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ABSTRACT

This thesis describes the use of heuristics and cost models based on the
queveing theory to determine elfective crew size [or maintenance operations, The
model was applied to mechanical maintenance workshop, Federal University of
Technology, Akure, due to the fact that it has characteristics of external maintenance
system. A computer software in ';{QEﬂSIE” was developed to solve the model. The
results obrained from this approach showed that, the use of heuristics generated
elfective crew size of one (a seven-man crew), while that of maintenance cost model
was two, given a difference of 50%. Also by using deterministic cost model 1.5 secs.
was used to process the results, while the time used to p;ucess the results in
stochastic cost model depends on maximum simulation time MCT , but for heuristic
it was just 0.5 second, The results revealed the advantage of using heuristic over
complex equations of maintenance cost models. Therefore, to achieve higher
response rate, the jobshop should operate on two crews. Although, management
can decide to operate on one crew (as prescribed by heuristic) if other maintenance
strategic decisions are in her favour than any other jobshops in the environment.

Finally, the results generated by both deterministic and stochastic cose madels

showed that both are equally likely to describe the maintenance jobshop under

study,
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NOMENCLATURE

1 Cost of using a crew size per day

C

C,  Cost of waiting of job per day

A Rate of reporting maintenance job

m Rate of departure of job

Ls  Number of jobs in the system

Lq  MNumber of jobs in the queue

Ps  Degree of utilization of service facilivies (Utilization facror)

Popno Probability of no customer (job) in the system
Number of maintenance crew size

TC  Average total maintenance cost per day

Ws  Waiting time of job in the system

Wq Waiting time of job in the queue

Wq* Acceptable response rate

Repair time for the nth failure

V(1) Maintenance backlog at time 1

W(t) Repair backlog at time t

é Time berween failure

(] Threshold value

S Service time

A~ Arnval time

S5 Mean service nume

2, £, Observed frequency of service nme and arrival time distributions
respecrively,
n, T, Expected (theoretical) frequency of both service time and arrival

time distributions respectively,

x? Chi - square
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CHAPTER ONE

1.0 INTRODUCTION
I.I  STRATEGIC DECISIONS IN MAINTENANCE JOBSHOPS

There are many definitions atiributed to maintenance in literatures, but the
one from British Standard Institution (1974) defined maintenance generally as the
set of “actions” carried out to retain facilities in use, (preventive maintenance), or
restore them back to “acceptable” condition, (corrective maintenance) [3]. A
centre where these maintenance actions or activities are carried out on public
facilities is known as a “maintenance jobshop™.

The maintenance jobshop is open to every customer in the environment
who wishes to repair or maintain their facilities without restriction. A
maintenance engineer who has established or has intention of establishing a
maintenance jobshop for public use must put into consideration other competitors.
Therefore, management must ensure that maintenance activities are monitored,
evaluated and reviewed from time to time, so that problem areas are identified and
appropriate solutions are applied so that the essence of establishing such a
maintenance jobshop will not be in jeopardy.

In view of this, a model can be developed to diagnose the problem areas in
order to improve the effectiveness of the system. There are myriad of problems
‘associated with maintenance jobshop. These problems depend on how effective
maintenance management is. Effective maintenance management requires a great

deal of data, a huge volume of paper work and records etc; if these are properly



simulated, it can lead to the simplification and streamlining of maintenance
activities [10].

The strategic decisions of maintenance management which can generate

minor and major problems are given below [1].

i Service demand forecast;

. Crew size determination;

lii.  Tools and Equipment planning;

iv.  Spare parts planning;

v, Maintenance operation planning;

Vi Evaluation techniques adopted by the management,

These problem areas need to be diagnosed for efTective operations of the
maintenance jobshop. Figure 1.1 shows the interrelationships between these
strategic decisions.

Problems of lack of effective maintenance are evidenced both in developed
and developing worlds, Butl concerted efforts put up in solving these problems in
the former 15 better than the latter. A United Kingdom Government Report
published in 1970 { Department of Industry’s Report in Maintenance Engineering
HMSO, London, 1970} showed that British Manufacturing Industry wasted
colossal sums of money each vear because of ineffective and badly organised

maintenance [17].
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Also, in developing countries, slow pace of maintenance improvement has
caused a lot of havoc to industrial development which have direct adverse effect
on our economy. Everyday, new machinery are imported as a result of lack of
proper maintenance for old machinery. When such items are no longer available
abroad (due to technological development or otherwise), it signifies the end to
industries here  still depending on such items.

What is an effective maintenance crew”! An effective maintenance crew
consists of a team of technical personnel fully competent to inspect, diagnose,
maintain, test, and certify a maintenance requisition. Determination of crew size
in a maintenance system which will generate a higher response rate (that is, a
lower waiting time) is known as “effective crew size determination™. For the
purpose of this study, "model for crew size determination in maintenance

operations™ will be developed.

1.2 SIGNIFICANCE OF CREW SIZE DETERMINATION
Crew size for maintenance operations must be determined for effective
utilization of maimntenance machinery and to achieve higher response rate. [f
maintenance crew is underestimated the following problems may arise:
1. Waiting time for the repairs and maintenance will be higher. Customers
will be running away from the system (reneging).
i1, Maintenance jobs will be higher — queue will be too long.
1, Loss in mantenance output.

Iy Excess overtime — Maintenance crew will be overworked/overused,

€=



v, Frequent emergency maintenance work in the jobshop,

vi.  Problem of inventory control of spare paris.

1.3  IMPORTANCE OF THE STUDY

The study shows that negligence on the part of management to install a
well organised maintenance system will affect the maintenance organisational
objective of increasing customer’s patronage. [t helps also to determine the
effective crew size that will cope with teaming customers reporting one repair job
or other.

In summaryv, effective crew size determination will enable the maintenance
management 1o monitor how well the maintenance jobshop is using resources

allocated to the system,

l.4 ORIECTIVE OF STUDY

The main aim of this study is 1o develop a model for determining the
effective crew size for a maintenance jobshop.

The study is carried out using Queneing model, Queuemg model 1s a
versatile operations research tool for solving a myriad of maintenance problems.
The results obtained using heuristic and one obtained using the complex form of
queueing model are compared to determine how efficient the heuristic is. Time of
the computation (using computer) are also compared to show how easy the

practitioner can apply the heuristic 1o maintenance crew size determination.

Ln



CHAPTER TWO

20 LITERATURE REVIEW

2.1  REVIEW OF CURRENT WORKS IN MAINTENANCE PLANNING
Determination of organisational performance has been receiving

considerable attention of some researchers over the last couple of decades [22].

The maintenance workshop performance is a function of the following criteria

[15]:

I Efficiency, a measure of “how right” things are working;

i Effectiveness, a measure of actual outpur against planned output, i.e. are
you accomplishing the “right™ things:

. Productivity, the ratio of output to mpul;

iv. Profitability, the ratio of sales revenue 1o the cost incurred:

v, Chuality, conformity to specification;

Vi, Cruality of work life, a measure of effective responsiveness of human
beings to work in and living in an orgamsational system;

vii.  Innovation, defined as the development and use of method of technology,
Effectiveness of various strategic decisions {Section 1.1} in many
maintenance organisations 15 being viewed as an important lactor that
deserves evaluation.

Etfectiveness of crew size in maintenance operations had been recerving
attention in the past vears. Raymond in Higgins and Marrow [ 10] developed an

approach that is particularly well adapted to the study and improvement of

L



maintenance performance. The objective of this approach is to minimise the
operation time with a reasonable number of operators. The tool used for this
purpose was “the multiple-activity process chart”. Raymond broke the operation
time into three:

(i) Make ready time;
(ii) Do time; and jk

T
- F
Ny | i

S

(iti)  Put away time.

The operation time in the system can be reduced by introduction of another
helper to the operator. This will increase machine utilization and operator
effectiveness. He gave the following definitions:

(i} Machine utilization - Machine time
Total operation time

Man-time
Total operation time

(i)  Operation effectiveness

The consequence of introducing another operator was the reduction in
waiting time of the customers.
Also in Lindley [14], Lester described behaviours ol the mainlenance
group {crew) which may have influence on the response rate of the customers,.
These are:
1 Some members of the group may be too lazy, hence, longer repair time;
i.i There will be influence of an individual in the group. This is known as
“group dynamies™;
ii One of the members of the group may not be competent enough o perform

the job thus leading to delays in maintenance activities;



v

Group effectiveness takes precedence over an individual,

He also described the behaviours of the maintenance management that may

influence the effectiveness of the maintenance group. These are:

ii.

1ii.

iv.

Keeping in mind the relationship of individual to its work group;
Individuals should not be embarrassed or expected to perform

contrary to the group’s norms;

Management should respect their collective power to be able to achieve
high response rate;

Management should work with them to solve a problem instead of trying
to force them to change a direction that seems to satisfy their collective
needs;

They should acknowledge the presence of influential leaders in every
oroup, This may be done by virtue of age, experience know-how ete, If
all the above points are achieved, the group will work effectively, hence
leading to reduction in waiting time of the customers.

However, queaeing model which is a modern industrial engineering

quantitative tool could be used to diagnose the problems of the maintenance

operations.

Takacs [25] developed a queueing model on the busy period of single-

server queus with Poisson input and general service time, In his model. he

determined the following probabilitices:

The length of a busy period (< x)

The maximum queue size during the busy period in the maintenance

co



jubshop (= k).

. The maximum virtual waiting time during the busy period (= ¥).

He gave the following mathematical methods for determining the

probabilities,

For initial conditions:

P(x, kfi)

Gix, v/c)

Pix, k/i)

(1)

vit)

POz=xand Z(t) =k for 0 sk < &/Z [o] =1 |
forxz0and0<i <k IR A R Y 3 |
and

PB<xandy(t)syforQ st<8yy(0)=¢]
forxz0and 0 <c=<y i beppoc o o) Bl L
Probability that the initial busy period has a length < x
and the maximum queue size during the initial busy
period is < k, given that the initial queue size is i; and
Gix, yic), the probability that the initial busy period
has length < X and the maximum virtual waiting time
during the initial busy period is < y, given that the
initial occupation time of the server is c.

the queue size at time {, number of customer in the
system at time L.

the virtual waiting time at time t, that is, the time that
i customer has to wait if he arrives at time t,

arrival time



I = service lime,
A and p are independent,

L o]=0,y (0)=0, then 8= 0 for initial conditions.

If8,=0, then Z(o) =1L i=0

ylol=c,cz0

Then the probabilities for any other busy period:

PRocir=pia ki) seomsiissasinsseisiininisaeaG 2.3
i.e. the probability that the length of any busy period other than the initial one is <
¥ and the maximum virtual waiting time during busy period is < v, 15 given by:

y

Gy = JG OV AH(E) e 2.4

L]

H (¢} = distribution function of the service time and is independent of the
arrival time.

Also Shaw [21] developed a model on busy period control of gueves
based on walting times at arrivals. In his work, he assumed that manpower
can be shifted between repair and maintenance assignments in order to
reduce the waiting time of the customers in the queues which will result to
higher response rate. In the simplest case, he considered one repairman
and one maintenance man with the latter assignable to help the former
when the repair backlog (customer waiting time) becomes substantial. The
objective is to minimise the mean time o complete all repairs, subject to a
penalty for the time the maintenance man 1s shifted away from his main

duties, He represented the results of his model by Figure 2.1 shown below,
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& = time between filure

T, = repair time for the nth failure

Wity = the repair backlog at time t

A - rate at which failure occur (Poisson process)

i = rate at which repairs are carried out {independently and

identically distributed)

v(il) = maintenance backlog that is due for repair work

3] = threshold value

The maintenance man shift is made at the first failure time, t; when the
f:r:icklug 15 sufficiently big, i.e. the first time that w (1) = w; = 8 (threshold value).
If w(t;) = 8 at some future failure time, the maintenance man 1s shifted back.
Several shifts in both directions are possible during one repair episode (repair
busy period). This model assumed that the necessary repair time can be
diagnosed immediately when a failure occurs.

The wil) curve falls with a steeper slope when both men are repairing. A
small 8 results, in a corresponding small repair duration T. Inversely, the
maintenance backlog v(t) will be large. The idea is to choose 8 to minimise the
maintenance and repair time to reduce maintenance cost, Assumption made in the
maodel was that one man is as productive as two men and they cooperate in

serving a single remaining customer.



Furthermore, Richard [19] developed a queue model on manpower
planning with uncertainty requirement. The demand for effective manpower is
determined by the state of a finite Markov chain. According to him there are
delays in training of effective manpower which is an input to the training process;
thus it is not always available to meet demand. He presents an operational
method for calculating optimal accession policies. This calculation can in tumn be
used to find the equilibrium operating rules for measuring the impact of alternate
assumptions, continuation rates, manpower utilization policies, demand levels,
and transition probabilities in the demand process. The model formulation of the
flow of manpower, demand and supply of effective manpower, control objective,
the optimal accession policy and cost performance trade-offs were given in the
works of Richard [ 19]

Moreover, Priel [17] has written authoritatively on mainlenance
organisation particularly on maintenance ratios. The ratios are useful for effective
maintenance planning, Out of these ratios those associated with maintenance
manpower planning are given below:

1. Manpower efficiency = total man-hour allowed
Total man-hour worked on same job;

ii. Incentive coverage = Man-hour on bonus
Total direct hours available;

iii. Craft utilization = total craft hours clocked
total crall hours clocked;

vi.  Work done turnover = number of jobs completed
total number of jobs handled;

Y, Cost maintenance hours = total maintenance cost
total direct maintenance hours.

13



Olorunniwo [16] also gave the maintenance performance measure

concerming manpower similar to the ene given above. The performance

concerning planning and scheduling is also given as;

il

v,

Actual backlog (crew-week ) =  hours of maintenance on open order
weekly maintenance Crew hours;

Completion delays (job-weeks) = Job-weeks of delays
number of jobs handled:

Overtime ratio = total overtime hours
total maintenance hours;

total maintenance direct
total direct production hours

Maintenance productivity ratio

number of equipment per equipment
maintenance man availability

The model developed n hiteratures are either stochastic or determimistic,

A deterministic model has the following delects:

i1

bii.

