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Effect of Blank Shapes on the Impact Safety of Stamped Parts
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Abstract
The effects of blank shape on the safety of stamped parts are studied through the comparison of an optimal blank and
the corresponding reference blank shape to show further advantage of the optimal blank. In order to carry out this study,

stamping process has been analyzed and the forming history, e.g. accumulated effective strain and thickness has been
incorporated in the crash analysis. The reference blank has been determined following to the actual industry guideline,
and excessive material to the desired shape has been trimmed off before crash analysis for the objective comparison.
Through the study, appreciable increase of impact safety has not been observed and the effective of blank shape is verified

not to be significant.

Key Words : Crash Analysis, Optimal Blank, Impact Safety

1. M E

42 AA AFANE BHedel Y Ao
2 AEA w7z R @l WE FAE 33
Sa Qoo BEALD AR LAY Ao
Zol7] A3te] A FF A5ol B YIS
Agsn ek oo met 4B AEYNEL
AZsH A8 AFolt Aul FAE A5 AL A4
Fatol =stn Qon AF AHY P9 wE
el Y FE QPHE FRS Fud & 9
AR A%E Yot dgel 5 Aol U
Bkl At 4EA wejge] 2 AL mA)
= WE ol QAES 4B FE 45 Hol

7] 1% A77F 2EA AP Qo
3

55 Z2ESENY @AY Y 299 REL
AN EEoI Y AARE 57 g 45 TE3
7a 7 U AR HES wgoz A%

210 /et 27138 X| /M 17H M3Z, 20084

i
o

o o

ot Fr
S
1o,
i
ox
L
=
s
o
Ay
o
N, ok
o
¥o ol

27 So g A 2

o
ofN b i x %

it~
o o
Y
2o
&ISZ rJ
< st
(L of
Sh
ol
N
K
1o,
oY
o,
[T ot
,

= ofv K
2
i
(-'1'.1

T o

a oz
ol
r
av
)
2
>
9,

7]
T
<
o
=%
e

O off & K o
JB X
A

1.,.,
oy
=

o H

s
i
9, o
N
lﬂ
0,



=
‘?5“

s E QY] ARg olges) HE
of ot A& JIFHH AN HEol FEAY
FHEARY ATl FAlY e7FH+=dH., F

Tol= =AY A4 E
8 o] Fo A3l UTHe].

HY B93= FolX 5RLE 4P ) dot= ¥
BoE Ao He x7] EFTY EYE oudth
Aoz HNEY3E 249 o8& F7 2 4
o) ) Wt ol zﬂ%zﬁﬂ of Zx ¥

Qo] BE ATE B

o'g HS =

9T AW A7) 53] A1 AlEe] dHEd

& Hokn wpe) Auy) due) 2 G082 ¥

o7 PN Fokd HES TAEL so] £0h 1}

E]'}‘-] %]3‘1 E%EU} z%‘ﬂ’ﬁ*éa 7}}‘]% T 9}1%
78l 2 ATE TS =AU

B RS Ba g4e] $EAY nXE 93

& 2k, B0l il e B2 9EE

o RARHE o7, ol& FEXAHY ANEAE I
sk Fo] FEAHoIL) olg 3| HAYLAAS A8
slo] HPANS & Al YA ASEo S A
AY 2992 4Pe 98k, o due oA
ey Hed F, FEANS el 2 A%E

wEReh AXEYFe] HAE Hsle] WHHEY
(radius vector methody& AHE-3I5THS). AAZE .U
4} S-Rail S AYsIATh

2. 0| 28] 4

2.1 HFA HIE{H

A HE NS AEE ATo SAMI Exe)
gdxo ol yjﬂa}ﬂ 43}04 Hﬁ]fﬂ fv"—;‘éol

Sol o 2ARE 98 WA ME o
sl 3 A ANE $AsE el
48 79 AE oA SERENOEL!

A s AL, & o

=

p——

PR

A ,
Ao HAE ol FFoEzMN o] FoAX=H o

o

el o]F 2 FFHA AollA A= 3 Foer A
olE= o BAWES AMEE A, olEAEE Al
w9 A¥S &F4AT Ex s AgE o &
= WHolth olFHA AMEA BYH aFdoe=
TR A AXE tA] AT FH FAAE F
FE oHE & W7pA] whEAHoE A &3t FH
HERD 4 28T

&-—& Deformation path

(b) detail A, initial state (c) detail B, final state
Fig. 1 Basic concept of error correction in the radius
vector method

Fig. 1@ B &4
Ao MYHe BAEE Y
A B oFAAde) o WA AR
o2, A% F 439 AAEX
Fig. (b= 48 A A3 n 2

5__;]244 o1& t T A Ao

o
<.

