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Abstract
Sheet metal forming of Mg alloy is usually performed at elevated temperature because of the low formability at room

temperature. Therefore, strain rates affected with the forming temperature and speed must be considered as important

factor about formability. Effects of process parameters such as various temperatures and forming speeds were investigated

in circular cup deep drawing. From the experimental results, it is known that LDR (Limit Drawing Ratio) increase as the

strain rate increase. On the contrary, the FLD (Forming Limit Diagram) shows lower value as faster strain rate. Therefore,

anisotropy values are investigated according to the temperature and strain rates at cach forming temperature. R-values also
represent higher value as faster strain rate. It is known that the formability can be different with the deformation mode on

warm forming of AZ31 alloy sheet.
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Fig. 1 Dimension of specimen for R-value test

Table 1 R-value test conditions

Thickness 1 fmm]
Temperature R.T, 100, 200, 250, 300, 400 [C]

Strain rate 1,107,107, 107 [/s]
Heating time 15 [min]
Gage-Length 20 [mm]

Measuring Thickness Micrometer

instrument Width Microsocpe
Test Machine UTM

(a)

Fig. 2 Testing machine and tools for circular cup deep

drawing(Erichsen Co.)

(b)

Table 2 Test conditions of circular cup deep drawing

Blank size a9 117 I Punch size l 350

Temperature 100, 200, 250, 300, 400 [C]
Drawing ratio 2.34
Punch speed 0.05, 0.5, 5 [mm/sec]
Heating time 15 [min]
Test Machine ERICHSEN
Lubricant Graphite
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[0.5mm/s]

Fig. 3 Appearances of cup drawn at each temperature
and punch speed (2)200C, (b)250C, (c)300T,
(d)400C

[0.05mm/s] [Smm/s]

oX
ol
ib
1
o
olN
N
0_‘_,|'
&
8
X
ol
oX,
£
)
o
i
f
i)

[e]
Z7bsla glek 53], 200C o] 3H
7} mESE T2eAo] 3

ok

ot
i
I

lo

=
250°C 0.5mm/sec.$} 250C, 300C<}
smm/sec.olA] 2% Lol glem
oA e o] WAETE Table 3
de AT He HA¥EFolE
Agenrt g1 £x7 wE
Z7FE 1 2t 0.5mm/sec & =

PoAIEAAN SA4E AA &

gh
=2 F4HUAS

e 2

kS

flo
oX,
o oo X 32

_udrshfﬁ
d ey
Hi n
L < hu

o
rir
19 et
o)
<

=)
<
3

2y Ao rfo
2
hiz)

o Oé o

o 2 it ox
P

Table 3 Cup height at each process condition

[mm]
Temp. 0.01/s 0.1/s 1/s
[C] [0.05mm/s] [0.5mm/s] [Smm/s]
100 3.90 (X) 3.61 (X) 5.69(X)
200 16.17(X) 6.55(X) 8.68 (X)
250 20.73 (X) 60.35 (0) 60.52(0)
300 2741 (X) 35.88(X) 60.04 (O)
400 2673 (X) 39.13 (X) 60.31(0)

(*. O : No crack, X : crack)
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Fig. 4 Temperature changes of blank during forming
stages (from furnace to final forming, punch
speed : 0.5mm/sec) (a) 100°C (b) 200°C, (¢)250C,
(d)300°C, ()400°C, (Htotal
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Fig. 6 FLD (Forming Limit Diagram) at each strain rate and temperature

£ 250C9 300Cel
T2 AYIAN A
Al HE HYEST
TYUFATL =2

=2

<0, 0]
o
>

oft HU
1]
>
=
o2 0%
ox ogh
al
rx
HI

£

gl

N
[ﬂi‘do?i
TR OrE oft

o::o_>.“.||'|

Mo i
zrlr“

0,

ot ox o
QL
32

Al Aot i
Zo) g g

PSRN

He| 2 =(Gridys: FA

FF U pages 545
Hol A&yt S7Hd

g 2T 371892 ¢ & AQ. o

Narayanasamy[16]¢] $213}§ LDR ¢

ewo e gyl BE 54

T
rM ot

kl

(e
o rfp &% 1o
=

L o
offt 1%

w

4
tlo

[e]

