHINES= 100. XA=103 ydkxa=30;
" MAXNOOFYDK= 9003 hi=0.5;
"TYPE
PARCAISHI= STRING[IS]
MACHINENAME,STRING[IS];
§5=STRINGL101; CS=STRINGI11;
RG2=1..5; - '
. RANBE=1..10; YDKRANGE={..30;
" RG=1..MAXNOOFHACHINES;
" ARG=ARRAYCRGI OF INTEGER;
AR=ARRAYLRANGE] OF INTEGER;
MACHINE RECORD
NAME: MACHINENAME; AVAILABILITY,TORPIMAK:REAL;
MAINPERIOD, REVPERIDD ORTEL, ORTNEK ORTUS,MZA:BYTE;
NUMBER, CUDEND COSTPMINLOST URTBAkSUR DRTDURSUR PDRTCOST FORTCOST, FAZLA INTEGE
MAINDATE ELEBTRIKCI MEKANIKCI UsTA, EMNIYET ARRAY[RANGE] oF INTEGER,
FAILUREDUR MAINTDUR ,FMMAINDUR, PARCACUST FEBST,PCAST:AR;
MAINTYPE: ARRAY[RANGE] OF C8§; SPARESUSED ARRAY[RANGE RG21 OF INTEGER;
END;
PARCA=RECORD
isimtparcaismiy
ynumber,ycod,ucost reptlme makno,ydkfazla.xnteger'
rorderq,leadt,mnlvl,xza:byte;
birimsstringlSl;
tipiarraylydkrangel of cs;
kimden:arraylrangel of ssi :
kullandate:arraylydkrangel of integer;
- geldate,gelmnik:arraylrangel of integer;
. END;
SABIT=RECORD sabitler:AR; END;
MACHF=FILE OF MACHINE;
ydkf=file of parca;
VAR
EB,CW: INTEGER, sabitfile: f1le of sahitjsabitrec:sabit;
MACHINEFILE MACHF; YDKFILE:YDKF; YDkREC FARCA; MACHINEREC:MACHINE;
I,VA,wORKwEEK,weekhour,UN,EN,NN,DIC,DUC:INTEBER; 5,CH: CHAR;}

procedure intoku(x,y,ustbyte; var sayi:integer);
" var c,lyisbyte; resultsinteger; stistringl4];
begin lowvideo; gotoxy(x,y}y§
for 1:=1 to u do write(' '); highvideo;
gotoxy(x,y); c:=03sti=""; chs=' 'j
read(kbd,ch);
while (ch- ") and (c<u) do -
begin write(' ‘)j ci=c+lj read(kbd,ch) end;
while (c<{=u) and (ord(ch)<>13) do
begin .
" case ard(ch) of
8 ¢ if st{>'’ then
begin write(ch); lowvideoj; write(' ');
highvideo; write(ch);
delete(st,c,1); ci=c~1
end; .
32 + if st='' then begxn ci=c+l; writelch)
end; .
4B..57 : hegin ci=c+l;
if c{=u then begin writel{ch);



st£=c0ncat(st,ch)

R end
end
end,
if c{=u then read(kbd ch) -
end; ' :

it sE()"\then‘val(st,sayi,result);
gotoxy(x,y); if sayi<>0 then write({sayiiu)
ooendy ~ ‘
rocedure realokulx,y,utbyte; var sayiireall;
var c,1,i:byte; result:integer; stistringl10];
begin lowvideo; gotoxy(x,y);
for 1:=1 to u do wrlte(‘ )
gotoxy(x,y); ce=03st:=""3 ch
read{kbd,ch);
while (ch=' ') and (c<u} do
begin write(' *)j ci=c+l; read(kbd, ch) end;
while (c<=u) and (ord{(ch)<>13) do
begin
case ard(ch) Df
8 1 if st{>’’ then
begin write(ch); lowvideo; write(’' ")
" highvideo; writelch);
delete(st,c,1); ci=c-1

; highvideo;
HER e

end;
32 5 if st="" then begin c.-c+1, write{ch)
end;
48..57 : begin ci=ct+ly ‘ ' (
‘ if c<=u then begin write(ch);
sti=concat(st,ch)

_ end
end B
end,
if c{=u then read(kbd ch)
end;

if st{>'’ then val(st,sayi,result);
gotoxy(n,yl; if say1<>0 then wr1te(say1 u:Q)
" end; -
procedure blank(x,y,usbytel;
var j: byte;
- begin lowvideo;
gotaxy(x,yl;
for jt=1 to u do write(’ ');
highvideo
end,
'ROCEDURE FDRMI- VAR I:INTEGER;. : '
3EGIN CLRSCR;GOTOXY(30,2);LOWVIDED; WRITELN( *% . MAKINANIN #%');HIGHVIDEOD;

wRITELN( ADI- Vs

WRITELN(' KODU: , BAKINM PERIYODU: ‘)

WRITELN(' DOSYA NOSU: REVIZYON PERIYODU: ‘)

WRITELN('MALIYET MER:‘," ’:13,'Dakikalik Durma Maliyeti (xlOOTL):');
* LOWVIDED;WRITELN(’ YAPILAN BAKIMLAR: ") jHIGHVIDED;

WRITELN(S ‘ Elek Meka Usta Durma Bakinm Kullanilan’ ),

WRITELN{'No Tarih Tip trik nik gucy suresi suresi Yedek Parca Maliyet (x100TL
WRITELN(® 135, 'Nor FMesai',  ':15,'Periodik Arizi’')j
FOR : 3 .



I:=1 TO XA DO MWRITELN(I:2); . '
WRITELN{ TOPLAM DURMA SURESI: dakika‘) ;WRITE( ' ORTALAMALAR:
END; .

FROCEDURE MACSEC; {Bakim Zamani Belen Makinalari Secer.?
VAR TEMP,II,AE, J,Jl TOPELSUR,NBM ,NBH, TOPMEKSUR , TOPUSSUR: INTEGER;
COSTVEC ARRAY[RBJ OF REAL, rtemp real;
ALLDONE,ND,RD,TH: BOOLEAN; JUMP,M,N:RG;
BH,MEIN,NMIN,MUN:ARRAY[RG] UF,INTEGER;
{1} BEGIN CLRSCR;GODTOXY(2,15}; cwi=ly
WRITELN( 'BAKIM PLANLAMASI YAPMAK ISTEDIGINIZ');
WRITE(® HAFTA NUMARASINI GIRINIZ (1..52) > ")
intoku(38,16,2,cul} ' '
‘while NOT (CW IN (1..321) DO ‘begin gotoxy(20,20);
write(‘Lutfen tekrar girin [1..323 > ");
gotoxy(38,16)jclreonl; intaku(38,16,2,cwijend;
CLRSCR; RESET(MACHINEFILE); GOTDXY(28,1); LOWVIDEQD;
WRITELN(' Bu Hafta (',cw:2, '.hafta) '}; HIGHVIDED;
WRITELN(‘Bakilmasi Gereken Makina/Techizat..'); NBM:i=0jabi=0;
FOR I:=1 T0 5 DO '

{2y, BEGIN FOR I1:=1 T0 20 DO
{33 a BEGIN READ(MACHINEFILE NQCHINEREC),
‘ WITH MACHINEREC DD
(4} BEGIN if codeno{>0 then d
: begin EB:i=0;

FOR J:=1 TO XA DO

-~

Vs

{5-3) ~ * BEGIN IF EBC<HAINDATELJ] THEN EB: NAINDQTE[J], {5} END;

IF (EB+MAINPERIOD)<=CW THEN
{4} BEGIN NBM:=NBM+1;BMINBMI:=NUMBER;
‘ _CObTVEC[NBM] -CDSTPMINLUST*ORTDURSUR,
MEININBM1: =ORTEL*ORTBAKSUR; '

MMINCNEMI: =ORTMEK#ORTBAKSUR; MUN[NBM]. DRTUS*DRTBAKSUF

GOTOXY(1+AB,3+11);
WRITE(NBM:2,‘:',BM[NBNJ:Z,’ ‘)3
it=eb+mainperiod-cw;

if availability > 0 then

costvecinbml:= costvec[nbm]/exp(1*ln(avaxlab111ty)),

END;
end;
ENDj
END; AB:=RB+7;
{23 - END; LOWVIDED; GOTOXY(35,2); wRITE(NBM),

FOR I:=2 TO 23 DOA A
BEGIN BOTOXY(37,1);WRITE(® '); END; HIGHVIDEOQ;
GOTOXY(38,2); '
: WRITE('Bakilahilecek Makina / Techizat. ')j;
. {sorting CostVec’
jump:=nbm;
WHILE jump>l do
Begin jump:=jump div 2j :
REFEAT alldaone:=true;
‘ for m:=1 to nbm-jump do
~ Begin ni=mtjump;
it costvec[m]\cnstvec[nl then

begin rtempi=costveclml; cu:tvaL[mJ.-costveL[n],,

costveclnls=rtenmp; temp.-bm[m] balml:=bmlnl;
bulnls=temp; temp:=meinlml; meinfwl:=meinlnl;

meinlinls=temp; teap:=aminlml; mminlel:i=maninlnl;

amninfnl:=temp; teapi=nuniml; munlmls;=munlnlj
munlnl:i=temp; alldone:=false



end
end
UNTIL alldone
‘end; NBH:=0j;TOPELSUR:=0;
TOPHEKSUR: =05 TOPUSSUR: =03 AB:=0511:=0;
-FOR I:=1 TO NBM DQ
{93 © BEBIN II.-II+1 IF 11>20 THEN BEGIN II:=0;AB:=AB+7} END,

: (TOPELSUR+MEIN[IJ)< (EN*NOR&HEEK)’
RD:=(TDPMEKSUR+MMIN[I])<=(HN*NDRKwEEK); '
TH:=(TOPUSSUR+MUNLCI1)<{=(UN*WORKWEEK) ;

