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Balance problem of mixed flow assembly line considering

fatigue and recovery
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Abstract: A multi-objective equilibrium model based on human factor constraint is established to solve the
problem that human body load affects the operator’s state and production efficiency in the operation of mixed
flow assembly line. Considering the effects of operators’ fatigue and recovery process on assembly task as-
signment, the model aims to minimize cycle time and other objectives. Genetic algorithm is used to solve this
problem. The results show that this model can alleviate operators’ fatigue by taking advantage of the idle time
in the workstations reasonably while considering ergonomics constraint. The study suggests that ergonomics

risk caused by excessive work load can be reduced on the premise of ensuring assembly line balance.
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Fig. 1 An example for assembly line
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Fig.2 Chromosome coding and decoding diagram
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Nz =0.428 7 Fl 25 = 0.025 1.
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Table 2 The operating time for each operator to perform each task (unit: min)

B i) A3
1E%
1 2 3 4 1 2 3 4 1 2 3 4
1 10.0 13.0 12.0 13.0 7.0 8.0 7.0 8.0 10.0 13.0 12.0 13.0
2 4.0 4.0 4.0 5.0 3.0 3.0 3.0 3.0 4.0 4.0 4.0 4.0
3 5.0 45 42 5.0 5.0 45 42 5.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 2.3 22 2.0 3.0 0.0 0.0 0.0 0.0
5 8.0 8.3 8.2 8.0 8.0 8.3 8.2 9.0 8.0 8.3 8.2 8.0
6 0.0 0.0 0.0 0.0 0.8 0.5 0.4 1.0 0.8 0.5 0.4 1.0
7 2.5 3.6 25 3.0 32 2.6 2.0 3.0 3.0 3.5 2.5 3.0
8 4.3 4.1 4.5 5.0 4.1 4.3 4.6 5.0 0.0 0.0 0.0 0.0
9 1.0 1.1 1.2 1.0 0.0 0.0 0.0 0.0 1.0 1.1 1.2 1.0
10 3.0 34 35 4.0 33 4.0 42 5.0 0.0 0.0 0.0 0.0
11 11.0 12.0 13.0 10.0 11.0 13.0 10.0 10.0 10.0 12.0 12.0 10.0
R3 SREESHEFER
Table 3 The fatigue accumulation rates of tasks
E5% 1 2 3 4 5 6 7 8 9 10 11
Ai 0.01 0.02 0.03 0.01 0.02 0.03 0.02 0.04 0.02 0.05 0.01
x4 FEEBARARKEESER (a=1.8=1~7=0)
Table 4 The optimal solution of the problem without considering ergonomic risks (o« =1,8=1,7=10)
2% PR IS 1] / min
T AR £5% (B " " " (RS
B L) B3
1 1,24 1 0.0 1.7 0.0 0.1510
2 3,5 3 1.6 1.6 5.8 0.184 7
3 6,7,8,10 2 29 2.6 10.0 0.202 3
4 9,11 4 3.0 4.0 3.0 0.089 6
x5 ZEAERKEEELR0=1.8=0y=1
Table 5 The optimal solution of the problem with considering ergonomic risks (o = 1, 3 =0,y = 1)
2% PRI 8] / min
T AR % (B " " " (NS
B 1 B 2 B 3
1 1,24 1 0.0 1.7 0.0 0.1510
2 35 3 1.6 1.6 5.8 0.184 7
3 6,8,10 2 6.5 52 13.5 0.1430
4 79,11 4 0.0 1.0 0.0 0.155 1
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2%, SR A ETR A 136 BBl N R T A B, A T TR,
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Fig. 7 The genetic algorithm evolution process
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