W47 %
2018 4F 6 H

BAEERMBS IR

RARE METAL MATERIALS AND ENGINEERING

%56

Ti;Al B @R 2B T AT A4 B R IR ZE 14 A BR JT 450

MR, B &, ke, R, A, R’
(1. WIROR, WiEE W 411105)
(2. ALK, LT IR 110819)
(3. FINKEE, IR 950 215021)

B OE: LTS, BT T BT TiAL B AR A KR, IR ABAQUS/UMAT A
PP RO R AR R TR, F N FRRIIUR TisAl 555 ) 5 [a) 4R AL o 3 BT S TR I 10 IR 8 A % 2R 11 )3
AW, DKEBRE SN ERR. GHREY. LHHEER (0001) <1120>, FHIHHEHE R {1010}<1120>F4E
A R (1121 <11 26> 40 B0, ARt T3 88 R 2 IR0 58T 0) 3 ) B 25 R DX 7 PO AN IR], - 3 88 3R 10 Bl 1 A7 1 8
FHFE . HLTANHETIVE B AR A B D) R O ROR, ANTE R I T RORIN S B R R HERNE R R, ol A YD) R
WK, R %I B R R A TE 4RI (00011177 [0 N 74 4 W0 o LTIV B R 00 8 s 28 5, X B I A T 1) DKt 5 K
I 55 52 25 AN LR, BER A R AR 5 2 W14

KR Ti Al Lah: SR A28 W R, AW AMXKR

mESENES: TG113.2573 XEFRIREG: A XEMHS: 1002-185X(2018)06-1753-07

Vol.47, No.6
June 2018

TisAl & HAT DOy &5 18 b &), =2
TiAl &GS AL A 2 —. TiAl A SERE T
BAR SR PR PR ERE, R
IR e oy B BRI A8 Pk e R A5 Rr 5, Hur2
PTENAHTHE . R, RE. EMBEARESRI .,
H EEEEA TisAL 43 R4S P B v AR T AT b ik
117 — RIS K 5Y . Harry FI Kerans 255 5256
SRR, CURERT 600 CTHY, TisAl £ AL
R E WY M ST 600 CHY, HLEMEA ST
—E MG, BEFCE A E RS TisAl 7Rl R
RIS Ay ¢ HiJ7 i AL ES T B A W HE . Minonishi A1
Umakoshi 257Vl i Tis Al 5 i S i) $57 40 0 s 45 18 560 1
FC ThHAL BRI BN, KIS KT
FEID . BEEIFIHER b b, KRB RE 2 N5
B FETIEE RS SR K A HET I RAR D g
K3, WEERER A R)A 8. FE, TisAl B
etk 58 RN E A DI G R . Bk, SRR
FC Ti; Al W F 10 i3 30T I N S i AL 3 i 28 7 Ak WK
PUIAA A T S R R s A, i A ) %o
B R E 3 E EER R, 17 S B O 2 2 i AR H )
BRI, UESER A LA R AR T . 4K,

i= HEA: 2017-06-06

FE T A IE VB S 1A AT PR T T VR S B R A W R
MR MTFBZ —, & nl MR AR
drcRLEC I RO RS R B R AR A A A R, LA
W R RIS AL T ZUR I8 Ak A0 3 08 P 25 o S P 45
i) R0, 34 S0 SR o A M A BR G VR AL L i 4l
BRAE i T o ks, BELAE R HR 00 IS A
WI4 s $B7R T SR AR TR B ) B b RS R W A
TE DTk . B 5 25 VR R A 8 A PR G T B
TALS EK A 4 i il F 4 a0 1ok B2 S R I bz L A TR 0K
pirRL [ 23 38 BN ) R AR (R ARS8 AT 1 o A, R
I R L () A E AR I A2 2 P 2 S 30 NI R T 8D
APAEZE S o I, I FH A A4 1 A B TSR T TisAl
B IR T RS R Bl S e — A R T
KA BB TENLHI T, H57 DOy 4554 5
IR AR K R . EiE ABAQUS/UMAT i /' 1 F 5 4%
[, ffif FORTRAN ifi 5 T KM A X R TR,
W SR F AR AT IA) Tis AL SRt () B ) FR 4 ABE 0L, B0
TR R A B DL LR T R R 6 RS R R B S

1 BRAHRE

1.1 BURTREmz

BEEWA: HFXARREIES (51175445, 51201147, 51304141); HIp4 HRRERSE (14116016)
TEBE T B, L, 1980 48R4, WL, R, WIR RN LR 24 Bt , Wirg AR 411105, HL1%: 073158292454, E-mail: wjzhao1024@

xtu.edu.cn



* 1754 -

Wit e m AP RS TR

%847 %

ety VAR T 2 (07 B 3 A R 2 (14 i 2 1 T 9 AR A
Atk I AR U A RS I, BT Rk B 2t 5

ARTERRREE K F AR N AT Y, IX — i R O ek gy
figt S EL ) fift gt
F=F°F" (D

b, FP b SR U IR 7 1 250 B U)X IV () A2 T
FESK B, F© O bk W AR R B 5 I A R AR T A
ik 5

BRI R o TR R J5 W 1) 5 )
2 ANIEAS BT ) B m® R n® o, IBA P2 T B
JETK R RIR A -

FP(F*)! :iy?”m” ®n” (2)

