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Table.2-1 Mechanical characteristic of magnesium alloy

and other metallic material®
. Tensile 0.2% Yield . Specific
Specific Elongation
Alloyed metal it strength strength strength
ravi
8 Y [MPa] [MPa] [%] [MPa]
Rolled
. 1.78 290 220 20 163
Mg material(AZ31)
alloy Rolled
. 1.8 345 250 6 192
material(AZ80)
Rolled
Al alloy . 2.67 290 250 16 109
material(A5052)
Stainless 8.0 1220 1080 15 152
Steel Carbon steel 7.9 630 430 22 80
Cast iron 7.8 630 420 25 80
100 %107
a Mg-Zr all
[ N \ Mg LJI\ \:k e I(\)/%Ig-Cu alloy 1100
[~ AN B Cu-Al-Ni alloy

ALZ] alloym ™~ BTN

Flake gfaphite cast iron(HC) QNi \ 130
\ Fe AN
10 5 Pb Flake grap ‘te\cast iron ;ﬂ“iqtppr
E N \Mg alloy (AZ81)00  Dead soft steel \ =10
- \ e Fefritic material Stainless steel
| Py AN

AN

AN
: N\

\Malleable cast iron ®Q Graphitic cast iron 3

| N \ \
N 0.45%c stgel \
AN \ ] 1

0.65%c steel @ @ (0.80%c steel
O\(‘\asting aluminum alloy
o O\ OTi alloy N\ N 0.3

=

O Surred opisuog

I

Attenuation coefficient [%]

Bronze Brass

AN
10 100 1000 10000

Tensile strength [MPa]

0.1

Fig.2-1 Attenuation coefficient and tensile strength of various metal'”
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Table.2-2 Required cutting power index of various metals"")

Metal Required cutting power index
Mg alloy 1.0
Al alloy 1.8
Brass 23
Cast iron 3.5
Mild steel 6.3
Nickel alloy 10.0

an
£
?3;1_*-3:?&'\&!5#

o

(a) (b) (c)
Fig.2-2 Slip of hexagonal close-packed structure!”
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.

Basal slipping Cylindrical surface slipping
(0001) <1120> (1120) <1120>

7

T <

Pyramidal surface slipping Pyramidal surface slipping
(1011) <1120> (1122) <1123>

Fig .2-3  Slip system of Magnesium
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7

Critical Shear stress [MPa]
(]
o
% B
@]

Y

n-Basal slipping

Basal slipping \

| o
0 100 200 300 400
Temperature T[C]

[\
e

\

[—
(-]

Fig. 2-4 Temperature dependence of critical shear stress for basal sliding and

non-basal sliding"”

(a) Slip deformation (b) Twin deformation

Fig .2-5 Pattern diagrams of slip deformation and twin deformation®
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Table.2-3 Twin crystal of Magnesium®

Twin boundary | Twin direction | y | Deformation of ¢ axis
(1012) <1011> 0.118 tensile
(1011) <1012> 0.147 compression
(1013) <3032>
(1121) <1126 > 0.612 Tensile
(3034) <2023>

o 20

_»

(1012) (1011)

// //

(1013) (1121)

_

(3034)

Fig.2-6 Various twin boundary of Magnesium
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before examination

approx 1200%

' ' approx 1600% i

Fig.3-1 Compared the specimen of before and behind tensile load (Zn-22wt%Al)

q —
) 0
l ¢ increases.
P @ f o= Ke" ? l
o increases. P
Other places expanded. 2k P=Load

Fig.3-2 Inhibition mechanism of constriction®’
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Ty = % ...................................................................................................... (4-4)
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Fig.4-1 Maximum shear stress criterion®”
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Fig.4-2 Shear strain energy criterion”
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|W| ................................................................................................... (5-2)
o, = A_O

ZIT, Al XY a R~y RBEIIERE, L ISPIHIERREIEERE, W 135 9RE,
Ao W ZHIHIBTERE Cd 5. FIHIESR I FREE 1o 35 JOWIIWiaFE 40 1%, SBRBALE
HIZ TRER M PV-350(R Y hafihB LN~ A 7 o A — 5%ﬁﬁb\fn+?ﬁﬂéh
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H
L

Table.5-1  Alloy composition
(wt.%)

Sample Mg Al | Zn | Mn Fe Si Cu Ni

AZ31 | 95.6161 | 3.06 | 0.93 | 0.39 | 0.0026 | 0.0050 | 0.0008 | 0.0005

v wdew '-'--":"l;iﬁ \ \'P\p-'-“- e
R —
.-~ .

