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Study on mix-inodel assembly line balancing with a hybrid genetic algorithm
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ABSTRACT Based on the analysis of balancing in an automotive final assembly line this paper proposed an enhanced genetic algo—
rithm which includes a simulated annealing factor. A specific accelerated—convergence factor was designed for the algorithm to ensure
fast convergence within a limited space. In the algorithm more engineering constraints were taken into consideration. The algorithm was
applied to a mix-model production line and the result shows a fast convergence and good agreement with practical engineering.
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Fig.2 Logic diagram of combined assembly sequence
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Fig.3 Tllustration of volume restraints
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Fig.4 Chromosome coding
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Fig.5 Step 1 of crossover design
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Fig.6 Step 2 of crossover design
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Fig.7 Step 3 of crossover design

4: 2( 8).
T2 [1] 3] 2] 4] 5] 7]

8
Fig.8 Step 4 of crossover design
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Fig.9 Workflow of the enhanced genetic algorithm
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Fig.10 Schematic diagram of to-be assembled products
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Fig.12  Assembly sequence of Product B
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Table 1 Assembly time and part size information
A B
/s /s
0PO1 33 100 0Po1 33 125
0P02 38 20 0pP02 38 20
0PO3 49 35 0P03 49 35
0pPo4 35 50 0pro4 35 30
OPO05 15 35 0P05 15 35
0OP06 25 25 0P06 25 25
( N ) 0P07 69 15 0P07 69 15
0PO8 30 150 0Pro8 30 150
0P09 60 60 0P09 60 60
0OP10 15 10 OP10 15 10
OP11 45 25 OP11 45 25
OP12 23 67 0oP12 23 67
OP13 55 35 OP13 55 38
OP14 35 66 oP14 35 70
OP15 20 15 OP15 20 20
OP16 27 10 OP16 27 125
1
2

Table 2  Description and values of parameters in the algorithm 4 13 1

M 100~200 200 {OP2(a) OP3(a) OP4(a) OP5(a) OP6(a)

N 30 OP2(b) OP3(b) OP4(b) OPS(b)}:

P, 0~1 0.6 2

Py 0~1 0.1

p o 3 {OP7(a) OP9(a) OPII(b) OP13(a) OPI5(a)};

to 1 1 3

B 0~1 0.9 {OP8(a) OP10(a) OP12(a) OP14(a) OPG(h)
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OP7(b) OP9(b) OPI12(h) OP15(b)}:
4
{OP1(a) OP16(a) OPI(b) OPI(b)
OP$(b) OPIO(b) OP11(b) OPI3(h)
OP14(b) OPI6(b)}.
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Fig.13 Minimized station numbers and allocated operation
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Fig.15 Efficiency of each station
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Fig.14 Gantt chart in each station
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Fig.16 Consumed volumes of parts under stations: (a) with considering constraints; (b) without considering constraints
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Table 3 Consumed volumes of parts under stations

( ) ( )

No. 1 450 465
No.2 318 276
No.3 440 502
No. 4 450 415
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Fig.17 Station number and allocated operation chart ( without con—

sidering constraint)
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Fig.18 Convergence curves of the algorithm
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