. IF ND AND RD AND TH THEN
{10} ‘ "BEGIN NEH:=NBH+1;B0TOXY(38+AB,3+11);LOWVIDED;
: WRITE(NEH:2, : ' ,BMLI1:3); HIGHVIDED;
TOPELSUR:=TOPELSUR+MEINCI]; :
TOPMEKSUR: =TOPMEKSUR+MMINLII;
: L TOPUSSUR: =TOPUSSUR+MUNLIT;
{103 END; ' '
‘ END; gotoxy(71,2); lowvideo; write(nbh); highvideo;
BOTOXY(3,24);WRITE( 'Devan etmek icin bir tusa basin.’)j
while not(keypressed) do delay(100);
END; : ‘

procedure makinagor; ~'{MAKINALARI GORMEK / BAKIM ISLEMEK}
var sa,iScilik,percost,j,b,tl,mm:integer;s:string[lS];yno,ykul%array[l..SJ of
scs,ytipsstringlilyn,giren,cikan:ibyte;
dagruparca,ydkvar,yvarmi,bakim:boolean;
begin clrscrijgotoxy(3,23);
write(’ KAC NUMARALI MAKINAYI GORMEK ISTIYORSUNUZI ? > ")
intoku(53,23,3,5a);
_ WHILE sa in [1 .maxnuo{machlnes] do
begin clrscrjforml;
o yvarmi:=false; bakim1=false;gotoxy(1,1);
seek(machinefile,sa-1); ’
read(machinefile,machinerec);
WITH machinerec do
begin ‘

{32 gotoxy(l4,a);write(name); gotoxy(14,4);write{cadeno);
gotoxy(14,5);write(number); gotoxy(14,6)jurite(fazlal;
gotoxy(42,4)swrite({mainperiod);
gotoxy(42,5);write(revperiod);
gotoxy(63,6)jwrite(costpminlost);

FOR j:=1 to xa do
begin :

{4} gotoxy(6,10+j)surite(maindateljl);
gotoxy(11,10+j)swrite(maintypeljl:l);
gotoxy(13,10+j)juritelelektrikeiljl);
gotoxy(20,10+j)jwrite(mekanikciljl); -
gotany(26,10+j)juritelustaljlly
gotoxy(31,10+j);write(failuredar(jl);
gotoxy(36,10+j)surite(maintdurfjll);
gotoxy (40, 10+J),wrlte(fmmnlndur[J])'
for i:=1 to 5 do
begin if sparesusedl),il<>0 then

begin gotoxy(42+3%i,10+j);
- write(sparesused{j;i1:3);
end;
gend; gotoxy(63,10+j)juritelpcostljl);
gotoxy(71,10+j)jwrite(fcostljl);
{4} end; gotoxy(15,22); write(ortel);
gotoxy(20,22); writelortmek);

integer;



gotoxy(26,22); writefortus);
gotoxy(31,22)jwrite(ortdursur);
‘gotoxy(27,21);urite(topimak:6:0};
gotoxy(38,22); write(ortbaksur);
gotoxy(63,22); write(portcast);
gotoxy(71,22); write(fortcost);
gotoxy(45,3);writelavailability:b:4};
far i:=1 to 5 do. begin ykullil:=0j;ynolil:=0; end;
gotoxy(20,23); write(’ BAKIM ISLEMEK ISTER MISINIZ ? (E,*) > ‘)j
‘gotoxy(60,23); clreol, read(kbd,g), Write(g);
IF g in ['E’',"e’y "#'] THEN
begin .
{3} mza.-mza+1,
if mza»10 then mza:=l;
bakim:=true; b:=0;
intoku(§,10+mza,2,b); :
if b<»0 then maindatelmzal:=b; b:=0; scs:="";
gotoxy(11,10+mzal); read(scs);
if scs{>’'’ then maintype[mza]-=5cs; scsi=""}
intoku(14,10+mza,2,b);
if b<>0 then elektrikcilmzal:=b; b:=0j intoku(19,10+mza,2,b);
if b<>0 then mekanikcilmzal:=bjbs=0jintoku(25, 10+mza 2 b),
if b<>0 then ustalmzali=hj b:=0j;intoku(30, 10+mza 4 b),
if b<>0 then failuredur[mza]:=b, b:=0;
topimak:=topimak+failuredurimzal;
- gotoxy(29,21)jwrite(topimak:6:0);
' ava1lab111ty.-(60 0*ma1ndate[mza]*weekhour topimak)/ (40, O*maxndate[mza]*weekhour),
gotoxy(45,3)jwritetavailabilitysé:4);
intoku(3s, 10+mza 4.0);if b<>0 then maintdurimzali=b; b:=0;
intoku(40,10+mza,4,b);if b<>0 then fmmulndur[mza]:-b be=0;
i:=0; b.-lp
repeat vydkvar:=false; t1:=0; intoku(44+3%i,10+mza,3,tl1);
if t1<>0 then ‘
begin i:=i+l; ykullil:=maindatelmzal;
ynolili=tl; sparesused(mza,il:=tl;
yvarmis=true; ytipt=maintypelmzal;
end- ' -
“(t1=0) or (i=3) then ydkvarsi=true;
unt11 ydkvar- bi=saj
- {Slend;
'( 37 end; :
seek(mach:nef11e,sa 1); write(machinefile,machinarec); tl:=0;
if yvarmi then
begin for ji=1 to O do
begin if ynolJjl<r0 then
begin wem:=ynoljl-1; 5eek(ydkf1le mm); read(ydkfile,ydkrec);
with ydkrec do '
hegin dogruparca:=false;
(B’ if makno=b then dogruparca:=true;
if dogruparca then
begin .
Rzai=nza+tly »
if %2a>30 then hza:i=l;
tls=tl+ucost;
kullandatel(xzalrsykulljd;tiplnzal: —ytxp,
yokfazlai=ydkfazla-1;
if ydkfazla<=mnlvl THEN
begin gotoxy(3d,1)jlowvidec;



write( DIKKAT:
highvideo; write('siparis seviyesine'};
gotoxy(59,2); write('dusen Yedek Farcalar’);
gotoxy{73,2+]j); lowvideg;
write(ynumber:3); highvideo;
end
end \
cl:e begin gotoxy(l, 4), '
write( 'Bu . makinaya ait olmayan yedek(ler): ')
gotoxy(37+3%{j~1),24) ;write(ynoljls3);ynolils=U;

end;
end;  seek(ydkfile,un); write(ydkfile,ydkrec)j
endj ' '
end;
end; b.=0;
if bu im then i '
begin seek{machinefile,sa-1)§ read(machinefile,machinerec);

withn machinerec do v
begin {for j:=1 to § do
hegin bpnFEbUb:dfMZn,JJ-—yﬁO[J]‘ gotoxy(42+3%j,10+mzal;
if sparesusedinza,jl<>0 then writel{sparesusedlmza,jl:3); .
enil; ’
isciliki=(lalektrikcilnzal+vmekanikciluzal)*dicrustalazalsduc) div 14;
' percost: iscil1£*(malntdur[mza]f”*fmmaxnduerZuJ) div 10;
parcacostlimzali=tl;
emniyetlmzal:=costpminlost*failuredurlinzal;
if (maintypelmzal=‘a’) OR (maintypelwzal="A") then
© fcostlmzal:stl+percost+enniyetimzal;
if (maintypelmzal="p’) or (maintypelmzal=‘P’) then
peostimzali=tl+percost+emnniyetlnzal;
gotony{(63,10+mzal)sif pcostimzallsd then hrxte(pcust[mza]),
gotoxy(71,10+mza) if fcostimzal<’0 then writel(fcostlanzally bi=0;
-lntoku(76,10+mza,4 b)y if.b<20 Lhen
begin if pcostlmzal<>0 then pcostimzali=b;
if fcostimzald>0 then fcostlmzal: -b,
end; b:=0;
gotaoxy{3,23); clreol;
write('Bu satirda degisiklik yapacak misiniz? (E,%) 2 ')
read(kbd,g); wrlte\g), - ”
v if gin L'e’y B, "#'] then nza:=mza-1;
{9 end; seek(machinefile,ba 1}y write(machinetileymachinerec);
‘éend;  sasssatly gotoxydl,23); clrenl;
writelo(' KAC NUMARALI MAKINAYI GORMEK ISTIYORSUNUZ? > ')
write(’ (Bir sonraki icin <RETURN> i G=DUR- ) ");
‘ intokut(48,23,3,s5a); :

{2} end '
{1yend;
proc=dure'mé1inayaz, :

var sa,biinteger; s .:trxug[iﬂ], ns byte~
begin clrscrj gotory(l,17); ‘ ’
writeln(’ MAKINALARI BORMEK / anIm ISLEMEN  [CIN 1)

veitel HAKING KAKTLARINI ACWAK / DEGISTIRMER  1CIN 2 girin » ');
read (kbd,g); write(gl; ,

CASE g of
S 1imakinagar; -
*2'ibegin clrscrg gutu\y(x, 3);
write(' YAIMAKR ISTEDIGINIZ MAKIRA NUMARASINI GIRINIZ. » ‘)
intokul(31,23,3,sa); ‘



NHILE sa in Ll.-MunHUU+m chinesl dao
begin clrscr; farml; :eei(machxneflle sa-11} read(maghlnefxle machinerec);
WITH wachinerec do
begin gatoxy{14,3iswritelnane); guLU/y(14 4)‘Wr1t=(uodeno)-
gotoxy(14,5)juritelnumber); gotoxy (14,6} write(fazlal; ,
gotoxy (42,4 swrite(mainperiod); gatoxy(#E,S);write(revperiad);
gotoxy(63,6)jwrite(costpminlosti; s:="";
gotoxy(14,3); read(s);
if s £»'* then names=s; s:=""; bi=0;intonu{lsd,q,4
i7 b<:0 thnen codenoi=by be=0; n:=0jintoku{l4,6,4,b
if b<ro then fazlas=bj bi=0;
blank (42 2);90tox y(42,4),r94d(n)'
it a0 thun mainperiedi=n; n:=0;
blank{42,5,2)590tany(42,9); read(n);
it 020 then revperiodsi=n; ni=0jintoku(62,6,4,b);
it b<>0 then costpwinlosts=b; b:=0; '
gnd; seéek(machinefile,sa-1i; writelmachinefile,machinerec);
sas=satly gotoxy(1,23); )
writeln(’ YAIZMAK ISTEDIGINIZ MAKINA NUMARASINI GIRIN. » ‘)
arite(’ {Bir sonraki icin <RETURNY> ; {=DUR 1))y
intoku(49,22,3,5a);

10;
'3

end
end
end; ,
end; : .

