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Abstract

Application of Magnesium alloy has been increasing rapidly in aero-space,
automobile, electronic industries and sports office equipments. Magnesium alloy is the
lightest metal that extensively used in the industry. It posses the highest specific strength,
good magnetic shield, thermal dissipation, resist impact, high temperature and corrosion.
Besides, magnesium alloy is easy to fabricate and has excellent recyclability make it one
of the most sought-after metals among 3C industry. Many electronic parts, structures are
now made from magnesium alloy instead of plastics. However, traditional die casting of
the magnesium alloy often produces parts that are micro-structurally inferior to alloys
like aluminum. Especially die casted magnesium alloy lacks the spherical crystallization
one finds among the semi-solid process, which gives the metal excellent strength

Since Spencer and Flemings of MIT invented stir casting in 1971, semi-solid
forming has become one of the advanced manufacturing techniques that were often
adopted for fabrication. Products made from semi-solid forming posses high quality
mechanical properties, high performance and highly alloyable, that is why many
engineers intend to adopt the semi-solid forming as a way for manufacturing magnesium
alloy parts. With semi-solid forming, the material do not have to heat to its melting point,
so the cycle time is less than other traditional manufacturing method. Uniform and
homogeneous spherical crystallization found in semi-solid forming products increase the
fatigue strength of the parts. These products contain almost no shrink holes, the final
dimensions and form are near-net-shape. The advantage of semi-solid forming can only
be achieved under precise control of the process parameters. For example, the
manufacture temperature, the solid fraction of the material, and specific hold temperature
are all very important during process.

The scope of the research includes:
(1) Establish of the basic manufacturing data, such as
(a) material strength-temperature relation
(b) solid fraction, strain rate and temperature vs. viscosity
(c) distribution of solid particles related to shapes
(2) Numerical simulation of semi-solid forming of magnesium alloy
(3) Semi-solid forming of magnesium automobile steering wheel.

Each stage of the research will expect to last one year. Hopefully, the best
combination of the semi-solid forming parameters could be specified and the simulation
method could reduce the time required for the design of forming molds.
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3. 11?33’?&@&"%?‘4@1 A'gl'%—»gi-‘} /mAiq@ﬂ)iTmﬁli ]]:'lqé,Fl é,ﬁfg
Gimi ok o IR Gk s Apy R 2 AL RAPERAS G0 0 F
APV aad i A Eas - BaEailg r];;;u:vw 2 smu,_m@lﬁo
4. Al :’Eﬁﬁﬁ-ﬁ?‘@i@lﬁi’ LR ELE B200°C ~ =k N gl o F 8 AZ80
i & y&&m~ﬂuu+wg
5. bt s R AL FRE AT > SR RARFIE 2 T ag
oA ] AR ) mM_a‘\» kAT 2 f AR
3 x TRk Y Ak E il L E AR R T ‘——J?"]ﬁi it 2x % fro-T B L Sl
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N

)
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A

L gk A é Jrehi & % & o
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™ z f" X
% - R A FER P 5w IR
RERBR|ZTABLE|LFABIRA|[2 Tk - 4% 2|27 L &k iEl
HEEAF PR DT R ORA PR 2T HY|F
o A L % - 3ni CIE CRERE R SR
B AF 7
A (PABECFVAREKTAAD - BEFA L - BIH T
AN EBFEF-MNLcEA|FHE AL EES B
x5 EENFEDE AR PG
F(EP A 4m
feo Rl s # i
B 31))
PELRP A & AFFEREAA—S - ARESIF-HITRE
B & w T I EEB—F C AEREL0—I
C 4% il C— % = &1L 38 & > |H10 ~ H11— & % % 1
D & D—%A%&4 H24 ~ H26 — i % 5 1
E #2~% E— B4l it 2 & |2 mipig L
F_ 4 X1— & % & ASTM|T4— B33 A2
E = it & T5— & péoicign
il T6— B3 AL 14 Pz
L & g
M &
N 4
P 4
Q #
R &
S w
T &
Z &
202-2 BT AR FERAT SR LR
Route MNumber of pressings
2 3 4 5 6 7 8
A 0° o° o° o° 0° o° 0°
By | 90°%\|90° | 90° | 90" V| 90° % | 90° Ty | 90° &
Be | 90" [90° | 90° | 90° & |80 §|[90° § |90 &
C 180° 180° 180° 180° 180° 180° 180°
By-A |90°%y | 00 [90°y| 0 |90° ®| 0 |90° Yy
BrA | 90° S| 0° [90° | 00 |90° ™| 0 |90 &
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# 4-1 AZ91 Hi T 4

