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Optimization and Experiment on Forming Process of Automotive
Thermal Insulation Part

JIN Jie

(Power Engineering Department of Anhui Electrical Engineering Professional Technique College, Hefei 230001, China)

ABSTRACT: The paper aims to establish an exact relationship between process parameters and forming quality of thermal
shroud. The forming of a thermal shroud was simulated to obtain the maximum thinning rate of material with a designed ortho-
gonal test of four factors and four levels with blank holder force, clamping force, friction coefficient, die interval as independent
variables during such simulation. Based on the grey system theory, the correlation coefficient and correlation degree of the
forming process parameters to the objective function were calculated. Finite element simulation and experimental verification of

the optimized process parameters were also carried out. The quality of thermal shroud is improved obviously after forming.
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Fig.1 Thermal insulation part
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Fig.2 The finite element model of stamping thermal insulation
part
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Fig.3 Aluminum alloy AA1050 stress-strain curve
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Fig.4 The thermal insulation part forming limit under differ-
ent blank holder force
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Fig.5 The thermal insulation part forming limit under differ-
ent clamping force
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Tab.2 The factors and level of sorthogonal test

¢ (i (k). (k) =

K F%%h_l F e n/kN P%}? R )F%'E\‘

J(N-mm™) F¥ p  [EIB/mm
1 80 15 0.08 1.05¢
2 100 20 0.10 1.10¢
3 120 25 0.12 1.15¢
4 140 30 0.14 1.20¢
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Tab.3 The numerical simulation results of sorthogonal test

x3 EXHBRHEEMER

Ly6(4% Fun/(N-mm™)  F /KN BB 10 5L 6] Bt /mm e R R /% RATE KI5,
1 80 15 0.08 0.735 ¥ 17.093 (B2
2 80 20 0.10 0.77 Jc 19.796 Rz
3 80 25 0.12 0.805 Jc 19.734 Rz
4 80 30 0.14 0.84 ZEf (At ) 24.224 Rz
5 100 15 0.10 0.805 I 20.763 B
6 100 20 0.08 0.84 I 21.932 b
7 100 25 0.14 0.735 ZEfl (i) 21.587 B
8 100 30 0.12 0.77 ¥ 22.550 -9

fupeE (feie )
9 120 15 0.12 0.84 CRUEA L) 35.843 G
MueE (foide )
10 120 20 0.14 0.805 PR ) 36.340 ¥
11 120 25 0.08 0.77 T (hrsEfiabse) 31.568 B>
12 120 30 0.10 0.735  fulBE (fafi ) (PrEERbZE) 36.328 p
13 140 15 0.14 0.77 pEE (#z ) (FEfbhze) 42.638 ¥
14 140 20 0.12 0.735  fBE () (FriEfiabzd) 53.617 ¥
15 140 25 0.10 0.84 Jo (hrsEfiibzd) 49.997 ¥
16 140 30 0.08 0.805 T (hisEffab%e ) 46.892 T
K, 20.212 29.804 29.371 32.156
K, 21.708 32.921 31.721 29.138
K 35.020 30.721 32.936 30.932
K, 48.286 32.498 31.197 32.999
W2 28.074 3.837 3.565 2.385
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Fig.6 The forming limit under the condition of optimal combination of orthogonal test
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Tab.4 Gray correlation
LS MCHRE MCRH2  KEOXKE | SRS MXERED MXRE2 KECHKE
1 1.000 0.858 0.465 9 0.493 0.382 0.219
2 0.871 0.633 0.376 10 0.487 0.361 0.212
3 0.874 0.564 0.360 11 0.558 0.631 0.297
4 0.719 0.398 0.279 12 0.487 0.414 0.225
5 0.833 0.699 0.383 13 0.417 0.333 0.188
6 0.791 1.000 0.448 14 0.333 0.356 0.172
7 0.803 0.706 0.377 15 0.357 0.596 0.238
8 0.770 0.548 0.330 16 0.380 0.460 0.210
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Tab.5 Average correlation between independent variables and objective function

Frou/kN  FERREE  Fuws/(N'mm™)  FEOCREE BEAR e PROCHRE BERMIEY/mm PR
15 0.313 80 0.370 0.08 0.355 0.735 0.310
20 0.302 100 0.384 0.10 0.306 0.770 0.298
25 0.318 120 0.238 0.12 0.270 0.805 0.291
30 0.261 140 0.202 0.14 0.264 0.840 0.296
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