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ABSTRACT

This work consists ol a model which is hased on a computerized algorithm and eonsists
of two main parts namely balancing and slmulation routlnes. This model was used Lo determine
the buffer in-process units required between work stations along manual assembly Llnes.
Since Lhe task durations and devlations vary from assembly of one product to another and
frum one task to another for the same product; thls model was develvped te handle diffcrent
cases of wide and narrow work variability according tu the type of assembly work.

The model is capable of handling two different assembly line prublem cases. irslly
In case of an assembly line produclion wilhout balancing, the balancing routine s (nviled
flrst to produce a balancing seiutlon fer the gproblem and then the simulalon routine Is
Invited to determline the number of in-proceas units needed for each lndividual work stalion.
Sccondly in case of balanced assembly line productlon, the simulation routine is invited
to simulate the work performance in each work statlon along the Une and to determline
the number of buffer in-process unlts needed Tor each individaal work station.

An assembly line problen consisting of fourteen Lasks was used Lo test the halancing
and simoulatlon capabllity of the model. The problem was prepared to produce a perfect
balancing solutlon of three work statlons. The resultant balanced problem data was Lhen
used to Investlgate the relatlonship between task variance, buffer in-process unils belween
work stations and confidence level.

IHNTRODUCTION

In a manual assembly line produclion, the work passes or stays in eaeh work station
along the line for some definite perlod of time thus ylelding the production rate or the
cycle time. Two cases existed for cycle tIme applicatlons In manual assembly operations.
In the First case the line paee Is rlgld and the work unit ls available to the operator for
certain duratlon of cycle time. In soch a situatlon If the operator at any work staltion has
not completed the asslgned tasks, an lncomplete In-process unit wlll proceed from that
mork statlon to the next one. An fncomplele In-process unit wili leave any work statlon
along the lne Is undeslrable since the succeedlng work statlon would be unable to carry
out the assigned tasks. This would create a work stoppage at the succeedlng work stations.
The succeedlng work stations would therefore stacve for work while the share of work of
these stations would not added up because of the fack that work at the previous work statinn
was nok completed.
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In the second case the llne pace may be lexible or manually operated and controlled

by the operators. As soon as the operator at any work station .has [inished his assigned
work, the work unit is dellvered to the next work statlon making sure that a certain produc-
tHon rate or cycle time is satlsfied as far as possible. In thls case Il an operator al any
work station has not compieted Lhe assigned tasks in the given tme (cycle bime), mure
time wlll be consumed to complete the assigned tasks where as the sycceeding work station
wlll be starving for work. Any undesirable delay beyond the allowed cycle time at any work
station along the line will create Idle time for the succeeding work stations and ultimately
wlll delay the line production.

Determinisitdc task duration considerallon duclng assembly lne balancing stage
Is the main reason behind the exlstance of the two problems as diseussed above. Moodle
and Young (9) dlspensed with the assumptlon of determinisLic task durations and developed
a balanclng procedure consisting of two phases, The first phase dealt wlth assembly line
balancing as a deterministic task balancing problem, the sacond phase of the procedure
recognlzed the task duration variabllity, rearranged Lask assignments between work slatlons,
so as to allow for variable performanee duraticns.

Mansoor and Ben-tuvla [8) Freeman and Jucker (4), and Mansoor {7} have extended
the research work by Moodie and Young (9) and treated the task duration as a varlable
or stochastic duration rather than defermlnistic duration. Kala and Hitchings (6} have investl-
gated the effects of station time warlance on the operaling characleristics of manual assembly
lines. This sought to determine whether extreme variance could have significant effects
on the lne output. Raouf and Tsul {10} have introduccd a new method For assembly line
Balancing and recognized the stochastlc nalure of task duration in manual assembly operations.
Slverman and Carter (11} In a cost model lor asscmbly line balancing examined the effects
of stochastic task durations on the total cost of continuously paeed assembly llne under
the assumption that the line would stop whenever at last one work station required more
than alloted time. Conrad (2) proposed a bulfer storage or queue at each manned proeessing
work stalion, and reported that, "Work leeds Into a standing queue and the operator draws
work along lrom his queue. The operator mean rate uf working would then Le the correet
rate at which to feed the store and would be also bLe the cutpub rate of the system”. Davis
(3) In a study of the pacing on manned assembly lines reported that "A number of studies
were earried out which show that an assembly line can nol perform the maxlmum efficiency
{in terms of operator idle time and unlts completed} unless queues are provided before each
work station. "A model proposed by Abdel-Shafi (1} determlines the buffer in-process units
between work stallons on balanced assembly lines,