It does not represent the system as a whole;

Cannot account for time change effect in the effective measurement;

All the “cause and effect” relationships among different components of the
model are not accounted for at all imes |24

While stochastic models discussed in hiteratures solved the problems

associated with deterministic model, the disadvantages of stochastic models are:

they have complex mathematical relationships which can be solved
effectively only by the use of computer system;
As a result of (i), they cannot be used easily by any layman for effective

maintenance evaluation ol a jobshop.

4



Most of the models developed in literatures are applicable only to internal
maintenance system in which maintenance department is part of the production
system. A model which can be applied to an external maintenance system is
discussed in this thesis. The model which can be used to solve the problem of
Crew size in maintenance operations has the following advantages over those

discussed in literatures:

i The model is versatile and practical;
1. The computer software has been developed for the model to achieve rapid
solution;

iil. It can be used to access the maintenance crew size effectiveness of any
maintenance jobshop:

v, It can cope with down to earth problem of effective maintenance in the
developed and developing countries;

V. It imitates the behaviour of the real system as closely as possible;

vi. it has more applicability on external maintenance jobshop.

22 QUEQUEING MODEL FOR CREW S51ZE DETERMINATION IN
MAINTENANCE JOBSHOPS

The queneing model is one of versatile operations research tools for
determining and measuring the level of effectiveness of maintenance jobshops.
Many studies on mantenance planning have modelled the maintenance problem
as a single queveing system | 1] For maintenance jobshops, the objectives of this

study is are to;



L. Know how long a customer wailed before being served - that is, the cost of
delaying service;

ii. Enow the effect of crew size on the maintenance jobshop performance;

ii.  Know the percentage of time the service facility {crew size) is not used
(idle time) - that is, the degree of utilization of maintenance crew,

iv.  Minimise the cost of maintenance crew subject to a satisfactory response
rale. The response rate can be defined in terms of the average waiting time
for a maintenance job.

For a single queue with Poisson armival of jobs and exponential service
times with a First-in First-out (FIFO) service discipline, the following expressions

and equations hold for a one-gang crew |1

1. Mean arrival rate of jobs A per unil time

1i. Mean service rate of jobs = U per unit time

iii.  Lhilization factor = P=L/u

v, The probability of n jobs being in the system P{n)=P" {1-/)

V. The average number of jobs in queue Lg = A - X)=AWq

vi.  The average waiting time for a job in the queue Wq = P/ p-4)

vii.  The average number of jobs in the system {number 1n the queue + number
being served J=L=AW=Lg+A/p

vili. The average time in the system (job waiting time + service time})
Ws=Wgq+ 1/p.

The gueveing model can also take the form of multi-channel model



leading to a complex equations which can be solved easily using appropriate
computer software [13]. Under the sa:;e conditions for the single-channel model
given above, the following equations can be written for multi-channel queueing
model in parallel [20].

Py = probability that all channels are idle.

Appendix 5 [20] shows different values of P, corresponding to various
ratios of Akp:

Where,

k = 8 = number of channels.

=1 [A) (B
81| u sp=iil B cenasase sipmss 25

Where,
Ps = Probability that all channels are simultaneously busy (utilisation
factor),

Ls=¢" Ap(Apuy Po w + AR

(S—1)! (S - :LFJ .............................. 2.6
[.s = mean number of jobs in the system .
Lg=Ls-A/p A R T
Lg = mean number of jobs in the queue
e I T A — 2B
Ws = mean tme of waiting of jobs in the system
Wa=Lagh e 2.9
Wq = mean time of waiting of jobs in queue

It = service rale per channel
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Wq = mean time of waiting of jobs in queue
| = service rate per channel
A = Arrival rate of jobs,
In summary, the following options are possible for effective layout of the
maintenance jobshop operations:
{1} Single channel
(it)  Single channel in series
(iii)  Multi-channel in parallel.

These options are shown in Figure 2.2

12
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Jobs in Departure
queus of jobs
b. Single C
Service facility
{ Type 1, No. 1)
|
lobs in Queue
Department of Jobs
service facility
(Type 1, No. 2)
C. Double Channel, in parallel
Fig 2.2 Physical Layouts of the Maintenance Jobshop
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CHAFPTER THREE

30 MODEL FORMULATION
31 QUEUEING MODEL FORMULATION

Model for crew size determination in maintenance jobshop is formulated
from queueing theory. The jobs reported for maintenance are on the waiting-line
(Queue), waiting for service while the maintenance crew(s) is/are to render
service(s).

If the number of maintenance crew 1% increased there will be increase in
labour cost. This in turn will result in achievement of a higher response rate (i.e. a
lower wailing time in the queue). The increase in crew size can lead to the use of
complex equations applicable for multi-channel queues which can not be solved
easily by maintenance practitioners [13]. 1t can be solved by resorting to
simulation or judgmental decision,

For a comprehensive solution. the single channel equation can be
effectively applied for crew size determination by the application of the heuristics
stated below.

32 MODEL DEVELOPMENT

3.2.1 DETERMINATION OF THE ARRIVAL RATE (1) AND SERVICE
RATE (p) FOR A SINGLE-CHANNEL QUEUE

In determuining A nnd p the following should be noted:

L. Kendal MMM /oo/FIFO gueneing model notation should be used. This



I

i,

v,

MNote:

3.2.2.

notation means infinite queue, infinite source, single server (a maintenance
crew) model with first-in first-out queue discipline [8].

No room for LIFO (Last-in first-out), random selection (serving
randomly), priority selection (given some customers precedence over
others). Priority selection may be preemptive (interrupting the service of a
given customer by another customer of higher priority) and non preemptive
(service rendered to a customer cannot be interrupted unless the level of
priority of the next customers 15 considered).

A occurs completely at random at a certain average rate i.e. Poisson
distribution,

i also follows an expoenential distribution but at a constant average rate.
The chi-square goodness of fit test can also be used to test whether the
parameters are in random distribution.

A = i to prevent the queue from building up, otherwise queueing model 15
not valid. (Stochastic cost model developed in section 4.2.6 solves this
problem).

}\.

LAMBDA = Average Arnival rate of the jobs

ML = Average service rate;

g =
Il

RESPONSE RATE Wq* ACCEPTABLE

Response rate Wq* acceptable to the potential customers can be

established by calculating the average of the acceplable response rates for the

various maintenance activities. This can be achieved by conducting

21



questionnaires and interviews among the maintenance jobshop customers,
Actually, for minor repairs, the customers would like to get their jobs within a day

but for major repairs not later than a week.

3.2.3 EXPECTED WAITING TIME FOR A JOB Wq

This can be known from the analysis of the data collected when studying a
maintenance system. It gives the actual waiting time in the queue before being
served.

The average waiting time of a job Wq can be calculated {rom mathematical
relation.

Wq = Pip-2)

Where, ' = degree of utilization of service facilities or utilization factor

= A,

The expected waiting time {Wyq) should be reasonable enough to prevent:

L. reneging — leaving of the customers in the queue as a result of high waiting
time;
Ii. balking — unwillingness of customers to make their jobs join the gueue

because of too many jobs on the queue waiting for maintenance;

. jockeying - jumping the queue in order to reduce waiting time of the jobs.

3.24 COMPARING Wqg* AND Wy

Computed waiting time in queue Wq 18 compared with acceptable response

rate Wq* of the customers:
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if Wq = Wyq*, operating with a single maintenance crew (gang) is
acceptable;
i Wq > Wq*, the number of the maintenance crew that would work
effectively under such condition can be obtained by finding the value of
Wq/Wq* 1o the nearest higher integer,

Fig. 3.1 shows the flow pattern for maintenance crew size

determination using heuristics.



Read LAB, MU, WQ*

QUEUEING MODEL
NOT VALID

UTILIZATION FACTOR:
P=LAB/MU

I

EXPECTED WAITING
TIME W IN THE QUEUE:
WQ = P/ (MU-LAB)

NUMBER OF UNIT
JOB IN THE SYSTEM:
L = LAB. WQ + LABMU

!

NUMBER OF MAINTENANCE
CREW REQUIRED:
5 = INT.{WQ/W(Q*+ 1)

Y
WRITE P, 85, WQ,
WO+ L

F1G. 3.1: FLOW CHART FOR MAINTENANCE CREW SIZE
DETERMINATION USING HEURISTICS




325 MINIMISATION OF TOTAL COST OF MAINTENANCE (SINGLE
CHANNEL)

Total maintenance cost is the sum of the cost of using maintenance crew(s)
and the cost of waiting of job(s) in the queue [23].
Total maintenance cost is expressed as

TC(S) = 5C, + C,L{(S) R

ata given S = Number of maintenance crew
C; = Average cost of using a maintenance crew per unit time
Uy = Average cost of wailing of a job in the system per unit time

L{5) = expected number of jobs in the system at a given S,

since 5 15 diserete, differentiation is not applicable in this case. To
minimise the total cost, computation based on the minimum value of the given
function can be used [23]. Once there will be only one job for service at any time,
single channel system can still be applied for additional crew(s) | 20}
From the expected number of jobs in the system for a single channel gueue

L =ANp-4) e R R R R
I the number of the crew is increased by one then the service rate in the system is
doubled (under the assumption that both are working at the same rate).

Therefore, 5 = Ly = H

& = A s =dp

For single channel in series. similarly,



L1) = A (5

3

L{2) = A =2

L(3) = A (5 =13)

L{n) = A =)
npL - A

Therefore, total cost of waiting of job in the system is given by:

Cal(n) = Ca (Mnp- 1) (8 =0) veeiressresreass 3.3
Total cost of using crew size is given by:
Oy = n(C, {8 = n) R

Total maintenance cost TC(S)

TC (S) = SCy + G L(8) (8 =1,2, )

TC(5) = SC + Ca L(8) (8 = L2
and

L{8S) = A (8= 1,2....n)

Therefore, combining equations 3.1 and 3.2

OBy =08C + Cu(MBp -1} (8= 12 ...0)u uhnnn 3.5

The minimum total maintenance cost can be known graphically (see Fig.
3.3) by tracing the optimum number of crew size to the wotal cost curve [23], This
gives the minimum cost that will generate higher response rate. Cost of using

maintenance crew () consists of crew salary/bonuses/allowances and cost of



tools and building. Cost of waiting of a job (C,) can be obtained from the cost of
hiring such an item or cost generated by using such an item in a unit time of
waiting [24]. Flow chart for the calculation of total maintenance cost is given in

Figure 3.2 while the maintenance costs curve is in Figure 3.3.
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Read LAB, MU, WQ*

Mo QUEUEING MODEL
NOT YALID

CALCULATE:
L =LAB/{MU - LAB)

v

INITIAL CONDITION
5 =4

-

S=5+1
:

FOR S=ITON "

=

IL(S} LAB / (S*MU - LAB}

COST OF WAITING
V(5 = G L(S)
!

COST OF CREW SIZE
H(3) = 5L,
!

TOTAL MTCE. COST
TCS) = HiS) + VIi5)

Mo

WRITE 5, H{8), V{5), TC(5)

FIG. 3.2: FLOW CHART FOR MAINTENANCE CREW SIZE DETERMINATION
USING COST MODEL (IN SERIES) (DETERMINISTIC APPROACH)
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Fig. 3.3,

Typical Maintenance Cost Curve.

Adapted [rom [23)

= Cost of using crew size (s)

Cost of wailing at a given crew size
- Total maintenance cost 4L a given crew size
= Minimm total mamtenance cost

= I [Tective crew sive corresponds 1o minimum cost,



3.2.6 MULTI-CHANNEL COST MODEL

Multi-channel cost model can also be used for the basis of comparison to
be able to determine cost effective layout of the system if the optimum crew size
(from 3.2.5) is greater than one,

Minimum maintenance cost for the multi-channel system can be computed
by substituting the optimum crew size obtamed from single-channel cost model 1o
the multi-channel cost model. The multi-channel cost model for minimum

maintenance cost is piven as [23]:

[C(50) =  Sol; + GL(50) S o

So = optimum crew size from single-channel

TC(S0) minimum maintenance cost

mol = total cost of using oplimum crew size

L{So) C; = total cost of waiting incurred when optimum crew size s
used.

The last paragraph of section 2.2 presents multi-channel equations relating the

above quantities.

3.3 POISSON DISTRIBUTION
I'he following statistical methods are applicable for assessing whether a
given distribution 1s Poisson or not [4, 8, 23]
i, It arrivals/departures appear to occur randomly there 15 2 good chance
that the process may be Poisson distribution,

ii. Giathering the data on number of arrival of customers, by recording the



number of customers arriving during appropriate equal time intervals (e.g.
hourly, daily, weekly). Then, compute the mean and variance, If the

distribution is Poisson.

MEAN = VARIANCE

Mathematically,
n n
=2 nf,INe8 e BNt/ N-1 i 3.7
n=o n =o
Where,
o= mean of the distribution
Sn‘! = variance of the distribution
n = number of the chosen equal time interval
fy = number of arrival during the chosen equal time interval
N = sum of the number of arrivals during the chosen equal time
interval

(i) Kolmogorov smirnov test can also be used to test the hypothesis
that the sample follows some hypothesised distribution
I'he test technigue is given below [ 8 |
{a) Let 5 (x) be the empirical cumulative distribution function
constructed from the sample of N observation(s).
(b)  Let F (x) be the theoretical cumulative function assuming that
the null hypothesis is true.

{c}  For each of the N sample point, compute F (x, ) =8 (x;).

a1



3.3

v,

(1)

(i)

(d} LetD=Max,|F(Xy -5 (x4 ).
Choosing some valoe of « and if the calculated value of D is
greater than the tabulated critical value at that level of
significant ( @ ), reject the hypothesis,
Chi-square test of goodness of fit method can also be used to test
whether distribution is Poisson in nature. This test makes a
comparison between the actual and expected number of
abservations for various values of the random variable [ 4, 8 |.
However, the first two methods ( 1 and 11 ) may not achieve accurate
result because of its crudeness and unreliability.
The last two methods (i1 and iv) are the best Lo analyse the system.
In this thesis, chi-square test of goodness of fit is used to
assess the distribution of arrivals of reparr job in the maintenance
jobshop, The technique used in this test 15 described in Section

3.3.1 below:

THE CHI-SQUARE GOODNESS-OF-FIT TEST TECHNIQUE

Construct a frequency table of the observation values ( £, ) of the
number variable, The intervals with fewer than three to five
observation tend to distort the test results.

