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The problem of series production lines have been
analyzed by many researchers during the last two decades.
Because of the large expense of operating series production
lines, it 1s necessary for management to know the reliabity,
efficiency, and the effectiveness of the production layout
arranged as series that may be obtained prior to
implementation. The behavior of a series production line can
be expressed as a Markov Chain. Markov Chain analysis is then

used to derive equations that relate the efficiency,
reliability, and the effectiveness of the series line with
respect to the buffer capacity can be determined. The

results can be evaluated with the simulation technique.

INTRODUCTION

A Series Production Layout (SPL) is an arrangment of machines,

operators, and operations to perform the production process. As

the

can

the

of

structural function of series layout indigates, each component
be assumed to be an unreliable part in which may contribute to
overall system breakdown. In order to increase the reliability

the system, the buffer storage can be used. So the series

production components can be separated by buffer storages between

them for finite production capacity.

One of the che..cteristics of the series production layout is
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its lower transportation cost, production time, easy control, and
etc. in which almost is caused to be recommended to be implemented
for high production process . Figure (1) represents the P-Q chart

for various plant production layouts.

100+ —
01 ... SERIES LAYOUT
> R .
< & 6
3 N
'— é) 50_ .......... \ ‘
QO =
o I
8 \
a

\’\ § 308 _sHOP_LAYOUT
f\x_

~

b | |

T c
- + -+~

PRODUCT YARIETIES

o
+
+

Figure(l) / The application of P-Q chart in layout planni:

MODEL DESCRIPTION
In this paper & generalized model has been developed under
certain assumptions. It is assumed that each SPL component may
break down at random times and remain inoperable for random

periods while they may be repaired. This is the most common
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ure of series production lines and it is the case that will be
ined in this papar. Then the line or syastem efficiency of a

can be formulated and simulated under different assumptions.

FER STORAGE
The use of buffer storage certainly improves SPL efficiency by
nishing the forced down effect caused by any component
kdown. As long as the the buffers are not full or empty
onent in SPL are not forced down when one component breaks
unless it takes a long time to repair the broken down '
onent., But if that repair time is longe enough, the upstream
‘er can be full and/or the downstream buffer can be empty so
. all other components in the line efficiency is increased when
capacities of buffers are increased.

As it mentioned, SPL may composed of differnt machines,
‘ators, or operations that in this article all are called
ponents”. So, if thé Suffer storage is used, cording to o
.nition in SPL, the modification for underestanding should be
: when the word of " component” is applied (to make sense).

However, | buffer storage may require high costs of floor
e, material handling equipment, or ac rding to our definition

components wusing it in any means of planning, the cost or
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{11) In the two-step transfer model component j+1 does not recieve
a workpiece in the same instant machine j discharge a workpiece.

There are five types of two step transfer:

Type{(l): Type 1 two =step transfer is used by several authors.
Steps 1 and 2 conditions are quoted from Soyster and Toof,
Step 1 conditions:
a. component Jjt+l must be in the operating state
b. It must be able to place an additional wo;kpiece in buffer
j+1. That is, the buffer contents are less than Zj+l
¢. There must be a workpiece available in buffer j.
If three conditins a,b, and ¢ are satisfied, component j+l
is able to process a workpiece. After component j+l1 has
Processed its'workpiece s then Step 2 can proceed, .
Step 2 Conditions: )
d. component j must be in the operating state.
e. It must be able to place an additional workpiece in buffer
j. That is the buffer contents are less than Zj-1.
f. There must be a workpiece in buffer j-1.

If all three conditions d, e and e are satisfied, component

Jj is able to process the workpiece.
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2: e s as ype 1 except step 2 occures before step 1.
3: For ea step of transfer to occure all three condi ns

Fep 1 and 2 must be satisfied:
~ Component j+l1 must be in the operating state,

. Component j+1 must be able to pick up a workpiece from
buffer j.

If all two conditions a, b are satisfied, component jtl is

to process the workpiece and proceed to the next coendition ¢,

. The workpiece is discharged from component j+1 and then the

piece is recieved by buffer j+l.

If condition ¢ is satisfied, the processed workpiece is

harged.

