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Simulation optimization on junction box based on response surface
method and NSGA- II

Ye Hengchang, Gong Hongying, Zhang Zhiqiang, Zhao Jiangbo
(School of Materials Science and Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: In the forming process of junction box, in order to understand the influences of different factors on the forming quality of junc-
tion box and obtain the optimal forming parameters, the finite element model was established by Dynaform, and combining with Design-
Expert software to design the response surface test, and a polynomial regression response model for maximum thinning rate and maximum
thickening rate was obtained by experiments. Then, the influence degrees of virtual blank holder force, die clearance and friction coeffi-
cient on the maximum thinning rate and the maximum thickening rate of workpiece were further determined, and the maximum thinning
rate and the maximum thickening rate were optimized and solved by the non-dominated sorting genetic algorithm with elitist strategy ( NS-
GA-II) to obtain the optimal process parameters as the blank holder force of 21400 N, the die clearance of 1. 25 mm and the friction coef-
ficient of 0. 08. Simulation experiments were conducted by Dynaform, and the results were validated in the actual production. The study
result provides a theoretical basis for the actual production of junction box.
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Fig. 1 Geometric model of junction box part
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Table 1 Chemical compositions of 6016 aluminum alloy

( %, mass fraction)

Si Fe Cu Mn Mg Cr 7n Ti Al
0.4~ o 0.15~ | 0.8~ 0.04~ 0.2~ 0.1~ 4
0.8 ’ 0. 40 ’ 1.2 0.35 50 50 &
o)
W
%/ Ra3.2 "
N _ Y g7
- - [ —_ [ o) N —
o
L5 V)
50 <
75 35
180

K2 ik R R =

Fig. 2 Schematic diagram of tensile specimen sizes

| —— hitdrrEoe
2070 Rpirrsse
- BfTO0° o>
200 - L
< /’/
E 150 )y
'R y
X 100 g
= /"
v
50 - 7

T T
0  0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
FSLE PR

B3 6061 46 4 A ELSL N F7 - BLSE AR [ 28

Fig. 3 True stress-true strain curves of 6061 aluminum alloy
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Fig. 4 Finite element model of junction box
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Table 2 Factors and levels

K JEMS X,/N BIELAIBE X, /mm  BEREPRL X,
1 17000 1.10 0.20
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-1 26000 1. 40 0.12
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Table 3 Simulation results
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Table 4 Variance analysis of maximum thinning rate

Wy SR BHER RSN ROl mRE

FE XN X,/mm X, HY /% Y,/ %
1 21500 1.25 0.07 25.213  19.473
2 21500 1.25 0.07 25.211 19. 476
3 21500 1.25 0.07 25.220  19.475
4 21500 1.10 0.07 23.285  20.354
5 21500 1.40 0.02 23.086  20.262
6 26000 1.25 0.02 23.379  20.280
7 21500 1.25 0.07 25.058  19.395
8 17000 1.40 0.07 24.705  19.622
9 21500 1.10 0.12 27.183  18.703
10 26000 1.40 0.07 25.392  19.406
11 17000 1.10 0.07 24.594  19.610
12 21500 1. 40 0.12 27.083  18.538
13 17000 1.25 0.12 26.301 18.932
14 26000 1.25 0.12 28.072  18.485
15 21500 1.25 0.07 25.028  19.388
16 26000 1.10 0.07 25.454  19.408
17 17000 1.25 0.02 23.020  20.266

W P HiE Bor F{E PE
R 33,740 9 3.750 278.390  <0. 0001
X, 1. 690 1 1. 690 125.500  <0.0001
X, 7.813x107° 1 7.813x107*  0.580 0.4711
X, 31. 480 1 31. 480 2337.600  <0. 0001
X\X,  7.482%x107° 1 7.482x107°  0.560 0. 4803
X, X5 0.500 1 0. 500 37.015  0.0005
X, X5 2.450x107 1 2.450x107° 0.180 0. 6825
X3 6.080x107% 1 6.080x107°  0.450 0.5232
X3 0. 022 1 0. 022 1.610 0.2451
X3 0. 030 1 0. 030 2.260 0. 1765
%2 0.09%4 7 0.013 — —
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Table 5 Variance analysis of maximum thickening rate
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X, 7.626x107% 1 7.626x107%  2.150 0. 1860
3 5.290 1 5.290 1490.530  <0.0001
XXy 4.900x107° 1 4.900x107*  0.014 0. 9097
X, X5 0.053 1 0.053 14. 980 0. 0061
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Fig. 5 Three-dimensional response map of maximum thinning rate

under interaction of blank holder force and friction coefficient at

die clearance of 1.25 mm
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