Calculate the expected or theoretical frequencies (T,) for cach
interval under the assumption that the hyvpothesised distribution 1s

correct. The parameters of the hypothesised distribution are usually



(iii)

{iv)

(V)

estimated from the sample data.

calculate the quantity (f, — T, )* / T, for each interval n = 1, 2,...n,
where f; is the actual frequency of observation in this interval, and
T, is the frequency of observations expected under the hypothesised
distribution.

As a rule of thumb, each T, is contained to satisfy this condition,
Also, T, for all n greater than 14 must be contained to yield a
theoretical frequency of 12 — 42,

Calculate the chi-square statistics using the formula

W= XL TPIT 13

Where,
f, = the observed frequency of observations in the nth interval

T, - the frequency of observation if the assumed distribution is

correct,

The degrees of freedom (v) for this statistics is

v=0C-k-1

Where.

(vi)

C = number of class interval

k = number of parameter estimated for the hypothesised distribution
Compare the X* - value with the critical value of the X* -
distribution.

This is at a certain level of significant (o) and degree of freedom
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v=0C-k-1.

(vii) For the distribution to be Poisson

2

X W

X* = chi-square value

X', = the critical value of the chi-square distribution with a

significant level (o) and degree of freedom (v).
If X* =X*, . the hypothesis can be rejected, that is, distribution

i5 nol Poisson.



CHAFTER FOUR

40 DATA COLLECTION, EVALUATION AND MODEL ANALYSIS
The model developed was tested using primary data collected from Federal
University of Technology, Akure, Mechanical Maintenance Workshop. Primary
data are obtained directly through personal interviews, telephone interviews and
(mail jquestionnaires from the system under study |
F.U.T.A. Mechanical Maintenance Workshop was used as a case study
because it satisfied the following requirements:
(i) It possesses all necessary information and data needed.
(i)  lts operations are similar to that of the jobshop for commercial purposes,
hence it has a characteristic of external maintenance centre.
(1) It has maintenance crew that is capable of maintaining diagnosing, testing
and maintaining etc, the repair works (both major and minor repair).
(iv) Data/information can be easily collected, alter analysis. showing correct
behaviour of the system.
F.U.T.A. Mechanical Maintenance Workshop was operating under seven-
man maintenance crew which is capable of inspecting, diagnosing, maintaining,
testing and certifying a maintenance requisition,

Their cadres are given below:

(i} Workshop attendant (1) To make tools available.

(i) Craftsman (1} working on maintenance jobs,
(iii) Senior Craflsmen (2) - Working on maintenance jobs,

(i) Senior Foreman (1y - Repairing/supervising and giving
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technical advice.

t) Assistant Technical officer (1)

Repairing and giving technical
assistance in the process of
maintenance,

(vi) Technical Officer (1) - Repairing, certifving, and giving

technical advice,

4.1 DATA COLLECTION

The maintenance operational procedure and management information
systems were thoroughly examined. These include maintenance crew size,
salary/allowances/bonuses of the crew, job cards. log books, work orders.
operation statistics, cost reports and hiring costs of the brands of the vehicles
repaired.

The effective maintenance works assumed 1o be carried out for 6 hours in
a day while the balance of two hours i3 used for resting. eating, talking with
friends or co-stafl, attending to the visitors ete. Also, it was assumed that there is

no arrival of the jobs at weekends and after working hours,

4.1.1 DATA CLASSIFICATION

The maintenance procedure during a period of one year, January o
December, 1996 was critically examined. Out ol these months, the behaviour of

the system in the months of July and August 1996 completely represented the



system . This was due to the fact that arrival of jobs and maintenance activities
were continuously regular during the period.

Cost related data were obtained from customers, Bursary department and
Maintenance jobshop. This includes cost of waiting and créw size cost. Data
related to service/maintenance time and arrival time were obtained from
Maintenance jobshop.

4, 1.1.1 Arrival and Service Process

Data related to arrival and service process were obtained from Maintenance
jobshop management. The data collection from maintenance jobshop was on
hourly basis and classified into columns presented in Table 4.1.

(i) ARRIVAL: the order and sequence of the arrival of the faulty vehicles for
repair/maintenance.

(i} ARRIVAL TIME (hours): the time (hours) of arrival of individual faulty
vehicle.

(iii} INTER-ARRIVAL TIME (hours): The time {hours) between the successive
arrival to the maintenance jobshop.

(iv) SERVICE TIME (hours): The time (hours) cach reported vehicle was
taken to return it back to acceptable condition.

In Table 4.1 the first arrival time was assumed to be zero which served as a

reference point.
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TABLE 4.1:

ARRIVAL AND SERVICE PROCESS

ARRIVAL OF | ARRIVAL TIME | INTER-ARRIVAL [SERVICE TIME
VEHICLE (HOURS) TIME (HOURS) (HOURS)
1 0 0 4
2 7 7 3
3 10 3 2
4 15 5 7
5 22 7 5
f 26 4 1
7 35 g 2
8 50 15 3
9 62 12 7
10 69 7 8
11 75 6 3
12 92 17 5
13 112 20 9
14 120 B f
15 132 12 2
16 151 19 3
17 159 8 q
18 173 16 3
19 179 4 2
20 199 20 3
21 205 f |
22 209 3 3
23 31 2 1
24 217 f 4
25 226 g 2
26 230 1 2
27 234 3 g
28 735 1 7
29 237 2 2
30 240 3 [
TOTAL = 30 TAT=240 ¥5T=123

DATA SOURCE: FLL.T.A MECHANICAL

MAINTENANCE WORKSHOP




4.1.1.2 Cost of Waiting for Service

Time spent in the queue before rendering service was converted to
monetary value by making use of the average cost of hiring such a vehicle in an
hour. The effective time or useful ime in a day is 6 hours. The remaining hours
are used for fueling, eating, going to toilet, talking, police checking ete. Average
amount realised per hour in using the vehicle for commercial purpose can also be
used.

Waiting cost for ditferent brands of vehicle were obtained from customers.
The average of which are given in Table 4.2 below.

TABLE 4.2: COST OF WAITING FOR SERVICE

SN | TYPES BRANDS AMOUNT AVERAGE
REALISED PER | AMOUNT
DAY IN NAIRA | (IN NAIRA)
(AVERAGE) REALISED
PER HOUR
1, Car Peugeot, Toyola, 2.000.00 333.33
[ratsun
2. Buses Toyota, Faka, J.53, | 3,000.00 500.00
Liteace, Daihalsu
3 Truck Bedford, 911 ete. 5,000, (1) 833.33
4. f‘iﬂl-:—u[: Peugeot, Daihatsu | 200000 333.33
Average ERCIRYY SO0
coat

DATA SOURCE: SURVEY
4.1.1.3 Cost of Using Maintenance Crew Size

Cost of using maintenance crew size was estimated {rom the
salarv/allowances of the maintenance crew as well as depreciation cost on
building and equipment/tools which were nsed 1o carry out varions maintenance

activities, The information concerning salarv/allowances were obtained from
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Bursary department (Appendix 7). Table 4.3 shows the salarv/allowances of the
crew, {Seven-man).

TABLE 4.3 MONTHLY MAINTENANCE CREW SALARY/ALLOWANCES

OMNE CADRE BasiC ALLOWARCE | TOTAL TAX | HET

CREW SALARY (RENT, SALARY =M= | SALARY

SIZE =W= TRANSPORT =N= =h=TOTAL

et ) =M= - TAX

I, Technical 156291 RECTIT 3962 8| T 3923 81
officer

2 Senios 126883 2042 50 331142 Al 327142
Foremin

1, Senior (878,66 1 50940 238806 ETH) 235800
Craftsoman
n =

4 Seniar 082900 1445 &0 227880 0 224880
crafteman
2) L, )

5. Craftsman | D80%.14 1422 40 222856 0 219856

& Assistant 070450 EEN 2004 80 hlT 198480
Craftsmun

7 Workshop | 0659.73 [246.70 1900, 75 0 158645
Attendan

DATA SOURCE: FUTA BURSARY DEPARTMENT

The cost of using a maintenance crew size is the sum of the salary/
allowance and the depreciation costs on building and tools being used for
operation. Data and analysis of depreciation costs on building and equipment
tools are discussed in section 4.2.4 {Analysis of cost of usimg maintenance crew
s17e).

4.2  ANALYSIS OF THE DATA COLLECTED
4.2.1 ANALYSIS OF RANDOMNESS OF ARRIVAL OF JOBS
Randomness of arrivals were tested using chi-sguare soodness of i

method (Section 3.3). These arrivals (Table 4.1) must follow Poisson distribution




pattern. The arrivals time pattern (Table 4.1) was tested to know whether it was
in conformity with Poisson distribution,

In carrying out the chi-square test, a day (interval of &6 hours) was chosen,
50 that number of arrivals per day are presented in Tables 4.4 and 4.5, Histogram
describing the arrival pattern is given in Figure 4.1.

n = number of arrivals per day

f, = observed frequency result if Poisson distribution is assumed.
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TABLE 44 SCHEDULE OF ARRIVALS (HOURLY)

TIME | ARRIVAL | NUMBER TIME | ARRIVAL | NO.PER |
SCALE | TIME PER DAY SCALE | TIME DAY
0 156 151 I
f i 0 162 159 1
7 168 0 0
12 10 2 174 0 0
18 15 1 175
24 22 1 120 179 2
30 26 ! |86 (0 0
36 35 | 192 0 0
12 0 0 168 0 0
48 0 0 204 199 1
54 50 ] 205
60 0 0 210 209 2
66 62 1 216 211 1
72 69 I 222 217 1
78 75 I 228 726 1
84 0 0 730
an (I 0 234 234 2
96 92 | 235
102 (1 0 239
108 (0 0 240 240 3
114 112 | ;
120 120 | f
126 0 0 |
132 132 | i
138 (0 T
144 () 0
150 i] i]

TABLE 4.5 SUMMARY OF THE DISTRIBUTION OF ARRIVALS PER DAY

n () | 2 3 4 x5
£ 17 18 4 1 10 {
Once the observed trequeney (1) is known, the next is the expected /
theoretical frequency T,. To caleulate the expected/theoretical frequency (T,), the

mean (rate of armival, &) of the distribution (Table 4.5) must be known.

Lz




[=a] o
?..:mean=Zl'-fn-"qu ........................................... 4.1
n=0 n=fl

Ox17+1x18+2x4+4x0)/40

(O+ 18 +8+3+0)/40

= 29/40

A= 0,725 Arrival/day

The next step is to compute the probability of the arrival at a given ‘n’ (P,
for a Poisson distribution with the mean (rate of report of repair job) 0,725
Arrival/day.

Recall the statistical formula for Poisson distribution:

Pa=A" €* /il 0=0012, 0 o8 s 42
AZD
= 0.725
P o= (072 et
n!
Py = 0.725" (0.4843)/n!

Probability P, lor various values of n are tabulated below (Table 4.6).

TABLE 4.6: PROBARILITY P, FOR POISSON DISTRIBUTION OF ARRIVALS

i} 0 | 2 3 4
P, 0.4843 0.3511 0.21273 | 0.0308 0.0056

= W
L

Next, is 1o caleulate chi-square value for the arrival time distribution.

Total number of observations (Table 4.5) = 40



Therefore,

The expected/theoretical frequency (T,)

Ty

[}

L

Therefore, T,

The chi-square value is given by

Py (Z £,

40 (Table 4.5)

from which

xz—vuhu' 2
l Fi
TABLE 4.7 THE CHI-SQUARE VALUE FOR THE ARRIVAL TIME
DISTRIBUTION OF JOBS
N E £, Ta (f, =T, _
Ty

LH 04843 17 19.37 1. 2899

1 0.3511 18 14.04 [.1169
B} 0.1273 3 6.54 (.3626

3 0.0308 1

4 00056 0

Total | 40 410 1.7694

In the above table (i.e. Table 4.7) as a rule of thumb, each T, must be = 5

and total observed frequency (f,) to yield T, = 5 must be between 3 and 11 [23]

From the above table, chi-square value is given by

¥
Kr-'-u.’luu

E “-;| - Tu}z"l-l"n




This chi-square value must be compared with the critical value of the chi-
square distribution obtained from the standard statistical tables (Section 3.3.1)
using degree of freedom (v) and level of significance {c).

Degree of freedom v is given by

v = C-k-1
where, C = number of class interval
k = number of parameters estimated.
Therefore, C = 3
k = | since only mean was estimated from the data.
Therefore,
v = i-i-1=1

By using a significance level of 0.05 (i.e. a=0.05) and degree of freedom (v =
1},
From the statistical table ( Appendix 6) [&]

X = W inm = 3841

By comparing the results

Xrive < Koo

Le. 1.7694 < 3.841

This led to the conclusion that the hypothesis that the distribution came
from a Poisson distribution with mean & = (.725 arrival per day into the
maintenance jobshop for repair and maintenance can be accepted with a

significance level (o) =0.03



Fig 4.1 (a, b) show the histogram of number of arrival per day based on the
observed frequency (f,) and the relative frequency curve of the distribution based
on the (0,1) probability distribution. The curve shows that the distribution
followed Poisson distribution [24]. Therefore, inter arrival time followed negative
exponential distribution [4 | The histogram of the arrivals distribution and
probability distribution function are shown in Figure 4.1.

Hence,

flAr) = AN

Associated cumulative probability distribution function {CDF) is given by

At

) = | e,
0

Fityg =  1-&™V

From which,

A = -1/A LOG [F(t,)]

Where F(t,) is a random number in the range U and |

Le. 0<Flt) =< 1.

