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Effect of Aspect Ratio on Mechanical Property
for AZ31 Magnesium Alloy Sheet

Tetsuo Naka*, Hidemasa Murakami* Taku Hosoya**

Abstract

Numerical simulations have been taken to the press forming of the sheet material. The material
property is used for the simulation. The material property uses the mechanical property obtained by the
tensile test based on JIS specimens. However, in actual factories, the press forming was performed in
various figures. It is unusual that performed in the aspect ratio of JIS specimens. It is possible that the
effect of mechanical properties the results of the simulation. Therefore, mechanical properties were
investigated. In this research, it aimed to know the effect of aspect ratio on mechanical properties for
magnesium alloy (AZ31) sheet. Uniaxial tension tests were performed using type JIS-13B specimens
(60x12.5 mm in the parallel portion) at various forming speeds (3, 30 and 300 mm * min?) in an
Instron-type testing machine (250 kN in capacity). The testing temperatures were 150, 200 and 250 °C.
The tensile direction were rolling direction, 45 degrees and tranceverce. We used various kinds of test
pieces. The flow stress decreased with the temperature rise, therefore the effect of warm forming of the
AZ31 magnesium alloy sheet was shown. The fracture elongation increases with aspect ratio rise and
temperatures rise and with decreasing forming speed. The effect of the aspect ratio was not occurred in
the uniform elongation. Therefore, increasing the fracture elongation was effected by the local elongation.
And the effect of aspect ratio was not remarkably occurred in other mechanical properties.

Key word: Mg alloy sheet, Aspect ratio, Simulation, Mechanical property, Uniaxial tensile test

LFoTyIalb—yarTHOBNS JSEHEKEDOT
AT NETHRIENTOND Z L3 Thd, LIk

1 #

U4, M7V AREICBON Ty R ab—va v
NEL AL TWAE, ZUIRRIET BN X
> THBHRFMEEDN R 70 B30, BbA DR %
THZENET NS, YIal—va RS
VT DRPEHRFEEDSA £ 13 I SBUSIZHAD N 23K
B C S [BERIR AT O T K o TH B H 1
FIME 2 B LT\ b, L LEBRO T L AR
BT~ 7o =—RZRNET 5720, B DT A
7 b Ee(HEELR) 3 B 7 AT 2 OIZIR TIThil TN 5,

DZEMB, ¥IaL— 32 ISHEDOT AL
7 MbE AN TS Z EITBEICERH D
LWz D,

AR CITHIERBR BRI 2 Bl s L =L
F—IHEH I EOERIZHINT DT OIC HE A
FRCNZ - FRHSAE D B I W TR BEAL SR SRD 5
NOoOob5, ZORNEKE L TREMEIOHF CTREZ
VIR LEEPER SN TnHIEE < xy
U LAEITEEN L7y cm LTV =T AEED

*PEARR TR
IR ARRES AT L TREI

AR 22429 H 30 A EE



= P A s S R P AR

203, 8k 219 L EMREBIMEIO T TR BE,
FILOIREE, FEME, BIHIMER VY A 7 el E
BENTEEZ A LT s, BRI T A BhE R
WIZCBWTHRA— AL — 7 L—L4, ZOIENITH
PEREBER N O — R XY a v 7 B OB TSRO ER
IZZ < WO NFEEPEINL>2oH 5,
AWFFETIEL AZBL~ 73 2 T DAEME AV, R BR
R OT AT ke flia (280 S B 7 Hifilhs [R5
T oo, A TR A2 2 ST 9 Sl
HRSERRAE R T - TN DD, AREBRTIIAA D
SIEERBRCHV OIS IS 13B SIEREBR A (CEATH
F&  60nm 15 : 12.5mm) K 0 7 ARY MEEALE
Wi, LT AT MRTOT s E 2 —EI T
L7, HHESEZ—EE L, WoArEELsE
72o TE TOWFZEICBWCEI S 13BIRIC &L 5
HAhS [ SRFERIC L 0 ARG OVEME DR K 0N
FEDRAFHEITHIBA L TV D, ko THEA DFELESTH
(Rolling direction: LA F RD, 45° , Transverce
direction: AT TD &£507), #URIEEL(150, 200,
250 ) K OSABRHEE (3, 30, 300mme mint) TR A
1TV, R R OSEERIAE 2R LoD, b
TR A b L2 AZBL ~ 7 2T DOFSRAONVERE
(ERPT, 0.29t)), SlsRoRs, ZEME, hnLag ks
BonfE, OBl mfE, &0)ICKE
TT AT NEDORBZOUWTLEERG, a7z,