{£f1 RT15.PAS)
{$] RT2.PAS}
{31 RT3.PAS)



rocedure agebal;
const e=0.1E~-1; _
var s byte ar,ttark,b,sr,ltateger; tamam:tucleany
parmal ,Tp Cf,Ct,landa,dhivad, hLLn,ln:um,ln,qrsum tyalteun,
d,k tp,dt I‘l;‘nl :
segQin gi='e’y
while g in ['e’,"E","#°1 do
begin ClrbLf,QOLDAy(J,A“) :
wrltelni'Bu secenek, herhangl bir yegelk parcanin ne kadar ')y
writelni’ . zamanda pir decistirilumesi gereht.gini BRErire. )
writeingwrite!(’ Yedek Furcanin dosys wuaarasinl girin. » ")y
pi=l; intokal46,13,3,b0);
seek{yditile,b-1); readlyohiile,ydkreci;
with ydkrec do

begin
n:=g; Insum::o;'lnsqrsun.—u,
for i:=% to ydika do
begin

i (tiplil='a’) o ACiplid="A") or (Liplil="p"i
ar {tiplil="P") then '
oegin ni=n+l; tfarki=kullandats [1]-kulldnd teli-13;
it tfark=0 then tfarki=1;
Insum:=lnsumtlniabs (tfarkd);
Insgreums=insgrsumrsgr {ln{abstefark) )}
&ﬂd;
SLEH ar:=maknag pdrnals ”C“Ltlﬂb,
dni;
it nz=2 thten
beginA .
Ste=a/legqrid.ld)={n-1));
ghead:ssqriiCes(lnsgrsun- be(lﬂSUm)/H))'
getas=l/dheady
~landa:=expinsan/n-0, u77*unrad)
if betarl then
begli gotexy{3,14);
writeln( " Shape Farameter " BETA = “,betai7:3)}
Writeln(® "14,°" Scale Parameter * TEVA = "ylanda:7:3);
clreul; kr=bela/exp(betax*ln{landall;
seek(machinefile,ar-1ij read{machinefile,machinerec);
‘with.machinerec do
begin
Cpi=parmal+(dicx{ortel+ortumek)+ducrortus) *orthaisur;
Lfi=Cp+costprinlost¥ortdursur*100;
gnd; if (Cp=CF) then Ct:i=Cp+0.0001;
t:=89; va:=0; tamam:=false;
REPEAT '
dt:=t/9; altsum:=05 var=va+l; lnsum:=dt}
for-i:=1 to & do
“begin
altsum:=altsumtesp(beta*lnllnsum) ) xdt+
gxpl-explbeta®lnilnsun/landal));
lonswni=lnsum+dty - ‘
eﬁd,
u.—(e"p(ln(t)*(beta 1)) ¥k#¥k* (CF-Cpl*altsum-CF)/
((t+k*exp(beta*ln{t)))«x(Ci-Cpl);
tpi=-in(abs(a))*exp(betakin(landal);
tpi=exp(lnlabs(tpl)/betal;
if (abs(tp-ti{e) or (va=23) then tamami=true;
C ti=zabs(tply gotoxy(70,23);write(t:B8:2);
UNTIL tamamj i¢=round(t); gotoxzy(69,23);



write(’' “:10); gotoxy(5,18); lowvideo; _
writeln('**,b:3,'" Nolu Yedek Parcanin’,’ “3123);
gotaxy(5,19);
S write('ONERILEN DEGISIM SURESI ',i:2," ( ",t:i7:3)4
writeln{’ ) HAFTADIR.'); highvideo;
write(' ‘:4,'Bunu Kabul Etmek Ister m151n1z? (E4%) > ")y
read(kbd,ch), wrlte(ch),
if ch in ['E",'e’,'%*") then
begin
seek (ydkfile,b~1)3; read(ydkfile,ydkrec);
ydkrec.reptimei=i;
s:ek(ydkflle b-1}3; wrxte(ydkflle,ydkrec),
end-
end;
if beta=1 then
begin gotoxy(S,14);
writeln('DABILIN ZAMANA GORE SABIT GOZUKUYOR');
write(' ':4,'PLANLI BAKIM UYGULAMAK VERIMLI DEGIL');
clreoly ‘ :
end;
if betad{l then
~begin gotoxy(3,14)3 ‘ o
writeln('DAGILIM ZAMANA GORE AZALAN BOZULMA IHTIMALI GOSTERIYOR');
write(’ ‘:4, PLANLI BAKIM YAFMAK VERIMLI DEGIL !’)jclrecl;
end; : :
gnd; '
it n<2 then
begin gotoxy(13,19); lowvideo;
write('YETERLI BILGI YOK'); highvideo;
end; .gotoxy(2,22); writeln(’'Baska bir yedek parcanin’)j
write(’ onerilen degisim suresini bulmak ister misiniz? ‘)i
write('(E,*) > ")3 vread(kbd,g); write(g);
end; :
end; '

FROCEDURE ORTBUL;

VAR J,1EB,EB:BYTE; TOPEL,TOPMEK,TOPUS,TAFBAK,toplamsure,
topelsur,topmeksur,topussur,fn,pn: INTEGER;
‘PTOPMAL ,FTOPMAL,TOPDUR,mtek,etek,utek,durreal :REAL;
costvec,bm,sure,mein,amin,mun:arraylRG] of integer;
BEGIN '
RESET(MACHINEFILE);
FOR I:={ TO MAXNOOFMACHINES DO
BEGIN SEEK(MACHINEFILE,I-1); READ(MACHINEFILE, MACHINEREC),
IF MACHINEREC. NAINDATE(1]<>0 THEN
BEGIN
WITH MACHIREREC DO
BEGIN o
IEB:=0; pn:=0; fn:=0;
FOR J:=1 TO XA DO ‘
BEGIN IF MAINDATE[JI<>0 THEN IEB:=dJ;
IF (MAINTYPECJI="A'} or (MAINTYPELJI="a")
THEN FN:=FN+1;
IF (MAINTYPELJ1='F'} ar (MAINTYPECJI='p")
THEN PHi=PN+l; -
END; if ieb<>0 then .-
begin
TOPEL: =03 TOPMEK:=0; TOPUS: =0;
TOPDUR:=0; TOPBAK:=0; PTOPMAL: =0; FTOPMAL:=0;
FOR J:=1 TO IEB DO



BEGIN TOFEL:=TOPEL+ELEKTRIKCILJI;
o : : TOPMEK: =TOPMEK+MEKANIKCICJ 1;
' TOPUS:=TORUS+USTALJI];
TOPBAK: =TOFBAK+MAINTDURLJ I+FMMAINDURLI;
PTOFMAL:=PTOPMAL+PCOSTLJI];
FTOPMAL:=FTOPMAL+FCOSTLJ];
END; topdur:=topimak;
if maindatel101<>0 then
begin topel:=topel+ortel;
topmek:=topmek+ortmek; topus:=topus+ortus;
topdur:=stopimak+ortdursur;
ptopmal:=ptopmal+portcosty pn.-pn+1,
ftopmal:=ftopmal+fortcost; fni=fn+l;
topbak:=topbak+ortbaksur; ieb:=ieb+1;
end; etek:=topel;mtek:=topmek; '
utek:=topus;jdurreal:=topbak;
"ORTEL:=round(etek/IEB); ORTMEK:=ROUND(mtek/IEB);
DRTUS: =ROUND(utek/IEB);
ORTDURSUR: =ROUND (TOFDUR/IEB)
ORTBAKSUR:=ROUND (durreal /IEB)
if pn<>0 then PORTCOST:=ROUND(PTOPMAL/FN);
if fn<>0 then FORTCOS5T:=ROUND(FTOPMAL/FN);
SEEK(MACHINEFILE,I-1);WRITE(MACHINEFILE, MACHINEREC),
end;
END;
END; '
END;
END;

procedure kodara;
var b,d,n:integer; ok,kontrol:boolean;
begin clrscrj thOXY(J,lb),
writeln('DOSYA NUMARASINI OGRENMEK ISTEDIGINIZ 13
write(' MAKINANIN KOD NUMARASINI GIRINIZ > ')
intoku(40,17,4,b); reset(machinefile);
n:=0; ok:=false; kontrol:=false;
REFEAT read({machinefile,machinerec);
if machinerec.codeno=b then :
begin :
ok:=true; d:=machinerec.number;
end; ni=n+lj
if n)=maxnoofmachines then
begin
oks=true; kontrol:=truej
end; :
UNTIL ok; clrscry
if not kontrol then
begin gotouy(3,16);
writeln(’KOD NUMARASI “yb,"" OLAN MAKINANIN');
write(” DOSYA NUMARASI ",d,’ "dir.")

end;
if kontrol then
begin gotory(3,16);

write('MEVCUT MAKINALAR ARASINDA "‘,b);
writeln{'"* KOD NUMARALI};
‘write(' BIR MAKINA BULUNAMADA..')
end;
end; -

procedure adaraj :
var s:stringl135]; dynsinteger;. ok,kontrol:boolean;



. begin.

end;

clrscri gotoxy(3,16);
writeln('DOSYA NUMARASINI OGRENMEK ISTEDIGINIZ “};

write{' MAKINANIN ADINI GIRINIZ > “y; blank(3(,17,13);

gotoxy(31,17)3 read(s); reset(machinefile);jn:=0;
ok:=false; kontroli=false;

REPEAT read (machinefile,machinerec);
it machinerec.name=s then
begin

oks=trues. d.—mach1nerec nuinber;

end; ni=n+lj

if no= maanofmach;nes then

begin oki=true; kontrol:=strue;

ends; ' :

UNTIL ok; clrscry

if not kontrol then

begin gotoxy(3,16);

' writeln('ADI "’',s,"" OLAN MAKINANIN);
write(' DOSYA NUMARASI ',d,‘ dir.")

v end; if kontrol then

begin gotoxy(3,14);

writelp( MEVCUT MAKINALAR ARASINDA "rysy " - ADINDAC

write(’ BIR MAKINA BULUNAMADI..
end;

procedure araj

begin

end;

end;

g:=‘e’;

WHILE g in ['e','E’y'*'] do
begin clrscrigotoxy(3,18);

'wrxteln( Dosya numarasini aradiginiz makinanin’)j
writeln(' ':12,'KOD NUMARASINI verecekseniz 1° )3
write(’ '221," ADINI verecekseniz 2 S girin > ");
read(kbd,ch); writelchl;

case ch of :

‘{*:kodara; -

‘2'sadara end; gotoxy(3,22);

writeln{ 'Baska bir makinanin dosya numarasina ‘);
write(' bakmak ister misiniz ? (E,*) > ‘)
read(kbd,g)jwrite(g); ’

procedure ydkkodaraj

var b,
begin

d,n:integer; ok,kontroliboolean;
clrscr, gotoxy(S 16),
writeln(’'DOSYA NUMARASINI OGRENMEK ISTEDIGINIZ');
write(’ YEDEK FARCANIN KOD NUMARASINI GIRINIZ > ')
intoku(45,17,4,b); reset(ydkfile); n:=0;
pk:=false; kontroli=false;
REPEAT read(ydkfile,ydkrec);
' if ydkrec.ycod=b then

begin oki=true; d.—ydkrec ynumsber;

end; n:=n+lj

if ny=naxnoofydk then

begin ok:s=true; kontrol:=true;

end;
UNTIL  ok; . . S
clrscrj if not kontroal then .

