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Study on the effect of magnesium alloy billet microstructure
on semi-solid forming load

Student : Wei-Tang Chiang Advisor : Dr. Ray-Quen Hsu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

Semi-solid forming of magnesium alloy has the advantage of casting and
forging. Semi-solid forming requires raw materials with the spheroidal grains,
and homogeneous solid-liquid distribution. However, preparing billets of this
kind increase costs. Strain Induced Melt Activation (SIMA) method is simple
and does not require expensive equipment for preparing semi-solid billet. In
SIMA method, the billet is first upset then is isothermal treated in semi-solid
temperature in order to obtain spheroidal grains. However, traditional SIMA
method uses upsetting process, which causes crack easily, the deformation is
limited. In order to overcome the difficulties of the plastic deformation of
magnesium alloys in die upset, a modified method for obtaining severe plastic
deformation (SPD) was adopted. In SPD, Equal channel angular extrusion
(ECAE) and channel die compression process (CCDC) are combined for
obtaining ultra-fine grain. This method has the advantage of the same
cross-sectional area and geometry before and after deformation. The process can
be repeated for many passes. Through the control of temperature, extrusion
passes, material microstructure can be modified and mechanical properties can
be improved. A semi-solid forging, uses modified SIMA prepared billet was
conducted, the forging loads were compared under various conditions.

In this study, magnesium alloy AZ80 was selected as the raw material,
modified SIMA prepared billet, were observed of its microstructure. And
semi-solid forgings of modified SIMA prepared billet were conducted.
Semi-solid flange forging results indicated that shapes and grain size were main
factors in relation with the forging load. More spheroidal and smaller the
average sizes of the billet, the smaller forming load.

Keyword : Magnesium, SIMA, ECAE, CCDC, Semi-solid forging
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#3-1AZ80f- & = & 4 7 4

L (Wt%)

Al | Zn | Cu | Fe | Mn | Ni Si | H
AZ80 |+ R 92 | 0.8 |0.05| 0 (035 O 0.1 0.3
T 7.8 | 0.2 0.12

7k kR ¢ ASTM B91 B107

% 3-2AZ80 #3412 TR TSR

AZ80
PR
R (20C) 1.81 (Mg/m’)
AR SR R 610~ (C)
F AR SR R 490 (C)
R AR R 427 (C)
a1 542 (°C)
SR h e (20— o
e 27.2 (x10%/°C)
g 1.08 (kJ/kgK)
i i3 A 280 (kJ/kg)
il & 473 (W/m + K)
T & BiF 156 (nQ *m)
AT RE SR
05 R dp 300~350MPa
WA 345 (MPa)
RS 250 (MPa)
s R 195 (MPa)
i 160 (MPa)
MKk > HB 72
MR >HRE 82
poisson's ratio 0.35
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% 4-1AZ80 /5 CCDC £ ECAE @ & > L HEFERT R i

180°C 200°C 220°C 240°C
4 8 4 8 4 8 4 8

A5

53 1.28411.327]1.279}1.249]) 1.269}1.312]1.321]1.299
ECAE [=

Tin

e 56.91161.96]58.29]58.32]60.5159.71172.20]58.36

A58

3 na | n/a |1.314]1.227]1.296]1.289]1.352]1.320
CCDC |-

T 5

i o n/a | n/a |77.38183.44]80.61|74.9278.29]77.17

F iz

7% gk 2% gk

/’?;L 1.438 i@ 5t SIMA /H:L 1.360

¥+ ||
R %+ = % 1 250C =

T 15 T 1o

o 77.95 40% /R 72 . 66.40

y D S y D S

T o e ¥ = (pm)

%4-2 X FedkiE k< f ARk a1

= A5 s f A (N) |25 Fl S | RS (1w m)

As extruded 10723.57 1.438 77.95
ECAE 200°C 4 passes 8004.188 1.279 58.29]
ECAE 200°C 8 passes 4232.55 1.249 58.32
ECAE 220°C 4 passes 7951.232 1.269 60.51
ECAE 220°C 8 passes 8738.215 1.312 59.71
ECAE 240°C 4 passes 10430.35 1.321 72.20]
ECAE 240°C 8 passes 8390.079 1.299 58.36
CCDC 220°C 8 passes 9536.967 1.289 74.92
AR FF B AR L f 2 4P B TR e 0.7132
Tiaf kL AE < 2 AP ik 0.7259)
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12000

