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ABSTRACT- The problem of allocating tasks lo work stations along an assembiy line lo
produce a product with minimum idle time is known as the balancing problem. Assembly
line production may be either one or more than one model of one product. The first case
of production is known as the single-mode! assembly line production. The second case of
production is known as the mixed-model assembly line production. As the marker competition
increases, the demand for mixed-model production increases,

The paper at hand is concerned with the mixed-model balancing problem and
presents a bafancing approach which can be applied to any mixed-mode! assembly line
balancing problem.
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This approach is suitable n so far as it can give oplimal solutions® [or special cases of
mixed-model assembiy line production.

Those problem cases are discussed in the present paper. The procedure steps are
given and a FORTRANMN Computer program is written o handle the balancing procedxljrc.
A test case example solution is displayed. The program culpul balancing solution gives
all the problem dara first and the resulling balancing solution second.

INTRODUCTION

In refering to assembly line balancing problem, the concern is to lind a way of assigning
tasks or jobs to a series of work slarions along what is known as assembly line, so as
minimze the total idle 1ime along lhe line. In single model asscmbly production there is
oniy one madel of one product assembled and produced along the line. The problem of single
model balancing problem received much research effort. [ (2}, (3), (8, (5}, (6), (7}, (8), (113,
{123, (13), (14}, (15), (19), (200 ).

In mixed model assembly production there arc mmore than one model assembled along
the line. In practice there are potentially more applications of mixed madel assembly line
production than single model. Examining the problem of mixed model balancing is diflerent
than that of single model. In case ol mixed model balancing problem, the concern is o
examine those situations where one assembly line has to deal with a variety of models
{or products) wirth dillering work content. This means that mixed model produciion involves
not only the allocation of tasks to work stations along the assembly line (as the case of
single model balancing) but may aiso has 1o consider the problem of work content variety
between models produced along the line. There are [our main approaches for the design
of mixed-model assembly line production [ Wester, L. and Kilbridge, M.0. {21}, Thomopoules,
N.T. (16, 17, 18), Macaskifl, J.L.C {9,180}, and Abdei-Shali, A.A. (i} ] The tirst three app-
roaches dealt with the problem in two stages to research solution for the problem.

The first stage is a balancing procedure to allocate tasks 10 work stations, the second
slage is a sequencing procedure to determine the rnodels assembly priorities. The fourth
approach dealt with the problem in one stage as a balancing problem only. The balancing
procedure developed in the fourth approach uses the model weights i ranking rtasks lor
assignments to work stations, i.e. the procedure gives priorities to the models having large
quantities in product-mix. All the four approaches praduce a balancing sclution [or Lhe
mixed-model production having a single station-task assignment. i.e. any parucular task
has to be perlormed {assigned) to only one work station for all the involved models.

The waork presented in this paper is a new idea for balancing mixed-inodel productian
in general. The presented balancing procedure gives very good solurions in cases where
models in production having nearly similar amounts of work content durations and at the
same lime each model work content performance is different from the others. The balancing
approach presented here releasing the reswriction of single station-task assigmment used
in the previous approaches { 1,9,10,16,17,18,21 ). The presenied approach allows any task
to be assigned (performed) to more than one work station {or the dilferent involved models
il the balance requires so. [ The lechniques developed before { 1,9.10,16,17,18,21 } allow
any 1ask to be assigned ta only one work station for all the dilferent involved models

The balancing procedure in this work gives optimal solution where the lollowing
assembly line production conditions existed -
- Work content durations for each model { ar preduct ) is nearly the same
-~ Work content performance for each model { or product ) is different from the others.
- Work training is not expensive andfor the assembly work requires littie skillness.
- No much dilference in model ratios between models in the production-mix.
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Mixed - Model Datancing Procedure =

The developed procedure s programed in FORTRAN 1V language. The data f{eeded
to the program is stored in three files. The first {ile contains all the task information,
such as task durations, task-model invoiverments, and task precedence relationships. The
second file contains all the models informations such as mode! ratios in the production
schedule { number of units required from each model }, and models specificatiops. The third
file contains the balancing instructions, such as production rate or production cycle time,
and control parameters for the program output to give different rypes of balancing rosults
( full details output, Semi-details output, and Breif output ). The approach solution procedure
consists of three phases.

