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Fig. 3 True stress-true strain curves of AM80 magnesium alloy at quasi-static and high-speed impact loads
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Fig. 4 Strain hardening rate curves of AM80 magnesium alloy at quasi-static and high-speed impact loads

2.2 FMHUE 350
% . True strain: 0.15 .-~ A
AT 0 40K 22 0 I R A L oo 4 b i
BAERT RN ARG RO RERGE |7 e
P FLF S i B (K — N R R R § 20T T oo
AP TR RO . A e R 8 o
& IR AR S R R B S ez \
LB AN 0 AT B 4 38R T B 3% 1507 True strain: 0.05
Tk L3R 0 T bR I R i R () 100

0 1000 2000 3000 4000 5000 6000

Johnson-Cook (J-C) Z'—(*@*ﬁﬂ ’ K{Réﬁﬁ’@ ﬁﬁﬁﬁ$ ’ Strain rate/s™
SRFAEHE , 1T H I8 BE 0% 4 v 5 b 70000 B4 R 7E AN [R] R &5 5 N AR T B H7 5 R AR SR 56 FR i 2k
EZ"%I]K_\T/}E‘%TE’\J {ﬁi’}@f@jj ﬂlﬁlﬂiﬁﬂﬂ N s Eﬁj(ﬂ;l:uﬁ Fig. 5 True stress as a function of strain rate
b A A B B B A ) AR O . J-COAR at specified stains
P R 3 FR AT AN, 43 301 S g A8 RR RS I AR 2 R AR
AN B pR AL, R BT . 400
. . i T — Tr m 350
0*(A+B€ )':1+Cln(s()]:|(l Tm*Tr) 300 F
: S gl B 3 - N £ 2501
Al s Sy LML R e BRI R e S E
TN AR K s e, MUERSRM NS H N AR T, g ol
T T A SURRE Y ¢ WG EIBIRIE SRR Bxperment Fiting
A 100:? o0 1.10X10%s™! — 1.10X10%s™!
E*ﬂ*j*4ﬂgﬁ§4t/ﬁﬁ,A\B\c\n ﬂ] m IEll:]—C Zl—‘*@jﬁ‘ 50% 03.65X10°s! ——365X10%s!
B SR ARAG 5 A~ B0 49 5 75 LI T 9 L B0Xi0s 50X
: . 8 005 010 015 020 025 030
IR AN R R T R Y QN S G R T Strain
FEF R IRER AL 48 2L 6wl opili Ly J-C AR LA TN I - 20 AR i 4R
AMSO A AEh 207 B BN S10m N F7 R 2% Fig. 6 True stress-true strain curves of high-speed impact
A J-C ﬁ*@ﬁ%ﬁﬂé%‘%?ﬁ s 3‘_1:%( H]%{EIIEX.—I@ 7 u@m,ﬁﬁ and J-C constitutive fitting results

RS A K J7 R S C O E R R A
BRE R C=f(e)., X5XHR[22]% C R e WA AR ¢ MW AR C #H#TME. MG
RGBT E R ESEAB M, B e, =1X10 ° s "HUEBHE S H R R REA T RPHSE A
=80.6 MPa,B=532.2 MPa,n=0.643,C(e)=8.34X10 "e’41.03X10 *e+0.011 3, AMS0 &
B J-C A IR

0=1(80.6+532.2¢")[14 (8.34 X 10 "e* +1.03 X 10 *¢ +0.011 3)In(e/e,) ]



590 5t Y 5 i i %38 %

fen B s A T AMBSO B 4 i EL N 7 -0 AR iR AUE IE J B A Oy RS R AN 6 s, PR
W) BE 5 v o 250 e R ) L AR A8 4005 A 294K 506 .
2.3 BRHALET

K7 2 AMS8O BE & 4 KRB RS 1 OM A ZL, KW AMBSO BE 5 4 [ v Ak BILFS &bz 52 45 St . HL A
BN ALEAEZE . o 7 A7 M 9T AMBO B G & 7E HERRAS 5 b A T 0 T Ml W A7 o Y 3 2% e AR
SCH 3 B 45 AR T 5 R R L ) S G A SR AT X L A BT BRORE 6 B AN ] 8 T