Fig.5-1 Appearance of specimen for jump test and thermoplastic test

60
735 15 .
20
-
S ) — A
2-R2.5
\ M12x1.75 <l \MI2x1.75

Fig.5-2 Shape of specimen for jump test and thermoplastic test
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1. Cut round bar with hack-sawing machine

2. Y Cut round bar with endless saw machine

| 4
4. Cut down with the lathe.

il
3. Bore a hole(p4) in magnesium with a drill press

s &

\

5. Polish the part between gauge line

Fig.5-3  Production method of specimen

Heat-absorbing water jacket

Cross head

N\

Tensile compressive control panel

Control device of furnace

Load cell

—

PC

O [:L\] (Tensile compressive control)
. (]
Electric furnace : \
O
] [Joooy
Upper part jig = ] = D - L m |:|
- Ul U T =1
0
Lower part jig / J L

/F ensile compressive control device

Fig.5-4 Scheme of experimental system of AG-G20kN
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Fig.5-5

Fig.5-6

B5E HEBUMEHEERE

L L

i,

o

iiin

Appearance of Autograph AG-G20kN

Appearance of digital multimeter 34401 A
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Strain rate
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(b)
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]
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True stress [MPa
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-
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Fig.5-7 Example for the result of jump test of AZ31magnesium alloy;

(a) controlled strain rate and (b) stress-strain curve at 573K
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o D Personal computer
o — oiD= og|— ]
Sencer interface O
PCD-320A
AG-G20kN Autograph Autograph control
controller Soft ware : SHIKIBU

Fig.5-8 Sheme of experimental system of AG-G20kN
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IZBWT, Fig.5-9 OFEBRMEN LR 7= m 2 OTHHEEICH L TEHELZL D
% Fig.5-11 (ZR”7. Fig5-11 IFRERITORR LR L TH D, m HITAE
1-3-2 2R L7 HIECHEI Uis. el EH Uz m 8, I BHICH V=43
ROOT B OB A xR R TR L.

W OTRESAE BIRERNC R R D m EAFHER STz, £72 40X 107 13T

29



B5F REBEEHERE
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— 200 ] / 413K
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Z 150 | _.//r 7— 473K
2 / 523K
j'% 100 F . o , .
; ; | /V 573K
S 50 | — i . i
| 673K
O L * L
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True strain (%)

Fig.5-9 Relation between true stress and true strain of AZ31magnesium alloy

by jump test at various temperature.
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0.5-10 Relation between maximum stress and strain rate of AZ31magnesium alloy by

jump test at various temperature.
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10° 107 10°* 107 107
Strain rate [s™']

Fig.5-11 Relation between m value and strain rate of AZ3 1magnesium alloy

by jump test at various temperature
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Fig.6-2 Appearance of Auto graph AG-10TC-IR

37



fehe =

B O6E

FRRBhE R E

— -

Load direction
y

Load direction

Fig.6-3 Strain gauge struck on specimen

Fig.6-4 Rosette gauge struck on specimen

O

Rg Co

O= E @)

Fig.6-5 Connecting diagram of strain gauge

38



fehe =

AG-10TC-IR(or AG-G20kN)

EoE  [REERE
[C—3
(—
—Jee
Autograp L =
controller EL Bridge box e o
z 9.9 nnOI
SIE=) [
0
! Dynamic Strain Amplifiers
] DPM-711B

> |Q|°1:'||E|-I| -

Sencer interface
PCD-320A

Personal computer

Autograph control
Soft ware : TRAPEZIUM2(AG-10TC-IR)
SHIKIBU(AG-G20kN)

Fig.6-6 Scheme of experimental system of AG10-TC-IR(or AG-G20kN)

Stresso
A

Gy

»

Strain ¢

Fig.6-7 Elasticity limit stress

39



BoE RAHMESRE

2. HEREEE

BAREIZBIT D AZ3] ~ 7% 7 DAL DOOT I & BRI O %
FALT D 72 DI M L 7= Hdh5 | ok, Bl e L OERZ L R BRI T)-
O A hi#R % Fig.6-8 38 KUY Fig.6-9 (27, Ml XS N+o 38 KL OFE Y 1 AWr
IS, AEENIOT A =PI X D EHI SN MY O T R 6, THD. AZ3I1
< IR DAEEDETROT HREE ISR DRG] & il 5729, Fig.6-8
B EOFig.6-9 IZIZZNEIHEOT 2 20%F T2 ERL L ThDH. ERPOEE
REAIRERELIK LNTH Y, FFERBOIETIOZERIZOWTIRED
WEITIIEAERNENZD.