" begin gotoxy(3,156);

) s

writeln(‘KOD NUMARASI “"‘,b,'" OLAN YEDEK PARCANIN);



write(’ DOSYA NUMARASI ',d,’ dir.");
end; if kontrol then :
begin gotoxy(3,16);
write( 'MEVCUT YEDEK PARCALAR ARASINDA "',b);
writeln(" KOD NUMARALI');
write(’ BIR YEDEK FARCA BULUNAMADI. .
end;
-end; '

procedure ydkadara;
. var s;stringl133; d,n: 1nteger,,uk kontrol: baolean'
begin <clrscrj gotary(3,18);
writeln('DOSYA NUMARASINI OGRENMEK ISTEDIGINIZ');
write(' YEDEK PARCANIN ADINI GIRINIZ > ")
blank(36,17,15);00toxy(36,17); read(s); reset{ydkfilel;
n:=0; oks=false; kontrol:i=false;
REPEAT read(ydkfile,ydkrec);
if ydkrec.isim=s then
begin ok:=true; d:=ydkrec. ynumber,
end;ni=n+ly
if n) =maxnoofydk then
begin ok:=true; kentrol:=true;’
end; '
UNTIL okjclrscr;
if not kontrol then
begin gotoxy(3,16); N -
writelp('ADI "',s,'" - OLAN YEDEK PARCANIN');
write(' DODSYA NUMARASI *,d,’ ~dir.’)
~endj if kontrol then -
begin gotoxy(3,14);
write(’ MEVCUT YEDEK FARCALAR ARASINDA "y8)
writeln(*' ADINDA');
write(' BIR YEDEK PARCA BULUNAMADI..")
end;
endj

procedure ydkara,
begin . g:='e’
WHILE g 1n {'‘e’','E", "%’ 1 do
begin clrscr,gotoxy(S 18)-
writeln(’ Dosya numarasini aradiginiz YEDEK PARCANIN’ ),
writeln(* ‘112, KOD NUMARASINI verecekseniz 1°);
wfite("':Zl,'ADINI verecekseniz 2 girin > ');
read({kbd,ch); writel{ch);
case ch of
‘{'s1ydkkodara;
‘2'sydkadara end; gotoxy(3,22);
writeln('Baska bir yedek parcanin dosya numarasina ')j
write(' bakmak ister misiniz ? (E,*) > “)j
read(kbd,g)jwrite(g); '
- endj B
end; -

procedure masrafj .
var. ii:integer; stokparaireal;
begin clrser; .
reset (ydkfile); stokpara:-o,-
for ii:=1 to maxnonfydk do
begin
read (ydkfile,ydkrecl;



with ydkrec do stakparu:=stokpara+ydk+azia*ucust;
andy gutosy{i,lod;
weltelon( HALEN STOKRTA BEVCUTS ),
write ("YEDEK PARCALARIN DEGERI " ,stokpara/10:g:2);
wratel' binTL dxr.');
gatody (3;23)swrite (' Devan etwak icin bir tusa basiniz. )y
. while not{keypressed) do delay(l0G);
end; s ‘
procedure kaixisilaziag
const-yilcalsur= 1039
var tsumel,tsamnek, t:umub,yxldu:dur reals
iyelger,mekger,usgervinteger;
begin clrscr; resetlwachinefilely :
tsumel $=0; tsummek:=0; tsumus:=0;
for i:=1 to maxncofmachines-1 do
begin tread({machinefile,wachinerec);
if machinerec.codenod>0 then
begin with machinerec do

beg1n yildursurs=ortdursur=32/uainperiod;

: tsumel s=tsumel+yildursursortely
tsammek:=tsummek+yildursur#orinek;
tsumuss =tsuimus+yildursur*ortus;

. end;
end; ]

end; elgerz=round(0.11%tsunel/yilcalsurly
mekgars=round (0. ti+tsummek/yllcalsur);
ysgers=round (0. 1i=tsunus/yilcalsur);
clrscrigotoxy(S,7); lawvideo; .

write (CHEVCUT MAKIWALARIN PERIUDIK BAKINI ICIN )

write( GEREKLI PERSONEL :7)j highvideaoj gotoxy(23,11);
aritel’ CELERTRIKCI ¢ 'yelger)ihighvideojgotony(25,13);
writel® MEKANIKCT ¢ “ywmekger); gotoxy{23,13);
write("KALIFIYE ELEMAN : ‘,usger); goloxy(3,23);
writel 'Devam etmek icin bir tusa basiniz.’);
while not{keypressed) do delay{100);

end; : ’ :

FROGCEDURE LISTE(VAR XAFILE:MACHF;XXREC:HACHINE); VAR K,J:INTEGER;
BEGIN CLRSCR;CH:=0; , - :
WRITE( 'MEVCUT HAKINALARIN KGD VE DOSYA NUMARALARI: ')
RESET(XXFILE); FOR I:=i{ TO 5 0O ,
BEGIN FOR J:=1 70 20 DO BEGIN READ(XXFILE,XXREC);
WITH XXREC DU BEBIN  GOTOXY({+CW,1+J);
WRITE(CODENO:B, & ' ,NUIMBER:3); END;END;
CCWi=CW+1S; END; ‘ :
GOTOXY(14,23); .
WRITE ('DEVAN ETHEK ICIH HERHAMGI BIR TUSA BASINIL. )
READ (KBO,CHY; if ch='4' Lhen cai=0

1

END;

procedure ydhk{iarmng var itinteger;
beyin clrscrjgotoay{27,1);louvideo;
writeln('%%. YEBEK FARCANIN #¥°)}
highviden; wWritelng

rite’ ADI: . MIN.STOK: “)3
weiteln('SIPARIS MIKTARI: '
writal’ .. KObu: - . BIRIM: i

writeln(' = GELIS SURESI:')



write('DOSYA NOSU: . BIRIM FIAT(z10OTL): ‘)

writeln(' . MAKINA NOSU: ") |
writelal® ‘148, HEVCUT STOK:');
write(’ gelis gelis RS I
ariteln(’ kullanim kuilanim “);
write('Na tarihi miktari kimden-geldigi ');
writeln(’ tarihi sebebi ‘)i

writeln; for i:=! to xa do writeln(i:2);
gotoxy(1,20); write('Onerilen degisim suresi ¢');
end; '

. procedure ydklist(var gufilerydkfsnureciparcaly var k,jtinteger;’
- begin CLRSCR;CW:=0; ' _ : -
WRITE("MEVCUT YEDEK FARCALARIN KOD VE DOSYA NUMARALARI: ‘) j
RESET(XXFILE); »
FOR K:=1 TO 5 DO
BEGIN FOR I:=f TO S DO
BEGIN FOR J:=1 TG 20 DO
BEGIN  READ(XXFILE,XXREC);
WITH XXREC DO BEGIN BOTOXY (1+CW,1+d);
WRITE(YCOD:B,  : ',YNUMBER:3); END;
ENDjCW:=CUW+15;
END; GOTOXY(14,23);
WRITE('Devam etmek icin bir tusa basin. » “);
while not(keypressed) do delay(100); Chis=0;
. ENB; ' ,
gnd;



proucedure ydkbaslaj

var 1,ilsinteger; g:scharg

begin clrscrylowviden;gotory(5,4)3mwrite(’ D L K E AT “)jhighvideojgotosy(S,7);
write ('FROGRAMIN HAFIZASINDAKI BUTUN YEDEK FARCH ) jgotony(d,9);

write('BI

LGILERIND SILMEK UZERESINIZ... )}

REPEAT gotoxy(5,11); clrealy
write( ISTEDIGINIZ GERCEKTEN BU MU 7 (E /7 H) > *)j
read {hbd,g)swritelg); '

UNTIL g i
IF g in [

noLte’, BN, h, R
e, 'E'1 THEN

begin gutﬂxy(aU 19),wr1te( Lutfen Bekleyxnlz. )3 rewritelydkfile); is=1;

WHI

LE i<=maxnoofydk do

begin seek(ydkfile,i-1);

end;

WITH ydkrec do
begin isims=""; birim:="'; ynuaber:=i; ycodi=0jxza:=0;
ucost:=0; rorderq:=0; leadt:=0; ydkfazla.-o
anlvls=0; reptines=0; makno:=0;
for iis=1 to ydkxa dao
_begin kullandateliili=0; tipliils=" ';
end; ,
FOR ii:=1 to xa do
begin kimden[iil:i=""; geldate[11J'=0
gelmlk[11].—
end; wrlte(ydkfxle,ydkrec); end; i:=1+1;end; end;

procedure ydkyaz; var sa,j,biinteger; sistringl103jnibyte; makvariboolean;

begin clrscrjgotox

y(3,23);

write( 'KAC NUMARALI YEDEK FARCAYI YAIMAK ISTIVORSUNUZ? > ')j
intoku(53,23,3,sa);