@ [®
(d]
B 7 SE A RARTE AMSO 84 4 1Y 4 HH E Pl 8 S AOUR I A 7E s 45 1l AR v 1 A X o
Fig. 7 OM image of undeformed AMS0 alloy Fig. 8 Relative positions for microstructure observation
used in experiment in compression sample

Compression direction

B9 RIAEHN 3X107° s~ IR 19 4 40 1#
Fig. 9 OM images of the fractured sample at 3>X 10 ° s~ ! strain rate
K9 F 10 J& AMS8O Bt @ R FE MRS 28T T 233 2L 3X10 P A 4 X101 s 1 i A8 R TR 2R 1Y
OM 5 3 I&T e 4 J7 1) 4 & 5 Sk B s s B () L (b)) L Co) R CAD PR IR B0 B A2 B an 151 8 Frs . iy &1 mf
R4 ARRE AL TSR AR AR R L) R DL R 5 T A il Y R A AR TE — B 2 e LB o b R T
L ALE b AR R ZE A T R T LS a Ab AR SRR AL d A AR 2R R R R AR 5 I B LR S AR S5 TR A S
JE 4 Pl 1) I g U 5 0 A8 2 R B — B, R L A BT 2 B R [R] S 2 SRR AE R B AMBO BE A 4
TEMERS S AT T AT Y SRR . AFAIILEE K BE I A8 R E (LB b A ¢ A B9 ks O 7= A2 T I



%5 3 4 SRMG R, A5 . KON AR 30 B Y AMBO B A 4 B AR T AT Sy B 4 4L AR 591

PREC, X LEREITEZR 5 i 0 S8 SUAR A% IR U 2R A2 D5 ) 9 i B 2B BE D ok, 5 Xie 22
OB FE 4 SR — B, RSURY B A A R TR ) R, BB S A S Xk LB 9 A 10 T Bl
7 A58 4 BR T i+ A T A7 Ak P R DA I A ) T 2 2 o S TR O T B D o RIS A 2 A A O S A
T HA —E W IE AR AU . e Ah 4 AR B AR B3 A R I N AH TR L b A e A ok A IR AR
ERNTRTE | R P v R T A B0 A A D AR - A £ N

=
g
E
g
=
2
3
&
g
S
Y
B 10 REAERHg 4101 s IR IR R 2L A9 4 4 1
Fig. 10 OM images of the fractured sample at 4X10 ' s~ ' strain rate
o
8
k3t
g
£
e
2
8
g
g
3
\

P11 BRETE 2. 15X10° s™1 YRS 2T R4 2 0. 28 AR A 4 18]

Fig. 11 OM images of the fractured sample with compressive strain of 0. 28 at 2. 15X 107 s~

