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OPERATOR STATIONS AND TWO-OPERATOR
HASKSIACASE -
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SUMMARY

_ In this article, we define a real deterministic assembly line balancing problem

“with parallel-operator stations and two-operator tasks, and, in-the light of the production

policies adopted by the company, we propose a number of alternative line designs ob-
- 1ained by applying the Modified Ranked Positional Weights Technique to the problem,

'INTRODUCTION

Assembly Line Balancing (ALB) problem deals with minimiz-
ing total idle time (TIT) along an assemb.y line, or equivalently, bal-
ance delay ratio (d) of the line by grouping a set of tasks into a set of
work stations while satisfying the cycle time (T) and precedence
constraints. ' e - L o

ALB problems are classified into two categories depending on

~ whether the process times of tasks are deterministic or stochastic.The ALB

promlems in which the process times are given and fixed are called deter-

ministic ALB problems. When the process times are assumed to be

- random variables having a known probability distribution, the problem be-
comes a stochastic ALB problem. : W

~ Furthermore, when a deterministic or a stochastic ALB problem sat-
isfies the following requirements as stated by Baybars (1985a;5), it be-
comes a deterministic or a stochastic Simple Assembly Line Balanc-
ing (SALB) problem: e Shew G :

}

“a) all stations involved are identically equipped and manned,

~b) the process times are independent of the station at which they are per-.
- formed and of preceding and following tasks,

b
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C) anytask can be processed at any statibn. :

d) the total line is co
lines,

nsidered 1o be serial with no feeder or subas sembly

e) the assembly system is assumed to be designed for a unique model of a
single product. - i S b .

There are two versions of the deterministic SALB problems that have
two different optimization criteria, namely, SALBP-1 and SALBP-2
(Baybars,1985a;6).-SALBP-1 aims at minimizing number of stations (n)
for a given T while SALBP-2 aims at minimizing T for a given n. Both _
versions attempt to achieve the same goal, the minimum 111 ord. - "

The stochastic SALB problems are designed to optimize a number of
criteria as well as minimizing n or T (Kao, 1976: 1097). For 1instance,
Reeve and Thomas (1973) attempt to minimize the probability that one or
more stations exceed a given cycle time (Buffa, 1976: 388) while Kottas
and Lau (1981; 177) try to minimize the total system cost consisting of the
labor cost and the cost of incompletion. - :

- Except for the first requirement above, relaxing one or any combina-
tion of the requirements results in General Assembly Line Balancing
(GALB) problem, whether the goal is to minimi.e n or T (Baybars,
1985a; 6). Relaxing the first requirement, we define a different problem,
called Assembly Line Design (ALD) problem, that has two optimiza-
tion criteria, line design cost and TIT (Baybars,1985a. 7-8). ' -

' In this paper,we identify an actual deterministic ALB problem violat-
ing the fourth simplicity requirement as well as having specific features,
‘and solve the problem for a series of cycle times by employing the Modi-

‘fied Ranket Positional Weight Technique (HEMAXRPW)

LDESCRIPTION OF THE PROBLEM

The engine assembly line is equipped with a rail on which:an assem-
bly car goes along the stations located serially. As depicted in Figure 1 be-
low, the engine line has 4 stations with 8 operators: i wo operators (A and
B) at each station. Here two operators perform the same set of tasks as-
signed to the station, and therefore. it is a parallel-operator stations
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assembly line (Vrat and Virani, 1976; 446). Furthermore,some tasks are
performed by both operators, called two-operator tasks. The aumbers
~ at the stations in Figure 1 refer to the tasks assigned to A or B,or both, at
that stations. Along the line,31 individual tasks are performed. '

Figure 1. Layout and Task Assignme nt of the Existing Engine Assembly Line

~ In the production of the 6610 model engine, the management imple-
ments two different policies, namely traditional policy and labor-
shifting policy.The former contains the use of a line designed for the
cycle time of 20 minutes which enables the company 10 produce 24 en-
gines within an 8 -hour workday.When a production rate greater than 24
eng is required, the later policy is put into practice.This policy 1s character-
“ized by the reduction of the cycle time of 20 minutes to abouth 15 minutes
in such a way that the operators with excessive idle times are shifted to the
parallel tasks in the bottleneck station.The number of operators to be shift-
" ed from one station to another is based on the supervisor's own judge-

‘ment.

