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Modeling and Optimization of Assembly Process Scheduling Considering

Functional Fault Rework

LU Zhigiang', ZHANG Yingze
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: Aiming at the problem of project duration extension caused by chain rework due to functional
inspection in large industrial components assembly process, a complex assembly process scheduling problem
optimization model considering functional fault rework is established, and an integer programming model is
established with the objective function of minimizing project duration expectation. Based on the support vector
machine quality defect probability prediction model and bayesian network, the mapping relationship between
personnel allocation decision and posterior rework probability is established. A hierarchic genetic tabu search
algorithm (HGA-TS) is designed. The upper layer optimizes the job execution sequence based on the job list
topology sequence, the lower layer optimizes the personnel allocation based on random key, and then converts it into
resource stream coding local search optimization to generate proactive scheduling plan. The experimental results of
the model show that giving priority to high—level resources for assembly jobs with high posterior probability can

reduce the probability of functional fault rework. The algorithm comparison experiment proves the effectiveness of

HGA-TS in solving this problem.
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Tab.2 Changes in probability of functional fault

BN SRR RIS
Avg Gap Avg Gap Avg Gap

MEE Bk

10 55 02951 — 02948 0.11% 02920 1.07%
12 55 02614 — 02612 0.07% 02587 1.05%
14 55 02383 — 02381 0.06% 02360 097%

A RS B A3 AR R AR R B U
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Fig.10 Comparison of rework degree
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Tab.3 A certain type of aircraft assembly project and parameters
(L5 Tl 47 PRSI BT ERRL
R1 R2 R3 R4
1 G IS 1 2 0 3 3
2 JE A 1 4 4 0 3
3 DIB9S 2 2 2 2 4 1,2
4 HIALE T BEACRERC 2 1 1 1 2
5 HIALE 1 BEACRERC 2 0 0 0 2
6 HIPLE b R REA & 3 0 0 0 3 4,
7 LB Sk 3 2 2 3 6 ,
8 JEPLE T BEACRE L 2 1 1 1 2
9 JEHLE b BEACRERC 2 0 0 0 2
10 JEPLE b R EEAR A 3 0 0 0 3 8,9
11 JEPLE B 3 2 2 3 6 10
12 BRI KL 2% 2 0 3 3 5 11
13 HIMLE BLE B JEHLE XS 6 5 5 5 10 7,11, 20
14 BILE} v BE 2 A A BE 2 0 0 0 2 16
15 BLE B I RE A hE e 2 0 0 0 2 16
16 BLEF rp B R4 1 4 i 3 2 2 3 6 19
17 BLIL i 4 3 0 3 2 3
18 AL AR 1 0 2 1 2
19 BLIL HMIESE f e e 0 0 0 0 1 17, 18
20 GIEEAIVS Doy 2 0 1 1 2 14, 15
F4 ARERERFWHZEIILL
Tab.4 Staffing and posterior probability comparison
A B3 BT e A X o ek S FRAE A S s AR T U
YEAL 75 UNZLTIN NN
R1 R2 R3 R4 wd% R1 R2 R3 R4 wd%
1 0,0,1 0.1,1 0,0,0 0,2,1 42 1,0,0 1,0,1 0,0,0 1,1,1 1.6
2 0,1,0 0,1,3 0,1,3 0,0,0 6.9 0,1,0 1,1,2 1,1,2 0,0,0 1.7
3 0,0,2 0,0,2 0,0,2 0,0,2 18.0 0,2,0 1,1,0 0,2,0 1,0,1 1.7
4 1,1,0 0,1,0 0,1,0 0,1,0 4.7 2,0,0 0,1,0 0,0,1 0,1,0 2.0
5 0,0,2 0,0,0 0,0,0 0,0,0 42 1,0,1 0,0,0 0,0,0 0,0,0 2.7
6 1,2,0 0,0,0 0,0,0 0,0,0 3.1 0,2,1 0,0,0 0,0,0 0,0,0 1.1
7 1,0,2 2,0,0 2,0,0 1,1,1 1.6 0,1,2 0,1,1 1,0,1 0,1,2 25.5
8 0,1,1 0,0,1 0,0,1 0,0,1 5.7 0,2,0 0,1,0 0,1,0 0,1,0 1.7
9 0,2,0 0,0,0 0,0,0 0,0,0 6.9 2,0,0 0,0,0 0,0,0 0,0,0 2.9
10 2,0,1 0,0,0 0,0,0 0,0,0 2.6 2,0,1 0,0,0 0,0,0 0,0,0 2.1
11 2,1,0 1,1,0 0,1,1 0,1,2 1.8 2,1,0 2,0,0 0,1,1 0,1,2 1.0
12 1,0,1 0,0,0 2,1,0 1,1,1 12 0,1,1 0,0,0 1,0,2 2,1,0 72
13 2,2,2 2,1,2 2,0,3 2,2,1 2.6 2,2,2 1,2,2 2,0,3 2,2,1 6.3
14 2,0,0 0,0,0 0,0,0 0,0,0 2.1 0,2,0 0,0,0 0,0,0 0,0,0 4.8
15 1,1,0 0,0,0 0,0,0 0,0,0 2.5 0,0,2 0,0,0 0,0,0 0,0,0 8.2
16 0,1,2 0,1,1 0,0,2 0,1,2 16.3 0,1,2 1,0,1 1,1,0 1,1,1 3.9
17 1,0,2 0,0,0 2,1,0 2,0,0 5.9 3,0,0 0,0,0 2,0,1 2,0,0 1.0
18 0,0,1 0,0,0 0,1,1 0,0,1 6.2 1,0,0 0,0,0 1,1,0 0,0,1 2.9
19 0,0,0 0,0,0 0,0,0 0,0,0 1.6 0,0,0 0,0,0 0,0,0 0,0,0 2.7
20 1,1,0 0,0,0 0,1,0 0,0,1 1.4 0,0,2 0,0,0 0,0,1 0,0,1 19.5
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Fig.11 Change of duration with the size of training set
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Comparison of two algorithms for Gantt chart
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Tab.5 Algorithmic comparison experiment
) U Gurobi TS HGA-TS
fill e : : :
- Value Time Value Time Value Time
MBS B
Avg Gap/%  Avgls  Gap/% Avg Gap/% Avgls Gap/% Avg Gap/% Avg/s Gap/%
10 55 313 — 450 — 453 30.8 66 81.4 37.5 16.6 150 55.2
12 55 37.0 — 617 — 55.6 335 150 70.3 44.7 17.2 241 52.0
14 55 40.2 — 844 — 62.3 355 399 50.9 51.0 21.2 616 23.6

RCREYSE SR HGA I2 471 K 5 TS ia 47
KA, T HOA [R50 [ 3 2 AL By 53 e 4

R 15 5 0 f R B R , LLIAE R ARG TS Wi sl
TR, PRI HG A—T'S % R S 06 Bf K 4
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Fig.14 10 different algorithms contrast box line diagram
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Tab.6 Large—scale algorithm comparison experiments

Gurobi TS HGA-TS
PR R SR Value Time Value Time Value Time
Avg  Gap/% Avgls Gap/%  Avg Gap/% Avg/s Gap/% Avg Gap/%  Avgls Gap/%

30 55 70.9 — 418 — 73.9 4.1 199 525 70.4 0.7 216 48.3

60 55 — — — — 135.2 — 1334 — 118.8 — 1081 —

90 55 — — — — 189.6 — 3677 — 156.6 — 2 406 —

process in GP company[D]. Jinan: Shandong University, 2021 .
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