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Effect of Strain Rates on Rotary Backward Extrusion

of Mg-13Gd-4Y-2Zn-0. 5Zr Magnesium Alloy
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Abstract: Rotating back extrusion is a new forming method which combines rotational motion with common reverse extru-
sion. It can realize a severe plastic deformation of Mg-13Gd-4Y-2Zn-0. 5Zr magnesium alloy and improve its microstructure
and properties. Based on rotating back extrusion, the influence of the strain rate on microstructure and properties during the
forming process of magnesium alloy cup are studied by using Gleeble-3500 thermal simulator. The results show that in the
process of rotating back extrusion of Mg-13Gd-4Y-2Zn-0. 5Zr magnesium alloy cup, the microhardness distribution of the
magnesium alloy becomes more uniform, the grain size inside the sample gets thinner than the outside, the dynamic recrys-
tallization degree increases gradually along the rotation direction and the grain size gradually decreases. As the strain rate in-
creases from 0 s™' to 0.05 s™', the proportion of dynamic recrystallized grains increases. When the strain rate is 0. 05 s™",
the sheet LPSO phases begin to break up, which makes the hardness of the material increases and inhibits the generation of
dynamically recrystallized grain. With the strain rate keeping on raising, the dislocation density increases, which promotes
dynamic recrystallization. During the process of rotating backward extrusion, the fluctuation of the forming load increases with
time, and the forming load gradually decreases with the raising of strain rate.
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Fig. 1  Schematic diagram of rotating back extrusion forming
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Fig.2  Cylindrical specimen size
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Fig. 3 Digital photo of rotary backward extrusion forming component
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Table 1 Chemical composition of Mg-13Gd-4Y-2Zn-0. 5Zr magnesium alloy ( /%)

Elements Mg Gd Y Zn Zr Si Cu Fe

Content Bal. 12.88 4.00 2.00 0.50 <0.01 <0.01 <0.01

X2 ARAMER EDS EHR

4 ;Eﬁ%%&ﬁ*ﬁ Table 2 EDS results of different location (at/%)
4.1 g5 3 Mg-13Gd-4Y-2Zn-0. 5Zr §% & & ¥ W A L2 ¢ Flement — MgK YL 7l GdL  7nK
21 1 8194 297 0.6 640  8.63
Mg-13Gd-4Y-27Zn-0. 57r BE5 4 RAE 0 X S AT I 4 ot 2 7441 427 0.03 1745  3.84
Braf R F SEM B Gniel 4 Fnlgl 5 fros, &5 Ry & 3 958 080 0.2l 276 0.37
B EDS 5580155 2 iR, £88 il FRE M R ZH a-Mg 4 9595 078 0.19 2.71 0.37
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Fig. 4 XRD pattern of samples after forming
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Fig. 5 SEM image of samples after forming
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Fig. 7 Metallographic images of region a, b, ¢ at a strain rate of 0 s
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Fig. 8 Metallographic images of region a, b, ¢ at a strain rate of 0. 001 s~
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Fig. 9 Metallographic images of region a, b, c at a strain rate of 0. 005 s~!
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Fig. 10 Metallographic images of region a, b, ¢ at a strain rate of 0. 01 s~
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Fig. 11  Metallographic images of region a, b, ¢ at at a strain rate of 0. 05 s™!
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Fig. 12 Metallographic images of a region with different strain rate
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Table 3 Hardness in different areas 1350 a
Strain rates/s ™! 0 0.001 0.005 0.01 0.05 0“3 b
13001 ——c
a 1333 1303 1333 1245 1215 %
HV hardness .g
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g1200 s
. . >
W33 hEE 2 T AR IT &L, il 13 BraR, AT
AT a, b, o 3 AR {22 6 76 39.2 MPa 1 T
W, 2RI, BB R A O B (R I A2 1 4 © StrainRate/"
M HAE G s TR T 2350, 6y 0 340 0. 001 s CRERRTR L LAl

At , i T DRX &7 frl 1 g , Sk A Ak , BEJE ﬁ IS%{EE R Fig. 13 Effect of strain rate on hardness



M Foxit PDF Editor Sg3g

P B (c) by Foxit Software Company, 2003 - 2009

VAT Fe -
394 rf AR %38 %
4.3 ¢y 3 Mg-13Gd-4Y-2Zn-0.5Zr # & & BB EH T H 22F
220 21}
H1 Gleeble-3500 FRAALUAIL 332 B A 1) 268 £ 01 F (1] 795 z
W LA " NN — 320+
AL, TS A 2 S TR OC R WA 14 PR g
2:,',19 i
20r a-0.000s™'; b-0.001s; E
181 [c-0.0055; d-0.010s"; i
~ ¢-0.050s! 17k
<16
© 1 1 1 1 1
3 0.00 001 0.02 003 004 005
14 Strain Rate/”
R
212 K15 ey SR KB E AT I
1D Fig. 15 Effect of strain rate on maximum forming load
8 Il L 1 1 1 1 5 é:': .L/b\
950 1000 1050 1100 1150 1200 =H
Time/s

Bl 14 A ey T ROB AT 2k

Fig. 14 Forming load curve at different strain rate
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