WHILE sa in
begin clrs
WITH

begin

end;
seek(
gotox
write
write
‘  blank
end;

procedure ydkgor,

[1..maxn00{ydl] do
cryydkform; seek{ydkfile,sa- 1),read(ydkf1le,ydkrec)'
ydkrec do

gotoxy(12,3)surite(isim)jgotoxy(12,4)juritelycod);
gotoxy{12,3)juritelynumber) ;gotoxy(38,3)jwritelnnlv]);
gotoxy(3B,4)jwrite(birin);gotoxy(38,3);wuritelucost);
gotoxy(al,3)jwritelrorderg);gotoxy(bl,4);uritel{leadt);
gotoxy(61,5); writet(maknol; '
gotoxy(al,b)jwrite{ydkfazla);
gotoxy{27,20); if reptime<>0 then write(reptimel; s:i=""; bz=0; n
blank(12,3,10);g0toxy(12,3}} read(s); it s<>'' then isimi=sjs:='
intoku(12,4,4,b); if b<>0 then ycod:=bjb:=0;
blank(38,3,2);go0toxy(38,3); read(n); if n<>0 then mnlvli=n;ni=0;
blank(38,4,10);g0toxy(38,4); read(s); if s<>'' then birimt=s;s:=
intoku(38,5,4,b); if b<>0 then ucost:=b;b:=0;
blank(61,3,2)jg0toxy(61,3); read(n); if n<>0¢ then rorderq:=njn:=
blank(61,4,2);gotoxy(bl,4); read(n); if p<{>0 then leadt:i=n;n:=0;
intoku(el,5,3,b); if b<>0 then makno:=b; b:=0; . : '
intoku(bl,6,3,b); if b<>0 then ydkfazla.-b' b:=0;

{with ydkrec}
ydkfile,sa-1); write(ydkfile,ydkrec); sa:=sa+1;
y(3,23);
In ('KAC NUMARALI YEDEK PARCAYI YAIMAK: ISTIYORSUNUZ? > )
( (Bir sonraki icin <RETURN> ; O=dur )’ ); ’
(54,23,3);q0touy(34,23) jread(sa); end;

VAR sa,j,giren,cikan,b: 1nteger, 51 str1ng£10],scs.str1ng[1] nibyte;
begin clrscr gotony(3 23);

write( KAC

NUMARALI YEDEK PARCAY1 GORMEK ISTIYORSUNUZ? > ")



intoku(53,23,3,5al;
WHILE sa in [1..maxnoofydk] do
begin clrscriydkform; :eek(ydkfxle sa-11}; ruad(ydkflle ydkrec);
WITH ydkreL da
begin if (geldatel41=0) and (ydkfazla=0) then
begin giren:=05 cikan:=0;
for j:=1 to ydkxa do hegin if kullandate(ji<>0 then
cikani=cikan+l; end;
for ji=1 to 3 do giren:=giren+gelmikljl;
_ ydkfazlas=giren-cikanj :
end;
gotoxy(12,3);writelisia)jgatony(12,4);writelycod);
gotoxy(12,5)jwrite(ynunber);gotoxy(38,3)jwritelanlvl);
gaotoxy (38, 4),write(birim);gotoxy(38,5);write(ucost);
gotoxy(bi,S);write(rorderq);gntoxy(bl,4);write<leadt);
gotony(&1,5)swrite{makno) jgotoxy(al,b)jwrite(ydkfazlal;
gotoxy(27,20); if reptime<>0 then write(reptine);
FOR j:=1 to 10 do
begin gotoxy(8,9+j)swritel(geldateljls2);
gotoxy(18,9+j);writelgelmikl{jl:3};
gotoxy(28,9+j)swrite(kindenljl:i10);
gotoxy(49,9+j);uritelkullandatel jl:2);
gotoxy(6l, 9+J),wr1te(t1p[J] 1);
and;
if xza>10 then
begin gotoxy(3,23); :
write('Devam etmek icin bir tusa basin. 2');
while not(keypressed) do delay(100);gotoxy(1,10);
Cfor j:=11 to 20 do writeln(j:2,’ ':78);
for j:=11 to 20 do \
begin
gotoxy(49,j- 1),wr1te(iullanddte[J] 2);
gotoxy(6l,j~1)jwrite(tipljlail);
end; . '
and;
if %xzaX20 then
begxn gotoxy(5,23);
write( 'Devam etmek icin bir tusa basin. v )3
while not(keypressed) do delay(100);gotoxy(1,10);
for j:=21 to 30 do wr1teln(J 2,° ":176)
for j:=21 to 30 do
begin
gotaxy(49,j-11)jurite(kullandatel jl:2)
gotoxy(ul,; 11 jwrite(tipljdal);
‘end; A
end; gatuxy(1,22);
write(' BU YEDEK FARCAYA STOK BIRISI ');
writeln("YAPMAK ICIN 1 ")
write('PROGRAMSIZ MALZEME KULLANISI ISLEMEK ICIN®);
write(® 2 girin.> ') clreoly
read (kbd,g); writelg); bi=0; si=""3 scei=""}
CASE g of
1':begin gotoxy(1,10);
FOR j:=1 to 10 do
begin : ,
write(j:2,’ ':5,geldate[jl:2,‘_':8,geimik1j]:3);
writeln(® ":7,kimdenljle10," ':41);b:=05 -
‘end} , .
for . j:=1 to 10 do -
begin intoka(97,9+j,2,b)4
if b20 thcn geldate[JJ.—b b.-O



intoku(20,9+j,3,b);
if b<Y0 then -
begin gelmikljl:=b; N
ydkfazla.-ydnfazla+b;
end; bs=0; s:1=""3
gatoxy (18,9+j)swrite(gelmikljl: 3, 13
blank(28,9+j,10)j3qo0toxy(28, 9+J)'read(5);
if s>’ then kimdenljli=s; s:
gotory{28, 9+J),wr1te(k1mden[11 10, ‘)3
end; endj ~
‘2':begin gotaﬂy(l 10) x;a.-Azd+l,
if xza’>30 then wzas=1;
if xza<=10 then
begin for j:=1 to 10 do )
begin write(j:2,° '-u,gEldath[JJ 2, "18);
' write(gelmiklijl:3," ":7, kxmden[JJ 10}
write(’ ':ll,kullandate[jJ:Z,'l':10);
writeln(tipljlet,” "sl1);
end; bi=0;
1utuku(40 9+xza,b,b),
if 68420 then
kullandatelxzal:=hj b:=0;
blank(bl,9+nza,l)jgotony(61;9+xza); read({scs);
! ©if secs<>’’ then tiplxzali=scs; scsi="";
ydkfazlar=ydkfazla=-1j
end;
if (xza>10) and (xza<=20) then
begin for j:i=11 tp 20 do-
begin write(j:2," ‘:46,kullandateljl:2,’ ‘110);
writeln(tipljlsl,” “s11)3bi=0; -
end; intoku(50,xza-1,2,b);
if b<>0 then kullundate[xva].-
:=0; blank(6l,xza-1,1); gotnxy(bl,xza-l);
read(scs);if scs<>"' then tiplxzali=scs} scsi="";
- ydkfazlas=ydkfazla-1;
end;
if (xza>20) and (xza<=30) then
begin far j:=21 to 30 do
begin write(j:2,’ 46 kullandate[JJ 2, "110);
writelaltipljl:l, .1{) b:=0;
end;  intoku(30,xza-11,2,b)} _
if b<>0 then. kullundate[xza].— be=0; '
blank{é6tl,xza-11, L),gotoxy(bl Xza~ 11); read{scsl;
if scsd{y'' then tiplrzal:i=scsy scei=""; '
ydkfazlas=ydkfazla-1;
end;
end {case: 2}
end {casel
end; {with ydkrec} .
seek (ydkfile,sa-1); write(ydkfile,ydlrec), gotony(l,;;);
clreol; gotoxy(l, LK),CIFEQI gotory(3,23)}; sai=sa+tl;
writeln('GORMEK ISTEDIGINIZI YEDEK PARCA Nosunu GIRIN. > ')j
write(’ (Bir sonraki icin (RETURN> ; 0=DUR )°);
intoku(50,2%,3,5a);
ehd;
end;
procedure rapor; w
var mes,normesai,fzmnesal, fxmnk,lmak bakismal,yparmal,faismal,

1mukm=1 fimakinalireal; jrinteger;



procedure hardcopy; :
begin writeln(lst,’ ‘:29," BAKIW MUHENDISLIGI'); j:=0j;
WRITEC(LST,  ‘:24,CW-VA+1:2,'.. ',CH:2, . HAFTALAR DURUM ");
WRITELNC(LST, 'RAPORU ) WRITELN(lst);

WRITE(LST,"’ Normal Mesai’," “:39);
WRITELN{(LST,va*weekhour* (ep+man+un) 3’ csaat )y
write(lst,’ Makina Bakimlarina Harcanan Normal ‘)j
writeln(lst, 'Mesai’,* ’:11,normesai/60:8:2, " saat’);
WRITE(LSBT, Makina EBakimlarina Harcanan Fazla ‘)i
CWRITELN(LST, 'Mesai’,’ ":11,FIMESA1/60:8:2,' saat’);
writellst,’ Aylak Sure {(Diger leere harcanan ‘)
ertE(lbt, mesai) 1110y :

if (Va*w=ekhour*(en+mn+un)—norme531/60)>0 then
Wwriteln(lst, va*weekhour*(en+mn+un)-normesa:/60 g:2,' saat’)

else wr1teln(lst,3 8, saat ')}
WRITE(LST,”’ 4 Toplam Imalat Aksamasi',‘ ‘129
WRITELN(LST,(IMAK+FIMAK)/60:8:2,' saat’)j -
write(lst,” Perindik Bakimlardan Delayi Imalat ')j
writeln{lst, 'Aksamasi‘,’ ':8,imak/60:8:2,' saat’);
WRITE(LST,’ Arizi Bakimlardan Dolayi Imalat "1~