The problcmsstated by the management are two-fold.First,the cur-
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rent hne desi gn practlccd in the tradmonal policy has an unfavorably high ”
_ balance delay,41.875 %.Therefore,the management intends to adopt,in
- the traditional policy,a balanced line design yielding the minimum d.Since -

the use of a balanced line in the traditional policy will leave no room for the

practice of the labor-shifting policy, the management also intends to deter-
mine a number of alternative line designs to attain the increasing daily pro-
~ duction rates by shifting not operators but the tasks between the stations.

ILDATA FOR THE PROBLEM

The process times of the tasks were estimated by a stop watch time
study conducted by the company in 1987. The means and variances were
~ computed for each taskAn this study, the process times are fixed at their
mean values.Table 1 gives the mean process times in minutes (f) and pre-
cedence relationships of the tasks. The tasks marked with "*"refer to the
two-operator tasks.

. TABE]
'DATA FOR THE PROBLEM

1 : 131 110
| 2 1 1.4 |18 | 4.2
3 1 +4 119 10
1 ¥ - 19.6 |20 21
15 : 1.2.12% E N
| 6 1 1.822 F 27
S v 1 1.4 144 | 5 1
| 8 1 1.5 124 . h1.1 -_
9 1 0.3 |25 1.0
110 | 1 1.0 126 3.0
'Y i D5 127 ‘43
12 X 0.5 |28 4.3
13 6 1484128 \ 120
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15 4 2.0 {31715 39 10,11,16,17,19,] 1.2
16 4 3 iy e

$0,21,24,25,26,29,30

" two-operator task
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III-IDENTIFICATION OF THE PROBLEM

The problem involved is a determlmstlc ALB problem 1n the sense
that a set of tasks with the deterministic process times is to be assigned to
the work stations such that TIT ord is mlmmlzed while satisfying the cycle
time and precedence constraints. -

T'he problem satisties all requ1rements of SALB problems except the

fourth one requiring that the total line be serial with no feeder or subassem-
- bly Iines. The 1mplication of this requirement is that the process times are
additive at any station.In spite of the fact that the engine line has no feeder
or subassembly line,the process times are not additive due to the parallel-

~operator stations assembly Therefore, the problem implicitly vmlates
the fourth requirement of SALBP.

Moreover a special requn'ement of the problem 1s the tWo- -operator
tasks referring to the tasks that must be processed by two Operators.

Consequently,- the problem can be defined as a smgle-rnodel deter-
ministic ALB problem characterized by the parallel-operator stations and
two-operator tasks.In general sense, the problem can also be referred to as
aGALB problem since 1t satisfies the first requirement of SALBP.

1V. PROPOSED METHODOLOGY FOR THE PROBLEM

Thas study aims at spemfym g a number of line demgns that are to be
- alternative to the current line designs being practiced in the 6610 model en-
gine assembly line. The alternative line designs are selected on the basis of
their balance delays from among those obtained for all cycle times ranging

from 12 to 30 minutes.This cycle time range 1s specified by consndenng

the demands of the company. -

‘The solution method to be apphed to the problem i1s ﬁrst selected by
cons1der1ng the solution methods proposed for solving the deterministic
SALBP-1 and then modified accordmg to the special requirements of the
problem in questlon

a)Selection of the Solution Method

The solution methods for solvin g the determuinistic SALBP-1 are di-
vided 1nto two categories; exact and inexact methods. The exact meth-
~ods consist of two subcategories; Integer and Dynamic Programming
methods.These methods do guarantee the finding of the optimal solution to

the problem (Baybars, 1985b; 16 ).
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The 1nexact methods are groupped into four categories;Single-Pass,
Composite, Bactracking and Optimal-Seeking methods (Talbot and others,
- 19686;432). The inexact methods employ a heuristic rule or a combination
of heuristic rules and they do not guarantee the finding of the optimal solu-
tion (Baybars, 1985b;16 ). & - e :

Evaluating the performances of the exact methods, Baybars
(1985a;35) argues that "when the problem size (number of the tasks) is
large,all exact algorithms fail due to the excessive computational require-
ments . This problemis also true for our 31-task problem; although our
problem size is by. no means unmanageable, computational requirements
would still render an application in this case rather cambersome. As a mat-
ter of fact, the inexact methods have an absolute advantage over the exact
methods in terms of the required computations. Hence, we are concerned
~ with the inexact methods to select the so ution method for the problem at
the expense of the guarantee for finding the optimal solution. '

