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Abstract

Purpose: One of the topics for manufacturers today is to discuss the diversity of customer tastes, which to manage this
situation with the least change in products, requires multiple lines that have the necessary flexibility to produce these
products. On the other hand, many products require assembly operations. The main purpose of this article is to balance

these issues according to the conditions of the workforce and different products.

Methodology: This paper presents two mathematical models to minimize the number of workstations per given cycle
time. In the first model, all parameters are definite. Since customer demand may not be constant and this factor can

affect the cycle time, the second model uses a robust approach to this issue.

Findings: Analysis of various issues shows that a robust modeling approach provides a more reliable design and allows
decision makers to have better assembly based on a better understanding of short-term and long-term conditions under

conditions of demand uncertainty.
Originality/Value: In this papet, two new mathematical models for assembly line balance atre presented. Multi-models

in which assembly operations are performed manually by workers and for more accurate planning, the differences that
workers have in terms of learning and forgetfulness effect on assembly line balance are considered.
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Figure 1- Diagram of precedence relations (Fattahi et al, 2017).
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Figure 2- Showing the number of products produced before and after the break.
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Table 2- Setup time of the first product.
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Table 3- Setup time of the second product.
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Table 4- Learning rates for workers.
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Table 5- Forfetting rates for workers.
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Figure 3- Results of the first stage of sensitivity analysis with learning and forgetting rates.
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Figure 4- Results of the second stage of sensitivity analysis with learning and forgetting rates.
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Table 6- The results of solving problems in a certain state by GAMS software.
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Table 7- Results of certain problem solving (minimizing the number of stations) for the first product or model

by GAMS.
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9.131 4 5131162 1 3 3
4571 2 2.57071 2
9.141 2 2.57071 2 5 5
0 0 0 8
8.672 3 5.671947 3 2 6
10.626 3 7.625989 4 1 1
8.759 2 6.758861 5 6 9
6.943 3 3.942574 6 s 4
11 2 1.971287 7
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Table 8- Results of certain problem solving (minimizing the number of stations) for the second model by GAMS.
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8.109 2 6.108526 1 3 1
7.986 4 3.985597 2 5 2
6.051 2 4.051391 3 2 5
11 3 1.350464 8
0 0 0 3
1 4 6.932717 4 ! 6
10.510 3 7.509845 5 6 4
3.577 2 1.577029 6 4 7
11 2 3.154059 9
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Figure 5- Tasks and workers assignment to station 1.
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Table 9- Results from solving problem number one with GAMS software for uncertainty mode.