WRITELN(LST, 'Aksamasi’,’ ‘':11,FIMAK/60:8:2," saat’);
WRITELN(lst);

writellst,’ % ¥ *¥ BRZy X% ')
writeln(lst,’  ** *¥ #%)ywriteln(lst);
write(lst,"’ Makina Bakimlarina Harcanan Normal ');
writeln(lst, 'Mesai Maliyeti ‘,bakismal/10:8:2,' binTL");
WRITE(LBT,” Makina Bakimlarina Harcanan Fazla Mesai’')}j
WRITELN(LET, " Maliyeti ‘yfmismal/10:8:2," binTL");
write(lst,’ ~ Bakima Harcanan Toplam Iscilik Maliyeti’);
writeln(lst,' ‘:12,(bakismal+fmismal)/10:8:2," binTL");

WRITELLST, " Degisen Yedek Parcalarin Maliyeti')j
WRITELN(LST,' ‘:18,YPARMAL/10:8:2," binTL");

writeflst,’ TOPLAM DIREKT GIDERLER'," ":29);

- writeln(lst,(yparmal+bakismal+fmismal)/10:8:2," binTL )}
WRITE(LST,"’ Periodik Bakimlardan Aksayan. Imalatin ');
WRITELN(LST, ‘Maliyeti',’ ':5,IMAKMAL/10:8:2," binTL'};
write{lst,"’ - Arizi Bakimlardan Aksayan Imalatin ‘)3

writeln{lst, Maliyeti',’ ':8,fimakmal/10:8:2,"° binTL"'};

WRITELN(1st) jWRITELN(lst); ‘

WRITE (LSBT, TOPLAM MALIYET s.vevssvnnnns ')
_ NRITE(LST, e assastseataas ‘13 '
wrlte(lst,(yparmul+bak1sma1+fm1sma1+1makma1+f1mnkma1)/10 B.‘),

writeln{lst,’ binTL');

writeln(]st,' ';55,':::::::;:::::::::’);
" end; '

begin clrscr; va:=1; reset(machinefile); gotoxy(20,3);

write(' KAC HAFTALIK RAPOR ISTIYORSUNUZ ? 70y

intoxu(58,3,2,va);

while not (va in [1..321) do

begin gotoxy(30,20); write(’ Lutfen tekrdr girin [1.521 )3
intokul58,3,2,va);

end; '

gotoxy(20,3);

Write(’ KACINCI HAFTAYA KADAR RAPOR ISTIYORSUNUZ ? » ');

intoku(b6,3,2,cn}; _

while not (cw in [1 .521) do

begin gotoxy(30,20); writeU'Latfen tekrar girin [1.321 “);
intoku(6b,5,2,cul;

end;



clrscry gotoxy(30,1); lowvideo;
write(' BAKIM MUHENDISLIBI '); gotoxy(235, 2)

write{ " ' ,cw-va+1:2,'.. ,cwe2,"'" vHAFTALAR DURUM RAPORU "}

highvideo; gotouy(l, 4),_

write('Normal Mesai’ 147, Vd*weekhour*(en+mn+un).5)'
writeln(' saat'); :

normesai:=0; fzmesai:=0; inak:= ; fimak:=0; bakismal:=0;
yparmal:=0; fmismal:=0; imakmal:=0; fimakmal:=
for i:=1 to maxnoofmachines do
begin read{machinefile,machinerec);
if machinerec.maindatel11>0 then
begin with machinerec do
begin for j:=1 to #a do
begin _
if (maindateljldcw-va) and (maindataljl<=cw) then
begin /
normeSui.—narme:ai+naintdur[j]*(elektrikci[j]+
mekanikciljl+ustaljl);
fzmesais= fzmus=1+fmmaxndu:[J]*(elektrlkC1[JJ+
mekdnxhc1[11+usta[J]), v
if (maintypeljl=‘p') or (maintypeljl='F’) then
begin imak:=imak+failuredur(jld;
imakmal:=imakmal+failuredurljl*costpminlost;
endy; if {maintypeljl="a’) or
(maintypeljI="A") then
begin fimak:=fimak+failuredurl[jl;
- finakmal:=finakmal+failuredurljl*costpminlast;
“endj .yparmals=yparmal+parcacostljl;
bakismal:=bakismal+maintdur[jl#
{((elektrikciljl+mekanikciljl)#dic+ustaljl*duc);
fnismali=fmismal+famaindurljl+
{{elektrikciljl+mekanikciljl)*dic+tustaljl#duc);
end; end; end; end;
end gotoxy(l,u), ji=0; '
write(' Mak1na RBakimlarina Harcanan Normal Mesai’);
writeln(’ ‘:19,nornesai/60:8:2, saat’);
write(‘Makina Baklmlurlna Harc anan Fazla Mesai’);
writeln(' *:19,fzmesai/b60:8:2,' saat’ly
write( Aylak Sure (Diger islere harcanan mesai) ',  ":19);
if (va*weekhour*{ern+mn+un)~normesai/b60) 20 then
writeln(vaxweekhour#*(en+mn+un)-normesai/b0:8:2,’ saat’)
else writeln(j:8," saat’ )-
write{'Toplam Imalal Aksamasi’ 137}
writeln((imak+fimak)/60:8:2,' saat )y
write('Feriodik Bakimlardan Dolayi Imalat Aksamasi');
writeln(' ‘slb,imak/60:8:2," saat’);
write('Arizi Bakxmlardan Dolayi Imalat Ak:am351 13
~ writeln(’ ":119,finak/60: B.., saat’)jwriteln;
write(’ 23 * % CxE % * % %% R
Cowriteln(’ ¥ #%'); writelny o
write( Makina Bakimlarina Harcanan Normal Mesai ‘)i
Writeln('Maliyeti’,’ ":10,bakisnal/10:8:2," binTL');
write('Makina Bakimlarina Harcanan Fazla Mesai °)j
writeln( ‘Maliyeti’," “t1!,fnismal/10:8:2,° binTL'); "
write('Bakima Harcanan Toplawm Iscilik Maliyeti’
writeln(' ':20,(bakismal+fmismal)/10:8:2," binTL');
arite( Degisen Yedek Parcafariﬂ{ﬂaliyetif); ‘
writeln(" ‘:12é6,yparmal/10:8:2," binTL");
write{'TOPLAM DIREKT GIDERLER','" “:37); ‘
writeln((yparmal+bakismal+fmismal)/10:8:2,‘ binTL ")



end;

write{'Periodik Bakimlérdan Aksayan Imalatin ')

writeln{'Maliyeti',” ":13,imakmnal/10:8:2," binTL");
write('Arizi Bakimlardan Aksayan Imalatin Maliyeti')j
Writeln(’ ":1b&,fimakmal/1038:2," binTL'};
writelnjwriteln; )

Write ("TOPLAM HALIYET .. ve.vnsnnnenansaanasas 'y’ 320}
write{(yparmal+bakismal+fmismal+imakmal+fimakmal)/10:8:2);
cwriteln(’ binTL

write(’ ‘¢58, s=s==s=z=z=z==s=z=z=sz==z3'); gotoxy(3,24);
write( ' Dokum Almak Ister misiniz 7 (E) > ")jreadikbd,gl;
write{gl; if g in ['e’,'E’'1 then hardcaopy;



procedure ydksiparisj
var sasbsinteger; ydkA,ydkC,ydkt,ydk@,ydkD,ydkrereal;
- begin ch:=
WHILE ch in C'E‘,"e","*"] do
begin clrscr;
write{'Bu secenek bir Yedek Parcanin optxmal siparis '}
wrieln('miktari ve optimal minimum’);
write('stok miktarini onerir. Yedek Parca Nosunu girin. > "};
intoku(52,2,3,5a); ydkC:=0; ydkt:=0;
if sa in [1 .maxnoufydk] then
beg1n
seek (ydkfile,sa-1);read(ydkfile, ydkrec);
WITH ydkrec do ‘
begin while reptime=0 do
~begin gotoxy{1,3); b:=0;
write('Bu Yedek Parca Icin 0ner1len Degisim ');
write('Zamapini Girin. > °)j
‘ 1ntoku(u6 5,2,b); reptimer=b;
end;
gotoxy(1,7); ydkA:=0; ydkC:=ucost*100;
Wwrite('Bir Siparis Vermenin Sabit ")j
write('Maliyetini Giriniz. > ")
realoku(30,7,8,ydkA); gotoxy(1,8)3
write( ASAGIDAKILER GECERLI ISE <RETURN> ,DEGIL};
writeln(’ ISE DOGRU DEGERLERI BIRINIZ.')
writeln(’ - Birim Maliyet (TL) @ *,ydkC:7:0);
ydkC:=0; . :
writeln{('Siparis ~ Gelis suresi (hafta).: ',leadt);
realoku(41,9,8,ydkC);
if ydkC<>0 then ucost'=round(ydkC/100),
realoku(d41,10,8,ydkt);
if ydkt{>0 then IEddt.-round(ydkt),
ydkD:=532/reptime;
yde.-sqrt(”*ydkA*yde/(h1*ucost*100)),
if ydk@=0 then ydk@:=1;
- ydkri=leadt*ydkD- yde*trunc(leadt*ydPD/yde).
gotoxy(1,13);
writeln('" ‘,sa,’ " Nolu Yedek Parcanin.:’)j
write(‘Optimal Siparis Miktari “);
‘writeln{round{ydk2)," blrlm)'
write(' Minimum Stok Mxktarx *,roundlydkr));
writeln(' ‘,birim,’ olarak bulundu.’);
Wwrite(’Bu Degerleri Kabul Etmek Ister misiniz.');
write( ' (E,%} > ')
‘read(kbd,g), write(g); if g in ['E’,'e’,"*'] then
begin
rorderq:-round(ydk@), mn1v1.~raund(ydkr),
end;
end; SEEk(YdeIlE sa~1); write(ydkfile,ydkrac);
4 end, gotoxy{(3,20);.
write('BASKA BIR YEDEK PARCA ICIN CALISACAK MISINIZ?® ),
write(' (E,*%) > ') read(kbd,ch); write(ch); '
end; '
.end; '
procedure perludbul,
. var sa,enkucuk:integer;
begin chi="e’j o
WHILE ch. in [e','E',"¥"] do B
begin clrscrj gotoxy(1,3);
writeln('Bu secenek bir makinanin optimal bakim periodunun’ ),



