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Study on Stretch Flangeability Test Method with Straight Shear Line
Specimen
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Abstract
Although the hole expansion test is currently the most commonly used method to evaluate the stretch flangeability of HSS,
it has been criticized due to its poor repeatability and reproducibility for test results. This paper focuses on the development
of a new measurement method to investigate the stretch flangeability of HSS. Two materials (DP590, DP980) were
investigated with a hole expansion test and a developed test method. Test results showed that the developed test method
could be used as one stretch flangeability test to help identify relevant parameters of the shearing process to avoid edge

cracking.

Keywords: HSS, edge cracking, hole expansion test, shearing parameters

[e]
o FA, ol Atzel &
Fol th@ AWM WG 1 ALE A FF
S3b 2o 4 AAES 9L vt duno

Leeeddeta 7| A&}, ug

2.POSCO AZ&EFHATE AT LE, AYATH

# Corresponding Author: Department of Mechanical Engineering
Kumoh National Institute of Technology, E-mail: sshan@kumoh.ac.kr
ORCID: 0000-0001-5234-5594

ha)

P

N

-4 & =

of X rlr
T o O o

ol
N
- - —

o9 o8k
ofl
20 oo 24wt o & Ao £ ol rlo X oh o o Hu N

-4
oL
)
o
1o

HER(hole expansion ratio)= A7 =@
AgWo @AY A%
BhE 5 Avks el Utk 7Y

Wyl +el g A A

>
o,

iy

il
=
R
oX,
1 mlo
N
o oo o
> 9

=
X
=T

M
ox
ot
i)
rir
AN
)
ol
o
rd
Y
fru
ol
o,
K
o
o
— 19 4
o 0
5
Ay

o X

1
%
Y 83 AN 7Y 4 R

_OL
N,
52
R
=
K
Ak
L
4
oF,
o
ox

o
ol
ol
julei
2 rlo
o
40,

&
>
o
tlo

o 10
rot
ra
MU
=)
o >
o
N

o
)
Lo,
N
t

ol
ol
N
rlr
2
ol
ut
o,
vl
rot

1o 0% 2 go yo 2 X oot
>,

i o Rufe

wl AL

oo o

9
2
>
A
1o ff o

T TR R

O it rE of Hd of Ml mx O >
4 06 o,

o N ox o

o ot fo M
#{é

\7

o

N

o B

kI oft

o
rlr
b
I
o
N
1B
)
o
fr
™
Og(:,“
i, M
Kl
;O
2 o
H
=
=3
X



24

Mwléuﬁﬂq
: - X o1
m:%u.mh%_.% s I
.ﬂood%ﬂn = £ o i do
,UI‘I o _a,lon‘_ln,ﬂ‘.w W+ M _UU\M,L._IOF._ —_——
< AF o X o o 7
- nm oy Mo & = e o T =
- B! ™ o B o ® ol
Buooi] o] el Gl = ol T o
urTmco@..]_,o.au ! S R = — prdr.x_.
O W g w oo X IS X% o o N B w
O < S S — = 7] wpTH T No ™
Mo N « S X 2 e o oY
,.kl;‘lonm_nu,w.bdl‘l,_mn TN ..%:.“ m.o_oWHuEa m.nmuv WHTﬂII_,/lmon_
sETEER £ LTRE 2 wEglsTe
[ X [<5] —_ — ) i [
R S 28 TE C £ s Az Bk
BNE g £ awgmT. B LY ax
TR o T w9 2 c g Y s £ %o T o O o <
o mo T o £ B o B v 5 ﬂ}]lagxﬂ
| 7 PR = v s om Bt o o &
A o o T o c g R 25 IR
= s o+ £8 T 7E1ﬂp|_|oL muw. mj & 1 G I
;lga%ﬂmd_ e 25 oy K = a5 & Hk»ﬂ_]sr o
oo KXo B o £ o B W o g € R =0 L )
= N KO — S 5 =~ O pp RO =&
0 N° X o c 2 K o ~— o = 2 oy X N U
BN B F g PR g0 2 5 =T .
g 23 pﬂrmutL m g uw_wrg gt o £ .o|§v,o dﬂ.ma
Pq_oqAﬂ%iTuﬁw o~ N L 9 e = ~ JHﬂOtdﬂmaF.