- T'he 1nexact method to be adopted . or the problem should be modi-
fied to satisfy the special requirements of the problem. In this sence, the
Single-Pass methods seem to have an advantage over the other inexact
- methods because of their simple solution procedures.Additionally, as re-
ported by Mastor (1970), for the 40-task and 0.25 order strength problems
'the performances of Single-Pass methods overlap with those of the overall
most efficient inexact methods (Buffa and Miller,1979; 469).Therefore,
~we can expect that Single-Pass methods will yield the same results for our
~ 31-task and 0.24 order strength problem. "

The most prominent methods in this category are MAXDUR and

MAXRPW methods. The only sound way of selecting one of these meth-~

ods 1s first modify them and then to cor 1pare their results on the real prob-
lem . Both methods are modified, but only the procedure of the modified

MAXRPW is presented in the following section.The lowest balance delay
found by the modified MAXRPW, 1 064% ,is considerably lower than
that obtained by the modified MAXDUR,26.77 %. Thus, we choose the

modified MAXRPW as the solution method to be applied to the problem in
the study. ' .

b)Modification on the Selected Method.

In MAXRPW method, tasks are assigned to stations on the ‘basis of
the size of their weigths defined as the sum of the process times for a task
plus all of the tasks which follow'it; the task with the largest weigth is as- _
lEigne"d tirst. The procedure is terminated whenever a feasible solution is
pung. @ - e '
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In MAXRPW, it is assumed that each station is manned with one op-

- erator resulted in "the principle of one task at a time", and each task 18 per-

formed by one operator.In our problem, one or two tasks ‘can be per-

formed at a time due to the parallel-operator stations and some tasks must

be processed by two operators. Therefore, the MAXRPW method 18 modi-

fied so that these requirements of the problem are satisfied; this version of

MAXRPW is called HEMAXRPW. The computerized program of HE-

MAXRPW incorporates the following steps in its solution procedure;

1.Read the cycle time for which the problem is to be solved.
I1.Form the available list. Available list is the list of tasks that
can be assigned next while satisfying the cycle time and prece
«dence consgaints.. o o0 S i
IT1.Rank the tasks in the available list in descending order of their
positional weighths™. s g g
IV .Starting with the first task‘in the thus constructed, assign the:
tasks to the operators A and B in the present station, by checking
the following conditions; ' s
1.If the task considered for assignment is a ohe-operator task;
a. Assign it to A if both operators are idle, and consider
‘thenext available one-operator task for assigning itto B.
i. Keep B idle until A completes his task if thereisno
available task for assignment to B, otherwise assign the

~a. Assign it to both operators if there are two 1dle opera-
Pt iy . . *
‘b.Consider the next available one-operator task for assign-
ment to the idle operator if one operator is 1dle. e
‘1. Keep the operator idle until the busy one completes his
task if there is no available task for assignment to the idle
operator, otherwise assign the available task totheidle
one. . & o Vs
V. Update the available list after the assignment. -_ _
VI.When both operators have no enough time to process any task 1n
the list, print the task assignments, idle times of operators and station
idle time, and establish a new station. =~ _ e
VIL. Repeat Steps II through VI unless the condition in Step V1l 1S
- satisfred. st e . " . Py e
VIII If there is no task in the available list, terminate the solu-
*In the modified MAXDUR, tasks are listed in descending order of their
process times;this is the unique difference between the modified MAXRPW
and MAXDUR. . e - b
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tion procedure, and print the number of operators, total idle time and bal-
ance delay of the line. - T o
The tlow chart of HEMAXRPW is presented in the appendix.

' V.APPLICATION AND FINDINGS

Given the mean process times, the problem is solved repeatedly by
executing the program of HEMAXRPW, for a series of cycle times start-
ing with 12 minutes and incremented by 0.1 up to 30 minutes. This proc-
ess 1s terminated when the solutions of 181 cycle times are obtained. Then,
the line designs yielding the best results in terms of balance delay are spec-
ified as the alternative line designs. - '

The balance delays correspbnding to 181 solutions are plotted in Fig- ”
ureZbele. ' , o o i ,

L

213 14 15 16 17 18 19 20 21 2 3 % 25 2% 2
Figm¢ 2.The balance delay graphs for 181 n,T combinations. ;

As seen 1n the graph, the three line designs yielding the three lowest
balance delays within the range are obtained at the cycle times of 12.7,
- 15.7 and 23.5 minutes.The associated balance delays are 8.464 %,
1.274% and 1.064 % .These line designs are called "alternative line
~designs” and are denoted by LD sLDyand LD, respectively.The total
- required numbers of operators, tasks assigned to A and B at each station,
idle time of each operator, station idle times and total idle times of LD;,,
LD, and LD are also indicated in Table II, II] and IV.
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' TABLE II
ALTERNATIVE LINE DESIGN LD