Phase | :

A preparation {or the balance is made in this step io be ready lor the use v next
phase. A rank list 15 prepared for each individual model! as {oilows :

1- For each individval model in turn, a posttional weight for carh nwwolved fask s coleulated
using the following formuia :

2- For each model in turn, a model st of tasks is prepared in descending order of their
positional weight { Pij )w

Where :
{ pii )w + Positional weight of task 1 for model |
t { ‘j) + Task i duration when involved 1n model 1, I not invoived, then L { ‘j }

)

tL {F 1) : Taskduration of follower L, when hoth a {oilower of task 1 and involved
in model y , if not, then ty { Fi li Y= 0

n : MNuinber of tasks invoved in production for all models.

Phase H :
This phase contans the assignment steps as follows

I- Start new work station

2- Srart new maodei

3- For each model in turn, the current rank is setr 1o one.

4- For that particular model, select the next task in rank order, discount tasks already
assigned or {ailled 10 be assigned and make the two checks iy next step. {f no task rernains,
go lo step 7.

3- For the selected 1ask and {or the current madel check the following

{1 is the task free [rom precedence restricions point of view
{it} Does suilicient time remaips in the work station to accommodale the task, te.

)

n
y (L) <L - qz_:i ty (4 Ay

q
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G- 11 conditions U) and {ii) are satislactory, assign lhe lasik to (he worle station for the
currenl model, Update the relative informations and return to step L

7- 1l Lurther models needed 10 be treated, repeal steps 3 1o 6 for the next model

8- Check il all rasks for all models have been assigned. If yes go to the third phase (Phase
i, U no go to step .

Where :
L { ij ] ¢ Duration of 1ask I, where the task is involved in model j
tq (Ij F\k) : Duration of task g, when jnvolved in model j and assigned to work station k.
C : Cycle time or producnon-rate.
n : Number of rasks involved in production far all inadels

Phase I :

As the work assigned to any work station along the mixed model assembly line
is expected to vary from model to model, a new balancing evaluation is used to evaluare
the resvited balance. In lollowing the developed criterions used to assess the mixed mode!
balancing.

Station maximum work :

Is the maximum amount of work been assigred 10 the work station lor any
ol the models served at that station.

Station minimum work :

is the minimum amount of work been assigned to the wprk station for any
ol the models served at that station.

Station mean work :

15 the mean amount of work been assigned to the work stabon lor ati models
served at that station {perlormance durations for all models served al the station divided
by the pumber of models}.

Sration work range :

The difference between the maximum and mintmum work duralions perlormed
by the station {or all models secved there,
Station work variety :

The durations summation of the dillerent tasks performed ar rthe stanon (ar
the different models served there.

Balance delay : { BD% )

The percentage of 1total idle time along the line for all wodels been surved
to the total production Llime given for all models. { Without cansidering the eflect of model
ratios, i.e. all models having the same weight }

Weighted balance delay 1+ { WBD% )

The weighted percentage ol the total idle time along the line for all models
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to the total production tme given for all models. { Without consideration of the model
ratios in production schedule. Model weights equal to the production model mix ratios.)

Smoothness index ¢ { 51)

Is a measure of how much the work is evenely distnbuted among the line work
stations { Without consideration of modet ratios in the production schedule, t.e. all models
having the same weight.}

Weighted smoothness index : { W5t}

Is a measure of how much the work is evenly weigliited among the line work
stations, considering the model weights effect.

m k n
> ZE lc- , (A1
p . 13
ap% - bzt k= i . x 100%

!
. I =t i
WBD% = LS 355 S x 100%
&
k =1
bR G S O W
8 = | dst kel b }112
m
R K fe- " oL (AP
WSI:{EI ) El . i i3 llf?
Where

} :Task i duration when both involved in model } and assigned to station k

t
i
C : Production rate ar cycle time
K : Line length or number of work stations
K : Work statson identity number
m : Number of modeis in production scheduie
n : Mumber ol tasks involved in mixed-mode! production
i : Model identity number
i ; Task identity number.

The computer program :

The developed procedure has been programed in FORTRAN IV. A test case problem
is solved and displayed in the {oilowing part to show an apphcation of the programed inixed-
mode] balancing rocedure. The program produces the following output,
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1- ®Briel summary lor the mixed-mode! balancing procedure
2- The suitable problem cases for the approach applications
3-  All the mixed-model problem data required to detine the problem, such as :

- Summary of the model-task involvements

- Precedence relationships between 1he tasks in tabular [orm

- Model-lask informations (summary for the number of tasks belong 10 each model,
total work durations, and mode! ratios)

4- Resuiting balancing solution in details

5~ Summary of the resulting balancing solution.