BT A S BITET L S E oy 35 )
N iC Juﬂuﬁn“q% ™ ﬂuﬁuﬂ#oroﬁmuﬁv TS
EETE g o b T T
= (=] A 0
%aﬂﬂ%jﬂﬂﬂ% Hio;umﬂwmo%ﬁu
3
W= du_:l.v_iuﬁam_% TWH TN M
- [z I~ XO Oﬁ< —| =
%wmﬂ_mwﬂiqgﬁ o B %@A%momo_ea
e g = #Zrgd T2 o
N ol T = 2 =W B X T ol - &
%@%%MWJ%MG o wawqﬂ%%wmﬁ@ 5o
@A@_cu T oM 7 T S <~ H N E W iy o TR
- e EENe o S X THvg T il i) ©E T
GREF LR T T s man <k <R T T =
L,I\Ir o ) OﬁE 7] E_E ZO—IT 0 _LA X m
e R ? RpSLaBEE, P B
LAuriouruumﬁio = o X mummeJ% — o AL
M o = N D= o, XO — o) = <
haid HT o 7AL = ~ o) o) B 1_ﬁl = = = T E:| HT 8o
oy X o O 3 < Hﬂorﬂpori M- o %O pilll T T
B o & o o Ry > R X o4 B I . L W
- ﬁuﬂﬂoﬁox‘.waztbt = Mﬂio‘mﬂﬂrﬂﬁoowun_..ﬂw“_oﬂrmﬂﬁ @ qbt
! va —_ %) )
Moo = W o~ AT = T Eﬂxl %%ﬂmo I < %o B
%mm}ﬂz_ewmﬂﬂdrﬂ @ %Hm_o_muwwﬂ 5 7T w™ T
R = ~ e X ° o o) Ql > =
%ﬂmﬁyw@friEH 3 _t1mquvﬁ_ezoplm_wmo7o§ — e N
W <X X©° —_— N O J|_,A7Aﬁ ‘IA # - 0 N
D moﬂ]u]o_lro s SN ﬂoaoﬂw%EﬁEﬂﬂ | A
< T 2y o "o ® £ zmhiyp ol o T i o
Otliﬂ NI op s ufﬁjl‘l,Axo,Ll o) N o]
I~ 1o dﬂ‘ul,_ao_/ w dl_Ax_O X‘_wo O_ﬂ_ —_— T
SRR Y g R g Loz eTs L I AR
of X — %Mirﬂwﬂﬂﬂu. TN <! <N
oW N e B m
.%m e @__ﬂm%ﬂix o] 75 <
= e —
LS A AN e
e B BR < W A
0



25

o
B

™
!

T

NI

Aoz vehytth 2814 Fig. 5(a)°l tERG wpel 7

e

™

—_
o
ot

Mo

=l

To
7

o]
FO
e

)

—~
o

g 5

i i e

oz

& A3} Fig. 5(b) ¢+ 2ol Al

il

3
H

G

| &3tslo] =

o

P
i

CU

-»
i
¥
=1
m
IQ
:

Plastic strain (membrane or equivalent)

il

iz
=

FLD o vepl AT

KN
=

A iy

22!
=
fo! J
o)

wwoﬂﬂzTﬁ
uam_ﬂmﬂxﬁ
N T T
c_mwmafmﬁ
0
Ezﬂulﬂﬁru
5o X T
mm‘_‘olﬂ.o,.oﬂ
R Bx T
o) = 9
_&v_l_x\l_ﬁEO
5
pe R
B
ﬂMMw‘uﬂ
o lr_wloE
A= il
uTLau|1__/|
T 0w o
R
=0 Tx 0
R S
N o
X T I B

(b)

Fig. 4 Stretch flange test after full bending (DP980) : (a)

full edge bent shape (b) strain distribution of

part

Fig. 6 Major strain distribution of specimen after

stretch flange test with partial bending (DP980)
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Fig. 5 Stretch flange test after partial bending (DP980) :

Fig. 7 Major strain of edge center with respect to punch

stroke (DP980)

(a) partial edge bent shape (b) strain distribution

of part
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Fig. 8 Schematic and photo of test die for stretch
flangeability test

Fig. 9 Stretch flange test with developed tool (DP980) :
(a) partial edge bending (b) stretch flanging
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Fig. 10 Specimen after hole expansion test with
cylindrical punch(DP980)

Fig. 11 Specimen after stretch flanging test with
developed tool(DP980)
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Fig. 15 Photo of hole and crack after hole expansion
test: (a) DP590 (b) DP980
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