2 Conditions:
d. Component j must be in the operating state.
e, Component j must be able to pick up a workpiece from
buffer j-1
If all two conditions 4 and e are satiséied. component j is
to process the workpiece and proceed to the next condition f.
f. The workpiece is discharged from component j and then the

workpiece is recieved by buffer j.
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If condition f is satisfied. the processed workpiece is
dischar d to buffer j.
Type:4: The same as type 3 except step 2 occure before step 1
Type 5: There are two conditions in this type:

:a. Buffer j~1 must have at least one workpiece.

b. Buffer j must not be full.

If all conditions a and b are satisfied, component j'is able

to process the workpiece successfully.

When a component break down while another is under repair,

SPL requires another kind of assumptions as follows:

(12) The probability of one component breaking down during the
repair of another component is assumed to bg zero. For an N
component line where Aj is the probabity that a.component J is
broken down, so by the mathematical notaion:
Aj=0 if any component k is in the broken down state,
wbere k=1,2,...,N
For example, for the three component series line two compgnent
cannot be broken down in the same cycle i.e.,
Prob.(NWW,i, j)=0
Prob.(NWN,i, j)=0

Prob. (WNw,1i,J)=0



Where: O0¢ i €21,

0¢ § €22

According to the notations used Z1 and Z2 are the buffer
zapacities for components { il buffer capacity between components

| and 2, and Z2 buffer capacity between components 2 and 3).

{13) Two components may be broken down in the same cycle, as you
ey be noticed this assupmption is the converse of assumption 10.
or example, for a three component SPL two compnent can be broken

lown in the same cycle.

14) Three component may be broken down in the same cycle, i.e.,
Prob.{(NNN,i,j) is not zero
Prob.{(NWN,i,j) is not zero
Prob.(WNN,i,j) is not gero
Still some other assumptions should also be made in order to
e able to develope a generalized SPL model. In this regards,

here are -three more assumptions required to treatment of

emi-processed units during repair of a broken down components as

ollows:

15) When a component breaks down, the »>rkpivce it was processing
8 rejected or scrapped. Then,the workpiece is not returned to the

pstream buffer or remain in the component. So based on his
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assumption, the workpiece is scrapped during component breakdown.

(16) When a component breaks down, the workpiece it was processing
is gemoved and returned to the upstream buffer. Therefore a
repaired component can start to process a workpiece after repair
is completed, a8 there 1is always at least one workpiece in the
upstream buffer. So, the workpiece should be returned to the

upstream buffer during component breakdown.

(17) When a component breakdown, the workpiece it was processing
remains in the component during repair. If the repair is completed
the component restarts its processing of the workpiece. Therefore
8 repaired component discharges the workpiece in the same cycle
that repair is completed.

In order to develop & generalized model for SPL , the concept
of MARKOVE CHAIN MODEL has bheen vastely used and the transition
probabilities for all possible combinitions according to the
indicated assumptions has been 'calculated. The method of solution
consists of three steps: ~

(1) .Find all possible transient states and construct system
state _ransition table,

(2) Derive transition matrix from the system state transition
table and derive a set of system transition equations,

(3) Solve the system state transition equation in terms of
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empty, the SPL are not forced down and for the breakdown a good
and suitable maitenance plan may prevent the long stopping

experince.

MODEL APPLICATION
As it was mentioned, the application of SPL in assembly

industries, production, office layout managment, service
industries, plant layout managment and many other situatjons have
been used and with the help of developed model, the reliability
and the system effectiveness can be determined. In a new
application ' of the model, the modified SPL is successfully
applied for service industries and the results show the greate
saving in the operating expense and the increasment of managemet

a

capabiliy te control the process a- evalute the amount of
percieved saving using the simulation technigue.
In Tables (1) through (3) the system state transition table for

general SPL model for a three components as an example,is shown.
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~ the purpose of demonstarion, a compuer program has been
:+ to produce all possible transient states and construct a
state transition table for different buffer storage levels.
s without saying that, according to the assumptions
:d in this paper, a full system state transition table i§
ced and the equations of probability has been defined in
for a three component SPL, it came up with more than 78
18, This indicates that if the number of component
»s, under different level of buffer capacity, the number of
:ions growth rapidly. In this regards, the special case
1e maximum buffer storage of 0, 1, and 2) was ran and all

» transient state were found and a system state transition

1d equations was constructed for this special case in which

these tables has been shown in this paper.

525

















