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Evaluation of Mechanical Properties for Magnesium Sheet
Forming by Tension and Compression Tests

S. W. Oh, D. K. Choo, J. H. Lee, C. G. Kang
(Received April 11, 2005)

Abstract
The crystal structure of magnesium was hexagonal close-packed (HCP), so its formability was poor at room

temperature. But formability was improved in high temperature with increasing of the slip planes. Purpose of this paper

was to know about the mechanical properties of magnesium alloy (AZ31B), before warm and hot forming process. The
mechanical properties were defined by the tension and compression tests in various temperature and strain-rate. As the

temperature was increased, yield-ultimate strength, K-value, work hardening exponent (n) and anisotropy factor (R) were

decreased. But strain rate sensitivity (m) was increased. As strain-rate increased, yield-ultimate strength, K-value, and

work hardening exponent (n) were increased. Also, microstructures of grains fined away at high strain-rate. These results

would be used in simulations and manufacturing factor for warm and hot forming process.
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Fig. 1 (a) ASTM E80 subsize specimen for tensile test,
(b) Specimen for compression test

Table 1 Chemical composition (wt %) of magnesium

alloy AZ31
Al Zn Zr Mn Fe
2.5 0.6 ) 0.20 Under
~3.5 ~1.4 ~1.0 0.005
Si Cu Ni Ca Rare
metal
Under Under Under Under Under
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Fig. 2 Results of tensile test according to the various
strain rate, (a) Yield Stress, (b) UTS, (¢) K-
Value, (d) Work hardening exponent (n)
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Table 2 Strain rate sensitivity (m) in changed strain
rate from 0.0025 to 0.12

T(C) m
200 0.084
250 0.127
300 0.132
350 0.165
400 0.499
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Fig. 3 Variations according to the temperature (a)
Strain rate sensitivity (m) according to the
temperature, (b) Anisotropic exponent (R)
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Fig. 4 Microstructures at the horizontal planes of
AZ31 Mg Alloy according to the strain rate
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Fig. 5 Microstructures at the horizontal planes of

AZ31 Mg Alloy according to the temperature
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Fig. 6 True strain-stress curves according to the
temperature



=
]
=]

1004

- [-:] ®
(=) -1 (=1
n e il

n
(=]
I

Yeild strength (MPa)

>

000 005 010 015 020 0.25
Strain rate € (/s)

()

(b)

o
b
=3

o o
©»
gcn

a N
@ o o
T

=
=3

e
o
3

4 e

i 400

4

=3

1=
<

000 005 010 015 020 025
Strain rate £ (/s)
(0
Fig. 7 Results of compression test according to the
strain rate, (a) Yield Strength, (b) K-Value, (¢)
Work hardening exponent (n)

Work hardening exponet (n)
o © O o

Fig. 6914 HolF= whe} o] 200Ce 7 $-0l
L5 Ad ¥ ool LAsE b
olEl7} gtk 200ColM MHEE = 02557, 0.1257,
0.065'¢! AT vlaulg gFo] AL °ﬂ*1 ¥
7tgol ojdttE AE HAFa gl
E3 200ColAM 9] stde] A7 &L Uz
HEE S A4 AEY Yake 93 7t &
=9} vusE B o 443 £x7) opg
[e3% /‘ q_

r
>

al
rir
Pk
tlo J

=

Fig. 72 A48 257 &8 JEAE, =
A%, ABARAST Aol 3, 2 WAE 45
A Free A EA® Aol ¢EALS

() R.T (b) 200 T
g : =

(d)y400 T
Fig. 8 Microstructures at the horizontal planes of

(©)300 C

AZ31 Mg Alloy according to the temperatures
(a) R.T, (b) 200, (c) 300C, (d) 400TC (&
=0.0025s™")

AAREL JAFLH] AAFgE AY MuyxA
B3], ol AAS 4F A LJIG) Atole) vlE
o Age JYT) BAEE 4EHF vEAF
of og M wolzol WA wiory oz

©9 FERRASE REASS gho] ol AW
bzt 7 WHE H= Fld we Zsiwol 2

=
IS AE & £ G 3 ol AR
o vz A
A Age] A7)
g 2w9 3717}

3.2.2 o[ =7 2tE

AFAFAMAYE 22 249 dARien ¢
Y 249 W oA 24 PR s,
Fig. 8& WEHE 457} AT u) &5 W3}

uetA] k& AIJH HEHFH 28 dHe
Axz Apzleltt Z

o4 L&A FH AAAC o8 wAF =
ZEol Bola 400C dAE AMAH JARE A
% dde] #F Huh

Fig. 9% 250C o)A WA E &
7‘1191 WHstE vebd Aol W

S 3% &%t
7SS 0AF 250] PoJA AL 2 4 3
% 24 EERRR TR € ede B

= 2MIIZ EEX| /M 147 ®M7E, 20054/639



#:

(@) £=0.025s! ®)é=0.125s"
Fig. 9 Microstructures at the horizontal planes of
AZ31 Mg Alloy according to the strain rate
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Fig.10 Microstructures at the horizontal planes of
AZ31 Mg Alloy according to the compression
rate (a) 30 %, (b) 60 %
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