It can be scen from the above literature thal stochaslic task duratlon is an important
plece of Information which should Le considered at an early stage during the halancing
of the assembly line produclion by Lackling the task durations as stoebaslic rather Lhan
deterministic. Another approach would be Lo consider the task duration variablity later
ab the running and operating stage of assembly line production by introducing buffer in-
process units between work slations, [t is cxpected that the existanee of buffer unlls between
work stations aleng whe line will minimize the operating dcfeckives suelr as production delays,
ineomplete products and Ldle Wime Ffor work stations.

A large number of buffer In-process units between work stalions may ool only
be impractical, . could tie up eapital fopportunity cost) aod may result In oceupancy of
vital factory space. On the other hand too low a buffer in-process units between work stations
would not solve the production problems complelely.

Because of the random nature of work station-excess duralions during Lhe assembly
work performance and the complex configuratlon of assembly work, it is generally difFleuit
to develop analytlcal models which could be used to evaluate a correct buffer in-process
units level requlrement between work slations along assembly lines. However computer
simulation programes eould be used to oblain a meaniogful solotion for some of real life
assembly line problems,

HODEL DESCRIFPTION

The eomputer algorithm developed in this study conslsts of two maln rontines,
First is the Lne balancing rouline where assembly line data {s tackled Lo prodoce a deler-
ministic halancing solution foc the line, uslog the R. P. ¥W. technique (5). The halanced lne
informatlon are then Fed Into the seeond slmulation rountine where the buffer: in-process
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unils levnl between work siatlons can be determined. [n case the assembly Hne which is
ah'e§dy balanced for a well established product and there is no need Lo use the halancing
routine, the model swilches automatlcally to the simulatlon routine (Figore 1)

Task Stochastic Duration:

The work performance in mamral assembly lines is performed by buman beings therefore,
it is subjected to the Tollowing Lwo criteria:

a- The working pace of cach individual operator vacries Unhroughout the working period, and
b- Mo two operators work at the same pace through the working period.

Task durations are actually random variables can he approsximated hy normal distri-
butlen. Having known task deterministic durations and task variances, the Lask stochaslin
durations can be generatcd for any specified confidence level (Simulation procedure).

To determine the number of buffer Ln-process units between work stativns along
the assembly line, the lollowing twao phases algorithm is implementcd an computer:

Phase It It is a preperation phase wherve the madel has been designed Lo handle any of the
following Lwo cases:

Case A concerns with the assembly line data which is unbalanced yct. Here the
balance routine is invited to produce a balancing solulon {Task-Statlon Assignments)
For the line. The balance routine adapts the NM.P.¥. technique (5) with a maodification
to produce deterministic or stochastic balance solutinn as required. The resulls
from the balancing routine are then fed to the simulation routine.

In case 8 the assembly line dala is already balanced i.e. Lask-slalion assigumenls
are ready. I this case there Is no need to invite Lhe balancing routine and the
data Is fed directly Into the second phase which is the simoiakion reutine.