‘writeln(‘kac hafta olmasi gerektigini onerir.')jwriteln;
writeln; write(’' BAKIM PERIODUNU BULMAK ISTEDIGINIZ ‘)j
write (' MAKINA Nosunu BIRIN. > ');
1ntoku(60 7,3,5a)3
if sa in [1 .maxnoofmachxnes] then
‘hegin
reset(machinefile); reset(ydkfilel; enkucuk.-lUO
FOR i:=1 to maxnoofydk do
begin seek({ydkfile,i-1); rEad(ydkfxle,ydkrec),
' if sa=ydkrec.makno then
begin if ydkrec.reptime=0 then agebul;
seeklydkfile,i-1); read(ydkfile,ydkrec);
if ydkrec.reptime{enkucuk then
enkucuk:=ydkrec.reptime;
end;
‘end; gotoxy(1,10); :
write(sa,’' Nolu mdL1nan1n onerilen bakinm per10du ‘)3
writeln{enkucuk,’ hattadir.’);
write(’'Bunu bakim periodu alarak kabul etwek ister ‘)i
writel'misiniz? (E,*) > ")y
read(kbd,g); write(g); if g in ['E","e’,'*"1 then
begin seek(machinefile,sa-1);
read(machinefile,machinerec);
machinerec.mainperiod:=enkucuk;
seek (machinefile,sa~1);
. wrlte(machxnefxle machinerec);
end;
end; gotoxy(I,ZO); write(’'Baska bir makinanin bakim.')j
write( 'periodunu bulmak ister misiniz? (E,#) > '};
rEud(kbd sch)y writelchl;

end;.

end;

procedure yedekgor, var Sd,J,b integer; ss,s: strlng[lul,

begin
repeat

clrsery gotoxy(1,13); writeln;

writeln(° 0> DOSYADAKI YEDEK FARCA BILGILERINI SILMEK')
writeln('1> YEDEK PARCALARI GORMEK/ISLEMEK ")

writeln('2>

- writeln('3> ONERILEN DEGISIM SURESINI BULMAK ICIN®)j
writeln('4> SIPARIS MIKTARI ve MINIMUM STOK SEVIYESINI BULMAK');
‘writeln('3> DOSYA/KOD NoLARINI GORMEK')j

writeln('6> YEDEK PARCA KARTLARINI YAIMAK');

writeln{'7>

writeln('8> ANA MENUYE DONMEK'); writeln(’ 5 '};

read({kbd,ch}j writel{ch)s
while not (ch in ['0",.'8'1) do
begin gotoxy(4,23);clreol;
read{kbd,ch); write(chl;
end;
CASE ch of
"0*:BEGIN CLRSCR;GOTOXY(3,22);
WRITE('BU SECENEGI KULLANABILMEK ICIN SIFREYI ');
_ WRITE('GIRMELISINIZ ' *); READ(KBD,CH); wr:te(CH)-‘
IF CH IN [°2:,'z2'1 THEN YDKBASLA;
END;
‘sydkgor;
'2'iydkaray
‘3'ragebuly -
‘4’ ;ydksiparis;

el

ADI/KODU BILINEN YEDEK PARCANIN DDSYA NUMARASINI BULMAK');

STOKTA MEVCUT YEDEK PARCALARIN PARASAL DEGERINI BULMAK');



‘31ydklist(ydkfile,ydkrec);
"6 1ydkyazy
'7'tmasraf
end
untll cth ='8"
end;
procedure baslaj
‘var jyigiistintegerjgichary
BEGIN CLRSCR;LOWVIDED;
GOTUXY(Q,4) WRITE(" D' ITKKAT ');
HIGHVIDED;GOTAOXY{S5,7); v
WRITE(" PRObRAMIN HAFIZASINDAKI BUTUN MAKINA BILGILERINI ")
GOTOXY(S,9)sWRITE('SILMEK UZERESINIZ... )
REPEAT GOTOXY(5,11);CLREOL; .
NRITE(‘ISTEDIGINIZ GERCEKTEN BU MU 2 (E /7 H) > ')y
READ(KBD,G); WRITE(G);
UNTIL 6 IN L'E',"@",'H'y'h"'1;
, IF G IN [‘e',"E'] THEN '
begin gotoxy(50,20); write('Lutfen Bekleylnlz ")y
rewrite(machinefilel); 1:=1; g
while i<{=maxnoofmachines do
begin seek{machinefile,i-1);
with wmachinerec do
begin name:=''; codeno:=0jnumber:=ijcostpminlost:=0;
mainperiod:=0jrevperind:=0; mza:=0; fazla:=0;
for iis=1 to xa do ’ :
begin maindateliil:=0jmaintypeliil:=" “jemniyetl(1il:i={;
elektrikciliili=0Osmekanikciliils=0; '
parcacost(iil:=0; :
ustaliil:=0sfailuredurfiild:=0; maintdurfiil:=0;
{mmalndurtxll =0; fco:t[xx].-o prostliili=0;
for j:=1 to 5 do sparesusedlii,jl:=0;
end; fortcast:=0; availability:=0jtopimak:=
ortusi=Q;ortdursur:=0;orteli=0; oftnck =03
ortbaksur:=0; w:z;e(mauhlneflle machinerec);
end; li=i+l;
end; '
end;
ERD;

procedure sabitdegistirg
begin clrscrigotoxy(3,31;
writeln('BU SECENER FROGRANM ICIfUEKI SABIT SAYILARIN');
write(' DEGERLERINI DEGISTIRAEK ICIN KULLANILIR. "1

gotoxy(S?,Bf;write('&ski yeni ‘)3 gotoxy(d,19); ‘
writeln(‘AYNI KALMASINI ISTEDISINIZ DEGERLER ICIN <RETURNS ')
wrlte{’ EGISTIRMER [STEDIKLERINIZ ICIN DOGRU DEGERLERY GIRIN');
SCEP(:nultTllE,dl, rend\bqutfxle ,Sabitraciiwith sabitrec do
begin gotoay (3,9

writelaol HAFTALIK CALISNH SURESI (dakxka):',workweek:ﬁ);

writeln{® TOFPLAW USTA ELEMAN BAYISI auniSh;

writeln{’ TOFLANM ELEKTRIKCL SAYISI yeni Sl

writeln{' TOFPLAN KEKANIKCI SAYISI Py Sl

ariteln{’ DAKIKALIK I15CI UCRETI (pet TL) ¢ ,dicid);
writeln (' DAKIKALIK USTA UCRETI (net TL) &' ,duc:id);
writeln(' HAFTALIK CALISHA SAARTI] P yweekhours )
P1=0; iotoku(43,9,4,1005 1 POYY then sabitler(ids=i; 13205
workweehs=sabitlerlld; gotuny{4§,9); write(workweek:Sig



intoku(43,10,4,i33 if 1420 then sabitler(2]:=i; 1:=0;
uni=gabitlerl?21; gotody(d43,10)jwuritelunsd);
intoku(43,11,4,i)5-1F 1<30 then sabitler[31:=i; 1:=0;
enst=sabitler{3];  gotoxy(43,1D) uritelen:d);
intokul43,12,4,1)5 if 1420 then sabitlerf4li=i; i:=0;
mni=sabitler[41; gotoxy(43,12)zwritelun:d)g

intoku(d43,13,4,i13 if i<20 then sabitlerlSl:i=i; i:=0;
gics=sabitleri3]; gobtoxy (42,13 ;writeldiced);
intoku(43,14,4,i); if 1470 then sabitlerléli=i; i:=0;

duci=sabitlerisl; yotoxyl42,14)3hritelductdl;
intoku(43,19,4,1); if i<»0 then sabitlerl7le=1; 1:=(
weekhaurs=sabitler[71; gotosy(33,15);write(weekhoursyi)y

endjseexisabitfile,0)y writelsabitfileysabitrec);

gatoxy {1l 19)suwritelnjuriteln;

aritelnt’ Devam etmek icin bir tusa basin » "}

while not(keypressed) do celay(100); ‘

- : :

FROCEDURE ANAMENU; VAR B INTEGER;
BEGIN CLRSCRj;LOWVIDED;GOTOXY(16,2);
WRITE(' ETKILESIML]Y BAKIM FLANLAMASI PROGRARI ")
GOTOXY(28,5);WRITE( " SECENEKLER ") ;HIGHVIDEO;
GOTOXY(20,7)3WRITE('S> PROGRAM SHBITLERINI DEGISTIRNWE )3
GOTOXY(20,B)sWRITE( 0> YENI BASTAN BASLAMA');
BOTOXRY(20,9);WRITE( 1> BARILACAK HAKINALARI SAFTAMA");
GOTOXY(20,10) ;WRITE( 2> ALI/KODY BILINEN MAKINALARIN'D;
CGOTOXY (20,11 s WRITEL” DOSYA NUMARASINI BULMAK )4
GOTAXY(20,12); B
WRITE( 3> ORTALAMA BAKIN SURESI,PERSONEL IHTIYACL VE')3
GOTOXY(2U,13);URITEC! MALIYET HESABI YENILEME');
GOTOXY{20,14);WRITEC 4> YEDEK PARCA STUKLARINI GOURHE');
BOTOXY (20,150 wthE( 5> MAKINA LISTESINI GORME ) ;
GOTOXY(2G,146) s WRITE( &Y MAKINALART / BAKIMLARI ISLEKE };
GOTOXY(20,17) NRITE(‘?) BAKIMN PERIDDU SAPTANA');
GOTOXY(20,18);WRITE( B> BAKINM FAALIYETLERI RAPORU ALMA');
GGTOXY (20, 1?), : '
WRITE('9> PERIODIK BAKIW FALIVETI PERSONEL HESABI
GOTOXY(20,20) ;WRITE( U> FROGRAMDAN CIKIS'); -
REFEAT GO1OXY(19 +22) ; CLRECOL; LU#VIDED
WRITE('> ") HIGHVIDED;
BOTOXY(22,22);
READ(KBD,G); wRITE(G);
UNTIL 6 IN [0 .79 ,'0"y'q",'8",'s']3
" CASE G OF
Co. Qs BEGIN GOTGXY(Z,22)3
WRITE('BU SECENEGI KULLANABILMEK ICIN SIFREYI GIRMELISINIZ.
READ(KBL,CH): write(CH);
‘ IF CH IN [°Z°,°2'] THEN BASLA;
END; ’
1 sWACSEC;
‘S sSABITDEBISTIR;
"5 :BABITDEGISTIR,
‘7 sFPERIODEUL;
I ORTBULS
4 s YEDEKGOR;
‘8 :RAFOR,
b
9
S