This concept is used in the stochastic cost model developed in section 4.2.6
for optimum crew size determination

Every computer system has a random number generator, For “QBASICT
computer language used in this project, £he random numbers are generated by

using command code “RND [{T}]”



Where, | < O for the calling of the same random number
[ = O for the calling of last random number

[ = O for the calling of next random number.
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4.2.2 SERVICE TIME DISTRIBUTION ANALYSIS
The service time of jobs (Table 4.1) can be put into frequency table using a
time interval of 2 hours. The observed frequency O, obtained are shown in Table

4.8 below,

TABLE 4.8: OBSERVED FREQUENCY OF SERVICE TIME

[ CELL CELL CLASS OBSERVATIONS FREQUEMCY (13}
NUMBER BOUNDARY | MIDPOIMNT
l 0-2 [ 12122321221 [ 11
2 2-4 3 4333334 )
3 4—6 5 55556 5
4 68 7 7.0.7.8 4
5 g-10 G 45,99 3
f 10 - e - - -
Total O 30

The histogram of the observed distribution and the probability density
function curve are shown in Figure 4.2a and 4.2b respectively. These ligures will
be used to test whether the data observed follow certain hypothesised distribution
[24]

The probability density curve for the service time distribution followed an
exponential distribution as shown by the trend of the curve [24].

The exponential function 18 given by

Ax)=pHe™. X =0 e inins 4.5
and its associated cumulative density/distribution function is thus given as

X

F(X) = ,[ﬂx'l-t"}-;

0

¥
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Using chi-square goodness of fit test to test for null hypothesis (section
3.3), the mean value from the raw data is calculated using:

Where,

n = number of job

Z 8¢ = summation of the service times

Theretore,

n = 30 jobs (Table 4.1)

£ 5; = 123 hours (Table 4.1)

St = 12330 = 4.1 hours per unit job

=4.1 hours per unit job
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Using equation 4.5 and 4.6 above, the hypothesised exponential density

function is written as (x = S¢)

fEy el e 8¢ >0
St
f(St) =_41_1 g, S >0

its associated CDF is given as (x = §))

FiSy=1-""" 5,20 coiiiiiisiiinnmessnsicnnans 4.8
The theoretical frequency (n) is then computed for the cell (a;., a; ) as:

m= 0P =nfF(a)] ~F{@_ )] cooiciciriniiiicnnninrissinrc 4.9

o= aP .o[(l-e™" ) (s =5

o BT Y e 4.10

Table 4.9 shows chi-square test for service time.

TABLE 4.9 CHI-SQUARE TEST FOR SERVICE TIME DISTRBUTION

Cell Cell Probability | Observed Theoretical | (Opny)°
Number | Boundaries | P, frequency frequency n
i ()
| (0.2} {.3860 Il 11.58 (1L02%05
3 (2.4) (.2370) T 711 0.00170
3 (4.6) (L1455 5 436
4 (6.8) (1.OK93 4 2.68
) 12 :}E].:'I-l 0.04210
5 (8. 10 (L0548 3 1.63
o (10,2) 0.0872 i 3,62
Total ! n=30 n =3{ 0.07285
X value =
0.07285




As a rule of thumb, it is recommended that the expected frequency n; in cell i

contain no less than five (5) points |24, This compression of cell results in a total

of three (3) cells.
The mean Sy had been estimated from the observations.

Therefore, the degree of freedom (v) is given by the relation:

v= {-k-1
C = number of cell (boundaries) = 3
k = number of estimated quantity = |

Therefore, v =3-1-1=1

v =1, i.c. one degree of freedom

Using a significance level a = 0.03, the critical value of chi-square from
statistical tables (See Appendix 6) is given as

X? e = 3841

K < Xiow

Lc, D.07285 < 3.841

Once X, less than X7, value the hypothesis that the distribution
comes from exponential distribution can be accepted with a significance level (o)
= (0.05) with a mean services time of 4,1 hours, Therefore, the mean service rate
(L), 1S given as

poo= WS = 14

= 11,2439 job/hour

= (1.2439 job x 6 hours
[ Day
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18 = 1.463 jobs/day
Therefore, negative exponential distribution as discussed in Section 4.2.1

for arrival time also applies to the service time. Hence,

S5t = -1 LOG {F(8)}

T

where 0 < F(S;) < 1
423 ANALYSIS OF COST OF WAITING OF JOBS

Cost of hiring or amount realised by making use of the job brought for
maintenance was considered as the waiting cost of the job.

The average cost of waiting for service (C;) can be obtained from Table
4.2, It contains the cost of hiring the facility per day.

The average cost of waiting per day (C;)

C, = Sum of hiring costs for all brands of job
Total brand
a = 2,000 + 3,000 + 5,000 + 2,000
7
Cj = N12,000 per day
T
C; = N3,000.00 per day per job

424 ANALYSIS OF COST OF MAINTENANCE CREW

The cost of mamtenance crew size was obtained from Bursary/Registry
departments. This is shown in Table 4.3. The maintenance jobshop consists of
seven-man maintenance crew size. Table 4.10 shows the analysis of maintenance

crew salary/allowance per month. Note that useful day in a month is 20 days.

Sl



ABLE 4.10: MAINTENANCE CREW SALARY/ALLOWANCE PER

MONTH
No. Cadre Salary/Allowance per month

I Technical Officer 3922 81 -
2 Semor Foreman 3271.42
3 Senior Craftsman (1) 2358.06
4 sentor Craftsman (2) 2248 R0
3 Craftsman 2198.56
(i Assistant Craltsman 1984 80
7 Workshop Attendant 1886.45

Tolal 17870.90

DATA SOURCE; BURSARY DEPARTMENT (FUTA)

Cost of using a crew size consists of salaries/allowances, depreciation cost
on tools/equipment and building,
The initial cost of tools and building for F.U.T.A. Mechanical workshop

were estimated and the results are given in the Table 4.11 below,



' ABLE 4.11: FIXED COST QUANTITIES OF THE JOBSHOP

Cost Items Values Data Source
Tools and Equipment (tool box, tyre IS{]_.I.’}H{]T[: “Survey
extractor, air pump, blower, gearguage etc)

Building and Infrastructural facilities 200,000 Survey

The cost of operating a crew size in maintenance jobshop per year are

tabulated in table 4:12 below.

TABLE 4.12: COST OF OPERATING A CREW SIZE PER YEAR

Cost item Value Data Source
Cost of crew (manpower) l?ﬂ?[_l.]:;; x 12 (Tab. 4.10} | FUTA Bursary
= 214450.80 Department
Depreciation on; | 5,000, 04) Aderoba [2]
(1) Tools and equipment at 10%
{Tab. 4.11)
(i) Building and infrastructure | 10,000.00 Aderoba [2]
at 3% (Tab, 4.11)
(Total 230450801
Cost of operating a maintenance crew size in a vear ()
Ci = =M=239450.80 per vear
Cy E 239450.80 «x  Dvear X month
vear 12 months 20 days



Cy = 239450.20
12 x 20) days

c, = =N=097.70 per day

4.2.5 ANALYSIS OF THE ACCEPTABLE RESPONSE RATE (Wq*)

The acceptable response rate (Wq*) gives the time limit the customers can
tolerate waiting in the queue before being served. The response rate acceptable
differs from job to job. It depends on the value of individual job. The higher the
value of job, the lower the time the customer can tolerate to wait in the gueue.
Therefore, to achieve high response rate to the jobshop, waiting time of job should
be kept to a minimum.

For the analysis of response rate, Wq*, average amount realised or cost of
hiring per day of the job was used. The higher the amount realised per day, the
lower the time the customer expected to wait. [t follows the inverse law.

Mathematically,

Wq* o |

C wail S e e s T
Wg* = b

C wait

= constant, which can be determined using the principle that the least
valuable job would not like to wait for more than two (2) days (survey).
The least waiting cost (Table 4.2) is =N=2000.00 per day. It gives
acceptable response rate of 2 days. From equation (4.12) above, b=2 x

200000 = =N=4000.00 in 2 days.

At



Applying b= 4000.00 Naira-day for the other values in table 4.2. The new
table 4.13 can be constructed reflecting acceptable waiting time Wq* for different

brands of vehicle reported for repairing and maintenance. | -

TABLE 4.13: ACCEPTABLE RESPONSE RATE (WAITING TIME)
FOR BRANDS OF VEHICLE
MNo. | Types Brands Amount realised | Acceptable
per day (average) | waiting time
in naira Wg* for
=N= brands (day)
l Car Peugeot, Toyvota, 2,000.00 2.00
Datsun, Faka
3 Buses J-5, Liteace, Daihatsu | 3,000.00 1.33
3 Trucks | Bedford, 911 5,000.00 0.80
4 Pick-UUp | Peugeot, Daihatsu 2, 000,00 2.00
Average =N=3,000.00/pay | 1.53 days

DATA SOURCE: SURVEY

The average acceptable response rate (acceptable waiting time) Wq* =
1.53 days.

In summary. the following quantities have been established on average
level.

Aarival rate of jobs (LAMBDA = &) = 0.725 job/day.

Service rate of jobs (MU = y) |.463 jobs/day.

Cost of waiting of jobs (C; = H) =N=3,000.00/10b/day.

Maintenance crew size cost () = () =MN=097_ T/ crew/day.

Acceptable response rate (Wq* = WQA) 1.53 days.
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4.2.6 STOCHASTIC COST MODEL FORMULATION
A Stochastic model is needed to solve the problems resulting from
assumptions made in the development of deterministic model in Section 3.1, This
includes;
(1) Armval rate less than service rate;
{11}  Inter-arrival and inter-departure times followed negative exponential
distribution;
The model was developed based on the following assumptions:
(i) The first job arrives at time zero,
{u)  FIFO gueue discipline;
(12t}  Infinite job requisition;
{iv)  Infinite queue;
{v)  Next-event-oriented model.

The symbaols used in the model are;

AT = time of next arrival of repair job;

ST = time of next departure of fimished job;
CLOCK = current clock time;

MCT = maximum time to run simulation;

N0 = eurrent number of jobs in the queue;
TIDT - total idle time of maintenance facility;

TNIEQ) = total number of jobs which enter the queue;
TWT = total waiting time of all jobs:
TISF = total time in service facility for all jobs:

-



Tis

MQL
Cl1

C2

)

4.2.6.1

()

(i}

(1)
(1v)
(v)

(vi)

(vii}

(vin)

= total time for all the jobs in the system;

= total number of jobs;

= maximum queue length;

ks average cost of using a maintenance crew;
= average cost of waiting per job;

= total number of jobs per unit time;

= total maintenance cost;

= crew size,

Steps to follow are given in the algorithm below:
ALGORITHM FOR THE STOCHASTIC MODEL
DEVELOPMENT (SINGLE CHANNEL IN SERIES)

[nput MCT, A, C1, C2.

Set the initial condition

CLOCK=0,AT=0NQ=0, TNIEQ =0

TWT=0,TIDT=0,TNA=1 MQL=0

Generate the time of the next departure (8T);

Grenerate the time of the next arrival (AT),

[f next event is an arrival (ST= AT) go to (iv) else go to (xiv);

Update the total waiting ime ol all arrivals.

TWT=TWT =NQ{AT - CLOCK):

Update the clock to the next event (arrival) CLOCK = AT.

I[f next event is both an arrival and a departure (8T = AT) go to (ix)

else (x).

E:II'



(ix)

(x)
{xi)

{xii)

{xiii)

{(xiv)
(xv)

{xvi)

If the current clock time greater than the maximum simulation time, go to
(xxii) else, return to (iii);

Increase the number in queue by 1:

I the current number in the queue (NQ) greater than the longest

queue length to date (MQL) set, MOL = NQ and go to (xii) else go directly
to (xii);

Increase the total number of jobs which enter the queue (TNJEQ) by 1;
If the current clock time greater than maximum simulation time, go to
{axiii); other wise return to (iv);

If queue is empty (NQ = O go to (xv), else, go to (xix);

Update the clock to the time of next event (departure) CLOCK = 8T;
Update the total idle time of the maintenance facility.

TIDT = TIDT + (AT — CLOCK);

{xvii) Update the clock to the time of next event {arrival). CLOCK = AT,

{xviii} Increase the number of arrivals by 1;

{(xix)

{xx)

{xx1)

Update total waiting time of all arrivals TWT =TWT + NOQ (5T -
CLOCK)

Update the clock 1o the time of the next event (departure) CLOCK = §T;
Decrease the number in queue by 1 and generate the time of the next

departure;

(xxii) 1f the current clock greater than maximum simulation time, go to

(xxiii) else return to (v);

(xxiii) Calculate the statistics.



TISE" = CLOCK -TIDT

TIS = TISF + TWT
ATIS (Ws) = Average ime in the system = TIS/TNA
ATIQ(Wq) =  Average time in queue = TWT/TNA
ATIEQ = Average time for jobs that enter the queue
F TWT/TNIEQ
POTB = P = Utilization factor of maintenance facility.

(xxiv) Calculate average number of jobs for a unit time in the system
L =POTB/(1-POTB).
{(xxv) Varying the crew size from | to N.
{xxvi) Calculate average number of jobs in the system L{8)= POTB/5-POTB)
{xxvii)Calculate the waiting cost of jobs, Cwait = C2L (8 )

{xxviii)Calculate the cost of using maintenance crew, Cerew = C15.

{xxix) Calculate the total maintenance cost TC{S8) = C15 + C2L{S8)

(xxx) Calculate the utilization factors POTB{S) = F(5) = TISF/(S*CLOCK);
(xxxi) Calculate waiting time in the queue WO(S) = POTB *ATSF/(5-POTRH)

{xxxn)Print results.
Flow chart for the algorithm designed above to simulate single channel

queueing system with negative exponential input and service time distributions i3

given in Figure 4.3
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4.3  FORMULATION OF OBJECTIVES

It was generally known that myriad of problems are associated with
maintenance jobshops. Some of these problems were discussed in Section 1.1.
The problems of effective maintenance revolve around lack of effective crew size
Lo carry out maintenance activities. Therefore, a practical model 15 required to
determine effective crew size for maintenance jobshops, The heuristics developed
by Aderoba and Lawal (Section 3.2) and maintenance cost models (Section 3.2.5
and 4.2.6) based on queueing theory were used.

