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Forming process optimization and die design of A-pillar inner panel
based on CAD/CAE

Wan Zhiyuan
(The Academy of Mechanical Engineering, Shandong Huayu University of Technology, Dezhou 253034, China)

Abstract: In order to solve the problems of cracking, wrinkling and asymmetry deformation in the stamping of A-pillar inner panel for car,
firstly, the structure characteristics of the A-pillar inner panel for car was analyzed, the problem of asymmetry deformation for a single part
was solved by the process design scheme of “one die and two pieces”, and the whole process scheme of stamping including drawing, trim-
ming-punching, flanging-trimming-side punching and side punching-cutting was designed. Secondly, from two aspects of the maximum
thinning rate and the maximum thickening rate of material thickness, the influence laws of blank holder force, stamping speed and die clear-
ance on the forming quality of parts were explored by numerical simulation method, the results show that the forming effect is better when the
blank holder force is 350-400 kN, the stamping speed is within 2000 mm - s™' | and the die clearance is 1. 61-1. 54 mm. Furthermore, the
average values of the maximum thinning rate for material thickness of each factor and each level were calculated by the orthogonal test meth-
od, and the ranges of the blank holder force factor, stamping speed factor and die clearance factor were obtained as 0.776, 1.259 and
0.247, respectively. The optimal process parameters combination were determined with the blank holder force of 350 kN, the stamping speed
of 1500 mm - s™" and the die clearance of 1. 54 mm. Finally, the forming die was designed based on the process design, and the trial pro-
duction was conducted using the optimum process parameters. The results show that there are no defects such as cracking and wrinkling, and
the reliability of the simulation calculation is verified.
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Fig. 1  A-pillar inner panel part for car
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Fig. 2 Model of process supplement
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Fig. 3 Whole process diagrams of stamping for A-pillar inner panel part
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(a) Drawing  (b) Trimming-punching
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Fig. 4 Forming limit diagram of part
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Fig. 5 Distribution nephograms of thinning rate of part material thickness under different blank holder forces
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Fig. 6 Distribution nephograms of thickness thinning rate of part material under different stamping speeds

Bifi 2 i 3000 mm - s AR E 1500 mm - s,
T JE R i KU TR 27, 945% /N B 26. 629% , T
INERESEIUENE, AP R R 2500~ 1500 mm - 57!
BF, BRI AR LA 0 MR K IR AR Ak
BN SR, MUVHERIIRE, SRR N s N FE Y
R, KRR 25.314%, BNk 23.043%, 256
R R, b R A ] AE 2000 mm - 57!
LN A A3

7 S 73R 400 kN iHREEE SR 2000 mm -« 5™

YRR/ %
27.102
21.801 [
16.500 |
11.199
5.899
0.598
-4.703
-10.004
-15.305
-20.606
-25.907

©

(a) 1.61 mm  (b) 1.54 mm

BF, TRV ) Bt R 2 b R B U R A A =
K, BEEREEREBE 1.61 mm B E 1.40 mm,
TN IR B B R AR AN B e, AR Ak $4T0 B
R, FEARTE 27% A /N R, RN
27.225%, F/NH 26.990% ; R K 4 JE Y
AR BB, LA N S 2 TR i
KW R 28.782%, f/NWF R 24.814% , L5575
JEHH N E, BEEE R 1.61~1.54 mm BB
BB FEAR

YR/ %
26.990
21.809
16.629
11.449
6.268
1.088
-4.092
9273
-14.453
| -19.633
-24 814

W/ %
27.121
21.531[
15.940(
10.350
4.760
-0.831
-6.421
-12.011
-17.601
-23.192
-28.782

@
B 7 AR ] BT 2 I B o 3 A 6]

(¢) .47 mm  (d) 1.40 mm

Fig. 7 Distribution nephograms of thinning rate of part material thickness under different die clearances
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Table 1 Factors and levels of orthogonal test

EES

o KNS a/kN  hEBEE b/ (mm - s7')  BEFIET ¢/mm
1 450 3000 1.61
2 400 2500 1.54
3 350 2000 1. 47
4 300 1500 1. 40

F2 EXRAEHEEMTESER
Table 2 Numerical simulation calculation results of

orthogonal test

L Edr WURHEEE BEH R SN

5 a/kN b/(mm - s") ¢/mm %

1 450 3000 1.61 28. 681
2 450 2500 1.54 28.347
3 450 2000 1.47 27.921
4 450 1500 1.40 27.582
5 400 3000 1.54 27. 945
6 400 2500 1.47 27.728
7 400 2000 1.40 27.121
8 400 1500 1.61 26. 709
9 350 3000 1.47 28. 007
10 350 2500 1.40 27. 683
11 350 2000 1.61 27.334
12 350 1500 1.54 26. 405
13 300 3000 1.40 27.914
14 300 2500 1.61 27. 848
15 300 2000 1.54 26. 885
16 300 1500 1.47 26. 816
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Table 3 Range analysis results ( %)

KT Foe KU 3

o i fia RS BLEEBC
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Fig. 8 Structure diagrams of die
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