strain rate



592 5t Y 5 i i %38 %

Compression direction

s lmmj

=

B 12 3FEAE 3. 65X 10° s ' Y REAR N 40 2 0. 28 AR )5 Y 4 AA K]
Fig. 12 OM images of the fractured sample with compressive strain of 0. 28 at 3. 65X 10° s~
AMSO B A A i BETE wh il 25 T LA 2. 15X 10° FI 3. 65X 10° s P B A8 R R 48 2 W48 M 0. 28 J5 1Y
S AH B AL M 11 A 12 Fios R 4E D5 i b Sk R B Ca) L (b L Co) R CdD) 7R SRR T 1 1Y)
Mg FREANE 8 . AlAL, sk M T AMBSO B A £ A8 U 1 1 50 1 450 o i A I S 3 5 L 4 A AR
i KL PN T 78 25 4 B L D) B D R 5 R 44 Al e R 22 D) 1 22 S v R S AT R R 3 N . S HERRS
AL, i 2 fr &AL B A TR AR 2R i S R 4R i e s R DL 2015 X107 s Y R AR RN R L A
b AR RS c A AEREE R T E d AR SR E a kAR G, B
fLE b AL ¢ A RL N AR T BB A B AR, X S A SO A R S AR A TR L SR T AR
Ml R, DLE o AR RBORAE RN R, B2 5 2 A ok, LT R R vl T A AR A O 0] e
VIR H1 07 AR —20, e 3 — 2 AT, iR 11 iR, 78 3. 65X 10° s A AE KR L 7 & d b iy 2s
MEE RSN E DA EREE S TMNE  a DR TEREE. NE c DN TEREERMK S
2.15X10° s~ ' W AR R T IR LN AR B R 4 AR 0 B AL YR W AR B WY s, kAh, i
N AR FER AR ¢ AT AR AR i R I i BRI X E R T AR R 2. 15X 10° sT TR E 3. 65X
10° s ", Jay P 246 SR T A5 42 DX B 1 R A T B R s A A kb R T Em A T AR LA
HEWERERBRY ELREA .,
3 it it
7 1 B RN AR AR AR PR R A & 0 R AR U AL . 5 o S R 4 A B i e R 4 B AMSO
£ 4 MY AR N 77 B R L X B T B A T o S RN g o o i R A R AR TE ML . AMSO BE A A 7E
YA T 25 00 N 1 B PR AR TR AL Oy R T 0 B S I R S AR A A DR L R U Y ORI ) AN R
RO A 25 7= Az 2R A (045 D5 Sy B i) 14 it O 308 o I A0 2 A B A S B T AT 0K 52 98 B, DB AR AR A R B
S PR ] A5 R ) 28 8 A o i 7 72 ) 398 DK A0 ) gt 328 49 T A T 2 722 S A BB 1 5 445 07 i L 4
B o S BOLAE S 022 i A5 b SE AR IT 7 A 14 0L ) B TP R BE R O, TR HE AR AR A TR A R e . H
THER A HA T 224 R PR A2 T8 (04 1 T D81 0 JFG 2 ot 285 8 AR 6T IR, HL 3R L O B R 2 R R AIE R R
U AL ol s L R AR TR I R L R 1 RS R R DA AR R R R s K

> —

! strain rate



55 3 1 SRMEAR 5 . ORI AE YL P AMBO BE A A MAETE AT g B 4L 4L AR 593

AT AE 2R A, R T A2 5 HE T A T AR R S DB R AR T . AMBO 8.5 4 7 a8 il i e e o 24
T A AR T ML LA S T R AN O AR R Y A . BT (10120 <1010 > 25 A B BB Y
TE NV 78 AN i A T el A N B AR AR TR ORI T R . Yang SFUCROBTIE R L BE G B TR R
el 2T A S B ZH 4 T AR B e S B AR R AN ORI AR AR R AP R =R N B &
LT T T 05 1 A SR R 7 984K 5 (1012 ) <1011 > 28 A Y =2, T <> g T 1 6 14 SR8 0 8 7 b
T A% 8 — R G Hh e R RL el TR B A B R R A AR L LR B I T R LR
IO 77 T 8 e R A AT A AR AR S IA

Bt A8 A T L A R R T B ST PR L Y MR R T R R 3. 65X 10° s E, B A AR B A
T REAR (P 9~12) 43X B2 T AN i) A8 R 4 4 B Db AR T R 0 AN W) B 8. 3 R AR 78 SR AT T
B 32 B T i R T AR 00 O AT, AR A FURS DR AR TR B . AR AR AT B AR R BRI HL
BJRE  op AR T iR B 4 P UV P T2 PR b FE AR T 8 S M AR O AR . B S B PR AR AR A Y IE VAR
TR (AT JE A 235t s 38 i o 28 %7 2% 23 9 T w8 T P g o DR OB e ol 2 AT N AMISO B A 4 1Y Bl R A
TERE Ty B AT P SV B e o R o R 4 v 2 A 2 7 Ay o 3 o T S L R AR A i Y 7 AR
P R IR AL RE A5 3 T B R B4R v L DR AR T 2 20 1 W 3 B I 11 s . YRR R TR i
F3.65X10° s Vi JEAL P 51 Y JR 0 4 ARG TH A AL ¢ Ab B SR AR T I 0 2l 2 18] 52 67 B A
A5 TE AR RS BTN L R R R IR B AP R AR A 12 PR . X BB TA ST
IR AT g A e el AR T I A 0 SR v A4 TG T R T 5 R 1 8l 2 T A2 A R T R AR R A 5 AR
AR SR, R AMSO B A 48 B U AL IV 3 7R AR T I 301 BT B 10 78 F) 496 R 328 R AT N 8T 4 s