Below is the scope of the model used for this study:

i determination of the effective crew size based on the acceptable response
rate using single channel;

1. determination of the effective crew size based on the minimum
maintenance cost using single-channel in series;

ili.  determination of the maintenance cost for effective crew size obtained in

{11) using multi channel model in parallel.

Friom the above results, effective layout can be developed for the jobshop
under study.

“OBASIC” computer software was used (o develop the model
(Appendices | and 3). The computer programming was carried out at the School
of Engineering Data Processing Room and Computer Centre both in the Federal

University of Technology, Akure { Appendix 8).



4.3.1 THE USE OF “QBASIC” SOFTWARE

“QBASIC” means Quick Beginners, All-purpose Symbolic Instruction
Code [12]. “QBASIC" is very easy to handle and can be easily understood by any
layman. Initially, “FORTRAN-77" (Formula Translator-77) computer software
was used. Due to the fact that it consists of too many complex mathematical and
scientific symbols, it was translated 1o “QBASIC” software which can be handled
casily, The "QBASIC” computer software developed for the model is presented

in (Appendices |, and 3) of this thesis,

44  MODEL TESTING
The Model developed ( in Section 3.2 and 4.2.6) was tested with the results
eenerated from the analvsis of the data obtained from the Mechanical
maintenance jobshop under study.
4401 THE INPUT VARIABLES FOR SINGLE CHANNEL MODEL
The following input variables were estimated from the analysis of the data
i Section 4.2) on average basis for single-channel model.
- Arrival rate of jobs (LAMBDA =L )= 0. 725 JOB/DAY (Section 4.2.1).
- Service rate of job (MU = p )= 1.463 JOB/DAY (Section 4.2.2),
Cost of waiting (H = Cy) ==N=3000.00 /JOB/DAY (Section 4.2.3)
- Cost of using maintenance crew (G = C,) ==N=997T0/crew/day (4.2.4).
- Acceptable response rate (WQA = WQ*) = 1. 53 day/job (4.2.5).
When these variables above were input into the “QBASIC” computer

software developed for the model, the output/results for the single channel model

&7



in (Appendices 2 and 4) were generated. By using heuristic, So = 1 while So =2

for both deterministic and stochastic cost models.

442 THE INPUT VARIABLES FOR MULTI-CHANNEL MODEL
[n case of multi-channel model, all the input variables for the single-

channel were used with the addition of variables Pegpo (Section 2.2), and So

{(optimum or effective crew size). Multi-channel model equations depend on

probability Pzepo. Pzppn means probability that no job in the system.

Pypnp as obtained in Appendix 5 [20] corresponds to the factor Lkp

From the above,

A = 0.725

Lo = 1. 463

k= So. = optimum crew size =2
Preodl AWSop =  0.725/2x1.463

= 0, 2477

= .25

From tables for Pypgg (Appendix 3)
AMkp = 0. 24 corresponds (o Pyppn = 0061290
Aku = 0, 26 corresponds 10 Pypgn = (L 58730
By interpolation
Z2 = 0. 0256
0.1 = 0.0 280
0.24 + 0.1 —, 061290 - 001280

Al Akp = 0.25, Prpno = 0.60010



TABLE 4.14:

Prero

060010, 80 =

2

Table 4.14 below shows the values of Pypgp by varying S from 1 1o 10.

THE VALUE OF Pzgro BY VARYING CREW SIZE (5)

E
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0.05
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(6144

(Laid

IR

06402

(16096

SOURCE:

APPENDIX 5.

After inputting these values into the software, the result at the last part of

Appendix 2 were generated. The results obtained were compared and suggestions

were proffered on the choice of effective crew size for continuous existence of the

maintenance jobshop under study,
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‘CHAPTER FIVE

DISCUSSION OF RESULTS

Tables 5.1, 5.2, 5.3 and 5.4 show the results obtained for both deterministic
and stochastic approaches under single channel in series by varying crew size (8).
The results are plotted and are shown in Figures 5.1, 5.2, 5.3 and 5_4--]11 Figure
5.1, total maintenance cost of N3936,54, N2983.59 and N10133.42 are obtained
when operating on crew size of one, two and ten respectively. These show - that
crew size of two corresponds 1o a minimum cost of N2OR3 59,

In Figure 5.2 number of job in the system for both approaches are 0.982,
0.329 and 0,052 for one, two and ten crew(s) respectively, [t shows that at a
minimum total maintenance cost of N2983.39, 0.329 job/day 1s noticed while the
lowest number of jobs is witnessed when operating on ten crews. In Figures 5.3
and 5.4, lowest wnitiné time {1,036 day) and lowest utilization factor (3%) are
achieved respectively by operating on ten crews, leading to high total maintenance

cost (Figure 5.1)



TABLE 5.1:

TOTAL MAINTENANCE COSTS [TC(8)]

OBTAINED FOR DETERMINISTIC AND
STOCHASTIC APPROACHES BY VARYING
CREW SIZE (5) (SINGLE-CHANNEL IN SERIES)

TOTAL MAINTENANCE COST TC(S)
CREW [DETERMIMSTIC | STOCHASTIC APPROACH
SIZE * | APPROACH MCT = [MAXIMUM SIMULATION TIME |
MCT = 200000 DAYS | MCT = 400,000 DAYS
1 3044.85 1936.54 3951.14 =
2 2983.59 2081.72 2685.00
3 3586.71 358570 358748
4 4415.02 441433 - | 4415.54
3 5318.35 3318.02 3318.94
6 6256.29 625587 6256.60
7 7212.46 721211 7212.73 H
8 8179.71 %179.40 %179.93
g 9154.11 9153.85 9154.93
10 10133.42 I0133.18 10133.60
SOURCE: APPENDICES 2 AND 4

TABLE 5.2 NUMBER OF JOBS IN THE SYSTEM L(5) OBTAINED FOR

DETERMINISTIC AND STOCHASTIC APPROACHES BY

VARYING CREW SIZE (S) (SINGLE — CHANNEL IN

SERIES)
NUMBER OF JOBS IN THE 5YSTEM L{5) PER DAY

CREW | DETERMINISTIC | STOCHASTIC APPROACH

SIZE | APPROACH [MCT = MAXIMUM SIMULATION TIME]

(8)

MCT = 200,000 DAYS [MCT = 400,000
DAYS

i 0.982 0.9%80 0.983

. (.329 0.329 0.330

3 0198 0198 0.198

4 0.141 0.141 0.142

by 110 0110 0110

i 0,090 0.090 0,090

7 0.076 0.076 0.076

] (0.066 0.066 ().066

g 0.058 0.058 0.058

10 0.052 0.052 0.052
SOURCE: APPENDICES 2 AND 4
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TABLE 5.3: WAITING TIME OF JOBS IN QUEUE {Wq(S)} OBTAINED
FOR DETERMINISTIC AND STOCHASTIC APPROACHES BY
VARYING CREW SIZE (S) (SINGLE - CHANNEL IN SERIES)

WAITING TIME OF JOBS IN QUEUE {Wq(S)}
CREW | DETERMINISTIC STOCHASTIC APPROACH
SIZE | APPROACH IMCT = MAXIMUM SIMULATION TIME)
(5)
MOT = 200,000 DAYS MCT = 400,000 DAYS
| 0.671 0.669 0.673
3 0.225 0.724 0.225
3 0.135 0.135 0.135
] 0,097 0.096 0.097
5 0.075 0.073 0.073
& 0.062 0.061 0.062
7 0.052 0,052 0.052
] 0.043 0.045 0.042
) 0.040 0.040 0.040
10 0,036 0.036 0.036
SOURCE:  APPENDICES 2 AND 4

TABLE 5.4: FACILITY UTILIZATION FACTOR P(S) OBTAINED FOR
DETERMINISTIC AND STOCHASTIC APPROACH BY
VARYING CREW SIZE (8) (SINGLE — CHANNEL IN SERIES)

FACILITY UTILIZATION FACTOR P(S)
CREW | DETERMINISTIC | STOCHASTIC APPROACH
SIZE | APPROACH (MCT = MAXIMUM SIMULATION TIME}
(5)
MCT = 200,000 DAYS | MCT = 400,000 DAYS
1 0.496 (.4595 0.456
2 0,248 0247 0.248
3 0.165 0.163 0.165
[ 0.124 0.124 0.124
E 0,099 0.099 0,099
6 0.083 0.082 0.0%3
|7 0071 0.071 071
8 0.062 0.062 0.062
9 ggas 0.053 0.055
0 0.050 0.049 (050
SOURCE:  APPENDICES 2 AND 4
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Also, Tables 5.5, 5.6, 5.7, and 5.8 show the results obtained for total "'T‘
maintenance costs, number of jobs in the system, facility utilization factur and
waiting time of jobs in queue (for deterministic model ) under single channel in
series and multi-channel in parallel respectively, The results are transformed into
graphs which are shown in Figures 5.5, 5.6, 5.7, and 5.8 for total maintenance

cost, number of jobs in the system, facility utilization factor and waiting time of
jobs in queue respectively.

From Figure 5.5 one can see that the optimum maintenance cost for single-
channel in series is =N=2983.59 while for multi-channe! in parallel it is
=N=3578.87 with both corresponding to optimum crew size (So0) of two. This
shows that, it is costly to operate on multi-channel system.

Also, in Figure 5.6, under single-channel in series, the number of jobs in
the system decreases as the crew size increases, while in multi-channel in parallel,
the number of jobs in the system decreases as the crew size increases up to four,
and it remains constant (that is 0.496 job/day) for any other addition of
maintenance crew. It can be seen that number of crews needed 10 reach the
constant point in single channel system is higher than that of multi-channel in
parallel. Number of jobs in the system can be better reduced using single channel
1 series by mncreasing the number of crew(s).

In the case of facility utilization factor curve in Figure 5.7, it 1s shown that
for single channel in series, increase in crew size results into decrease in
utilization factor, but for multi-channel in parallel increase in crew size, leads to
decrease in utilization factor and finally reduced to zero at a crew size o’ four. At
this point addition of more crew(s) has no effect on the system. Figure 5.8
follows the same trend as Figure 5.7, but the only difference is that, for multi-
channel in parallel, addition of more crew(s) after three has no effect on the

waiting time of job.
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TABLE 5.5: TOTAL MAINTENANCE COST {TC(S)}

OBTAINED BY VARYING CREW SIZE (S) FOR
SINGLE — CHANNEL IN SERIES AND MULTI-
CHANNEL IN PARALLEL (DETERMINISTIC

APPROACH)
TOTAL MAINTENANCE COST TC (8) {(=N=)

CREW SINGLE - CHANNEL [ MULTI - CHANNEL
SIZE(S) | IN SERIES IN PARALLEL
| 3944 .85 3931.99
;] 2083 50 3578.87
3 1586.71 4488.43
4 4415.02 5478.22
3 331855 6475.23
4] 62556.29 T4T2.88
7 721246 2470.57
B B179.71 946827
9 0154.11 046597
10 1013342 11463.67

SOURCE: APPENDIXZ

TABLE 5.6: NUMBER OF JOBS IN THE SYSTEM |[L(5)} OBTAINED BY
VARYING CREW S1ZE (5) FOR SINGLE = CHANNEL IN
SERIES AND MULTI - CHANNEL IN PARALLEL
(DETERMINISTIC APPROACH)

NUMBER OF JOBS IN THE SYSTEM L(S) PER DAY
CREW [SINGLE - CHANNEL | MULTI- CHANNEL IN
SIZE (5) | IN SERIES PARALLEL
1 (1.982 0.978
2 0.329 (.528%
3 0.198 (1498
4 0.141 0.496
3 0,110 (1.496
f (1.0490) 0.496
7 (1.076 0.496
& [0.066 0,496
G (.058 0,496
T 0.052 0.496

SOURCE: APPENDIX 2



TABLE 5.7: FACILITY UTILIZATION FACTOR {P(S)} OBTAINED BY
VARYING CREW SIZE (S) FOR SINGLE — CHANNEL IN
SERIES AND MULTI - CHANNEL IN PARALLEL
(DETERMINISTIC APPROACH)

FACILITY UTILIZATION FACTOR P(S)
CREW [SINGLE - CHANNEL | MULTI - CHANNEL IN
SIZE (8) | IN SERIES PARALLEL

1 0.49% 0.49]

2 0.248 0.09%

3 0.163 0.015

3 0.124 0.002

3 (.099 0

6 (0.083 0

7 0.071 0

R (.062 0

g 0.053 0

10 (0.050 0

SOURCE: APPENDIX 2

TABLE 5.8: WAITING TIME OF JOBS IN QUEUE {Wq(S)} OBTAINED
BY VARYING CREW SIZE (S) FOR SINGLE —- CHANNEL
IN SERIES AND MULTI— CHANNEL IN PARALLEL
(DETERMINISTIC APPROACH)

WAITING TIME OF JOBS IN QUEUE Wq(5), DAYS PER JOB,
CREW [SINGLE —-CHANNEL |[MULTI- CHANNEL IN PARALLEL
SIZE (8) | IN SERIES
1 0,671 0,666
2 (L2253 0.043
3 .135 (.004
1 0,047 (0
5 (LO75 0
[ (.02 il
7 0.052 0
| & (k45 (
g (k0340 ]
[ 003G )

SOURCE: APPENDIX 2
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Finally, in Table 5.9, the jobs in the system (LSo) under single channel is
the highest (that is 0.982 job/day) followed by double channel in parallel, while
single channel in series has the least number of jobs. In case of wailing time of
jobs in queue, single channel has highest waiting time (WQSo) followed by single
channel in series and double channel in parallel has the least waiting time of 0,043
day/job. The facility utilization factor at the optimum crew level is lowest for
double channel in parallel and highest for single channel (that is 0.496), For case
of total maintenance cost, it 1s highest for single channel, followed by double
channel in parallel and least for single channel in series.

