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Optimization of blank geometry for the stamping process of B-pillar using
design of experiments
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Abstract: The shape of the blank greatly affects the formability and quality of the product after the stamping process. In
this study, the geometry of the B-Pillar blank in the stamping process was optimized using design of experiments. The
geometry of the blank for the B-pillar was simplified with the two length values and two radius values. The effects of
design variables were studied through the Design of experiments. The stamping process of the B-pillar was predicted with
the Finite Element Analysis (FEA). The optimized blank geometry was obtained. It results in the reduced maximum
equivalent plastic strain. The local necking and the wrinkling did not occurred with the optimized blank geometry.

Key Words: B-Pillar, Stamping process, Design of experiments, Finite

element analysis, Blank geometry optimization

.M B AE7t 87E a3, 95 An|TFAle] wE 2 A

Fote] denor g WAL F2 ARG
ey Ao AEAE BE] A% PO itk o] AEEE A4PAgol vtol Aol oHa,
A2k thol & ARgte] BAl AdWES o Bpillar @72l 5747 49 Zol7h 2 H4fste]

Aah= AEow FYPal= Ao, olgld ~H) el ool wEr,

B TAE Al s o] FAlel sk oje} & ~¥ly FANAM Z7] aAle] A4S
7bgol7] mjiel] Fet e = Qe FE3 g A SlE e A7k AAH2AT. Chung
g op|gth 919} e AR WHe] 9] and Richmond> o] WMHS 7pAse] AlEe] &
g o A A 2o A A7 nlely A e Foll W Azl WEs 52 5 s
sz A7), vEe 5 A a1F, A9} tho) WS ARSI, Park et al > AFEH A4t
Apole] 1HA Fol QTP olF 27] Bala HA A AE FAelA FajA S v Faste], Y ot
A Al Qo) 7P J3E oA ZeFp. & A28 T 5 0 2] By FS e
2 A thgel Bopillars 2pAl] glo] ejale. T Choi et al & el A& Bl Skl ggolA
2 27 54 J7le] AL =1 RRo] 2AogH Aol 9 Fv= 27 ERA IS HA3
B 85AE REd 4 9 493 FRow S, 3 Kim et al> Stasls T 9] &
2o} qbdlell A 7)oz Fitoltt whebA] &2 BAAE E8 =9 F8e XS] diF A7
S FASAN. A o] Aol At
1. AgFs71Edetal 7| AN 28T 2191 3-8k o me Age) dge2 1%270}_% A}%S}_gii’
T ARRR Aol sl 7] A4 e T xpel 28l v) SR ARl tigk AF7F FEEinh 56 &

E-mail: cwlee@seoultech.ac.kr

_‘]7_



FHlES AREE whEh Wzt ~sg A4S o] 88
T Qo] ol gk AFrF 38T

AT e Wik 2" SN G A
S5 ARESte] 7] EdlAe] AW E MAeta
ol5 HAs} FoEM Frel JFgS Felsta
B-pillar®] A EAS 71dA17134; gt

)
it
rhu

M zd gl abm
& 04%1011A1 B-pillar A1 43S 919 A= 9} v}
o, Ea3 Erj9] 42 NUMISHEET 20082
Benchmark Problem 3'7¢] &4} dlo]HE A}-&31%1
ol dA SjA mele the), E9A, £ &), A
A2 FAHo] 9low Fig 13 2t}

ﬁ _—— Die
q/Blank

Blank
Holder

™

Fig. 1 Modeling of Analysis

/K

4] TA-S NUMISHEET 20082] Benchmark
Problem 32| &4} FUsA HPsiuct E¥=
20 A2 B30} XS EQAdE 9AS
£33 29 9o] 71sliAIH, o] i, tho]7} fjell A F
g o3t WA E¥A &9} tho] Alelof AR
7} AL, o] & olFdte] AES Yt o]
o, Ax]= A= ] 9l

A AdE 3% LA M-S st
A, Ed3 & Qo A3 AR A% S

st o] &, thol7t el A=, £
:o:u—}ﬂ. 7(—1.7:: 3]_1:]_ 24253]_ /\]7@ E] H%IE/_ :%1%
ZFAIE o]% tho], B, &34 9=
&5 olgste] 1AE] g AXE o%F
. o] o, t}o]9] o] 0.2 m/s °]t}.

o mi ) lii

P
==

Horlo o0

Table 1 Material properties of aluminum alloy

Parameter Value
Young’s modulus(GPa) 68.9
Poisson’s ratio 0.3
Density(kg/m®) 2650
Yield strength(MPa) 110.1
Ultimate strength(MPa) 220.4
Elongation (%) (25C) 25
R-value r,=0.81
r,5=0.44
790=0.67

Normal anisotropy R =0.59
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Fig. 2 Flow stress curve of the material

342 ABAQUS v6.14 ExplicitS AH&-3}it) 2+
@ SAlA A=t AA], thel *}OH e =
2R 7HgekelaL, v Al 0.1 ARk

L Aol Al 5 R, A et

99730 WS AdE Hrtsty] witel, 4
A o]% AxeElwl AL zsPs)x] ekolr) o}
B3 Ev, AXE 4849 Rigid 842 22
Ttk EaE= S4R 51¢§ AVesban, Bt
A7)E 4 mm 2 245 FASITE A Y
& AT TIE AR E‘r. 7o) FAE 1.95
mm ©]t}.