AMBO BE A 4 AL B AL TR AT 4% B B 52 90 BT AN ) )RR AL, R 02 50 2 I Be B e lE# S S
it BT T SR B B AR B A AT Sy 22 S WD S T R TS [ O AR R B9 A2 T BILR A [ i 2L
T BRG] 32 B 1 R R AR A R S AT VR R AR AV RS O v el el AT AR R
DR AR Ay 2 MR S R A I S B RS 2 B B A 0 A B Al A I 280 A8 A B T i iR 2R 1 R AR
e 78 B L T D WA 8 AR ) T e T R o 5 v A AT L e ol A Y B A AL R SR
T b T 3 A D v R A A A R 5 < AR S DA TR A D L AR A D B T g R R A Y
AL RS 5 T, T (1012) 00028 5y ELAT B 8 1 T8 %7 728 S s ol 20 T T 2R R
A /NEUR I AL AR A RE A AR R = A e B AR BRI RE ST . 53 A i AR AR T AR R T RS B9 S 2l fE —
FERERE PR T A B NAE AR AL R

4 #& g

(1) AMS8O B 5 & 7E M i 25 15 o ol ooy 00 28 Bt 5 4 A () 9 00 72 107 0 Wi o2 A5 S o 7 25 T 4
B Ay B 107 A2 AR L g i o T 4 I U Dy T AR R AEORE L (2) R b il BT TN AMSO BE S B 98
TE ML AR A 32 p S T 1 A% 5 AR A AR PR . R AN B R AR AR AR DL R 3 e AR T RS 10 B
Je Wil AT T 5 B A0 I AR N W T R A AT AR AR RN L (3D 4 L T K S M B AR AR Y T
E I . MR T E 3. 65X 10° s, Jay 4 B TH AR B A ok AR T B R B S R A
Rl R A 2 RIS AR T S S Mt B 2 B AIG. 3. 65 X107 s ' W AR SRR (AR JE Ji5 11 )0 4 AR TH T 51
A2 1) 230 25 [0 52 2 A O T o A A A -5 7 78 S5 B Al 14 B R A8 A I A IO T TR R AR

2 Uk -

[1] KHAN A S, PANDEY A, GNAUPEL-HEROLD T, et al. Mechanical response and texture evolution of AZ31 al-
loy at large strains for different strain rates and temperatures[ J]. International Journal of Plasticity, 2011,27(5):
688-706.

[2] AL-SAMMAN T, LI X, CHOWDHURY S G. Orientation dependent slip and twinning during compression and

tension of strongly textured magnesium AZ31 alloy[J]. Materials Science and Engineering: A, 2010,527 (15):



594 B®ooo% 5 ik %38 &
3450-3463.
[3] ESKANDARI M, ZAREI-HANZAKI A, PILEHVA F, et al. Ductility improvement in AZ31 magnesium alloy u-