*hase JI: 1t is a simulation phase where Lhe assemhly work performance is simudated Lhroah
the line work stations and Lhe huffer In-process oniks required Lo be allocated
hetwecen work stations are counted by the following procedure:

. The simnlation routine slarts reading the input data which consislts of the soldlinn
confidence Jevel required to be covered, task detecministic durations and variations,
Lask-station assignments and number of simulation runs {simulation length). 1t
should be mentioned thal number of simulation runs can be given in Lhe dala
ot can he calculated by the simulation routine as Lhe number of cyeles in the
simulated periud.

2. Based on the eonsideration that each task duration distribution is a normal distri-
bution, the number of standard devialions correspondlng to the given confidence
level is calculated and new simulation run is started.

3. For each simulation roo, the following steps are implemented:

a- For each task i, the task stochastic duration (SDi) is generatecl:

B 1/2
o, = 00j+[ zcr*‘“ﬁ ]

LD, = DD[-[ZCF

SD]. = L Di + N (U'[)i - LD]J

- Assembly work perfocmance for rach work station along the line is simulated
using Lhe gencraled stochaslic task duralions.
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Where:

c- The work stallon excess duration (SE, ), if any, Tor each Individual work stalion
along the line is eounted fur the c¢lirrent simulation run {work station excess
duration is the duratlon time needed by the work statlon, to complete its assignect
work, more than the allowable cycle time)

Mj
SEp = L > SO - cl
i=1
Nj
SEy = 0 iF [ ( Z snmk) - 10

i=1
d- The accumulated work station excess duration (ASE. ), if any, for each individua
wark slation is counted up Lo the current simulation Fun:

K
ASEjk: Z ssjk
k=1
¢ Hj
= 2 L0 sop0-0)
k=1 J. =1

4. The procedure switches to step 5 if all simulaliun runs are covered. If all slmula-
tion runs have not been covered yet, the procedure swilches hack to step 3.

5. The huffer in-process units level {(BF,) and the buffer indicator numiber {BFI.
for work station | are calculated for an work stations along the line as follow

I, = ASE_,
B‘] SE(J_”,kf’C
BFj raised to next integer if it is not integyer
RFI. = BF, / K
i} ]
:\SEjk = Accumulated excess duration for work station )} up to the eurrent simulatior
run number k.
BF, = Number of buffer in-process units needed for work station j for the specifled
simulated peciod.
AT1, = Buffer indicator number for work statlon j is a general number which
4 when multipled by the number ol cycles io the produetion period will

result in Lthe number of buffer in-process unils needed for work station
J for the specified production period.

C = Cycle time or the production rate.

DD[ = Deterministic duration of task I

k = Simulation run number k or current simulation run k.

K = Simulativo length or the total number of simulation runs.
LD.1 = Lower duration limit for task [ at the given confidence level.
NJj = Number ol assembly tasks in the station j.

R = Random number between 0.0 and 1.0.
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SDi = Stochastlec duration of task i .

SD,.. = Stochastic duration of task | when involved in work slation jand at simula-
ik tion run number k

SEJk = Excess duration of work station j during simulation run number k.

UDi = Upper duraidon limit of task i at the given confidence level.

Vi = Duration variance of task i .

Zcf = Mumber of standard deviations corresponding to confidence level CF.

The algorithm has been developed as a computer program which was written in
“ORTRAN language and implemented on YAX main Irame computer. The general inputs
and autputs of the computer program are outlined bejow:

Inputs for Balancing Routine:

a- Task deterministic durations.

n- Cycle time or production rate.

- Task precedence and technological relationships
d- Task varlances.

Gutput from Balancing Houtine:

4- Task deterministlc durations.
b- Cycle time or production rate.
c- Task variances.

- Task-station assignments.

{nput for Simulation Routine:

a- Task deterministic durations.

b- Cycle time or production rate.

- Task variances.

iJ- Task-slation assignments.

a- Simulation length or number of simulation runs.
f- Confldence level to be covered.

Qutput from Simulatlon Hountine:

a- Buffer in-process unlts required for each indivldual work station along the Line.
h- Buffer indicator number for each individual work station along the line.

