Trans. Korean Soc. Mech. Eng. A, Vol. 37, No. 10, pp. 1239~1249, 2013 1239

A
o

==E> DOI http:/dx.doi.org/10.3795/KSME-A.2013.37.10.1239 ISSN 1226-4873(Print)
2288-5226(Onlinc)

deAS APE 75 2 ASAAEIE TG AT 93]

Development of Test Method for Simple Shear and Prediction of
Hardening Behavior Considering the Bauschinger Effect

Dongwook Kim , Sungsik Bang , Minsoo Kim , Hyungyil Lee "and Naksoo Kim
* Dept. of Mechanical Engineering, Sogang Univ.

(Received March 12, 2013 ; Revised June 19, 2013 ; Accepted July 14, 2013)

Key Words: Simple Shear(%H<=7%1 ), Bauschinger Effect(¥}-$-d 4 & 3}), Zircaloy-4 Sheet(X] 27 2 0]-4 IA),
Optimum Tightening Torque(% % =% ¥71), Combined Hardening Model(7d 3} 23 = &)

B ATNME zrcaloy4 TAN o wh99A mAE med ARAT AZmEs FEA.
AN Y A A GAEelo] G ol Smy A A I kS e

Hafof 6]—1:} Simple shear /\]Eﬂoﬂﬂ AR AAFT7] @ AR ZAEF sk A%

o O
N ‘ o N
S B3 §H-HIE FHAS FAY B9 {34
3
|

M aIU
e
B>

O}T—%ﬁ J—Té‘j—o—i—rﬁ
283l simple shear /<%
zircaloy-4¢l gt A s}Al4

il °1~ :10

752

Abstract: In this study we establish a process to predict hardening behavior considering the Bauschinger effect for
zircaloy-4 sheets. When a metal is compressed after tension in forming, the yield strength decreases. For this reason, the
Bauschinger effect should be considered in FE simulations of spring-back. We suggested a suitable specimen size and a
method for determining the optimum tightening torque for simple shear tests. Shear stress-strain curves are obtained for
five materials. We developed a method to convert the shear load-displacement curve to the effective stress-strain curve
with FEA. We simulated the simple shear forward/reverse test using the combined isotropic/kinematic hardening model.
We also investigated the change of the load-displacement curve by varying the hardening coefficients. We determined
the hardening coefficients so that they follow the hardening behavior of zircaloy-4 in experiments.
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Table 1 Optimum torque for simple shear test for various
materials

SS400 AI5052 zircaloy-4  zirlo

. mild
material
teel

optimum torque

(ke - m) 18 18 20 25 25

Table 2 Hardness for various materials

mild

SS400 Al5052
steel

material zircaloy-4  zirlo

1 102 79 110 211 201

hardness 2 102 75 109 210 206

HY) 3 106 77 118 214 200

Avg. 103 71 112 212 202

3.0

zircaloy-4

2571

mild steel zirlo

20t Al5052

SS400

torque (kg-m)
o

0 50 100 150 200 250
hardness (HV")

Fig. 4 Torque vs. hardness for various materials
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Table 3 Material properties for SS400, A15052, mild steel

E (GPa) o, (MPa) w &4 &

SS400 225 230 0.85 0.22 0.9
Al5052 75 196 0.5 0.085 0.09

mild steel 232 184 0.5 0.31 1.0

zircaloy-4 99 310 0.54 0.14 1.2

zirlo 82 426 0.43 0.15 0.8

Table 4 Anisotropic coefficients for Hill 48 yield
criterion for zircaloy-4 and zirlo

material r F G H L M N

zircaloy-4  2.67 027 027 073 15 15 1.73

zirlo 3.82 021 021 079 15 15 179
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2 fEn 5 7pA Asel o &
SAA S, AP E, tdH Y E, oA
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Fig. 9 Strain — 0 curves calculated from FEM and
geometric deformation
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Fig. 10 Simple shear device and digital microscope
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Fig. 11 Measurement of shear displacement
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2 4
~ exp. (T=1.8 kg-m)
9
o adjusted data
2 o raw data
0 | | | | |
00 03 0.6 09 1.2 1.5 1.8
(b)

Fig. 12 P — § curves of simple shear simulation and
experiment for (a) SS400 (b) A15052 (¢) mild
steel (d) zircaloy (e) zirlo
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Fig. 12 P — § curves of simple shear simulation and
experiment for (a) SS400 (b) Al5052 (¢) mild
steel (d) zircaloy (e) zirlo (continued)
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Fig. 13 Stress — strain curves of tensile and simple shear
for (a) SS400 (b) A15052 and (c) mild steel

ojth. @517} simple shear Ato]e] HAE 53
simple shear A& 0 2HE A& 359 FHS
Fraed-udE FHoE ¥Ed 4 gk

5. HIRHA HS W5

51 S¥/23d ¥t x=gad

RPN A AR BASATE T84
(F=re] g/ 24 (o) 43k 2%
REE dudn. seeddst 23d s
Ae T faR AT $8 Bk I



dlo]| A Prager P ¢} Ziegler X &9

. ©] ]| Frederick¥} Armstrong (2007) Y& H] A
574 A3t S AA T} Chaboche (2008) =
Frederick - Armstrong ®. 218 H U 4314 2 &3t
T AEF 3/ TE5HEH WHF da, (k=1,2,3)F
AFE 31T ABAQUS ol A 2] (14)¢} 2-S Chaboche
Ay Asleds gge 4 Qoo

1 N
dakzckg—o(a—a)dp—ykakdp; a=Zak (14)

=
lo
o
1%%
B
.
r
PN
N
odt
Az
{
O

=
>,
rlr
ox 190 ox N

=
il

o2 o

ot B oft b

LCI)

N

udt

3l

mﬂ
Mo o 4
O
O

oo =
ol 3% o
b
R
(ot
5 O
ox do 3y
o o =
tlo L o

=2
o =
oo
S
£4°8

~
—_—
W
~"

ol
N
2
N
ot
i
olo
J
Q
(lr
ot
A
H
rrE

off
- ©

o
Iz Py
Jp
OE FE
¢
g
E
ot
ftfo
Q e

™|
AT
ol
_}l_‘
o

S

=

olr
N
[P
oX,
g
oft
L m{m
olN
Sh

oY =«
e

W T
o

td

e,

rlo

o

e

off Mo Y o oX o &
o o o
oX oX, )
BT
Mo =
Lo
ot 3
o I-
ﬂllﬂl ot ofl
o of
alt N
E =2
=
s
3
32

52 d&tAlol e stE-Ee SM

Simple shear 3| A A] /53743t 2 ELS
Age], U AF 0, b9 SEA AF O,y o
wE p- s3I WSS Figs. 14-159 e
oluwj, 71ZAE (o, = 350 MPa, Q = 150 MPa, b = 5,
C, = 1700 MPa,y, = 20) ol tha] Z+ A3l (O, b,
Chypol e p-s34 W3E #23 tH(Table 5).

Table 5 Parameter study for hardening coefficients
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