[7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

sing constrained compression testing technique[ J]. Materials Science and Engineering: A, 2013,576(6) :74-81.
LIU Xiao, JONAS ] J., LI Luoxing, et al. Flow softening, twinning and dynamic recrystallization in AZ31 magne-
sium[J]. Materials Science and Engineering: A, 2013,583(42):242-253.
LIU Xiao, JONAS J J, ZHU Biwu, et al. Variant selection of primary extension twins in AZ31 magnesium de-
formed at 400 ‘C[J]. Materials Science and Engineering: A, 2016,649:461-467.
YE Tuo, LI Luoxing, GUO Pengcheng, et al. Effect of aging treatment on the microstructure and flow behavior of
6063 aluminum alloy compressed over a wide range of strain rate[J]. International Journal of Impact Engineering,
2016,90:72-80.
Yokoyama T. Impact tensile stress-strain characteristics of wrought magnesium alloys[ J]. Strain, 2003,39(4):
167-175.
WU B L, ZHANG Y D, WAN G, et al. Primary twinning selection with respect to orientation of deformed grains
in ultra-rapidly compressed AZ31 alloy[J]. Materials Science and Engineering: A, 2012,541:120-127.
WAN G, WU B L, ZHANG Y D, et al. Anisotropy of dynamic behavior of extruded AZ31 magnesium alloy[]].
Materials Science and Engineering: A, 2010,527(12):2915-2924.
MUKAI T, YAMANOI M, WATANABE H., et al. Effect of grain refinement on tensile ductility in ZK60 mag-
nesium alloy under dynamic loading[ J]. Materials Transactions, 2005,42(7):1177-1181.
EMHFTNIE, R & @M AR HRT AZIB R &M RSB A LT]. h A 64 8% .2009,19(5):816-
820.
MAO Pingli,» LIU Zheng, WANG Changyi, et al. Deformation microstructure of AZ31B magnesium alloy under
high strain rate compression[J]. The Chinese Journal of Nonferrous Metals, 2009,19(5) :816-820.
SRS AR BRI S R b BT T AMSO BE A A W ) A K AL, PR 64 8 4R, 2017, 27
(6):1075-1082.
GUO Pengcheng, CAO Shufen, YE Tuo, et al. Mechanical constitutive equation and simulation of AM80 magne-
sium alloy uder high speed impact load[J]. The Chinese Journal of Nonferrous Metals, 2017,27(6):1075-1082.
MUKAI T, YAMANOI M, HIGASHI K. Processing of ductile magnesium alloy under dynamic tensile loading
[J]. Materials Transactions, 2001,42(12):2652-2654.
FENG Fei, HUANG Shangyu, MENG Zhenghua, et al. Experimental study on tensile property of AZ31B magne-
sium alloy at different high strain rates and temperatures[J]. Materials and Design, 2014,57(5) :10-20.
ULACIA I, DUDAMELL N V, GALVEZ F, et al. Mechanical behavior and microstructural evolution of a Mg
AZ31 sheet at dynamic strain rates[J]. Acta Materialia, 2010,58(8):2988-2998.
DUDAMELL N V, ULACIA 1. GALVEZ F, et al. Influence of texture on the recrystallization mechanisms in an
AZ31 Mg sheet alloy at dynamic rates[J]. Materials Science and Engineering: A, 2012,532(1) :528-535.
MAO Pingli, LIU Zheng, WANG Changyi. Texture effect on high strain rates tension and compression deforma-
tion behavior of extruded AM30 alloy[J]. Materials Science and Engineering: A, 2012,539(2):13-21.
ZHAOQO Shiteng, MENG Chenlu, MAO Fengxin, et al. Influence of severe plastic deformation on dynamic strain
aging of ultrafine grained Al-Mg alloys[J]. Acta Materialia, 2014,76(2) :54-67.
BHE.FE . 8K HZ I Hopkinson FFIR 34 i 1900 A2 R (T 1. [ 1R g 22 2412 . 2009, 30(2) : 170-176.
MAO Yongjian, LI Yulong, SHI Feifei. A discussion on determining Youg’s moduli by conventional split Hop-
kinson bar[ J]. Chinese Journal of Solid Mechanics, 2009,30(2):170-176.
SRMEAR B2 AL VLI AF L AR BTG R TWIP #9019 B8 ) Sz A 5 S R 98 2R A2 247 4 [T, & 8 %4, 2014, 50 (4)
415-422.
GUO Pengcheng, QIAN Lihe, MENG Jiangying, et al. Monotonic tension and tension-compression cyclic deform-
ation behaviours of high manganese austenitic TWIP steel[J]. Acta Metallurgica Sinica, 2014,50(4) :415-422,
LEE W S, TANG Z C. Relationship between mechanical properties and microstructural response of 6061-T6 alu-

minum alloy impacted at elevated temperatures[ J]. Materials and Design, 2014,58(6) :116-124.



