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Abstract: Aiming at the problem that uncertain production factors cause a lag in order fulfillment for surface-mount
manufacturers, a load balance optimization model of production line considering uncertain production factors is designed.
First, the historical sample data of uncertain production factors are used as a random simulation sample to predict the
lag time of order completion caused by uncertain production factors. Second, after optimizing the component placement
workstation allocation scheme, the task completion is used as the trigger event to simulate the actual operation of the
production line to obtain a dynamic production plan. Third, after calculating the model fitness value according to the
dynamic production plan, the genetic algorithm is used to heuristically optimize the model fitness value to obtain the
optimal dynamic production plan. Finally, the model is validated by using a surface-mount production line test case. The
result shows that the model can accurately predict the production tasks, task volume and placement stations of components
in each period of the production line and can effectively improve the production efficiency of enterprises.
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Fig. 7 Module placement machine structure diagram
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Table 3 Table of equipment parameter information of
mounting machine

Wi Witk WARCN TR AR h
JbL (schips™) BRPERST O BMERS RN kW

M1 0.047 0201 6x6mm 40 2.7
M2 0.305 0402 32x32mm 60 2.4
M3 0.100 0603 100x90mm 26 2.6

4.2 RABLE R

FER A SCBE A AE P2 28 G P AR i o R
SR A T R, 1 SRR R 2 BRI AN i A
Foifile AN s R & 7 B REAR S, WERSHTR, RS
PR IE S 712N AN R R 2R R SR B R R B T
FALSE T S I TR FL AN E IR 2 AU 25 (URS) AR 42
SN 2 IR 2R 1 S BEAS R T HE 5 AN 2 IR
S, RO TR, KPP ICT TR 2FFIRA
T DR B BT B 58 s BRI S M RE s 5 ) 3
TR Ao 22 X 28 KR I 2R 6 P R o TR BB T FE A BUA
T IR BN SE A VT B R A S 1), AR 7 .
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Table 4 One week to be produced order information

et A S S

LA T

) eSS S| Sl [y

mo e e 2RO A ey

N L LA L AT
O O

1 5000 8 8 29 12 100 12
4500 3 12 2 20 10 20
3 28200 29 92 19 36 105 36

18 7950 7 48 78 80 90 80
19 72000 26 35 91 84 95 84
20 550 17 44 3 84 50 84

ZR1DEE b B IR VA L R e U R e o e
BATHIN R Teas EG 3 A /M HE 5 5, 19 H &% 7 Ak
PR AT B BRI AR R8P, e HeR

77,78,79,81,85],

75, 80, 82].

\

R P L PEE TSI e A N FE HEAT A R 3
FRAR BT T7 RINLIR. RAILFK&ITH
GrBCEn & A AT AL R, R A S R
ISR B SRR SMT A 7= e A R EAT AR, T TR

(B N2 R 2 A P2 AR AL P 2 T T B

DAL s i PR 1, S s AR SCRT s v A o g A I 26 T
LY BEARAL B AL P2 28 L 58 BRAE PP AE S5tk T 8%
A4 I 3¢ A 43 it 77 28 =K (10)—(11) . =0 (10)F4
A1 AE A3 e E2E A2 e 8 FL 2
& TALL 1L MUK e a8 g 55 T F 2 1 N84 2%
4 BT TG AR E 2 S e G 2 A DR, 2 T A T
BEATIG . AR AE PR AE = 20/MT FRIN B s - I
BT ET HRBM R, AR, D
ARG 2 AR B U AR G AL FL AR AL g X e A%
PRI 2% T A 2 e 7 RAT AL, 7T LAHERATS BN T
APERIGEE A

I:[2,3,6,9,11,13,15,20,23,24,29] ,
IT:[1,5,8,10,12, 14, 16,17, 18, 19,22, 26, 28] ,

111 : [4,7,21,25,27)],
(10)

1:[14,15,16,18,20,22,23,25,26,29, 31, 33, 34, 35, 40, 41, 42, 43, 48, 52, 55, 56, 62, 65, 68, 69, 70, 73, 76,

I1:[1,3,4,6, 7, 8,9, 11, 17, 24, 27, 28, 36, 46, 47, 50, 51, 54, 58, 60, 63, 83, 84],
III: [2, 5, 10, 12, 13, 19, 21, 30, 32, 37, 38, 39, 44, 45, 49, 53, 57, 59, 61, 64, 66,67, 71, 72, 74,

1D

T A7 2 A 2 FEANE IR AR A T & I BUR 277 4E
55 WA PHARST R AR B AU AR R e
VT RS AR B A7 T3 SR 05 B HEAT VAL 45
BRI PPE L R A8 .

