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Modeling and Optimization of Multimanned Two-sided Disassembly Line
Balancing Problems for Walking Workers

TUO Yang ZHANG Zeqiang™ XIE Xinlan SONG Haoxuan
School of Mechanical Engineering, Southwest Jiaotong University, Chengdu,610031

Abstract; The multimanned two-sided disassembly with walking workers was an ideal choice for
processing large products with multiple attributes in disassembly line. So, a multimanned two-sided
disassembly of walking workers line balancing problem was proposed. A mathematical model was
built with the goal of minimizing the number of multimanned workstations, senior workers, idle
time, and fatigue index. In addition, a salp swarm-differential evolution algorithm with incentive
strategy was proposed to solve the disassembly line balancing problem. The algorithm performance
was validated by using large-scale cases. The proposed model and algorithm were applied to a used car
dismantling case, and multiple allocation schemes were obtained for enterprises to flexibly choose
from.
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Fig.1 Multimanned two-sided disassembly line of
walking workers
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710.0579 ] 0.9777 [133.224 710.0579]0.9761 [141.924

Tab.3  Hy index average values 810.05790.9929 [140.928 8 10.0579 | 0.9900 |146.994

7K RIS 451 VIR B S 451 110.0579]0.8523|127.15 1{0.0579|0.6923 |124.686,

1 445.84 1.06 X 10° 20,0579 | 0.8525 | 127.61 2 [0.0579]0.6938 [ 124.71

2 445.25 1.02X10° 3 [0.0579]0.9337 | 128.27 3 [0.0579 | 0.7614 [124.776

3 145.98 1.05% 10° 110.0579]0.9312] 128.73 400579 |0.8207 | 124.8

4 144,72 1.02 X 10° s |2 [00579]0.9352 | 126.78 | ssa- |5]0.0579 [0.8785 125922

5 444.73 1.04 % 10° 610.0579]0.9353[129.25 | DE |6 [0.0579 [ 0.9203 [126.282

6 445.27 1.03 X 10° 710.0579]0.9921 [ 129.75 710.0579]0.9814 [128.178

7 14471 1.13X 10° 8 10.0579 ] 0.9978 [129.91 8 [0.05790.9998 [ 129.75

8 144,63 1.03 X 10° 9 0.0579 | 0.9985 | 130.56 9 0.0579 [ 0.9999 [141.786

9 445.03 1.04 % 10° 10]0.0579]0.9988 | 130.73 10/0.0579 | 1.0000 [155.562
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x5 FHESERE

Tab.S Name of disassembly tasks

G| AR | SREIRE /s | W ETRBR | ST HRAR | BREIT I (|45 | B | PREINE/s | fEEARAR | T IRER | PREI5 M
1 ok 62 0 0 0 24 TR 300 0 1 1
2 b 162 0 0 2 25 J7 1] 4% 105 0 0 1
3| MR 200 1 1 1 26 B PR 60 0 0 0
4| iR 200 1 1 2 27 HERE 114 0 0 0
5 K| 170 1 1 1 28 | A RO 115 0 0 1
6 2] 170 1 1 2 29 itk 28 1 0 1
7 Cl -3 80 0 0 0 30 % 112 0 0 1
8 1R AT 120 0 0 0 31 | VHIV AR A % 344 0 1 0
9 K 70 1 0 1 32 | AT 50 1 0 0
10 | A5 %AT 70 1 0 2 33 il 2y 28 14 170 0 1 2
11 | Ja&f 112 0 1 0 34 | BESRER 52 1 0 0
12 | P BEHS 80 0 0 0 35 Jon s B AR 58 1 0 0
13 2% 53 0 0 0 36 23 R 1 132 0 0 1
14 | TFREHHL 58 0 0 0 37 i R80 240 0 1 0
15 | ZE M3+ 4 60 0 0 1 38 | RBIHLAIRAE B 175 0 0 0
16 | 4503 7 H 60 0 0 2 39 iR 231 0 1 0
17 | ZE M5 U8 AR 50 0 0 1 40 Ja R 234 0 1 0
18 | A7 M4 et 50 0 0 2 41 75 g 210 0 0 0
19 1 70 1 0 1 42 K BIHL 270 1 1 0
20 JHE R 2 70 1 0 2 43 ki ER e 240 0 1 0
21 e 3 100 1 1 0 44 2 5 B 98 1 0 0
22 WhAE 118 0 1 0 45 & 115 0 0 0
23 | WP TFAE 116 0 0 2