1"““0 Qe A48 ¥ 234 nd
x" o)A A weldE i A

LM BEEX|/H 17 M3=, 2008H/211



4o
5ic)
_t':]‘
>
=3
do
i
r)v
1o

o ox

8 ok
o, X ol

oy

1o

(1 2
o X

=

rﬂﬁ

W

X, o L[N

o,
o tor

PEL]
et A9
A9Hs Yo
A4 A Fig. 1(c)%
3 A oi AolH= 9

5 mxu 72

Qb g
_!1}1 =
o
JE o2l

Lo
6 o N AP O oo Ko Ob o B ox

EF—:—"

!

ox r_>L
Aol o

N
—‘—'

f

i i
Lo
RV
ot
031
rulm L

ﬁm}ijg

B
rx
lo hu u>~’
S
oift O,

£
L

N
T
o
= o 5 1o
o
[-'J
o off = N

& N
ot
q‘%r@":lﬁrﬁé

4Ny 10 20 W ot M rfo P4 I 1 o N, rf L off
:oé‘

4
ot
o
:g
o fE o

oo X ob o

goz =

[ =X, (D

23 7
RER
2 E!

=2 o
R
02,
1o
by
ol
5 rlo

il g i

ot 1
317 vl
o

o] =%

-‘—l

o] §3te] 4 (2)9} 2ol AH9

oo o

4714 B =
44 e

% 93 gk

44 293E 7
"ol BE AR Hg2A o5t I HrA
$Y R BBI £ FAE BRH T

solMd=Z ?e =d 2E
% ﬁ:r“’ﬂ/ﬂt LS-Dyna® A}&3ld AE 3|4
gL S TYP3RT. & A Y =
g X777 dAsiMe FEo] Zhei Rl uhet

212 /8= d 7138 X|/H 173 H3=z, 20084

3} (strain rate hardening), <&l
o a¥E 1HE F U= F

OIH oﬂ.

Cowper-Symonds
Johnson-Cook &4 EH[11]e] g7 ARSI 3
oW HIT T JdAANFEAHE vY S E Kang-
Huh 24[6 ]°] MFA MNTHIU.

E Ao A= Cowper-Symonds 23

qom o RS WYE A WFE &=
Ao goz AnY F53HAL EUID
o)
Gy(a,é)zci(a){l-r(é_] } (3)
ﬂﬂﬁ 0(8 BHEAAelaL, C ¢ p ©
Ag Aoy ¢ & HYPE SEE e
3. i} 9 IH

= = ]
TS 42

Al O 2HE

3.1 2L (Oil-pan)
odd A AFol thdte] 2®EFe ALEH
BP9 gFAo] EE¢tAA vRE dFE X
AVSEATH, AEQ FAL Fig 2 9 A FFHAA
HAXPA 20mm oA 1.75mm & s SHA] E
AH gFZ2S A E AR HAFIT. LR
o7 F3 o] AujAHd EYFAHY H|FH ==Y
% B39 P mel FAYUIEIHY F
X Sy 748 APolH nX= GIro| H

| ZFge w2
ZEqtade BAE
of AA AEA FEAN FEH A

w
_w_

1}
o]

AT AA7t B
9]

ZA}3}7] s

1.

N

=,
r-ln

o, T W oF Rl X of |
ofi',_\,i_o.m_lxl"{ﬂioﬁ
oft
o
&

]
W REYAE BE7sta =2 o8
o] o]FAAE LYWL AAE AHIIAT.



Fig. 2 Die geometry for oil-pan drawing

Table 1 Material properties for Stamping

Young's modulus, E =2x10"Mpa
Poisson's ratio v=0.3
Sheet thickness, t, =0.76 mm
Lankford value R =1.377

Stress-strain curve

6 =514(0.001+£)** N/mm?

friction coefficient

pn=0.24 (punch/ sheet)
p=0.12 (die & holder / sheet)
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Fig. 4 Thickness Distribution(Qil-pan)
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Fig. S Concept of crash analysis model(circular cup)
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(a) Reference blank (b) Optimal blank
Fig. 6 Deformed shape after crash(Oil-pan)
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Fig. 7 Change of reaction force during crash(Qil-pan)
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Fig. 8 Change of energy during crash (Oil-pan)
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Table 2 Comparison of crushing distance(Oil-pan)

2ms 4ms 6ms 8ms |10ms
Ref. Blank 444 | 8.71 | 12.55 | 16.02 [19.08
Opt. Blank 449 | 8.69 | 12.49 | 15.94 |18.98
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Fig. 9 Die geometry for S-rail drawing

(a) Initial blank (b) Optimal blank
Fig.10 Comparison of blank shape (S-rail)
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Fig.11 Distribution of effective strain (S-rail)

(a) Reference blank (b) Optimal blank
Fig.12 Distribution of thickness (S-rail)
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Fig.15 Deformed shape after crash(S-rail)
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Fig.16 Reaction force during the crash(S-rail)
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Fig.17 Energy absorption during the crash(S-rail)

Table 3 Comparison of crushing distance (S-rail)
10ms | 20ms | 30ms | 40ms [ 50ms
Ref Blank | 23.0 | 47.1 | 70.6 [ 91.4 | 110.5
Opt. Blank | 23.1 | 47.3 | 709 [ 913 | 1104
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