6- Resuiting balancing evalutions, using the evaluation criteria  defined in phase three
of the procedure,

Conclusions :

The balancing approach presented in this paper offers o solution tor the mnxed-
model balancing problem. The approach considers the model weighns in ranking tasks for
assignment. Also introduces new methods and ideas for mixed-model balancing evaluations.
The developed approach gives very good balancing solurions in cases where lhe following
conditions are existed :

a- Work training is nol expensive, as the balance comesupwith a variely of work assigned
to each work station lor the dilferent models.

b- Work content durarions (s nearly the same for cach model and the work content perfor-
mance is dilferent from mode! to model.

The approach can be used to balance dillerent products as well as dilferent
models of one product. Also the approach can be used as a tool in group technology
work where much variety of similar products are produced.
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0.00

39.00

0.00
C.CC
0.00
C.00
0.00
C.00
4.00
15.00
n.on
t.00
9.00
5.00

19.00

U.0¢C
0.0C
O‘oo
C.00
C.0C
8.00
4.00
15.00
0.0C
£.0C
F.00
0.00

.N.Nloo

9.00
11.00
4,00
o.oo
0.00
B.00
4.00
C.00
0.00
oloo
D.QO
D.OD

42.00

8coc

0.0C
0.0C
0.06
o.oo
c.0C
8.0C
0.04
15.6G¢
04.00
&.00
9.0¢
0.00

38.06

9C00

c.CQ
11.C0
G.00
17.00
C.00
8.00
4.G0
0.00
0.00
0.00
C.00
0.00

40.00

9599

9.00
11.00
¢.00
0.0C
T.0C
0.00
0.00
15.00
0.00
G.00
0.0C
0.00

42.0C
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FOR EACK MODEL

P R A N R N RN NS AR NN N N N P RN N

Y R R T T N N N N N Y N N N Y R NN Y X

WORK STATICM MUMBER : 4

TR A RN RS A ST YR T LA R AR A Y R

MDOEL ®BUXBER : 100¢C

wORK

ELEFENT

KUMBERS
1 C.00C
G 0.00
12 0.0C
14 Q.00
15 C.,00
15 5.00
1? 3.00
18 7.00
1s t. 00
20 15.00

STATION WORKIMNG
CURATIONS 42.00
FOR EACH HOOEL

2000

¢.00
¢.00
C.00
€. 00
a.oo
5.00
9.00
7.00
6.00
0.00

42.00

3000 4000 5Q¢CC 6500 7000

= IAYOLYeC WORKING DURATIONS

0.00 g.00 0.CC 0.0C 0,00
0.00 .00 0.CC 0.00 7.00
0.00 0.00 C+CC 0.0C 1%.00
€.,00 £.00 ¢.Cc 0.0C 0.00
9.00 9.00 0.00 0.0C 0.00
5.00 0.00 0.00 5.0C 0.00
9.00 5.00 9.00 9.00 9.00
7.00 7.00 7.00 7.0C 7.00
£.00 6.00 a.00 0.0C .00
0.00 C.00 15.00 15.0C Q.00

42,00 37.00 37.00 36.C0 368.00

a00¢

C.0C
0.08
G.00
C.0C
C.00
5.00
9.0C
q.nn
b.0C
15.0¢

42.0C

3000

¢.00
€.00
C.00
G.00
QOOO
5.00
9.00
C.C0O
o.oo
15.00

3g.00

3999

$loo
0.00
0.00
¢.0C
9.00
C.00
0.00
7.00
0.0¢
15.00C

41.00

R I N O O N N N N N R N NN NN N EENTE RTINS
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LE R R RN R RN N N N N R N N N N N R e e Y N Y IR R R TN N RN

LINE BALANCE ASSESSHENT:

PERCENTAGE BaLANCE

PERCENTAGE WEIGHTED BALANCE

SHOOTHNESS

AEIGHTED SMODTHHESS

LINE STATICNS WORK ANALYSI1S

S5TaTICN C.raXIBUR
NUMBER hGRK

41.0C
42.00
42,00
42.0C

F O Y

BINIMUMN
hQRK

38.0C
40,00
38.00
36,00

QELAY

QELAY

INDEX

INOEX

HEAN
WORK

35.590
41.00
4C,00C
3%.00

RAKGE
WORK

3,060
2.00
4,00
6.00

YAREETY
WORK

47,00
112.00
165.00

83.00

-

L N R R N R N R N A N R N N S N E R R RN R RN