(Exa.l) S o lods alsns
(C=55) JSeus loj (LolSKiuyl slass JBlaz) oualcwssdy Baw asl ol
o Robust Regular Best Worst Robust Regular Best Worst
(w+4*c+b/6)  (c+c*alpha) (c-c*alpha) (w+4*c+b/6)  (ctc*alpha) (c-c*alpha)
0.1 55 55 60.5 49.5 2 2 2 3
0.2 55 55 66 44 2 2 2 3
0.3 55 55 715 38.5 2 2 2 3
0.4 55 55 77 33 2 2 2 4
0.5 55 55 825 275 2 2 2 -
0.6 55 55 88 22 2 2 2 -
0.7 55 55 935 16.5 2 2 2
0.8 55 55 99 11 2 2 2 -
0.9 55 55 104.5 5.5 2 2 2 -
Caxlad pus cdl> ‘5‘).3 GAMS )l)'é|P).3 La 90 o)l.mﬁa aliowo JD)‘ o..\.ois';‘.u.bc\g C.al.\.a -\ J5..\.j>
Table 10- Results from solving problem number two with GAMS software for uncertainty mode.
(Exa.2) ¢o o lots altune
(€=40) S ko (Lol sloss J8laz) soalcussdy Bus gl polie
o Robust Regular Best Worst Robust Regular Best Worst
(w+4*c+b/6)  (c+c*alpha) (c-c*alpha) (w+4*c+b/6)  (c+c*alpha)  (c-c*alpha)
0.1 40 40 44 36 2 2 2 2
0.2 40 40 48 32 2 2 2 2
0.3 40 40 52 28 2 2 2 2
0.4 40 40 56 24 2 2 1 3
0.5 40 40 60 20 2 2 1 3
0.6 40 40 64 16 2 2 1 4
0.7 40 40 68 12 2 2 1 6
0.8 40 40 72 8 2 2 1 -
0.9 40 40 76 4 2 2 1 -
Wzl pas Sl 51 GAMS 13310 5 b duw 0yl dliowne Jo 31 outol Comwsds gulis -1 Y Jgu
Table 11- Results from solving problem number three with GAMS software for uncertainty mode.
(Exa.3) aw o louis altne
(€=40) S 5l (oKl slass J8las) oualcawssdy San asls jpolia
«  Robust Regular Best Worst Robust Regular Best Worst
(w+4*c+b/6) (c+c*alpha) (c-c*alpha) (w+4*c+b/6)  (c+c*alpha) (c-c*alpha)
0.1 40 40 44 36 3 3 2 3
0.2 40 40 48 32 3 3 2 3
0.3 40 40 52 28 3 3 2 4
0.4 40 40 56 24 3 3 2 4
0.5 40 40 60 20 3 3 2 6
0.6 40 40 64 16 3 3 2 -
0.7 40 40 68 12 3 3 2 -
0.8 40 40 72 8 3 3 2 -
0.9 40 40 76 4 3 3 2 -
azld pue CIl> 5l GAMS 133105 b Hles 0 louis Al Jo 3l ool amsds gulis -V ¥ Jgue
Table 12- Results from solving problem number four with GAMS software for uncertainty mode.
(Exa.4) )z o lods alius
(€=60) JSous yLo; (LolKiul slass JBlas) soalcwssdy Baw sl uolie
«  Robust Regular Best Worst Robust Regular Best Worst
(w+4*c+b/6) (c+c*alpha)  (c-c*alpha) (w+4*c+b/6)  (c+c*alpha) (c-c*alpha)
0.1 60 60 66 54 4 4 4 4
0.2 60 60 72 48 4 4 3 5
0.3 60 60 78 42 4 4 3 5
0.4 60 60 84 36 4 4 3 6
0.5 60 60 90 30 4 4 3 -
0.6 60 60 96 24 4 4 3 -
0.7 60 60 102 18 4 4 3
0.8 60 60 108 12 4 4 3 -
0.9 60 60 114 6 4 4 3 -
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Table 13- Results from solving problem number five with GAMS software for uncertainty mode.
(Exa.5) ges o losds altuwe

(€=300) JSuuw e (LolKauyl slass J8las) oualcwssdy Ban asls jpolie
Regular Best Worst Regular Best Worst
@  Robust (w+4*c+b/6) (c+c*alpha)  (c-c*alpha) Robust (w+4*c+b/6)  (c+c*alpha)  (c-c*alpha)

0.1 300 300 330 270 2 2 2 3

0.2 300 300 360 240 2 2 2 3

0.3 300 300 390 210 2 2 2 4

0.4 300 300 420 180 2 2 2 4

0.5 300 300 450 150 2 2 2 5

0.6 300 300 480 120 2 2 2 7

0.7 300 300 510 90 2 2 1 -

0.8 300 300 540 60 2 2 1 -

0.9 300 300 570 30 2 2 1

azh pue CIl> gl GAMS 3810 5 b s 0 ylosks aline Jo 51 ool mads gulis -V ¥ Jgus
Table 14- Results from solving problem number six with GAMS software for uncertainty mode.
(Exa.6) i o,loid altuws
(€=300) s sLej (oKl slass J8las) oualcawssdy San asls jpolia
" Robust Regular Best Worst Robust Regular Best Worst
(w+4*c+b/6)  (c+c*alpha)  (c-c*alpha) (w+4*c+b/6)  (ctc*alpha)  (c-c*alpha)

0.1 300 300 330 270 - - - -
0.2 300 300 360 240 - - - -
0.3 300 300 390 210 - - - -
0.4 300 300 420 180 - - - -
0.5 300 300 450 150 - - - -
0.6 300 300 480 120 - - - -
0.7 300 300 510 90 - - - -
0.8 300 300 540 60 - - - -
0.9 300 300 570 30 - - - -
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