TABLE 5.9: SUMMARY OF THE RESULTS FOR EFFECTIVE CREW

SIZE DETERMINATION MODELS FOR MAINTENANCE
JOBSHOP (DETERMINISTIC APPROACH)

EFFECTIVE [So [Lso W50 | PSo Sol, LsoC; | TCSo
SYSTEM {=N=)
LAYOUT

. Single

channel ] 0.982 0671 | *0490 | 99770 | 2947.15 | 394485
2. Single

channel in

series 2 *0.329 | 0225 |[0.248 1995.40 | 9ER. |9 *7983.59
3. Double-

channel in

parallel 2 (1,528 *0.045 | 0.098 1995.40 | 1583.47 | 3578.87

SOURCE: APPENDIX 2

S0 = Dptimum or Effective crew size

L.So = Number of jobs in the system per day a So
WS = Waiting time in queue per job in days at So
Pho = Llilization lactor (Facilitics) at 5o

Sol = Cost of using maintenance crew at So per day
[.S0C; = Cost of waiting of job at So per day

TCSo = Total ¢ost of mamtenance at So per day.



The outputs obtained from the models (single channel in series and multi-
channel in parallel) are succinetly described in Table 5.9 (Appendix 2), and the
result obtained using simulation time of 50000, 100000, 200000 and 400000 days
are presented in Table 5.10 at the optimum crew size level (So) (Appendix 4).
From these results, one can deduce that on the long run the output of both
deterministic and stochastic cost models are the same. Therefore, minimum
maintenance cost of =N=2 983 .59 per day (Figures 5.10 and 5.11) is acceptable.
The higher the simulation time (MCT), the higher the time (t,) used to process the
results in the computer (Table 5.10). The deterministic mode] used a constant
time (1) of 1.5 seconds for results processing. The model of computer used for

the experiments is “IBM NCR System 3200™.

TABLE 5.10: SUMMARY OF STOCHASTIC COST MODEL RESULTS
AT OPTIMUM CREW SIZE LEVEL (SINGLE CHANNEL
IN SERIES)
OPTIMUM CREW SIZE Sp =2 ]
STOCHASTIC COST MODEL DETERMI
QUANTITY NSTIC
COST
MODEL
MAXIMUM SIMULATION TIME IN DAYS
50,000 1 00,000 200,000 | 400,000
?I"ﬂ.‘."nu 2.980.32 | 2,983.10 2.081.72 | 2,985.00 2.983.39
PSg 0.247 0.248 0.247 0.248 0.248
W0OS, 0.224 0.225 0.224 0.225 0.223
LSy 0.328 0.329 (.329 0.330 0.329
[ 13.5mins. | 27.1mins, 54.2mins. | 108.2mans | 1.55¢cs.

SOURCE: APPENDIX 4

Computer type used for the experiments is 1BM NCR System 3200

L= tume lor processing the results in computer.



The layouts of the optimum/effective crew size from the results in Table
3.9 are shown below (Fig. 5.9a, b, and ¢).

The choice of a particular layout for effective crew size not only depends
on the management policy but also on environmental factors such as size of

competitors, size ol customers, culture, government policy ete.
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The possible management policies for choice of a particular lavout are
discussed below:

5.1 CHOICE OF EFFECTIVE CREW SIZE BASED ON THE NUMBER

OF JOBS IN THE SYSTEM (L5o)

If the choice of crew size for effective maintenance operation is based on
the number of jobs in the system (i.e number of jobs in queue plus number of jobs
in service facility), then:

For smgle channel, the number ol jobs in the system per day i1s 0.982
which is 0,982 x 5 per week =4 910, Therefore, for single channel, number of
Jobs in the system per week is approximately five.

Similarly for single channel in series number of jobs in the system per
week 15 0329 x 5= 1.645 = 2 jobs,

Also, for multi-channel, in parallel, number of jobs in the system per week
15 0.528 x 5 = 2.640 = 3 jobs,

[f the management decision in choosing an optimum crew size 15 based on
the minimum jobs in the system, the lavout (b) which has 2 units of job per week
in the system waiting for service 15 preferred. Hence, single channel in series 15

chosen (Fig. 5.9b)

52 CHOICE OF EFFECTIVE CREW SIZE BASED ON WAITING
TIME OF JOB IN QUEUE (W5

I the management decision on choice of crew size for effective operation
of maintenance jobshop is based on minimum waiting time in the queue, then:

For single channel, waiting time (Table 5.9) 15 (1671 davs

=0



0.671 x 6hours

4.026 hours

For single channel, a job is wailing in queue for 4.026 hours in a day
before entering service facility. Similarly, for single channel in series waiting
time in queue 1s 0.225 day.

= 0.225 x 6 hours

1.350 hours
Therefore, it shows that, a job will wait for 1.350 hours in a day before
entering service facility.

Also, in multichannel {in parallel ) waiting time in queue is 0.045 day.

0,045 x 6 hours

0. 270 hours

0.270 x 60 minutes
= 16.2 minutes
Hence, a job will wait in queuve for 16.2 minutes before entering the service
facility. When these results are critically observed, the layout in Fig. 5.9¢ for
multi channel in parallel 15 the most appropriate for having least waiting time of

162 minutes.

53 CHOICE OF EFFECTIVE CREW SIZE BASED ON
UTILIZATION OF SERVICE FACILITY (P5o0)

If the selection of effective crew size is based on the maximum utilization
of service facility, single channel, should be chosen because it has highest

percentage of utilization of service facility which is 49.6% (Table 3.9},



Single channel in series has percentage utilization of 22.5%, while
Multi-channel, in paralle] has the least percentage utilization of 4.5%. Therefore,
single channel layout will be selected based on maximum utilization of service

facility. (Fig, 5.9a)

54 CHOICE OF EFFECTIVE CREW SIZE BASED ON
MAINTENANCE COSTS (TCSo)

As cost is very important in engineering, management will like to find
ways of reducing the maintenance cost in order to maximise profit. Therefore,
management ultimate decision is always based on how to operate within
minimum possible maintenance cost. Hence, there is a need for the determination
of effective crew that corresponds to such minimum cost target.

The minimum cost of maintenance is obtained by balancing the cost of
using crew size (s) with the waiting cost of maintenance job(s). This is shown in
Appendix 2 for single channel model by varying the number of crew [rom one (o
ten. The results obtained are transformed into graph (Fig 5.10). It gives optimum
crew size of two (2) (seven men per crew). This results to operation on single
channel in series, with a minimum maintenance cost of =N=20983.59 per day
(Table 5.9). With this effective crew size of two, the higher cost of =N=3378.87
per day is incurred when operating on double channel in parallel, while for single
channel, maintenance cost amounts to =N=3944 B3 incurred for seven-man crew

Observing these results, if management decision 15 based on minimum
maintenance cost, single channel in series layout (Fig. 5.9b7 is the best option

which gives a mamtenance cost of =N=2983.59 per day.



5.5. CHOICE OF EFFECTIVE CREW SIZE BASED ON HIGHEST
RATINGS

The maintenance management possible decisions are summarised in Table
3.9 by the use of asterisk. It can be observed that single channel in series has the
highest ratings of two (2), while both single channel and double channel in
parallel have one (1). Therefore, if management decision is based on the highest

ratings, the layout in Fig. 5.9b will be chosen

56 OTHER CONSIDERATIONS

If maintenance management, after considering the level of maintenance
activities in rival jobshops in the environment sees that they are still ahead of
them, operating on single channel will be economical to the management despite
high waiting time¢. The resources to be used for the procurement of equipment
and tools for the additional crew may be diverted to other important needs.

On the other hand, if the level of competition is very high that it can affect
adversely the jobshop operational effectiveness on the long run, strategic
implementation of the multi-channel in parallel lavout (Fig. 3.9¢) must be carried
out. This will make the job to stay for not more than 16.2 minutes before entering

the service facilities.
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CHAPTER SIX

6.0  CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION
The survival of any maintenance jobshop depends greatly on how best the

maintenance management can implement the results obtained from the models

developed for effectivencss of various strategic decisions. By well
implementation of the results obtained from the model (model for effective crew
size determination in maintenance operations), analytical and judgmental solution
can be proflered for other problem areas such as service demand forecasting,
spare parts planning, operation planning and tools/equipment planning, By
properly addressing all these problem areas, it will result to high response rate to
the maintenance jobshop. Hence, the poal of establishing such a jobshop will
come into reality,

Also, the following conclusions can be drawn from the results obtained by
using the model developed for maintenance crew size determination in F.ULUT.A.
mechanical maintenance workshop,

{i) The use of existing crew size can cope with present response rate of jobs to
the workshop. That is, operating on single channel, is effective for the
systen.

(1)  When the cost of maintenance is considered, for the jobshop, the crew size
that will generate minimum maintenance cost is two. At this optimum

crew size of two based on single channel, in series, the response rate of

G4



jobs will be higher to the jobshop. This may be used when there is a lot of
competition among rival jobshops.

(i) During festivals, many customers usually report their vehicles for repair
works. This will lead to a long queue of jobs. During this period, the
maintenance operation can be changed to double channel in parallel, so
that the waiting time of jobs will reduce drastically as indicated in the
results of the models.

{iv)  Spare parts, tools and equipment must be adequate to cater for additional

maintenance ctew size.

6.2  RECOMMENDATIONS
The following recommendations are suggested based on the results

obtained from the study,

(1) The mechanical jobshop under study should intensify efforts towards

training of their maintenance personnel so that a single crew will be able
to cope with jobs reported under various conditions. Thus, the effective
use ol resources will be enhanced.

(ii)  Ifthe jobshop is interested in operating on single channel in series spare
parts should be adequate and tools and equipment well taken care of to
guard against “tandem” queue in the system, Tandem means blocking of
jobs access to second facility due to facility failure |23 ]

Management can operate on two shifts in order that only one facility (tools

and equipment) could be used by both crews.



(iv)

{v)

It is suggested that the jobshop should not operate on two channels in
parallel, because it is costly. It may be done afier a thorough service
demand forecasting has been carried out.

For effective operation of the system, reliable spare parts inventory model
should be developed for economic replenishment. Worn out parts can be
maintained or repaired. Tools and equipment must be in good condition

always.
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41l NEXT K
SHELL “PATISE"
415 CLs
407 PRINT * EFFECT OF YARYING S ON L, P AND W0 SGINGLE CHANNEL [N SERTES)
A FRINT ® DETERMINISTIC AFPROACH®
440 FRINT e whEn SIS
450 FRINT CREW SIAE WOIOR WAITING - UTTILIZATION FACTOR  WATTING TIME®
il PRINT = 5 iR}y sl W)

A7 FRINT * hatat o
44 FOR K= 1 T 10
W FRINT USING “#fF 580" TAHKY; B TABRE) LKL TABSX: WEE TARB L WK
300 NEXT K
SHELL "PAUSE®
CLS
Sl RESTORE
320 [NPUT = WHAT IS TIIE YALUE OF FZEO AND 5=": AL &
525 "CALCULATE THE UTIEASATION FACTOR (IS
530 SFACT = 6788
§35 NEACT = 40320
540 S = (LA /MU ™ 81§ * MU * A}/ (SFACT * (8 * MU - LAR))
S LS = ((LALE ™ MU = (LAR ! BUFS 53 * A) P INPACT ® (5 * MU - 1AL " 20 + Lab bl
550 LOS = LS - [AL MU
0 WE = L8 7 LAR
165 WS = LOE ! LAD
P00 CALCULATE TOTAL COSTS AT OFTIM UKW CREW (30
75 TUS = 526G + LS *H

CLE
216 PRINT .- LEETTERT T ES T LR LR L (LI LR LR LR L LR
STTOPRINT &1, 7 RESULTS FOR MULTI-CHAMMEL IN PARALLEL BY YARYING CREW SIZE 5°
B PRINT #1, © DETERMINISTIC APPROACH"
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579 PRINT #1, = *
SH0 PRINT #1, = THE VALUE OF PROBARILITY OF NO JOB IN THE SYSTEM (PEERO)="; A
SR PRINT #1, " [CREW SIZE]  [JOD 'WAITING] (UTIL FACTOR] [WAITING TIME] [TOT. MTCEOOST]"
5B3 PRINT #L,* & L(%] Pis) WO O
627 PRINT #1, USING "#688. 8827 TARD); 5; TAB{IT); 15; TABI); PS; TARMS) W0S; TAIGS); TCS
cis
624 CLOSE
SHELL *PAUSE®
PRINT ; TARZS): “YOUR RESULTS ARE IN THE FILE NAMED *: of
630 END
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APPENDIY 2 BESULTS GENERATED USING DETERMINISTIC AFPROACH
QUEUEING MODEL BOT VALID [F LAMEDA > =M

CEEW SLEE DETERMINATION TN MAINTENANCE JOBSHOP RESULTS
SINGLE CHANNEL—DETERMIMISTIC AFPROACH

ARRIVAL RATE OF JOB {LAMEADA)
0. T3

SERVICE RATE OF IOR (MU
I.463

ACCEPFTANCE EESPONSE RATE (WOA)
|53

UTTLEEATHON (FACTOR) OF MTCE. CREW ()
0490

EFFECTIVE CREW STZE (3}
1

EXTECTED WAITING TIME {Wr)
0671

BCH OFF JOES [N THE SYSTEM (L)
98

QUETEIMG MODEL MOT VALID IF LAMBIRA = <ML 2 CONTIL

MAINTENARNCE COSTS OETAINED BY VARING MAINTENANCE CREW SIXE
SINGELE CHANNEL IN SERIES —DETERMINIETIC AMPROACH

CREW STZE  CREW S[ZECOSTS  WAITING COSTS - TOTAL OOSTS

- s=C LSy g b R W
100 99770 047 15 ALl KD
FRE 1595, 4 GhE. 12 et LR
LR 2093, 10 AR5.nl 35867
4.1x1 S B 414.31 445,008
5.00 AfEE. ¥ L RE S1LE.55
f S, 2l TR 284,20
1K LR 18,56 TANL 40
2.00 TLE] LD HUL MR B1T9.7)
&00 KT, 3 174,58 L3411
LE).CHR BT 156,42 1013342
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EFFECT OF VARYING 5 ON L. PP AND WO (SINGLE CITANNEL I SERIES)