=

i off Ok
o

2
LB
f|n By
031-{1.]

I
>

of ®x
5%

_rEr?L
o T ofk

_V\_I‘
in2
Ol‘
f*%
e ok T o
R R
Y off rlr B oy 1 > of oft ok

éL

4 ¢
o
i

0.7

- 001_S §
s 0 F | &
PO = 0.8 T8
A 4 # v 1.8 £
Jo.5
Joa
. {03
{ T,
250T 1 .
AN A P
. N
. "
™ oo
R H
Qe
T T T T 0.0

Minor strain

Fig. 7 Minor strain and major strain measured at
deep drawing test(forming temperature : 250 C)

Fig. 72 250ColA 1/, 0.1/s, 0.01/s oA 2
FAEE Yt Aok d8H =29
AEAE 1 5 I9FE F-HoA e

T AT Fig. 8 oA 2#Z e 1A}

[

=2

ok
=

r-{m

ErRaMOIB B | /H 17 M 73, 2008W/477



ARE AYeT 229 49 2EdA o u
. R & AFWAS YT gt 54 2E
074 2 ® Stretch_F
- '% & Drraew?ng_s 3,1 7‘” ‘Q__E}—
"a 064 = v Drawing_F
* s = - =
3.6 RIresdMe S8 © S22 3
*, 2% -
. o442 2}
o oot S 33 2 HAIFIARY HdaA BT
o] ) <8 FAMNE ol &3] AFH d =29
o™ FAS AAEAT FFaLHAe LS-Dyna™=
r T T —b- T T T 1 2o st 3 = 3
04 03 02 01 0.0 0.1 0.2 03 04 =21%S 01%0}”" . /‘\l%}é%} EEZ %?‘l‘ }é
YeALY E2dNES 53 AYIAEE 4
(2) 250°T 1075 Ho| g=Bale] 4yol Yolhr =29 ol
St shgo] dojubs 91X, HEAL waaust
B o Fig 9% 250CoIA S AHBAS ZHd=
. _‘_.%_’ «  Stretch_S @ﬂ}% ‘/]'E]"H?i‘:]' %ﬂ'ﬁiaﬁﬁ @.3”}% —/.\_EE'“
. 074 % ® Stretch_F S = . =] = =
. § % vmwnis 3 A9 T 22 HIYBARE ol g
0.6
Wowc =29 AHS Fd 2L AFAARS)
. 0.5 -
98 AR SR Aoz dein, £
., o 0.4
e ot ! % E
®3%]
o : = %
", 0.2 ," . -
.. . ES
ot - -
P
Minor strain
(b) 250°C 1075
08—
s = Stretch S
074 ? & Stretch_F
% 4  Drawing_S
064 =
E
-, 0.5
"‘u, 0.4 ]
-‘;"... :. =
:...,..| u?- - -
uta 1 = -'°
04 03 02 o1 Mo.o o1 0z 03 04
Minor strain

(¢) 250 10%s
Fig. 8 FLD combined with results of stretching test
and deep drawing test at each strain rate and

temperature
AFAY Fele AYFAES dehim 2 AR (c) 2507 10%
qHE =729 Boolre HEITAZ o)L Fig. 9 Failure prediction of cup drawing by the
AEBaAT AL FAAFAUL}. o] THL =3 FLD measured on deep drawing test

478 (B2 IIZ B X /M 17 HM75, 2008



AZ31 §a oAle] AP R e

Table 4 & F&8xs4 43 229A] sido]
A= AH 7 FolE EAT AREA T
to] HAHE AFFe] 2EHA BE BG
CEYRE APATY f F& UAE Holu
USS & F A oS s oA E
AASPCCYY AS 2 A AEeAE |

Table 4 Height of cup drawn at each process condition

FEA

[mm]

0.01/s 0.1/s /s

200°C 17.98 12.19 24.06

250C 23.94 54.65 60.00

300C 29.95 36.01 60.00
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