2. MHBIUHBAE

2.1 EERMFE

IR L=, B M-A -2Zn R E
& CRIENE R ONREEEIC R, A % 3%, Zn% 1%
EHT5H AZ3IB (ASTM JIS MPL) Z Bkl s LT
A L7z, ZOMBHIAUE 0.8nm EESARIER 15
UmMIZL7Zb DT, Z O o(bEERE %2
Tabl el (27~ 3, A g LITIFANE TRV~ 71y
U LB O{ 0000 iR XA 7T, AR TR RS A
WO LT=Z T e— LN DAk E R L
TEY, ZELOTUVMETTHD Z E2rnd,

2.2 HERAFRR
RERAE, Ag 2 1R X5 ICJEIEM RS RD

45° KON TD @ 3 S bUH UCER Lz, i
RTZIRIE, FAg 313 L 912 IS 13B Hififig 3R
Rz due L U, 7 A MR LSS
Z STFERC L7, B AQ4ITRT L OICT A
7 MEIFXOTHEE 2 —EICT 5720, FATHE S
BB L DR E B ST AT M aE LS
Bz, BRI IS 13BDIEA S 0.5, 2, 3 KT

A2 553375 (1K 23 4F)

14

A5 LB S, ATEO T A7 k(IR FATER
£X)% 6.25/60, 12.5/60, 25/60, 37.5/60 MK\
50060rmé&E L7z, IR 7 AXZ Rba 0.5, 1, 2, 3
LN AfELEd, ERBAIEVA Y—h v MRE
INTHEIC TYERL L 7-%%, #ABRATIC 400°CI2C 30 7R
DOEERE 1T~ T2,

2.3 HEREH

FIIERBRITA > 2 b o LR G REaREBR CE A &
LT o T2, RBRSRMEIIT A3 MRS 5 44,
FIEES T RD 45 KON TDO 354, RABREEIE
150, 200 K O} 250°C D 35:f:, U A 13 8x 107,
10° &N 10%st (53R Y A 3, 30 J2 TY 300 nmy min™Y)
D 35 DF 135 K THESAFTIRBNT 2 4K87 05|
IR 21T 72,

Table.1 AZ3INg DAL 2EAARLFE

Al Zn Mn Fe Si Cu Ni Ca Mg
290 1.00 041 0.0023 0.01<0.01<0.001 - Bal.
TD

©

(@)

o

/m .

© =~/ 2

85

°0 5 10

Agl ~7 %y 7 AAROmaR

Rolling direction ’—\—/7
ﬁ ﬂ
Transverse 457
Fg2 RO LT



AZ31Mg A S ORI I K

EFT AT MEOE (b AL - )

