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Relationship between production stability and material properties on automobile
door inner panel based on Autoform Sigma

Sun Weipeng, Sun Mingdong, Chen Weihua, Liu Yu, Liu Jizhong, Li Xingguo
(Qingdao Branch, FAW-Volkswagen Automobile Co. , Ltd. , Qingdao 266217, China)

Abstract: For the problems of high frequency for necking and cracking and low stability in the stamping production process of automobile
panels, the stability analysis on the drawing process of four sets of mass-produced door inner panels was conducted by Autoform Sigma, and
taking material yield strength, tensile strengths, r value and friction coefficient as noise variables, the influences of parameters fluctuation on
the forming results were researched. Then, the effectiveness of the finite element analysis model was verified by comparing the production
practice results for four sets of door inner panels, and it was found that the fluctuations of material property parameters within the tolerance
had a significant effect on the forming results. Furthermore, the stabilities of yield strength, tensile strength, ryy,, value, r . value and
Nyg_s value for material of each manufacturer were statistically analyzed by sampling and analyzing coils from four steel suppliers. The results
show that the method of only control of upper and lower limits of material performance specification cannot reflect the stability level of material.
Although all samples are within the tolerance, the process performance index P, of some indicators is less than 1, the process capability is poor,
and the improvement measures are needed to carry out. Thus, based on this, a control method for the stability of material performance is pro-
posed, which is suitable for the management of main factories and helps to improve the stability of stamping production process.

Key words: automobile door inner panel; stamping process; necking and cracking; production stability; material properties; process
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Fig. 1  Product diagrams of door inner panels

£1 "MAHEAREERTYME (mm)
Table 1 Main dimension characters of door inner

panel products (mm)

TR 1# 21 3# 4
[ 1094 1076 1068 1044
FERE 1213 1145 1188 324
JE 321 320 322 993

HOBHERE 0.7 0.7 0.7 0.7

1.2 #FREE

JIT eI TN AR T A AR S T SLAN, S
& CR4, HPERES Hank 2 prw, Hip, Toos0 M
Foao ST EBMEARTE Ry 209% Bsf 1) 38 17 1) JE 1) S
FRHBON A 7 1) 1 - SR 10 S R AL g NTE
10% ~20% ¥B 172 T 36 N 1 AR BE AL 18 4K

&2 CR4MHIMERESH
Table 2 Property parameters of CR4 steel

5 JEIRIRE BURRIE g RSV RE 778 B AL,
- Ry/MPa R, /MPa  A/% 1y Tw/20 F&H n19-2
{8 140~180 270~330 =39 =1.90 =1.60 =0.20

1.3 %#HigE

AR A Autoform #4477 S AU 38 Sy 3 3 1F
AW, T AR FE TR 30 ) FLE 7 5 3 1
Rt ZRA ZJG W B A 07 %8 o PLEE v R
AR DIRE 0 3D S 1A A3 F1 R 48U 45 5 19 7 X
Horp, AEJEI 18 P G R vt TSR A, T 320 el 1A
A Ja BRI, CRE AL BRIRE W] DARAS He A el
WOBHAARADAE SR, MRE 7 A B TSR ], R4 A
N 0. 151,

TE Sigma B R AT RHE Y rh 0 S R 0
Ry PUHLBREE R, | o (B PEEEDIESE e
i, MR 3 PR, Hob, BEEEDIEON OGS EUR G 225
WE, JERGREERThR AR ERRFTFRRELA 1,0
BT RRAR R 2 BORUCE, 1, EHIY ERRYESET
(4 roqno TELAY SR K MELHE LU B BN R, J IR B2 | BT
PISRIEH 100 (ERIBRUEZE S 141 TN ALY 2 PREGE TR
fiio V~a#l TNARPPRREZZGET 45 R AR 4 R

K3 BETERE

Table 3 Settings of noise variables

S8 BERNEL PRI/ MPa 100 Ja MR B/ MPa
/MA - 0.1275 270 1. 60 140

BRME 01725 350 2.73 180

PRfEZ  0.0075 6.11 0.24 6.93

T4 RMEREIREESITER
Table 4 Statistical results of standard deviation for

material properties

TR 1# 24t 3# 44

To/20 0.24 0.21 0.16 0.08
PP 6. 11 4.74 5.24 2.40
Jet MR 6.93 5.50 4.91 2.41
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Fig.2 Forming limit diagram of 1# door inner panel
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Fig. 3 Maximum failure value distribution of 1# door inner

panel in Nominal mode
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Fig.4 Maximum failure value distribution of 1# door inner panel in Sigma mode
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Fig. 5 Cracking of 1# door inner panel during production process

(a) Point2  (b) Point 6

EAE
0.030

0.025
0.020
0.015
0.010

0.005

0.000

Fl6 1T AR A ST IR S o A

Fig. 6 Wrinkle value distribution of 1# door inner panel in Nominal mode
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Fig. 7 Wrinkle value distribution of 1# door inner panel in Sigma mode
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Fig. 8 C analysis results of 1# door inner panel in
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Fig. 9 C,, analysis results of 1# door inner panel in Sigma

mode ( Continuous )
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Fig. 12 Comparison of maximum failure for 2# door inner panel

(a) Failure area in Nominal mode
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Fig. 13 Comparison of maximum failure for 3# door inner panel

(a) Failure area of B pillar side in Nominal mode

(¢) Failure area of B pillar side in Sigma mode
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Fig. 14  Comparison of maximum failure for 4# door inner panel
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Table 5 Comparison of simulation and actual results

TR s 4SO Sigma B0 P HEREBBL
1 RITHE i i A kR
2 RITHE i i A KA
” 3 ARITR iR S AT R
4 RITHE S iR AL THBR
5 RITHE i i WA R
6 RITH LES lES A KA
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- A i i ik AL R
3 RHFR i i AL BR
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2 3 R i i AL bR
4" R EiE FiE A KA
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3" ORI UES UES A KA

3 MBMEERAT M
4TI R B RHI 30 CR4 1, HEtkRE
BRI 2 TR, H, SRR AR A 4 4R
RO RRRLRT, (22 P52 B P & B, 45 bR
ORI, 4y Tt BRI R AP R
ARSI AT TP CRa SRS
THMT, BBEANGH 1300 1, Z5SRUIE 6 R,

% 6 CR4 WIRPHERESIT 247

Table 6 Statistic analysis of CR4 steel material properties

B8 BERIRT 1 fbRT 2 BUNRT 3 HLNE 4
RAE 177 177 177 165
F/ME 141 144 155 153
R

YA 161.8 162.2 164. 8 158. 1

Py 0.876 1.077 1.033 2.183
BRME 313 308 318 290
P /ME 280 275 293 279
SEHE  297.7 294.6 301.2 284.6
Py 1.513 1.732 1.985 2.026
wmKAKME 312 3. 40 3.10 2.35
/ME 190 2.20 2.10 1.99
790720 SEHME 2,523 2.684 2.597 1. 990
PPL 0. 850 1.236 1.422 0. 962
wmKE  0.24 0.24 0.24 0.243
B/ME 0.22 0.22 0.21 0.233
o= Tl 0.231 0.232  0.226  0.238
PPL 2.155 1. 686 1.579 4.494
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