A CASE 5TUDY

The model was used Lo investigated an assembly line problem which consists of fourteen
tasks and was prepared tu glve a perfect balancing solution of three work stalions for a
oycle time of sixty time wunits. The balancing routlne was used to produce the balancing
solution, the results were as follows:

Work Station 1:- -
Task Humbher 1 2 3 4 7
Deterministic Duration 12 9 10 13 18

{Time units)
Succeeding Tasks 1,2,3 5,8 7 10 4,10
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Work Statlon 2:-
Task Mumber & 9 10 11

Deterministic Duration 1 18 " 20
{(Time units)

Succeeding Tasks 8 1 12 13

Work Station 3:~

Task Humber 5 8 12 13 i

Deterministic Duration 12 13 15 10 10
(Time units}

Succeeding Tasks 8 14 13 T -

The balanced assembly line data obtained lrom the balancing ruutine js then fe
to the simulation routine and used to investigate the relationshin between buffer indicate
number and confidence level for different cases of task variances (Figure 2}, Task varlanc
has been taken as a fixed percentage of the task durakion for all tacks involved In the asseml
work. Different percenlages are considered for the invesktigation purpose, The compute
algorithm has the capability to tackle real life assembly line cases where task wvariance
are different. In Figure 2, buffer lndicator number has been taken as the average for a
work stations along the line. The algorithm produces the buffer indicator number for eac
individua! work statlon as well as the average for the line and the number of In-proce:
units for each Individual work station. I'rom the ligure it can be concluded that:

For a certain amount of task variances of manual assemblv operations, as lhe confidenc
level increases (.e. it is needed to be more certain that there is no production delay ¢
incomplete work) the huffer in-process units reqguired between work stations are increaset
Also the buffer In-process units required between work stations are increased as task variance
for assembly work increased.

Figure 3 shows the relationship between buffer indicalor mumber and Lask varianc
for different confidence levels. The buffer in-process unils belween work stalions are neede
Lo he increased fnr assembly work having large task variances. This numher may also I
increased when there i1s a nced For more confidence regarding the assembly lihe performanc
without production delay or incomplete work at the end of the line.

CONCLUSION

Past experience has shown that mast of Lhe assembly line production problem
can nol be solved anaiytically. A strong need s felt for computerized algorithms such a
the model sieggested in Lhis work. Task duration varlabillty in manual veal life assembl
operations resulted in pr duotion delay or Incomplete work at the end. Therefor, it wa
worth searching Tor a solulion that could he applied to minimize these production defectives
In this work it was suygested to Introduee hLuffer in-proeess units between work statlon
to offset task duration variability effects. A model has been proposed whieh has the capabllits
to handle two different assembly line eases. First is the balanced work assembly line ecase
where there is a need to have a decision about LulTer level between work stakions. Tlu
second case is the unhalanced work assembly line where there Is a need to balance the
ine and then to determine the bLuffer level between work statlons. Decision aboul buffe:
level is a vital one since a large number of units will tie up eapital and consumes faetor
space, while a small number will not solve the production problems completely.

The sugyested algorithm can be used to yek a solution for the problem which i
the delermination of the number of buffer En-process units hetween work stations {Lbuffe
level). The resultant sovlution is not a unique hut is affected hy the selected confidenre
level. Selecking a high confidence level will produce a solotion with a high buffer leve
and vlce versa. Selecting the confldenee level Is a management decision and it depend:
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on the extent of surety the management wanls to achieve regarding the performance of
assembly operation withoul production defectives. This Tlexibility has been incorporated
In the model which allows for :different solulions giving management and Lhe engineers
freedom to adopt Lhe one most suitable to Lheir conditions.

The algorithm has been used to Investigate a thecretical case of assembly line
operations and to establish the retalonships between dIfferent parameters involved in buffer
in-process level determination. It is worth mentloning Lhat Lhe proposed model [s capable
of handling real life assemhbly line operation jn industry and can serve the management
and engineers, as a very powerful tool For analysing the production defectives.
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