% 6 SSA-DE ¥t P45 5 ERH KRR L
Tab.6 Solution results of SSA-DE for P45 vehicle disassembly
i Fy F, F3 Fy LIS
Li:{7.13.8)—>{12.15,17,30,38}—>{25.39,28}—{24.,36}—>{37,45)
. .| L2:{1,2,14,16)>(18,31,11}>{23,26,40} > {27,41,33} > (22,43}
! 5 4 295376 125 IR 15,5.,0) > {32.19)—(21.42)—={34.35)—>{20.,44}
Ry :{4,6,10}—~>{20}
L1:(1,7,13.8}>{30,15,17,38,11}—>{25,39,28} >{24,36}—>{37.45)
) Ly:{2,14,16,18}—{12,31}—{23,26,40}—>{41,27,33}—{22,43}
2 504 492828 1 23 R (3.5.9)(32.19)—>{21.42)—>{34.35) (29,44}
Ry :{4,6,10}—>{20}
Li:(1,7,13,14,12}—>{15,17,11,30,38}—>{25.,40,28} —>{24,36}—>{37.45}
L»:{2,16,18}—>{8,31}—>{39,23,26}—{41,27,33}—>{22,43}
5 S| 5 | B0zl R 3,5.,0)>{10.32) > () > (34.35}—>{29.44)
{4,6,10}—>{20,21}
L :(2,15.14}—>{30,17,12,11}—{38,40}—>{25,24}—>{39,36,41} (28,45
) L,:{1,7,13,16,18}—>{8,31}—>{26,27,23,22}—>{37,33}—>{43}

4 6 4 766 316 21 Ri:{3,5,9}—>{}—>{21,32,29}—>{42,35,34}—> {44}

Ry:{4,6,10}—>{20}
Li:{1,7,13,15,14}—>{30,17,12,11}—>{38,22,25} > {24}—>{39,36,28} > {45}
_ L,:{2,16,18}—>{8,31}—>{26,27,40}—>{23,37}—>{33,41}—>{43)

g 6 | 4 | 1005100 | 19 | p s o gL e(19)—>{21,32,20)—(42,35,34) — (44}

Ry :{4,6,10}—~>{20}
Li:{1.7)>{15.17,13,30}—>{31,25}>{40.27}—>{24.28} > {37,36} > {45}
_ Ly : <2> {16,18,8,11,12)—>{14,38,39}>{26,41,22)—>{23,33}—>{43}

6 7 6 1559 506 17 R 481 (5.0.32,19) =211 (20) {35}
R;: {6} {10,20}—>{42}—>{34}—> {44}
Li:{1,13,15,17)—>{12.31}—>1{30,39,26}—>{28.25,24}—>{37.36) —>{22,45)
L;:{7.2,16,18}—>{14,8,11}—>{38,40}—>{33,27,41}—>{23,43}

7 6 5 830128 1 19 1 R, 13,5,0) (10,21} {34} —> {42} —>{29,44)
Rp:{4,6,10)—>{32,20} {35}
L, :{2,15.14}—>{30,17,12,11}—{25,27.22,28)—>{24,41}—{36,43}
L,:{1.7,13.16.,18}—>{8.31}—>{26,38,40}—>{39.23,33}—>{37.45}

8 5 4 508250 1 2L | B (3.5.9) (19} —>{21.32.20) (35}
Ro:{4,6,10}—{20}—>{42,34}—{44}
Li:{2,15,14}—{30,17,12,11}—{25,27,22}—>{40,28}—>{24.,41}—{36,43}
Ly:{1,7.13,16,18}—>{8,31}—>{26.38,39}—>{33,23}—>{37,45}

) 6 4 724668 | 19 R 3.5,9)>(19)—>(21.32)>{42,29) > (34.35 ) > {44)
Ry:{4,6,10}—>{20}
Li:{1.7}—>(8,15,17,30}—>{38,25,39}—>1{28.24}—>{37,36},—>{ 43}

- R Ly:{2)—>{13,12,11,14}—>{31,16.18}>{26,40}—>{23,33}>{27,22,41}—> {45}

10 7 S| LASTS20 1 AT g 51> 19.19.32)—>{42)—>{29.35)
Ry:13,4}—>{6,10,20)>{21}—>{34}—>{44)
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