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Plastic Forming Characteristics of AZ31 Mg Alloy in Warm
Backward Extrusion
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Abstract
Bulk plastic forming characteristics were studied for the magnesium alloy, AZ31 in warm backward extrusion. Effects

of process conditions such as extrusion ratio, forming temperature, and punching speed were investigated respectively.

Variation of microstructure induced by the warm backward extrusion process was observed. Microstructure of the work

piece showed evidences of recrystallization under the experiment conditions. It is estimated that in specific punch speed

region fast stroke accelerates recrystllization and reduces the forming load.
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Table 1 Chemical composition of AZ31(wt %)
Al { Zn | Mn | Si| Fe | Cu| Ni Other
25 | 0.6 | 02-1.0 | <0.1|<0.005 | <0.04 | <0.005 | <0.3(total)
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(a) Die heating (b) Workpiece heating
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(c) Forming (d) Extruded workpiece

Fig. 1 Flow of the backward extrusion experiments
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Fig. 2 Experimental conditions for the warm backward
extrusion
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{Unit - mmj
Extrusion ratio 7.75 4 2.16

Punch diameter (¢d) 28 26 22
Punch relief (¢d") 274 | 254 | 214
Flat diameter (¢pd™) 16 14 13

Bearing (S) 2 2 2
Fig. 3 Design of the punches for the experiments
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Fig. 6 Extruded work pieces
Extrusion ratio : (2)7.75, (b)4.00, (c)2.16
Workpiece & die Temp. : 200C,
Punch temp. : 20C, Punch speed : 20mm/s
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Fig. 7 Effect of extrusion temperature
Extrusion ratio : 7.75, Punch speed : 20mm/s
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Fig. 8 Effect of punch temperature
Punch temp. : Left 20C, Right 180°C

Workpiece & die Temp. : 180T,
Extrusion ratio : 7.75, Punch speed : 2mm/s
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Fig. 9 Punching loads in different punch temp
Workpiece & die Temp. : 180T,
Extrusion ratio : 7.75, Punch speed : 2mm/s
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Fig.10 Effect of punch speed on extrusion Joad
Extrusion ratio: 7.75, Temp.:200T

&% 2 I ¢t 45 Fig 100] WEbUR]
t& BlFo] AA
Yelz Qich ol Wy Hxg WE
}2o] Augsts QuiryQ HaHA ST
Ardrsl= o)t

o]2l3t 4o wAF zAWIHEREH I
S Q. AAY F&7F WA gL A
A4 "re = oiPE HE FE A
szo) HleatAN, BE F xxo] WAz 2
waAe 485 A5t #@sA "ok Az3 9
Az A AARAUAY vinHHPo] Fad
8 sz =edel we A &% IR
AAdel vz A3, viAsd AR HAAN
nnede]l dA wAstd A Fol AL
A B Rez ArdAh
w3 #Bxle £t WESFF UE e
2t Aade kel Ab %!

o }
S 9tk AW SE7F MEFS T 4E 2709
j

X 8L (R o on o AR
o&!r’.\\‘l-{o

Ol
.

(=} H
AAA] FE3 AHHA P HEo] H4F H
Ha 4EsFe] 2712 NALE AR did
=3

M 2 3 oo oY 12
ool oX (B B e
tlo ot
il



rfo
N
)
o
ol
22
0
ol
ox
=2
>
=3
N
w
—
=
(5]
zd
oy
o
ox
ofks
Am
oX,

304

254

204

Forging Load[ton]

’,r’/ —a-— 2mm/sec
¥4 A . —o—10mm/sec
------ 2--20mmisec

T T T T T —
0 2 4 3 8 10

stroke[mm)]

Fig.11 Effect of punch speed on extrusion load
Extrusion ratio: 2.16, Temp.:200 T
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Fig.12 Microstructure of initial work piece
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Fig.13 Microstructure observation positions

Fig.14 Microstructure of the extruded work pieces
Extrusion ratio : 7.75, Temp. : 200T
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