K5 RAE B E N XA AL

Table 5 Uncertainty historical sample data

F5 1 2 3 504 505 506
NS 0.00000 0.00236 0.00236 0.00612 0.01161 0.00462
TERZE2 1.80000 0.00000 0.00000 0.00000 0.00000 0.00000
TEFEK3 0.67815 2.42302 2.42302 4.20455 4.20455 4.20455
AEFFA 3.14815 1.72840 1.72840 3.86831 3.86831 3.86831
AERES 5.77505 5.47998 6.94386 6.54340 6.19467 4.73079
NEFFG6 6.41607 7.82698 5.99382 9.07312 8.89804 8.02266
TERET 2.69203 3.48962 3.48962 0.94381 1.14514 1.25072
TEFES 0.00000 0.43478 0.43478 0.00000 0.00000 0.00000
AEHE9 2.08015 1.04962 1.04962 1.64122 1.62222 1.55237
TEFEZE10 2.87234 5.53191 5.53191 8.93617 8.93617 8.93617
AERZEL 10.00000 10.00000 9.89737 10.00000 9.91301 10.00000
TEFZE12 0.89680 2.04470 0.63466 1.07892 1.31071 1.69702

it = B ] 24.00000 21.00000 34.00000 23.00000 22.00000 12.00000
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Table 6 Uncertainty factor stochastic simulation influence degree

T 1 2 3 504 505 506
iTH#8  ufacl ufac2 ufac3 ufac4 wufac5 ufac6 wufac7 ufac8 ufac9 wufacl0 ufacll ufacl2
1 0 0 6 7 3.5 8.5 1 1.5 9 9 9.5 5
2 0 0 0.5 4.5 4.5 9.5 0.5 1.5 1 7 9.5 2
3 1 3 2.5 2 4 0.5 0.5 2.5 9 9 8.5 0.5
18 0 0 6 2.5 4.5 8 1.5 1 9 6 9.5 0.5
19 1.5 0 1.5 4 5.5 2.5 1.5 9.5 4.5 9.5 9 6.5
20 0 0 2 6 5 9.5 0.5 1.5 3 8 9.5 4.5
& T AR RET T RIT 3% iR 8 )G B 18]
Table 7 Lag time caused by uncertainty factor to fulfill orders min
RS i1 J B 1] RS i1 J BF 1] iR it Je st 1] RS Vit J s []
1 24.84244 6 19.17538 11 6.58051 16 2.79435
2 38.04890 7 28.27272 12 12.38149 17 24.43595
3 18.42060 8 10.63362 13 24.46796 18 0.0
4 29.76262 9 15.97213 14 18.06599 19 25.41856
5 32.97682 10 3.150818 15 12.75129 20 0.0
k8 FRAESITERFR
Table 8 Production line production order efficiency table s/
PR ITE ATE2 0 iTE3 14 ITES 9THe  iTH7 IHE8 9 1TH10
1 3.5002 2.82 0.235 6.1805 0.188 4.1107 0.2849  8.7185 0.2035 6.627
2 0.188 3.765 0.235 6.5565 0.2115 7.53 0.4518 8.742 0.5271 7.003
3 3.008 2.9845 0.329 6.7445 0.188 0.329 -2 0.300 -2 0.25
LR ATEALIL iTHAI2 ITEAI3 ITERI4 ITEALS  iTHAL6 ITEALT TTHAI8 iTHAL9 THA20
1 5.8201 39072 4.6295 7.567 0.5698  0.6105 4.042 1.363 3.9479  0.7285
2 5.076 3.5409 4.4415 7.332 3.8665 1.1295 5.5722 1.4307 8.0571 0.705
3 5.311 3.7 -2 -2 0.7000 -2 0.7000  1.8095 3.995 4.183
9 £FTER
Table 9 Production plan table
RS 1 2 3 4 5 6 7 8 9 10
L1 0 2465 1184 11429 0 0 0 0 1430 0
L2 4705 0 27016 10771 0 0 15200 0 0 0
L3 295 2035 0 0 13000 1800 0 18200 0 17170
RS 11 12 13 14 15 16 17 18 19 20
L1 4563 0 0 5360 0 0 0 0 27330 0
L2 3937 0 5600 2140 0 18600 0 0 0 5600
L3 0 6650 0 0 12850 0 10000 7950 44670 0

A 3G L P IS e AR T L R £ gt

LOTY& /N9 3000, 293/ 1477045 56 AT 1 BE

A H18807.66 kW -hiif/)N N2919.13 kW-h, )38/ T3
0 SE VT LR BT e B T8] FH 268.77 h il /N A 74.00 h,
2R/ T 3.605%. ST BT T I TR R REFE A TE /& 75

17 R R LR A S L G ARG S BE AR BEFERA
F 56 I 18] 2840 an BEI9—10 7. Hi T W, 22 i it A%
B I300CIE AT, foe e St fAE B LR T 1.4 ¢
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Fig. 10 Energy cost and completion time change process

diagram
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Fig. 8 Module placement machine structure diagram
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Fig. 9 Optimal chromosome fitness value change graph
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U, T AR 7= 7 RV 45 5 R AT 5INANH IR =0
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Table 10 Comparison of optimization effect before and after introducing uncertain production factors

ARIINHEAF AR FINTAHE AR FETR G ZRT E

DAkl ettsa (A} (R AL Pt AR %

LRI )/ 311.24858 79.96589 268.77037 74.00139 5.9645(]) 8.06(])
BEFERLA/(KW-h)  8725.62635 291243709  8807.66231  2919.13393  6.69684(1)  0.229(1)
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