—¢ =
- “
_/ 60
170

Fg 3 JS13BRBA

JIS-13B

Ag4 7AXJ MbaZ b=

3 ERRRLER

3.1 ERER

AR RO—Fl & LTHRQG 55 3EF Mm% T &
BRIBE 200°CIZ81T A EIEE D 0. 2%l /1 ) U5 [5E
RS 2T, EBRREER LV 0. 2% K O8] iER S
X, FOREREEICBWTHT AT NEoE
BT AERET, SIHEHAN LS ITE
WTCHRIBRZRFE RO R ST, R ONREE IS Hs 1)
LRI ONWTIE, EOSIEAMIZENTS 0.2%
M/ OB [BRIR X 1%, #REE BRSO L, 1R
FFICHVE T 5 2 EAVRS I,
%%ﬁﬁ@%%_owfﬁgszﬁ%mfzﬁc
FRBREE 30nme min 21T B &5 BRI 0. 2%ifi
ﬁﬁvaﬁﬁé%r#oﬁﬁﬁwﬁm_ié%it
DFEECBNTHBEFITR IR -T2,
FIHIS—EBOT RIBIT HEEHUZ ST
HER LI AQ T a%ﬁm%TDﬁ%mfzn,
FREBR I 30mmnnn B DEIGES—EOT B hifi
ot ARIRIC 5?Eﬁ—§0ﬁ&_&iﬁ
72«7%%@%%&kwfi,a$®xvi%é
HLOD, EORMHEBELLITE A ETRIIRNSTZN,
R N ORI L & DS RB W T SR T&
77

15

SRR e e
PR ensledrel

> 3mm - min ) B 0.2% proof sress

S 30mm - min-t

2 2005 1 [ 300mm - min't

L

k7

£ 100

e

o

z

0.5

1.0 2.0

Aspect ratio
Fg.5 02%i/)KOGIHRIMS &7 A7 B ERIC
BT 2 aBR EE DR
(GlaJ5m D AR 200C)

3.0 4.0

300 ——
©
o M +E Tenslegrength
E o B 0.2% proof stress
8200 - | 45°
8 ITD
iz ¥
2100
e
o
=z
0
0.5 1.0 2.0 3.0 4.0
Aspect ratio
FAg 6 0.2%IM)&kOGERS &7 A7 MMl
B B EIE ST [ D522
GRBRIEE 200°C, #ABREE 30nm- min®)
150
©
o
>
o
gloo
@ Aspect ratio
e —-—05
> =1
= w2
>3
=4
50 L 1 1 1 I
0 0.02 0.04 0.06 0.08 0.1 0.12

Ture strain €
Ag 7 EIS/—BEOT AT

T AR DR 5155 TDERBRIEE 2000C,

FRBREEE 30nm- minY)



= P A s S R P AR

Z A TAMECEHT IR & 2572 Oy g s R TR
mﬁaf%é & I CERAHL O O T Aok AR A

& EBINIEET 520K TE 2 b 518
K%&dwfﬁﬁbfﬁto
oc=Cc"& (1)

Z»RIT, Backofen BORERIT, o ITEISS,
C T &K, & BIUOKITEOTABLOEOT
KL, n N TEEREE (nf5), miTOT Bk
MRS () LRI WD, m EITETK
PLOOT Bl AT E A E BN BB T 72D DR
L TambnTngd, ZoXxb LICFAg 85l
S RO YT 7%, A 9Is5E 1 TDO m i
DI T 7% T, MBITETOXUITH D HDDIF
EAET AR N ORBE RS o7z, Flom
fEIX 2000C & TIFINg %523, Zhll B33
FE—EDMEE R LT,

0.2
Aspect ratio
0.15
E|
‘?‘5 0.1
1S
0.05
0
150 200 250
Temperature T/°C
Ag.8 miEEHEBREEIZHIT LT AT FMbod
e (519J71 RD
0.2
0.15
3
< 01}
7
IS
0.05
0
150 200 250
Temperature T/°C
Ag9 miEEHEBREEIZHITLT AT FMhod

HIYHR
T %El

(51557714 TD

A2 553375 (1K 23 4F)

16

3.2 ¥

A g 10255 A % TD #REREE 200CIZH1T 5
B OREWHRE VAR, el R ONE, <O
FAFE TORE— UL ZNLED JRFT R OO M5 %
BATEHDTH D, EFRERI VR ONE, 74
AT REEREEINT 5 & LM LT, 727 L
NI T, EIRFHOBENLZ, o2
E MBI ONE T A7 RO I X - TRPT
@U’%m%EfélkﬁﬁﬂotoEE&Uﬁg

IZBTBHECHONTIE, EDOSBERMICBWTE
TR ONTOREE ERICEVMET L, IR RIS
HIMU7=, Loy LB ONTRRBRIEEE 23 il % &
BE BRI L, SRR AN T SR 5
PRV T L7,