As extruded

———ECAE_200°C_4 passes
——ECAE_200°C_8 passes
[ | == ECAE_220°C_4 passes
8000 | ——ECAE_220°C_8 passes
| | =——ECAE_240°C_4 passes
——ECAE_240°C_8 passes
= CCDC_220°C_8 passes
| | = CCDC_220°C_16 passes

10000 |

6000

Load(N)

4000

2000

0 1 2 3 4 5 6 7 8 9 10
Displacement(mm)

Bl 4-12 %5 CCDC ¥ ECAE #l # 2 "l L B dgid 22, =B 8 f j7

12000
—F=1.438 D=77.95(As extruded)
o0l — F=1.321 D=72.20(ECAE_240°C_4 passes)
— F=1.289 D=74.92(CCDC 220°C_8 passes)
— 8000
7z
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~ 6000 -
=)
]
4000 |
2000 F
0 o [ o [ M [ ] " i M | [ [

0o 1 2 3 4 5 6 7 8 9 10
Displacement(mm)
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10000

—F=1.312 D=59.71(ECAE_220°C_8 passes)
= F=1.299 D=58.36(ECAE_240°C_8 passes)
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0 ro T T T [T NN SN TN N T R T— |
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Displacement(mm)

(a).5 ECAE220°C £ 240°C ~ i %

——F=1.279 D=58.29(ECAE_2007C_4 passes)

8000 F-1.269 D=60.51(ECAE_2201C_4 passes)
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4000

Load(N)
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Displacement(mm)
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— F=1.279 D=58.29(ECAE_2007C_4 passes)
—— F=1.249 D=58.32(ECAE_2007C_8 passes)
8000 f ——F=1.312 D=59.71(ECAE_2207C_8 passes)

—F=1.299 D=58.36(ECAE_240°C _8 passes)

2000 |

0 a a1 1 a " M "
0 1 2 3 + 5 6 7 8 9 10

Displacement(mm)

Bl 4-15 ApiT T8t )2 L Bk 2, =8 b

12000
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—— F=1.299 D=58.36(ECAE_240°C_8 passes)
—— F=1.289 D=74.92(CCDC_220°C_8 passes)
8000
7z
=
= 6000
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Hot forge 400°C
Hot forge 450°C

2
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5000 |
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o 1 2 3 4 § o6 7 8 9 10

Displacement(mm)

B 4- 17 AZ80 »* 400°C£2 450 C T # 4k 2 5B 8 f j7
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(a) 400°C (b)450°C

B 4- 18 AZ80 £ F¥ ¢ 4 bk is & &

(a) & ECAE200°C T w i = o
+ 0CT = if = (b) % ECAE200°C ™ »if =

(c) 5 ECAE 220" 5
- 0CT e i = (d) 45 ECAE220°C ™ » i =

(e) 5 ECAE 240" ¥ = -
= 0CTwif= (f) 5 ECAE240C™ ~if =
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(g) & CCDC220C~ ~if= (h) & CCDC220°C ™ + = i =

B 4- 19 AZ80 #x 2 ;% SIMA /2 @l & "afl 2. L F e dkid = &

++++
++++
++++

+ +

B 4-20 g2 A NHESE R4 Bi-g 8L

SSF S40°C(ECAE 240°C 8passes)
SSF 540°C(ECAE 240°C 4passes)
SSF 540°C(ECAE 220°C 8passes)
SSF 540°C(ECAE 220°C 4passes)
SSF 540°C(ECAE 2007 8passes)
SSF 540°C(ECAE 200°C 4passes)

condition

Hot forge 540°C (as extruded)
Hot forge 450°C (as extruded)
Hot forge 400°C (as extruded)

SSF=Semi-solid forge

0 10 20 30 40 50 60

H.V.

B 4-21 43¢ = 2. T3R5 H R E
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