U MARINAYRL

21 ARAY

s KACKISILALIN;
“LLISTE (MACHIHEFILE,MACHINEREC)



END
END;

BEGIN {Frogram Makina}
' clrscrjgotosy(23,8);
writeln( -=~===toee-n S )
writeln(' 125, BAKIM FPLANLAMASI PROGRAMI);
writeln(' 124, -==-r-moom e "1;
gotoxy (28,13 jwriteln ("BOGAZICT UNIVERSITESI);
writeln(* “:27,'ENDUSTRI HUHENDISLISI'); '
writeln(® “:24, Bolumu'); ,
writelnjuwritet' *:29,'VER 1.0 MAYIS 1989°');
ASSIBN(MACHINEFILE, "B MAKINALREK'); :
{($1-) RESET(MACHINEFILE) (3I+}; ASSIGN(YDKFILE, ‘B:YEDEK.PAR');
{$I- REBET(YDKFILE) {$I+»; ARSSIGN(sabitfile, Biprog.sab’'};

2
‘42
}

t¥1-7 reset(sabitfile) ($1+}; ortbuly . v
seek(sabitfile,0); read(sabitfile,sabitrac);with sabitrec do
begin

workweeki=sabitlerli)junt=sabitlerl2];

en:=sabitlerf3l;nns=sabitlerfdd;

dici=sabitler{3); duci=sabitlerléljweekhouri=sabitlerl71;
arid; )
REFEAT

ANAMENU

UNTIL B in C°0',°q"'1;
CLOSE(MACHINEFILE); CLOSE(YDRFILEY; closelsabitiilel;
END. :



APPENDIX D

COMPUTER OUTPUTS FOR THE SELECTED FACTORY
REFLECTING MONTHLY MAINTENANCE REPORTS
DURING A SIX MONTH STUDY



BAKIM MUHENDISLIGI
t.. 4. HAFTALAR DURUM RaAPORU

Normal Mesai

~ Makina Bakimlarina Harcanan Normal Mesai
Makina Fakimlarina Harcanan Fazla Mesai
Aylak Sure (Diger islere harcanan mesai)
Toplam Imalat Aksamasi

Periodik Bakiwlardan Dolayi Imalat Aksamasi
Arizi Bakimlardan Dolayi Imalat Aksamasi

¥k k¥ T 3 ** k% k¥

Makina Bakimlarina Harcanan Normal Mesai Maliyeti
Makina Bakimlarina Harcanan Fazla Mesal mql1yet1
Bakima Harcanan Toplam Iscilik Maliyeti

Degisen Yedek Parcalarin Maliyeti

TOPLAM DIREKT GIDERLER

Periodik Bakimlardan Aksayan Imalatin Maliyeti

" Arizi Bakimlardan Aksayan Imalatin Maliyeti

TOPLAM MALIYET llllllllll.lll!l;lll.-lllll-lll.

© BAKIM  MUHENDISLIGI
.. 8. HAFTALAR DURUM RAPORU

Normal Mesai

Makina Bakimlarina Harcanan Normal Mesai
Makina Bakimlarina Harcanan Fazla Mesal
Aylak Bure (Diger islere harcanan mesai)
Toplan Imalat Aksamasi

“Periodik Bakimlardan Dolayi Imalat Aksamasi
Arizi Bakimlardan Dolayi Imalat Aksamasi

* % ** K2 2N * % *% *# * %

Makina Bakimlarina Harcanan Normal Mesai Maliyeti

. Makina Bakimlarina Harcanan Fazla Mesai Maliyeti .

-Bakima Harcanan Toplam Iscilik Maliyeti
Degisen Yedek Farcalarin Maliyeti

TOPLAM DIREKT GIDERLER

Periodik Bakimlardan Aksayan Imalatin Ma;lyet1
Arizi Bakimlardan Aksayan Imalatin Maliyeti

TOPLAM  MALIYET v v envonssanneensussonsesnness

3240

20,
8.
3219.
11,
4.

7

* %

1363,
574,
19239,
18t.
2120,
660,
25334,

9314,

92
00
08
47
00

.47

0Q
00
00
60
60
0a
00

60

saat
saat
saat
saat
saat
saat
saatl

binTL
binTL

.binTL

binTL
binTL
binTL
binTL

B T

3240

30.
0,
3209.
12,
6.

b.

* %

1976.
0,
19764,
51.
2028.
880.
1637.

4545,

73
00
27
93
17
77

80
00
80
80
60
00
00

60

saat
saat
saat
saat

5aat

saat
saat

binTL
binTL
binTL
binTL
binTL
binTL
binTL



" BAKIM MUHENDISLIGI
9..12. HAFTALAR DURUM RAPORU

Normal Mesai o

Makina Bakimlarina Harcanan Normal ffesai
Makina Bakimlarina Harcanan Fazla Hesai
Aylak Sure (Diger islere harcanan mesai)
Toplam Imalat Aksamasi

Periodik Bakimlardan Dolayi Imalat Aksamasi
Arizi Bakimlardan Dolayi Imalat Aksamasi

%% % ¥ X% *% %% %4

Makina Bakimlarina Harcanan Normal Mesai Maliyeti
Makina Bakimlarina Harcanan Fazla Mesai Maliyeti
Bakima Harcanan Toplam Iscilik Maliyeti

Degisen Yedek Parcalarin Maliyeti

TOFLAM DIREKT GIDERLER

Periodik Bakimlardan Aksayan Imalatin Maliyeti

- Arizi Bakimlardan Aksayan Imalatin Maliyaeti

TOFLAM  MALIYET 4uvusssnsesssnnnsnnssnnnnnnnns

BAKIM MUHENDISLIGI
13..16. HAFTALAR DURUM RAFORU

Normal Mesai

Makina Bakimlarina Harcanan Normal Mesai
Makina Bakimlarina Harcanan Fazla Mesai
Aylak Bure (Diger islere harcanan mesai)
Toplam -Imalat Aksamasi . . y
Periodik Bakimlardan Dolayi Imalat Aksamasi
Arizi Bakimlardan Dolayi Imalat: fksamasi

L * ¥ ¥ £ * % ** - %% .

Makina Bakimlarina Harcanan Normal Mesai Maliyeti
Makina Bakimlarina Harcanan Fazla Mesai Maliyeti
Bakima Harcanan Toplam Iscilik Maliyeti

Degisen Yedek Parcalarin Maliyeti

TOPLAM DIREKT GIDERLER

Periadik Bakialardan Aksayan Imalatin Maliyeti
Arizl Bakimlardan Aksayan Imalaltin Maliyeti

CTOFLAM  MALIYET vesenesnrsnsenesnesnserneentos

3240
34,43
13.47

3205.97
14.0%

2.37
i1.68

X %

2325.20

964.00
3309.20

279.30
3588.50
1444.00
2267.50

7300.00

3240
15.92
0.83
3224.08
7.62

SI 10

2.52
*¥

1046.20
50.00
1096, 20
53.50
1149.70
902,06

saat
saat
saat
saat
saat
saat

saat

binTL
binTL
binTL
bhinTL
binTL
binTL
binTL

saat
saat
saat
saat
gaat
saat
saat

binTL
binTL
binTL
binTL
binTL
binTL
binTL

K==



BAKIM  MUHENDISLIGI
17..20, HAFTALAR DURUM RAPORU

Normal Mesai : “
Makina Bakiwlarina Harcanan Normal Hesal
fakina Bakiwlarinag Harcanan Fezla Mesal
Aylek Sure (Diger islere harcanan mesail)
Toplam Iwalat fAksamasi ,
Feriodik EBakiwlargan Dolayi lwalat Aksawasi
Arizi Bakimlardan Dolayl Iwalel Aksciasi

®& ¥4 T ® % ok i % * &

Makina Bakimlarina Harcanen Fazla Mesal
Bawiwa Harcaenan Toplam lscilik dMeliyeti
Degisen Yedek Farcelerin NMaliyetld

TOGRLAM DIREKT GIDERLER »
Feriodik Bakimlardan Aksayan Ianalatin Maliyeti
fArizi Bakimlardan Ahsayan Imelatin daliyeti

TOFLAM  MALIYET e ennssesevnannnsseeerenanans

Normal Hesal

Makina Bakimlarina Hdrcanan Koarmal Mesal
Hakina Bakimlarina Harcanan Fazla Hesal
Aylak Sure (Diger islere harcanan mesall .
Toplaw Imalat Aksamasi o
Feriodik Bakiwlardan Dolayi Imalal Aksamasi
Arizi Bakiwmlardan Dulay1l laalat Aksamaesi

®4 ik ¥ ¥ ®% w5 % A
yuetld

1
Hakina Bakimiaring Harcanan Fazla Mesar daliyeli
Bahiwa Harcanan Toplam Iscilik Maliyeti

Fakina Bakislarina Harcaivan woramal Mesal fal

Deyisen Veden Farcalarin ialiyeli

TGFLAM DIREKT GIDERLER :
Feriodik bakinlardan fArsaydo lwelatin Meliyetbl
Arivi Baklaiardan Aksayen Iwalatin Maliyetdl

TOPLAH  HOLITET v v s v enaassnssmnnerannnssanes

3240
35,98
15,33

3204, 02
13,65

5,85
7.G0

* &

2572.890

1128.00

3700.60

155,10
I865.70
Y545, 00
2160, 00

6331.70

3240
27.28
6,27
I2iz.72
15,63
1,72
11.52

* k

1947.506
S7&.40
2374, 24

YG.av
2574.89
I0%,309
308G, 00

U
oo
6 D L e
o e

v
B

sdal
saat
Sdal

binTL
binTL
binTL
binTL
binTL
binTL
binTL

saat
saal
saatl
saat
saat
saat
saat

_DinTL

buinfL
biaTl
binil
binTL
binTi
pinTL

winTL



APPENDIX E

GRAPHICAL REPRESENTATIONS OF MAINTENANCE COSTS
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