DETEEMINISTIC ATTROACH
CREW SIZE N JOR WAITING  UTILIZATION FPACTOR - WAITING TIE

& Lis} Pis) WE)
1.{HH (R} v 0,496 0.671
2,(H0 329 0.248 225
R LE 0158 0,065 135
i, (K 0144 0,134 {1,097
000 @110 0.0 0475
&0 0,050 0,085 R[]
T 0.07s 0,071 0,052
E.1K0 (R 03,063 0,045
R 058 D.0ES 0,040
{0 (o5 .05 (ER e8]

L L]

RESULTS FOR MULTI-CHANNEL M PARALLEL BY YARYING CREW SIZE 5
DETEEMINISTIC APFROACH

THE VALUE OF PRCBABILITY OF NG JOE [N THE SYSTEM (MFZERD}= .5

CREW SIZE|  [IOB WAITING| [UTIL.FACTOR] [WAITING TIME} [TOT. MTCE 0OST)
[ LS} P W) TCIS)
| ANK] (LR 0,459 13, 58 R N

RESULTS FOR MULTI-CHANNEL IN PARALLEL BY VARYING CREW SIZE §
DETERMINESTIC APFROACH
i o o o e o o o o
THE VALLE OF MROBABILITY OF NOCUOR IN THE SYSTEM (PEERD)= 6l
CREW SIEE|  [JOH WAITING|  JUTIL.FACTOR] [WAITING TIME] [TOT. MTTE COST]
5 Lis) S5y WSS TC(E)
20K 528 04158 .05 3ATE.ET]

Ll 1L} addda

BESLLTS FOR MULTI-CHARMNEL IN PARALLEL BY VARYING CREW SIZE §
DETERMINE T APFROACH
LI ERTE AT R I TR TR BT P P o P e e TPy
THE VALUE OF PEOBEARILITY OF WO J06 1N THE 8YSTEM (MFZERD)= (6003
CREW SEZE]  [FOR WATTING] UL, PACTORY [WAITIMG TIME] [TOT. MTCE.COST]
5 Lis) 1550 WS TS
3 OKHy 04494 LU QR Q4R 425

i o o et o o o O O O O o o o i

RESULTS FOR MULTI-CILANMNEL IN FARALLEL BY VARYING CREW SLEE &
DETERMIMISTIC AFROACH
L L Ll o oL o LLE R L2 Syyy
THE WALUE OF FROBAIILITY OF MO MOA K THE SYSTEM (FEERCH = H183
CREW SEAE]  [JOE WATTIRG] (UM PACTOR] [WAITIEG TIME] [TOT. MTCE COST]
] L% 153 WL TSy
i, (HHD .45 a2 (LA HTR.I4
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RESULTS FOR MULTI-CHANNEL IN PARALLEL BY WARYING CRIEW SIFE 5
DETERMINISTIC AFPROACH

THE VALUE OF PROBABILITY OF NO JOB [N THE SYSTEM (PZERO) = 6065
|CEEW SIZE] (OB WAITING]  [UTIL.FACTOR] [WAITING TIME] {TOT. MTCE.COST]
& L5} F5) WOIS) TC(E)
5.000 0.4%46 0000 00O 6475227

RESEILTS POR MULTEFCHAMNEL [N PARALLEL BY VARYING CREW SEZE 4
DETERMIMISTIC AFPROACH

THE VALUE OF PROGBABELITY OF NO JOR N THE SYSTEM (FZER) = G158
[CREW SLZE]  [N3E WAITING|  [UTI. PACTOR] [WAITING TIME] [TOT. MTCE,COST]

g Li5) F4) W) TCE}
.00 i1, 456 0,000 1,401 472873

RESTLTS POR MULTFCHANMEL [N PARALLEL BY VARYING CREW 512E 5
DETERMIMISTIC ATTROACH

THE VALUE OF FROBABELITY OF NO 1OE IN THE SYSTEM (FEERO) = L6142
[CREW SIZE] [JOE WAITING| [UTIL.FACTOR] [WAITING TIME] [TOT. MITE.COST]

s Lis) IMs) WE) TS}

7.0 0456 0.0 0.CHHR BAT0EN

L] ELL LT ] CET

EESULTS POR MULT-CHAMNEL [N FARALLEL BY VARYIMG CREW SEEE S
DETERMIMISTIC AVPROACH

THE VALUE OF FROBABILTTY CF N0 )00 IN THE SYSTEM (PZERC = 6188
[CREW SIZE]  [JO1 WAITING]  [UFTIL. PACTOR] [WARTTHG TIME| [TOT. MTCECOST]

5 L% P15 WM TS

&0 0,496 .00 01,0600 D468 271

L LAl L AL AR RS LRI AL ER LI R LI R TLE RS R I R T I E eI T

RESULTS PR MULTICHANNEL IN FARALLEL BY VARYIMNG CREW SEEE 5
DETERMIMISTIC AMPROACIH

THE ¥ALLTE OF PROBABILTTY OF RO WGE TN THE SYSTEM (FEERG) = 0302
ICREW SIZE] [JOB WAITING] [UTIL FACTOR] [WAITING TIME] [TOT. MTCE.COST]

4 Li%) Pis) WIS TCS)

2.000 .45 10, TEH) 4,000 1% 10465972

LLLE L LA LRSI ATES T RALERSE TR TTITRALTTEES

RESULTS FOR MULTLCHANNEL IN PARALLEL RY VARYING CREW SIZE §
DETERMINISTI® AFPROACT
L1 LTI EET LY L]
THE VALUE 0F PROGABILITY (OF NO JOR IN THE SYSTEM (PFERD)= 60086
ICREW STAE]  [E WATTIMG] (UL FACTOR] [WATTING TIME] [TOT. MTCECOST]
5 L{%} %) W5 TCis)
HEOME  DAun {1, 6K GO0 RILELETI

1405



’ APFENDIX 3  (gpfw 5IZE DETERMINATION UBING STOCHASTIC
. QBASIC: CLS ‘thia clear tlia BCreen

s CREW STLE DETERMIHATION TUSING STOCHASTIC APPROACH
’ (HEXT- EVENT- ORIENTED MODEL}

AR R R E S R R R R R N A P R R

‘THESE ARE THE PARRMETERE USED IN THE MODEL

TENENTARATATAA A I ABdadbdid bt AdFr AR ead s e de R Ed A EmE N

‘AT

= time of mext arrival of repailr job
“iCl = average cobBt of using a maintenance per unit tims
‘C2 = average cost of waiting of job per unit time
‘CLOCK = current cloeck cime
‘HCT = maximum time to run simulation
"HQ = current number of job in the gueus
*TIDT = total idle time of mailntenance facilities
"THJIED = total numbar of jobs which anter the guaua
*THT = total waiting time of all jobso
*TISF = total time in pervice facility for all jobs
*TIS = Etotal tima for all jebs in the systom
THA =« Eotal pnumbser of joba
fMOL = maximum gueus length
L = Etotal number of jobs in the system per unikt time
"G = total maintenance coskte
o = crew alize
"ot = ktime of next depature of finished job
WD « number of jobs in gquaus
"FOTBE = wtilization factor of service facility
B = utilization Facter of service facilicy

Rl R R R SR EEEEREEEEEERREREEREEEREEEEREREEEREEE R A

=

INPUT "WHAT I[5 THE ARRIVAL RATE (LAMBDA] "p LhM
INPOT *"WHAT IS5 THE SERVICE RATE (MU } e i - Lt

INFPUT *WHAT IS5 THE MAXIMUM SIMULATION TIME{MCT} 1 MCT
IHNPUT "WHAT IS THE CO3T OF USIKG A CHEW SIZE [(CLl)=; €I

INBUT "WHAT IS THE WAITIMG COST PER JOB (Ci} e T

INBPOT "Enter Filenams ftor Resulis: "p ns

OFEN ng$ FOR QUTPUT AS R

¢ sek initial condikbion
CLOCK = 01
AT = 0
HQ = 0]
THIEQ = Ot
THT = 41
TIBT = 01
THA = 1
HOL = O

¢ ganearate time of next deparcura

¥ IX « RMD{(1})

BT = CLOCK + (-1 / MU) = LOG[IX]
4 generakbe time of next arriwval

16



.| IX = BHD[{1))
AT = CLOCK + (-1 / LAM} * LOG({IX}

if mext event is an arrival goto statemene & otherwise goto
gote statement 16

_J IF 8T »= AT) THEN & ELSE 1§
' update tobal waiting time,clock,and number of arrivals

ETHT = TWT + HQ * (AT - CLOCK)
PRINT *"CLOCK=F; CLOCK
ol CLOCK = AT
THA = THA + 1

“if mext event ls both an arrival and a deparcure goto statoment 9
‘otherwiae goto statement 10 -

ﬂ IF {8T = AT} THEHW 5 ELSE 10
‘if gqueus is emprty goco 17 o'wisa 22

< 1 IF (HQ = 0) THEN 17 ELSE 22
‘update clodk time ,total walting time | nunhgr of arrival
1']' CLOCK = ST
;E TIDT = TIDT + (AT - CLOCK)
39 CLOCK = AT
?ﬂ THAE = THA + 1

?1! maximum cloek tima ia axceeded, goto 15 ,else return to 3
o generate the time of the next departura

= IF (CLOCK = MCT] THEN 15 ELSE 3
‘update clock, total waiting tima, number in guaus
¥ TWT = THT + WJ = (8T - CLOCK)
3 CLOCK = ST
=24 HQ = HQ - 1

generate time of noxt departure

RRD ({131
CLOCK + (=1 / ®MU) *= LOG{IX}

&5 Ix
ar

V1B maximum clocktime is exceeded goto 15 elas return to 5
%ﬁ I (CLOCK > MWCT) THEW 15 ELSE 5

‘update numher ip guede , maxmum gueus length, and total number in gueus
S MO = MO + 1

*if the maximum num. in the gueus exceseds the longest guaus
‘length to date [(MQL) st HQL=HQ and gobte 13, elsa go direcely ko 13

- H IF (NQ = MOL) THEW 12 ELSE 13
12 MQL = HQ
11 THJEQ = THJEQ + 1

"if maximum clock time ia excesdaed ,goco 15 elese return to 4 togonerate
'next arrival

oY



14 IF (CLOCE > MCT) THEM 15 ELSE 4
* calculate and primt statiotics

15 TISF = CLOCK - TIDT

TI8 = TIEF + TWT

ATIS = TIS f THA

ATISF = TISF / THA

ATIO = TWT / THA

ATEQ = TWT / THJIEQ

POTE = TISF / CLOCE

PRINT #1, * APPENHDIX 4"
FRINT #1,

FRINT #l, "resrsrasirea s e i ssdsiasdansdveaas
PRINT #1, "THE VALUE OF LAB IZ"; LAM
PRINT W1, “"THE VALUE OF MT IEB *; MU
PRINT #1;, "THE VALUE OF MCT *; MCT
PRINT #1, "THE VALUE OF TISF " TISF
PRINT #l, "THE VALUE OF TIS = TIS
PRINT #1, *THE VALUE OF ATIS {(Wa] "; ATIS
PRIRT #1, "THE VALUE OF ATIBF (l/MUl"; ATISF
PRINT #1, =“THE VALUE OF ATEQ (Ww)l"; ATEQ
PRINT #1, =THE VALUE OF TIDT #*; TIDT
FRINT #1, ="THE VALUE OF POTB (P} *; POTH
PRINT #1. "THE VALUE OF MQL"; MQOL
PRINT #1, *"THE VALUE OF ATIQ (Wg) e RTID
BRINT #1, "THE VALUE OF TWT I5"; TWT
PRINT #1. "THE VALUE OF THJEQ IS *; THJEQ
ERINT #1, "THE VALUE OF CLOCK ": CLOCK

PRINT ﬂl_ LA R R R RN R AR N RN RN R N
PRINT #1, : PRINT &1,
SHELL "PARUSE™ -

‘to calculate the optimum crew size by varing the crew size (5) from 1-10
‘to calculate the optimum srew size by wvaring che crew aize (5) from 1-10F0RH
K =1 To 14
FOR 8 = 1 To 10
" ealculace average nusher of jobs in the syatam
LIS} = FOTE J [5 - ROTBE)
*galoulate the waiting cosctes of jobe (Cwait}
GIS) = C2 * Lig)
‘caleoulate the costs of using a maintenace crew (Ccraw)
HiE) = C1 * B
"gdaleulate total maintenace coste <TC(5] =
TCIS] = H{8) + GI8)
rgaloulace wcilization factor <P{S5}) =

P[5} = TISF / (5 v CLOCK)

Fealeulate expacted waiting time (W25
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WQIS) = POTEB % ATISF [/ (5 - POTH)

HEET &

PRINT #1, "MAINTEMAMCE COSTS OBRTAINED BY VARING MAINTEMANCE CREW SIZE (8)*
PRINT #1, * USING STOCHASTIC MODEL APROACH |SINGLE CHANHEL)

PRINT &1,
PRINT #1,
LA R R LA RN EERE SRS E R SRR R ERERRER SRR ERENERE R RE RN RN R NN EEE NN E

PRINT #1, ® CREW SIZE CREW SIZIE CO8TS WAITING COBTS TOTAL COSTS™
PRINT #1, = -4 Corew Cwait TC[S)*
PRINT #1.,

LA R R R RS EEEREREERESEREERRERREREERNERRRESRREERESEESSENEERSEERESEERESE
FOR 5 = 1 TQ 10

PRINT #1, USIHG "#####.##"; TAB(4}; 5; TAB(21); H(S); TAB(38); GI(S];
TAB (54} TC{S]

HEXT &

PEINT #1, : PRIHT #1,

SHELL "BAUSE™ ;

FRINT #1, "THE EFFECT OF VARING 5 OH L, P AND W USING STOCHRSTIC MODEL®

BRINT W1,
L E S FE R SR E R R R R R R R R A AR R A AR AR R RN R AR RN AR RN RS R ST RN AR R A S SR RS SR RERENENREESSENESERR]