55 3 1 SRMEAR 5 . ORI AE YL P AMBO BE A A MAETE AT g B 4L 4L AR 595

[22] #HEBILBLLSE IR, 45 SR8 T W RE IR AT, MR XE 5 #hif . 2003, 23(2) :188-192.
HU Changming, HE Hongliang, HU Shisheng. A study on dynamic mechancial behaviors of 45 steel[ J]. Explo-
sion and Shock Waves, 2003,23(2) :188-192.

[23] XIE Chao, FANG Qihong. LIU Xiao, et al. Theoretical study on the {1012} deformation twinning and cracking in
coarse-grained AMS80 magnesium alloys[]]. International Journal of Plasticity, 2016,82:44-61.

[24] AHMADIR, SHU D W. Compressive and constitutive analysis of AZ31B magnesium alloy over a wide range of
strain rates[ J |. Metals and Materials International, 2015,21(5):823-831.

[25] XK. B & @ WA TR ML OT FEHE SR ()], & /M %47 . 2010,46(11) :1458-1472.
LIU Qing. Research progress on plastic deformation mechanism of Mg alloys[J]. Acta Metallurgica Sinica, 2010,
46(11) :1458-1472.

[26] YANG Yongbiao, WANG Fuchi, TAN Chengwen, et al. Plastic deformation mechanisms of AZ31 magnesium al-
loy under high strain rate compression[ J]. Transactions of Nonferrous Metals Socity of China, 2008,18(5):1043-
1046.

Deformation behavior and microstructure evolution of an AMS(0

magnesium alloy at large strain rate range

GUO Pengcheng'?, LI Jian'*, CAO Shufen', XU Congchang'*,
LIU Zhiwen'?, LI Luoxing'"*
(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body ,
Hunan University , Changsha 410082, Hunan, China;

2. College of Mechanical and Vehicle Engineering s Hunan University ,
Changsha 410082, Hunan, China)

Abstract: In order to understand the deformation behavior and microstructure evolution of a solution
treated AM80 magnesium alloy under quasi-static and impact loadings, quasi-static and high-speed im-
pact compression tests at room temperature were performed by an Instron universal compression ma-
chine and a slip Hopkinson pressure bar apparatus, respectively. Under quasi-static loadings, the flow
stress of the AMS80 magnesium alloy decreases gradually with the increase of the strain rate
(3X10 ° s '<<e<<4X10 's '), showing a negative strain rate sensitivity. While, it increases with
the increase of the strain rate (7. 00X 10% s~ '<{e<{5.20X10° s~') under impact loadings, demonstra-
ting a significant positive strain rate sensitivity. Basal slip, mechanical twining as well as proper non-
basal slip are the deformation mechanisms for the AM80 magnesium alloy under impact loadings. A
larger number of dense tiny mechanical twins under impact loadings are the fundamental reasons for
the significantly higher flow stress as compared with that under the quasi-static loadings. In addition,
the deformation uniformity of the AM80 magnesium alloy increases significantly as the strain rate in-
creases. When the strain rate increases to 3. 65X 10° s ', dynamic recovery is detected in the same
grains at the location of ¢, because the softening caused by the adiabatic temperature rise due to local-
ized deformation is greater than the sum of strain hardening and strain rate hardening, which leads to
a significant reduction in the density of deformation twins. As a result, the deformation uniformity
declines finally.

Keywords: AM80 magnesium; high-speed impact; strain rate sensitivity; Johnson-Cook constitutive
equation; deformation twinning
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