Table 1 ¥ Aol AREgH Frls &
Aol BEAx|olty, Mg HH oWAS 7}
3L, Hill®] 4813 3525 ARg-ake] o] hAd
Atk mg A5 frE 82 Fig 29 Atk Als
o] W& o|FA], Mass scaling> 112]3}4] o

S

ol rlo

il

s

ol

boﬂ&oﬂrﬂ}l.\lﬂ}ﬂioﬁ:

>4 E

it

B ol
e
_O\L

_18_



A Al2HE AZE B-Pilor dHESHIM ST T 2FE

22 By MA HP MY

Z7] Bejao] P& Fig 39 o] #A| ] o)
Phorny I A4 A4 B s @
#=8 AANMSE Z2heE THEQIT Bpillar] A3
AN F2 EAZ} B RS AFAfe] 2=
Zow AZAWE AFQ 9% Hiolr) guie]
QAR T ol o3k shek, AR HFel <
& 5 5o BAZL B weby g FEo
Aol P4 Fa A7 WEE Aagi

FAass A Aol B-Pillare] B33k 913
2w, A4 71 AT AlES B9 =
Uil JFedt Anftdws weste] Ly, L, R,

R, % 4Kz A48 o714 6, % 6, = L
o A4 gl F4¥lo] gk

WEE Table 29} #o], L2 165mm, 155 mm, 145
mme] 3 508, L, 170 mm, 160mm, 150 mm2]
3 9 R RpE 45 mm, 65 mm, 90 mm&] 3 5
o2 Ad AGHES FASIAT 47119 W, 3719
Fro® AT AEAYH 2L Table 300 4
3}91t}. Fig. 4+ Table 20 w2 Model 1, Model 3]
P g 24 AL HoFrh

Table 2 Desogm values

Level | Ll(mm) | L2(mm) | Rl(mm) | R2(mm)
1 165 170 45 45
2 155 160 65 65
3 145 150 90 90
Table 3 Table of design parameter
Model Number| Ll(mm) | L2(mm) | Rl(mm) | R2(mm)
Model 1 165 170 45 45
Model 2 165 160 65 65
Model 3 165 150 90 90
Model 4 155 170 65 90
Model 5 155 160 90 45
Model 6 155 150 45 65
Model 7 145 170 90 65
Model 8 145 160 45 90
Model 9 145 150 65 45
(a) Model 1 (b) Model 3

Fig. 4 Geometry and mesh of the model 1 and model 3
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Fig. 5 B-pillar stamping process
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Table 4 Table of design parameter

Model Number Minimum thickness Maximum thickness
(mm) (mm)
Model 1 1.320 2484
Model 2 1.447 2.522
Model 3 1.568 2.603
Model 4 1.460 2.597
Model 5 1.436 2477
Model 6 1.187 2438
Model 7 1.547 2.539
Model 8 1.231 2513
Model 9 1.433 2.3%
L, L, R, R,
A ¢ T <. B ¢ 3
Overall v ¢
satisfaction
Maximum ° . " .
stress e [ e R (| R
Minimum | * I A
thickness

Lv.1 Lv.2 Lv.3 vl w2 Lv3

Lv.1 Lv.2 Lv.3 Lv.1 Lv.2 Lv.3

Fig. 6 Result of response optimizer

ey D

s o, Lot L &k
7

grol Aolde 2 5 )
A gkl ARE Bl
A ) o
srelete] X5 grol

oA Zd 730l

2 2=
oo oy
e < PR el

ok
L
. rlo i
5o 0
X

2
ot
S
W
~
=
i
K3

i<y
fo
ol

joh Aske

1
BN
N,

T

r
-
it

0z
i

i ogh
A
i

Sro] A+
of ol ~%E 3
uel Model 13 A=
Model 13 HZA3}

K
)

_20_



A2HS ALSE

B-Pillar A

YSFOIM

ZE v)wd Ayolth Model 12 A H: F
320 mm, | FA= 2484 mm 7} wHAYE}
Ak HA £33 P A A FAE 1504
mm, A FAE 2355 mm ©]th. Model 1 & =

TE AAFAA Al FH FA A EA
gl o]= Ry #hol wt7] wiiol|, 251 FgolA
A7 F9ol HEdte] A vt WAyl w3k
Fig. 7 oA ¢} 7Fo], Billar AFoA A5 T
7} 27|51k Sk, o] FolA AAle] FEol
oSk sHAnt HAstd A sS4 Aol
= HE 293 godo] 7]E B-Pillar o AFEAY
| gdy o] e HE s 4 lth
Y] Aol FAE 71ERt €53 ol
g 4 Uz, Hdl FA 7k =3 &

T

2

Y
=1

T AR,

ol FE] 7Fs

[ Optimized ]
blank

Section
Thickness (mm)

+2.600e+00
+2.483e+00

+1.317e+00
+1.200e+00

Fig. 7 Comparison of stamping shape between initial blank
and optimization blank.
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Fig. 8 Comparison of effective plastic strain between initial
blank and optimization blank.
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