FRAET
% & (200C) 1.81 (Mg/m®)
RARFE R 598~ (C)
F AR HUE R 468 (°C)
BRER AR R 420 (°C)
7 ak 532 (C)
S0 5E 14 4c(20—200°C) | 27.2 (x10°°C)
e 0.8 (kJ/kgK)
e i3 B 373 (kJ/kg)
g5 —
T F P 143 (nQ +m)
FRTIHREBBLT
P05 R4 200~250MPa
PR RAE 230 (MPa)
P k4 150 (MPa)
B R 165 (MPa)
bearing *% < # —
bearing 5 & -
T i B 140 (MPa)
HE ->HB 63
ME>HRE 75
Y] 97 (MPa)
sharpy— =% vx 4z energy ( #& notch) -
sharpy— =% ¥ {< energy (3 v-notch) 2.7 ()
M e 45 (GPa)
T ok 17 (GPa)
poisson's ratio 0.35
¥+ EAE R R.R;.Moore
type test: 5x10° cycles
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4 42 AZ6L HE T 4

% & (20°C) 1.8 (Mg/m*)
AR AUE R 610~ (C)
AR SR R 525 (C)
AR iR B 418 (C)
vhek 559 (C)
S5 %5 4(20—200°C) | 27.2 (x10°/°C)
o 1.05 (kd/kgK)
b i A 373 (kJ/kg)
Foig K 80 (W/m « K)
T F R 125 (nQ + m)
FRTHREREBLY
L 300~350MPa
Fowoag R 305 (MPa)
TR KR A 205 (MPa)
B 55" K 4 130 (MPa)
bearing *% < & # 285 (MPa)
bearing % & 470 (MPa)
ER-E 140 (MPa)
MKk > HB 60
ME >HRE 72
RF R —
sharpy— {4 % Jz energy ( & notch) 41 (J)
sharpy— =% v jz energy ( # v-notch) —
EE M h#c 45 (GPa)
P UTE M Gk 17 (GPa)
poisson's ratio 0.35
TR A5 K9 R 10.296
offset p# ~
%% HB : j= & 500kg, 7k /s
10mm -~
bearing 3 & bearing % &
& L pin 43 4.75mm
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243 S AU PERET GO LR

Route Number of pressings
2 3 4 5 6 7 8
A 0° 0° 0° 0° 0° 0° 0°
By | 90° | 90° | 90° | 90° )| 90" | 90° | 90° &
Be [90°%|90°%|90° & |90° & |90 |90° & |90° &
C 180° | 180° | 180° | 180° | 180° | 180° | 180°
Bi-A |90°% | 00 |90° )| 0° |90° | 0° [90°Yy
Bo-A |90° 9| 00 [90° | 0° [90°®| 0 |90° &

% 5- 1AZ80 5 ECAE §l # J2p > 2 F 58 & ™ KA e

200°C 220°C 240°C
4 8 4 8 4 8
o+ ECAE |7k m+| 1279 | 1240 | 1269 | 1312 | 1.321 | 1.209
2 3z N
SIMA 2 |z3o4 2| 5829 | 5832 | 6051 | 5971 | 7220 | 5836
A5k T+ 1.438 @ SIMA % A5k ]+ 1.360
B% H i g
' 250°C 40% /& 45 £
o e | 77.95 CAOREARE |2 1mp | 66.40
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T o s 8 i (um)




%52 LEGEE Sk N

2258~ g E(N) |25 B3 | = s (um)
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

Ak FF B A AR f S Ap B Al 0.7132

EESER - RIS W I ) B ¥ 0.7259)

(b}

Bl 2-1 (a) =aHkd (b) 23Kk
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70 T  [ERSTT I D (e
Sn-15% Ph
€ » . 33°C /min
60— A
CONTINUOUSLY
- COOLED %,=230 soc’
“w
S S50 -
“‘ .
&
’:.
@ 40~ ]
o]
@
3 )"0-350uc"
g 30 : - -
);,)IIO s8cC
[+
A=
Q.
<
201 -1
y =750 20¢"
1ol 0 4
0 D .
¢ 20 40 .80 .80

VOLUME FRACTION SOLID, q

Bl2-2 e i 4 X7 0 4r2 AL £ALALE & T 40 5 M 4 B[5]