12.7 minutes

s - Idle time { Station
Tasks assigned jpf operator § idle ume

: | (min)  § (mn)
’* 1,4 ! o000
' 3,10,16,27.28

d=8.464 % TIT=8.60

 TABLE III
ALTERNATIVE LINE DESIGN LD , , T= 15.7 minutes

S‘t.ation
idle time

Tasks assigned fof operator

. ' (min)
| 1] a]1e02800 . 000
' B 1,4,6,5 . E ok ‘_ ! Ho.do_ o
II 18,23,27,20 . ' '
. IV AS 1472236 . Lek
111 28.30,25.9.21,31 arl " "
‘ ﬂ 29,16,2,3,24,17,19,11,21,31 Sl ¢ _
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. “TABLE L ¥ , S
-~ ALTERNATIVE LINE DESIGN LE) , T=23.5 minutes

. , § Idle time | Station
Tasks assigned _ | of operatorg idle time |
' ' . (min)

" §1.410.12.18.23

1 1.4.6,8.11.13,15 ' 1

]
L]

]

0.00
0.20
0.40

~ (min) SRy
3.48,17.21,25,27.27.28.80.3" <

2,5:7,9,14,19,20,21,22,24,26,29,31.0.40

¥ .
- &
-
b
=
L
"

d= 1.064 %

CONCLUSIONS

The lines design obtained for the cycle time of 20 minutes practiced in
the traditional policy yields a balance delay of 22.5% with 6 operators; this is
‘the minimum possible balance delay with HEMAXRPW for 20 minutes. Re-
garding the current situation with 8 operators and the balance delay of
41.875% tor the same cycle time, we can definitely argue that the currently:
practiced line design 1s an illbalanced line. Moreover, as compared to the
balance delays of all alternartive line designs, the balance delay of 22.5% im-
plies that the cycle time of 20 minutes, itself, is not the best cycle time to keep
for the line. - ' x

The best line design to implement within the traditional policy is the al-
ternative line design yielding the overall lowe st balance delay, LD;. LD, re-
quires 4 operators and the total idle time of 1 minute. The achievement of a
"balanced” line 1n the traditional policy will leave no room for the implemen-
tation of the labor-shifting policy that presumes the existence of an "ill-
balanced” line design. Therefore, the line designs LD.and LD, should be
implemented to meet the increasing daily production rates. D5 yields a daily
production rate of 20.43 tractors within an 8 hour workday while LD, and
LD, enable the company to produce 37.8 and 30.57 tractors in a workday,
respecfively. The balance delays of the proposed designs increase as the dai-
ly production rates increase. Eventhough the highest balance delay,
8.464%, 1s considerably lower than the current balance delay, 41.875%.

Consequently, we suggest the company should adbpt LD;within the
traditional policy and LD, or LD,tfor the increasing daily production rates.
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In addition, we should note that the process times in the problem are
given and fixed. In fact. the process times would be more realistically as-
sumed to:be random variables which result in variable cycle times. The as-
sumption of the stochastic process times will require the measurement of
the variability of the cycle times by simulating the alternative line designs.
Thus, we propose a future study to be devoted to the reliability of the pro-
posed line designs in the case of process time stochasficity.
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APPENDIX ' . ‘ Sl
FLOW CHART OF HEMAXRPW :

| Creation of Data Arrays
{Calculation of Positional Weights

INPUT
Imualguon of

Screen Inting
| Initialization of Vanables
Updating of Avallablc List

Establishment of Available List 1
' Rankin the tasks in the List -

the task \
~ two-oprs.
task

[ OUTPUT

f Print the station
assignment

. ey | B
Increment #off / all!
|stationby 1 § M

0 ’TPUT

Print the summary
of the solution

1

A ldle opr. waits |
forbusyone = |
g Y

Assign. to 1dle opr.

Jthere i

a one-opr.
in the

N\ List

\f
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PARALEL ISCILI ISTASYON VE IKi ISCILi i$ DURUMUNDA
MONTAJ HATTI DENGELEMESI ' '

Bu makalede,paralel ig¢ili istasyonlar ve iki iscili igler igeren gergek bir determi-
nistik montaj hatt1 dengeleme problemi tanimlanmakta ve tadil edilen Siralandirilmas
Pozisyon Agirhiklan1 Yontemi yardim ile, igletmenin iiretim politikalar da dikkate
alinarak, belirli sayida alternatif hat dizaym Snerilmektedir.
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