F BRI DL _ou\'c A g. 11 | Z3ABRIE &
200 , FABREEE 30rme mn B ARSI
m%@u%rﬁom%ﬁm_kfé%@i,&mﬁ
BREMEIC BT BT Tl d 575 TDOREEH O
kb, ROLOPRBIEN-STZZ ER, REH
77

B |ocal

mm - min®

0.8 30mm - mint B uniform
w 300mm * min~*
06 /
g
20.4
o
w
0.2
0
0.5 1.0 2.0 3.0 4.0
Aspect ratio
FAg 10 FWHRONE 7 AT RRIZEIT 2 ek

El_/ HIS
‘?5 %El

(13 T FBAIEE 200 )

B |ocal
B uniform

Elongation €

1.0

2.0
Aspect ratio

FAg 11 fEWHHONE 7 AT NI B EAE S TA)

3.0 4.0

El_/ HIS
‘?5 %El

GRERIEEE 200°C, #0BR53EE 30mm: mim®)



AZ31Mg A S ORI I K

E BT OOT IR OWTEE L < BT LT

BT, nEIZOWTER LT, nfilL 3. 18Tk
~p=R (D) onAfEL, oA AW T nfEx

BT 2, ZAUTE > TH LD n BT RO >~
Ja2lb—varTEMEONDETH D, Ag 121

SR MA TD 150°CICHB T A5 EEICBIT 5 75
7%, Ag 131258 M % TD, 200CI2RB1) D455
FED nfEZ7R~T,

FEERFER LD nfllIX, CosEEHAICBONTY
150°CTIET AT MbDOsBAE T, 7 AT Rk
m%mﬁé&&%_nmiﬁ¢btobwbzm
DL &7 AT N DOZIT K B 52D g )
THILDURE NI, K ONRE 0)%72.“ IO T
%, EOBIEF NI THREE K OVRENEL LT

H— I (L Lo Tz,

i?‘ﬂlé‘%ﬁlﬂ@%ﬁi{‘ _ou\'c F|g 14 (ZRABRIRE
150 , FRBEEE 30mme mntiZB 5458 5RO
n@%rﬁo%%ﬁﬁw%@i,a¥®xvi%6
HOD, 1FLAEDFHFIZBNT RO Db,
45 Db EAVRENT,

0.15 T
300mm - min?
0.1
3
[
>
<
0.05+
3mm - mint 30mm - min?
00510 20 30 40
Aspect ratio
Ag 12 nflEs 7 AT MRIZRT 25 BREE D
W2 (Bl9EH M T AR 150C)
0.15
0.1
3
2
<005 |
0 \ s ‘
05 1.0 2.0 3.0 4.0
Aspect ratio
Fg 13 nflEs 7 AT MRIZRT 25BREE D
W2 (Gl9EH M TR AR 250C)

T T AT RO (- KB IR 17

0.2
0.15 |
3
g 01t
c
0.05 |
0 ‘ ‘ ‘ ‘
05 1.0 2.0 3.0 4.0
Aspect ratio
Fg 14 nflilT AT MU D ELES O
R (GBRIELEE 150°C, FRUBRIEE 30nmr min'?)

WITHE DN RIET T AT M DEEIZ OV R
7, Ag 1525k m4A TD RBREE 200°CICHB1TF
HEHREIZRBIT DERE DR Z2ovd, FEERRE R X
DD, BT TIEH D0 T AT RN 5
EEBITIRT L, IRER OB 2D
WTC, EOREFMICEVT HIRE EFIZ HE0
L7223, HEOZELIZBW I IS AN BN 72
Nl

F 2B RS DR _owc F g. 16 (ZFRBRIEE
200 uiﬁﬁﬁ@f%omm mmnt fé%\%l%’%ﬁlﬂOD
Y 2T, BIRFICHT DAY, TS D

‘?/E.