[ 8 &4 4% B
e B8 60 R 8

B 2-3 L Hagagnnd 7 5 14
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Mashy Metal Mold
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Bl 2-5 3 @ﬁ#m

25



(a)

Bl &

(b)

B 2-6 TR RERA50[8] (a) kT (b) £E

TIME- TEMPERATURE PROFILE

T Liquibus ; e

TsoLipus

T RECRYSTALLIZATION 1

ROOM TEMPERATURE +

R e SN

MELT & CAST

1

PREHEAT  EXTRUDE QUENCH COLD REHEAT FORM & QUENCH

WORK

Bl 2-7 £ 4] SIMA #4277 2 BI[9]
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Furnace
_\

./ Injector
Chammber
rd
Atomizer
Cyclone
./— i
Substrate _\ } | [
Furance -"f il‘“;
Holder
e - l :5:3.'-:-:-
Cwerspray powder
lc__f/l .\—CD“EET.EIF

B 2-8 ff K% 7 LR
Plunger
Die
%
Sample (D

\//

Bl4-1 %58 435497 3B
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Upsetting Rolling Bending Plane strain test

® . ¢

o

Bl 4-2 7P fnkgt > wr L H

B4-3 b B 54 R Fld-4 e kaw %
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B 4-5 %o & SR HEE

B 4-6 %/ & FHE AL P
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W 4-7 hgdid BoR o B

(a)

(c) (d)
Bl 4-8 L4k Bk B
(a) & & (b) #x (c) #s (d) #eg
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L e

Bl 4-9 MGk R ARt a B % g2 A

i

able :JJ

) A GEREENANLaR

B14-10 5wtk iRk 1
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B4-11  F4Rie b Fl4-12 7 frde ko 4

Bl4-13 4 Ap Bf fchn 2 P AR L &
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B 4-14 f1* ECAE z :z2 2 ;' SIMA 2 =425

33



BHZFD

£ 4P dp &

v

AR~ T

|
|
|
|
s
|
|
(

4-15 AtEE

34



oo B e e Advis  Antetrs  Zogd QRO DORE  Spance Qs Wrekee L
SFH 0 L B SHOWNES - RYN-MeN QR e .
aF no8 geun 0 .

BHoxi+A
=
St | Swwn | Fewen | Ol | Eg:
‘1,:'5(;"‘-6 s | D@
P ¢ il 4
%;?,;\";%\} fwa ) || BlUw
3 dansficaton Mede N-7sC
A >
&5 1-{“-)} ows = || =2 ¢
X oA 8 Frupruions
I~ Sapuen I..
™ Fider
Tomees poy Hexafxaber Muk
(MRE2 )~ [Tl oot e <] I _l L
 Quadny
C paw
T D
T Moo
T‘l.m
B Tt

U owts  Zoorx 11

7 7 11
L Z ; 7
Z / 7 %%
- = 97 2 o =
7

f/'/, ../” i
1 b /"'/ ;{ / /. [ 7
1 Y 1V 4 4 ;i

B 4-17 Midkid ot &R

35



=

WAz St WAz 5

540°C - 400°C - 450°C -
TpESHE 0.3mm/sec YT 0.3mm/sec
I / - /
LR YA BRI S Ad
L J

{ﬁﬁ#&aﬁJ

Bl 4-18 L 44 AR

M4-19 2 % 4% & &£ % & 3 5.CADH)
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(a) 20% (b) 40%

(b) 40%
®5-3 $1* SIMA (250°C ) #l# AZ80 ;é”\—i—r; L B A
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(b) 40%
5-4 117 SIMA (300°C) #l# AZ8O 3 % 2 L % i Bt 4

(a) FECAE=i=  (b) £ ECAE ~i=
F155 41* ECAE (180°C) #l# AZBO % 2 X B fi At

HRB
‘= ECAE w i AE ~if =
B 5-6 {1* ECAE (200°C) @ # AZ80 3# 5 2 X F G A%t
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e
N
Nideie

O 3 el R \
(a) i ECAE m i = (b) & ECAE ~ i =
B 5-7 f1* ECAE (200C) ®#& AZ80 5 2 L H i At

” (a) | é EAE T i X o ' (b‘ ﬁ; ECAE ~ 1E =
®5-8 §1* ECAE (240C) ## AZ80# ¥ 2 &

7 3 -

P

' 5-0 180°C T it (+ ECAE 42 p 254 2 5 4
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12000
| = As extruded
——ECAE 2007 4 passes
10000 | ——ECAE_200°C _8 passes
| ——ECAE _220°C_4 passes
e ECAE_220°C._8 passes
8000 F ECAE_240C _4 passes
| = ECAE_240°C _8 passes