FRINT #1, ™ CREW S5IZE HUM. JOB WAITIHG UTILIZATION FACTOR
WAITIRG TIMHE®

PRINT #1., " 5 L{s) P} WQ
(G-

BRINT #1,
L e e s R s e s s s R r R R e R R R R R R R R R R R R R R R R R R R R R R R R

FOkR 8 = 1 TO 10

PRINT #1, USING *###.##4"; TAB{8); 5; TAB(22); L{(S): TAB(42); P(S);
TAB(61) ; WQ(8)

HEXT 5

CLOSE

SHELL "PAUSE®™

CLS

PRINT ; TRB(2(3); "¥Y O O R R ES DL T3 ARE I W THE FILE HA
HE D "o nE

END
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APPENDIX 4 RESULTS GENERATED USING STOCHASTIC AFPROACH

L R L s E R LR

THE WVALUE OF LABR IS .715

THE VALUE OF MU IS 1.463

THE VALUE OF MCT S0000

THE VALUE OF TISF 24716.52

THE WALUE OF TIS 49180.66

THE VALOE OF ATIS (wWa) 1.3603E86
THE WALUE OF ATISF (1,/M0) .6836832
THE VALUE OF ATEQ (Ww} 1.370231
THE VALUE OF TIDT 15284 .17

THE VALUE OF POTE (E] 4943218
THE VALUE OF MQL 15

THE VALUE OF ATIOQ [(wWql LBTETO024
THE VALUE OF THT IS 24464.14

THE VALUE OF THJEQ IS 17854

THE VALUE OF CLOCK S0000.68

A A R AR R R e R R R R R R R R R R R R R R R R ]

MAINTENANCE COSTS OBTAINED BY VARING MAINTEHANCE CREW SIZE (S5)
OSIHG STOCHASTIC MODEL: APROACH (SINGLE CHANHEL W SERIES)

Maximum Simulation Time (MCT) =50000 days

A R R R R R N N R R N R R R A R R A N R RN N R AN R A NS NN R R R RN

CREW SIZE CREW SIEE CDSTS WAITING COSTS TOTAL COSTS

5 Corew Cwait TC(8)
T E R TR R R E R A E R R RN A R N AR RN AR RN AE RN A NS SRR SRR R R SR RS R A RN SR AR SR R R RN SRR SEE
1.00 557.70 1932.65 3530.35
2. 00 15595.40 984.82 2580.32
3.00 25%53.10 551.84 1584 .54
4.00 3550,.80 423.02° 4413 .82
5.00 45EB.50 329.13 %317 .63
B. 00 5486.20 265.35 §255.55
T.00 E9831.90 227 .85 T21L .85
B.OOQ THEL.60 157.54 B175.18
.00 8%75.30 174.35 5151 .65
10,00 9577.00 156.01 19133,01

THE EFFECT OF WVARING 8 OM L, P AND WQ USING STOCHASTIC HODEL
R N R R E R R R

CREW SIZE HUM. JOB WAITING UTILIZATION FACTOR WAITING TIHE
B L{s} Fil5 W (5]

T2t i i R s R E E E E R R R R I R R R R R R R R R R E R R R R R R F R RO R R R E R R R T R AR AR RN RN R RN RN N
L.000 0.978 0.4%4 0,668
2.000 0.3z4d 0.247 0.224
3,000 0.197 0.1&5 0.131E
4 .000 0.141 0.134 0.086
5. 000 f.110 0.,0&53 2.075
6.000 0.090 0,082 0.0&1
7.000 0.0% a.07T1 0.052
g8.000 0.066 0. 062 0.045
§.000 0.058 0.05% 0.040

10.4600 0.052 0D.0489 b.036



APPERDIX 4

LA A RS B Y Y R R R R R R RS EREEET]

THE VALUE OF LAB IS .725

THE VALUE OF MU I3 1.463

THE VALUE OF MCT 100000

THE WVALUE OF TISF 45537 .43

THE YALUE OF TIS SEE95 .54

THE VALUE OF ATIS (Ws) 1.361144
THE VALUE OF ATISF (1/MU) .6831807
THE VALUE OF ATEQ (Ww) 1.372278
THE VALUE OF TIDT BO462.53

THE VALUE OF POTE (P) LA953725
THE WALUE OF MQL 15

THE VALUE OF ATIQ (Wg) SETTROTZ
THE VALUE OF TWT IS5 4915%.11

THE VALUE OF THJEQ IS 35823

THE VALUE OF CLOCK 100000.4

LR E R R RN R L R R S R R R R R R R R R RS

MAINTEHANCE COSTS OBTAINED BY VARING MAINTENAHNCE CREW SIZE (5)
USING STOCHASTIC MODEL APROACH (SINGLE CHANNEL IN SERIES)

Maxirmum  Simulation Time (MCT)=100000da

(AR R R RS RN SRR e i RS R R REREREEEREEEEEEREREREEENEEEENREERER]

CREW SIZIE CREW SIZE COSTS WAITIHNG COSTS TOTAL COSTE

8 Coraw Cwait TC(8})
(AR S SRR R E R R EEERE R RN RS RN AR R R R RN ER R R R AR RS R R RN SRS R R AR RS RREEEESE]
1.00 357.70 2544.598 542,68
Z.00 15585.40 587.70 4583.10
3.00 2593.10 583.35 1586.45
4,00 I590.80 124 .04 4414 .84
5.00 4588.50 325.91 5318.41
6.00 S5%Ea.20 2659.58 6256.18
T.00 6583.50 228.47 TI12.37
B.OQ THE1.60 186 .03 817%.63
8.00 8579.30 - 174,74 5154.04
10.00 9%77.00 156.36 10133.36

THE EFFECT OF VARING 3 ON L, P AND WQ USING STOCHASTIC MODEL

AR B R RS EEENENEREE SRR RS SRR R EREEREERERERSEREREEEEELEEREELEENEENELEEEEEEEEERDN

CREW S5IZE HUM. JOB WRITING UTILIZATION FACTOR WALTING TIHME
5 Lis} “PLE] wo (5)
FERAFABEFA TR AR A TA R AR A AT AR R TR AT AT R AR AR AP TR AR TR AR AT T I RN RN B AR AR R AR A

L.00Q Q.382 0.485 0.871
d.000 0.3249 0.244 D.225
3.000 b.198 0.1e4 0.135
4.000 0.141 0.124 0.057
5.000 0.110 0.059 0.07%

b, OO0 b.050 0.683 0.0&61
T.000 0.076 0.07T1 0.053
6,000 0.068 0.062 0.045%
9.000 0.058 a.05% a.040
10,0040 0.052 0.0%0 G.036
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LETREWMDIN A

LR e R S

THE VALUE OF LAB IS .725

THE WALUE OF MO IS 1.461

THE VALUE OF MOT 200000

THE VALUE OF TISF 58A70.56

THE VALUE OF TIS 1565859.8

THE ¥ALUE OF ATIS (Ws] 1.356222
THE VALUE OF ATISF (1/M0) .&5827722
THE VALUE OF ATEQ (Ww) 1.3173661
THE VALUE OF TIDT 101030.1

THE VALUE aF POTBE (P} LA948511
THE VALUE OF MQL 15

THE VALUE OF ATIQ (Wq) LBT34498
THE VALUE OF TWT IS 97619.22

THE VALUE OF THJEQ IS 71065

THE VALUE OF CLOCK 200000.7

RN N T R S L RR S RS

MATHTEHANCE COSTS OBTATHED BY VARING MAINTEMANCE CRHEW SIZE (5)
USING STOCHASTIC MODEL AFROACH (SIKGLE CHANNEL. 'MW 55[’.“:—,51

Maximum Simulation Time (MCT) = 200000 da

EREEF A SAaRAFARRARERRd R RRdRAR TR R TR R R R dAdFAFEI TR RIS A R RIS

CREW SIZE CREW SIZE COS5TS WAITING COSTS TATAL COSTS

& Corew Cwait TC(5)
llllllllii*iliifiii1iIIiiIfitfiilliiiilfii!!l:ill!lil'illlillilllll
1.400 587.70 2938.6B4 3936.54
2.400 1995 .40 985.32 2981.72
3. 00 2593.10 592.60 i585.70
4.00 3890.80 423.54 4414.33
5.00 49088 .50 329,52 53i8.02
6.00 S9E6. 20 265.67 6255.87
.00 a%83,90 228.21 T212.11
g8.00 7581.60 197 .80 8175%.40
Q.00 8573 .30 174.55 5153.E65
14,80 9977 .60 186.18 10133.16

THE EFFECT OF YARING 3 ON L, F AMD WQ USING STOCHASTIC MODEL

LSS R AR R RN R S A A R R R R R R A R R RN R R R RN R R R R R R AR R RS R RS R R SRR SR AR R RS NSRS R EERN

CREM 8IZE NUM. JOB WAITING OTILIZATION FACTOR HWATTING TIME
s Lis) PiS) wa (8)

LA R R E R E N ERE NN ENEE SRR N R E R E R E R AR R R R R R A R R R R R RN EENERERENEENERENEEREERENRENERERREERR®N)
L.00d O.380 O.455 0.669
2.000 0.329 b.247 0.224
1.000 0.1%8 0.1E5 0.115
4,000 D.141 0.134 0.096
G.0090 0.110 4.089 a.075
6000 0.0%0 D.oB2 0.061
T, 0dn 0.0%6 0.471 b.052
d.000 D.066 0,062 0.045
9. 080 0.¢54d 0.08% 0.040

ig._go0 0.052 0.049 0.036



APPERDIX 4

LA R AR R R R RN EE N R S R S R E R
THE VALUE OF LAB I3 ,725

THE VALUE OF MO IS 1.463

THE VALUE OF MCT 400000

THE VALUE OF TISF 1584315.9

THE VALUE OF TIS 393744.6

THE VALUE OF ATISE (wWal 1.156253
THE VALUE OF ATISF (1/MU) .6835123
THE VALUE OF ATEQ {(Ww] 1.381738
THE VALUE OF TIDT 201564 .3

THE VALUE OF POTH (P) SA960089%
THE YALUE OF HQL 19

THE WVALUE OF ATIQ (Wqg) LBTIT405
THE VALUE OF TWT IS5 195308.7

THE VALUE OF THJEQ IS 141350
THE VALUE OF CLOCK 400000.2

EdddasderddesdesdsdrdrdRmd bk vaTR A RNA AN A AR R AR

HAINTEHAHNCE COSTS OBTRINED BY VARING MAINTEHANCE CREW SIZE (3)
USIHG STOCHASTIC HODEL AFRODACH (SINGLE CHANNEL. IM Egnmﬁj

Maximum Simulation Time I;MCT,'J = 400000

I E R R R R R N NS N AN E R NN AR AN R NN AN R R R FRddEERAT R F TR AN AT AT A AR A AR AT RN R

CREW SIZE CREW SIZE COSBTS WAITING CO5T3 TOTAL COS5TS

8 Corew Cwait TC (3]
FEREEF R FNAE N ATETATNFAF A NN AN TR AN I AN AN IR T AN AR AT AN R AT TN EE
1.00 a57.70 2551 .44 3351.14
4. 00 19%5.40 98%.60 Z3985.00
3.00 2835%3.10 58%4.38 I587.48
4 .00 19%0. 80 424 .74 4415 .54
5.00 4968, 50 330.44 5318.54
.00 So%E, 20 A70. 40 6256, 60
700 B3B3 .90 228 .83 7212.73
B.0GO T9B1.60 158.33 8179.53
G.00 6479.30 175.01 24154.131
1000 957,00 156 .60 10133 .60

THE EFFECT OF VARING S ON L, P AND WO USIHG STOCHASTIC HWODEL

L R NN N R N R AR N N R R R N R N R R RN SR R NN R RS R R RS R R R R R R R RN

CREW SIZE HUM. JOB WAITIHG UTILIZATION FACTOR  WAITIHG TIME
i LS} P&} WQ (5]

TR R R T e R R R R R R R E R R R R E R R R R R E R R R R E R E R R R R R R R R E E R R R R R E R T R R R RN
1.000 0.584 Q.496 B.673
I.000 0.330 0.248 9.225
i.000 0.198 §.L1E5 §.135
4,000 D.142 0.124 0.057
5. 000 0.110 0.099 0.075
B D@0 0.0a0 ¢.083 0.062
7.000 0.076 0.071 0.052
&.,000 0.065 0.062 0.045
g.0o0 0.058 0,055 0.040

10,000 0.053 4,050 G.016
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e o FEDERAL UNIVER§|1'V OF TECHNOLOGY, AKL
jﬁi 7)) DEPARTMENT OF MECHANICALA'RODUCTION ENGINEERING

ME DO '

From: Cuordinetor, Hek To: The Bursar

Rl £ UTA/MEE/BURS/ U3, Drate; k/12/97.

LETTER OF INTRQDUCTION
_ 4 JecYs | RARERM, B, (HATRIC NO. ME:/Bn/148n8)

Thia is to certify that Mr. Kareem, B. is a postgraduate
student of this depurtment. He nzeds your assistance in
outaining information for hic M.Enge. Thesis from your

departments The title of the Thesis i3 "Model for crew

Gize determination in maintensnce jobshop™s
M pase, kindly szeosist him.

RESS

<, i
Dr. D\‘f}upctul
Coardinabor,
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AFPENDIX B

FEDERAL UNIVERSITY OF TECHNOLOGY, AKUR

DBEPARTMENT OF MECHANICALTRODUCTION ENGINEERING

NMNMENMO :

Froum.

o

coordinantor, HEE

FIMEA/MEE/ DS F/07 7

To: Ags Director,
Computer Centre

Diwne: b =12 = 97,

alEInLT:

LETTER OF INTRODUCTION

WAREEN, B. (MATRIC NO, Hiub/ud/1488)

The above named student is presently engaged in
M.kng. Thesis titled “gdel for crew sizs
determination in maintenance jobshop". This project
regquires the use of Computer for running gqueueing

BroRrinne

I shall be prateful il Computer facilitles are
rtor the said purposes

eitendad to Mr. Koreenm

Thank yous

-
e me il gy 3

DT. [}:\tpi FiJ.PEt'U.‘
Coordinator.
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