Fig.6-8 LV, OFTABEDIRKE & 12, HEGS[REOS T L LZn3 o
OPHREHEICBNTS EF L, 6.0X107%" (2317 2 Bl [EIC B4 25 B IS
75MPa 7%, 6.0 X 107%s" Tl% 85MPa ifiﬂ LTW5 I EnfERINT. 0T H
PSR T 205 LoL o BRE L ELEEANE, BT 0 Iz W T H[E
ISR bz,

Fig.6-9 | wf%ﬂﬁ%@{tﬁmﬂ WO b, EROFIEIF 523K LD b k&
<, 6.0X107% " (2T 2 Hilh5 R ICBE T 5 MRS T) 85MPa 2%, 6.0X107s" TiX
134MPa F2/E & TJ:?I* LTSI e ST,

Fig.6-8 3L Fig.6-9 OEBFER LV HFONTKEOTHHESRMAETD AZ31
~ 7R U AEICET 5B A R 3 (Fig.6-10, Fig.6-11) % 4L € i
(@)6.0x10™%s™, (0)6.0x107s™, (€)6.0x107%s™ DO Zjd B etk T THRFRA TR IC

DWT )RR 2 FhE L 72RO IS )-OF AR 2> 6, 0.2%ifif /7 % i 7 Bk 55 (R
find L O AW S @I 70y S LSO THD. £ T 7ITIFBROT-
WIZ, BIREREARIN ) &2 FEUE L L 7= Mises 38 X OF Tresca D &Rl % ff5t L TH
5.

Fig.6-10 (2317 5(a)6.0x107%s™" , (0)6.0x107s™, (c)6.0x107s™ TILFEAR i1
ﬁhmﬁﬁiﬂa(%féﬁﬂa) XL T, xﬁ’rrﬁ%‘:ﬁ LTWbEEHiZ, EAWIS 135
ARFEIRIS ST 2 JEHE L U7z Mises DRI X OVEMEIS S L0 & 25~30%FEE
/INEWN, —T7, Fig.6-11(2)6.0x10™*s " 12351 2 MR B 713 Fig.6-10(a)6.0x107%s™"
(6)6.0x107s", ()6.0x107s™ & FREDFARAFGF B A, W AWHEFIIT Mises DR
Him2 6 TFHIS N AIEXL Y H 20MPa %%r“/J\é {Ipote.

Fig.6-11(b)6.0x107s™! (0)6 0x107s™ 1B 1 B B il i C Il /1B W CHI8E Y
& JEAE TIEXT DN BHEE 1TFE %fmfio D, JERER JTE L O AR IEE 1 E
JETID 20~30% /NS V. Thb b, #ili e v o o giE e @A R AR L
TV % Mises OFERHIENIZRT LT, HfE & E AWM IZOWTIRVEZ R L,

40



BoE RAHMESRE

RELSBALETREZRLTWD Z DR S,

41



523K PTe

BoE RAHMESRE

nsile==Compressive==Torsional

____________________

____________________

____________________

____________________

____________________

_____________

—————————————————————————————————————————————————————

__________

10

0

10

0

10

Equivalent strain €4 (%)

Fig.6-8 Stress-strain curves of uni-axial tensile, compressive, and pure torsional test of

AZ31magnesium alloy at various strain rate conditions at 523K.
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Fig.6-9 Stress-strain curves of uni-axial tensile, compressive, and pure torsional test of

AZ31 magnesium alloy at various strain rate conditions at 473K.

42



BoE RAHMESRE

523K

—Mises ----- Tresca @ Experiment

100
£=6.0x10"" ¢

o|[MPa]
\_' | ! ! | |
-100 -80 -60 -40 -20 0 20 40 60 80 100
_ 5 120
£=6.0x10"s

“\ o[MPa]

- \3t[MPa]
N A
S <&@

o 0
-120-100-80 -60 -40 -20 0 20 40 60 80 100120

140 -
£=6.0x107s" 159

%\, ! 0
-150-120 -90 -60 -30 0 30 60 90 120 150

Fig.6-10 Yield surfaces of AZ3 1magnesium alloy deformed temperature of 523K for

various strain rate conditions.
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Fig.6-11 Yield surfaces of AZ31 magnesium alloy deformed temperature of 473K for

various strain rate conditions.
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