6000

Load(N)

4000

2000

0 1 2 3 4 5 6 7 8 9 10
Displacement(mm)
B 5-10 & ECAE @l & 2. sl L B dgd = B2 § 7

12000

F — F=1.438 D=77.95({As extruded)
10000 £ ——F=1.321 D=T2.20{ECAE_240°C _4 passes)

8000

6000

Load(N)

4000

2000

u P | PR IR U WU U —— ——|

o 1 2 3 4 5 6 T 8 9 10
Displacement(mm)

B 5-11 T3affe+ [ du s 2 L B fadisd A2 B 8 f
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10000

—— F=1.312 D=59.71(ECAE_220°C_8 passes)
—— F=1.299 D=58.30(ECAE_240°C_8 passes)|
8000 |
Z 6000 }
"
=
S
— 4000 |
2000 |
0 1 1 M [ M i M 1 i 1 5 [ ] M 1 PR |
0o 1 2 3 4 5 6 7 8 9 10
Displacement(mm)
(a). 5 ECAE220°C £ 240°C ~ if =
8000 ) —F=1:279 D=S8.20(ECAE_200°C_d passes)
—— F=1.269 D=60.51{ECAE 220°C 4 passes)
6000 |
7
“—
=
= 4000 |
-
2000 |
ﬂ " [ M [ i 1 i 1 i '] 1 1 PR |
0 1 2 3 4 5 6 7 8 9 10

Displacement(mm)
(b)5. ECAE200°C £ 220°C = if =
B 5-12 g i),k B+ 2 e < ] 2 R 2 R dkig S B 8 f R
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10000

——F=1.279 D=58.29(ECAE_200°C_4 passes)
— F=1.249 D=58.32(ECAE_200°C_8 passes)
8000 | ——F=1.312 D=59.71(ECAE_220°C_8 passes)
——F=1.299 D=58.36(ECAE_240°C_8 passes)
o~
Z 6000 |
N’
=
2
— 4000 |
2000 |-
0 M 1 M 1 L 1 M 1 M M M
0 1 2 3 4 5 6 7 8 9 10
Displacement(mm)
Bl 5-13 4piTT3af ke~ 22 il L Fipdgd 2 =B 8§ g7
12000

L = F=1.299 D=58.36(ECAE_240°C _8 passes)
— F=1.312 D=59.71(ECAE_220°C _8 passes)
- F=1.321 D=T72. ZO(E( AE 240“(: 4 passes)

0 " ' A L A 1 A 1 A A A
0O 1 2 3 4 5 6 71 8 9 10
Displacement(mm)
B 5-14 ApiT )k B+ 2 st X F kg A 2B 2 f e
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30000

Hot forge 400°C
25000 Hot forge 450°C
20000 |-
~
4
=1
- 15000 |-
e
=8
10000
5000 |
| Y PR T /SR NP R TR TP P TP B
0 1 2 3 4 5 6 7 8 9 10

Displacement(mm)

B 5-15AZ80 *+ 400°C & 450°C ™ # F &g = A = & 47

(a) 400°C (0)450°C
Bl 4- 1 AZ80 #1 F 44k & 5
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-rs

(a) 5 ECAE200CT™ w 5= (b) & ECAE200C ™ »if =

(c)

(e) S ECAE240CT i (f) 5 ECAE240CT™ N3 =&

(g) % CCDC220CT ~ig=k (h) 5 CCDC220°C™ + = 3¢ =

] 5-16 AZ80 #c % & SIMA 2 # % "l 2 & B ik & 5
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+ +

B 5-17 4xig = & F A A RWERNI4 B ¥ g

SSF S40C(ECAE 240°C Spasscs)
SSF SHC{ECAE 240°C dpasses)
SS5F SMC{ECAE 220°C Spasses)
S5F S40C(ECAE 220 4passes)
SSF SHVC{ECAE 2007 8passes)
S5F S40C{ECAE 200°C 4passes)

condition

Hot forge 540°C (as extruded)
Hot forge 4507 (as extruded)
Hot forze 400°C (as extruded)

S5F=5emi-solid forge |

H.V.
B] 5-18 4%t & %z TIaai, A A B
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(a) 200°C 4passes (b) 200°C 8passes (c) 240°C 4passes
B15-20 §1* ECAE | & AZBO R T 2 2 % 424 & ¢ 42 5%
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