D8 E DRBREAEIC b\'C?b RDO)%‘ID z»ﬁf%n—& D
DL DR BIEDST,
100 3Tm : min" 30mm min'l__-300mm - min't

X

= 80

s

S

= 60

‘s

S 40

B

3 20

[)

vd

0
0.5 1.0 2.0 3.0 4.0
Aspect ratio
Ag 15 &0 &7 2~ MBI DB E o

E
ez

(Gl3EI7m TD FEREAE 200 )



SHIPEA S MR A2 3395 (PR 23 4F) 18

[N
o
o

B D (o]
o o o

N
o

Reduction of area ¢ /%

o

0.5 1.0 2.0 3.0 4.0
Aspect ratio

A 16 &0 &7 A~y MLICHT BEEHD
A (BUBAIRE 200°C, 3B 300mm min)

4% 8

AWFETIX ABL~ 7320 Diatiz vy, R
R OT AR bzl a (22 S H T Bl | iR

21Tz, WBRATINGE, S o5 RERTHW S

N5 JS1B KLY 7 AT M ABLEE, 5
FEREVER LT-, 7277 L7 A7 B IO R %
—EBICT D70, HTHESE—EL L, WOHrE

B STz, BRI T DT A7 b Ee(hg/

FATHNR &) & 6.25/60, 12.5/60, 25/60, 37.5/60

SO~ 50nmA 60nme L7z,

FRSME L LT, WA DOIEIE A RY 457 K&

O'TD& L, iRE% 150, 200 K& U* 250°C il EEIEiZ

T, OF'HdEA 104, 10° KON 1021 o 3 FfkE, &
27 FEFEA TR L, SIEHABR AT~ 72, S DI7-E5R
FERAE Y LI AZBL <~ 7 R T DO E (T

NPT, 0.20407), SliEME, ZEME, INTEEEFEE n
8, OF Bl RS M m A, &0)ICkIETT
ALY RO OWTHI, st Lo IR K
ONEERAFE B MER Uiz, DL FICAIFZE CE b7
FRZFLT,

1) 0.2%it ) KR OGRS 1T T AT LoD se
%EE% \—Téfcﬁz))’)t_o if\_fﬁmﬁ—g(}'ﬁ‘ﬁ
WZBIT ARG 7 AT OB A P

(RS Toled, 61~ AP EE X

TANRY MO E T RN EAVRET,

2)  EWEHEONZ B W TR TEIE BN 512
TUEWHERE ORI 2 Z v EnTz, 72720
Z DIEVEDIEINIRFT O TH Y, BJ—NE
AL Uishotz, F7 R R ONREZE kIR
TH M ONHEE DS iR 2R DI DAV 5
RN L, SEEAMEGEIZ 72 DI DFURE |
FITHVME T L7,

3) Backof en B 5 = cor@) IZFIT D nfﬁ ,

BEME TS5 LT A~ Mm/ﬁﬂ:
WENHE RSN, F5ER AT
NI RO b E L, 45 75>ﬁz%f£%< foaoto
m flix, 7 AT MNEOEIZ L DA

FIORE 2o T2, FT- 2oocurc ii%ﬂw:

T, FHE—EDEEL 70D T RSN,

4) OIIETTIEHDHNT AT R
HEEHITIRT Lz, BLEORER LV 2=
THEREOMEEI LT A2 NI X BB e % 1T
5z &bﬂféntt&b VIal—ya Ul
WA EICERE T RETH D,

5 AL, E&Uﬂﬁtﬂu n EIC BV TIREE &
ONR R 2 R T2 2 & D3 kT2,

6) GRS MOEEZOWTIE, nfl [T L
503, MLOBEMAONEE I XBEE BN e o T,

SE

[1] E#F #liE2s 8P L INT. 50-579 (2009-4),29
[ #cE #5 : ¥PE L NI 48-556 (2007-5), 47
[3) &% T8 : ¥k LT 46-533 (2005-6), 6
[4] $ft  EW§IFH : BPE ST 44-504 (2003-1), 3
[5] #k  4eiEA» : ¥PE L T 25-280 (1984-5), 425
[6] IR 42k : ¥apE LN 14—144 (1973-1),26
(71 W WEIE) 8P LT 43503
(2002-12), 55

(8 md# IEFIE» : WML T 49566
(2008-3), 49