K, 7" BB R o KBTVINASAR, N B RK
1.2 FEXBUERMBLARX

AT TR JE T 45 K pf B AT A AL T,
Hi Asaro Fl Needlem!" 2@ i, 1ZAAL T T # W B
AW RTINSy o BB Y NAR A p* Z [ R AR, 3
DI AR A 5 LR J5 R R «

m

(3

o w AT

7 =75 sen ()|
K, 78 HEBR a IS HEUINARE, m ol NARR
BUKRE, g RRWHR a WU .

g  HEIYIN ARG G, WO A R

N
gazzhaﬁ 7ﬂ| (4)
b1
Moy = Qophg (5
hy

h,, = h,sech’

(6

T, 7,
o, h, A RS, o= N AR A,
Mo+ IR REG g, WHGIREG b AWIG
WAL, WS WA IE, 7, WA I 523 )
JiJ1, y APTH TR AR L BTD) VAR R R AR

r=],
1.3 BEREMNEMHAEXR

A5 T v IR SR P AN 32 3 PR AR T S ),y AT
PLRH R A8 20 e A A 5 2

o= L:D° (8)
Ko, ot R LT K8k LR A 10 Kirchhoff 17
Jyik B ff) JTaumann S35, L 2 IR IR ok A B 0K B,
D° N AT 2k e () Ak 8 43

JET, B I BB AR O R T iR N

dt (D)

7}0!

;—=L:D—i(L:P“+/5’“)7“ (9)
o1, o %R AR R A Cauchy 1)
jKiE ) Jaumann 3%, D AL XK E. p* Ml 2]
For A (10)~(12), Kb p” Fow” 535124 Schmid A
X BRI 4 F s B R 4y, o & Cauchy N ).

Pazl(m"@n"—n”@m“) (10>

2

B =W —-oW* (1D

W“:l(m"‘@n“—i-n“@m”) (12>
2

BET IR AU G S AR PR B, 2 ABAQUS
BB LI P AR AR e T & D AHE R, SR A
FORTRAN & 545 Ti;Al "R AN X R FRF
I H T2 5 IR 2 4t

2 BmEEEildiE

Xt Ti;Al WL B R0 O e wf s R w7, 7
FL AR AR T — T DO SR B B A A e 3 AN
SEILHTERE R (0001) <1120>, 3 ANSHF4E (1K) FE T
B &R {1010}<1120>. R R HA MR T
<1120>, ¥ )5 AL 7E Rl — AP N, A gLt
AT T c BT AT, R e 7 AR TE 2 H
HETIHE B &R {1121} <1126>K 0

TSI T8 W B R TEHLE, %8 FIRN R R,
AL TisAl s IR e B EARR G R, T ARE
TisAl 5058 50 ) IR AR, S8 Rk 1 s,
2.1 JURE R SR R &

2 2% 92 by SE K b L ) R 4R 1 KN,
ABAQUS/CAE " #57 R~) 4 3 mm*3 mmx=6 mm [f))L
AR . T LTSRN, 3 LA e 2R Ak H

x1 ThAl 2RHEBR
Table 1 Slip systems of single crystal of Ti;Al

Type of slip Slip systems Detail

B1 (0001)[2110]
B2 (0001)[1120]
B3 (0001)[1210]
Pr1 (0110)[2110]
Pr2 (1100)[1120]
Pr3 (1010)[1210]
Pyl (1121)[1126]
Py2 (1211)[1216]
Py3 (2111)[2116]
Py4 (1121)[1126]
Py5 (1211)[1216]
Py6 (2111)[2116]

Basal {0001}<1120>

Prismatic {1010}<1120>

Pyramidal {1121}<1126>
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Fig.1 Displacement boundary condition
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Table 2 Elastic constants of TizAl (GPa)”Sl
Dini Duzxn Daz Diss Dssss Diin Dizis Do
221 71 221 85 238 75 69 69
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Table 3 Initial critical shear stress of slip systems of
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Basal slip system Prismatic slip system Pyramidal slip system
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Fig.2 Crystal orientation relative to compression axis
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Fig.3 Relationship between four-axis and rectangular coordinate
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Table 4 Largest Schmid factors of basal, prismatic and
pyramidal slip systems

Orientation A B C D E
angle, @/(°) 0 31 51 68 90
Basal
— 0 0.445 0.490 0.345 0
(0001)<1120>
Prismatic
— — 0.433 0315 0.173  0.062 0
{1010}<1120>
Pyramidal
= - 0.449 0399 0332 0446 0.449
{1121}<1126>
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Fig.4 Average shear strain curves of slip systems ((a~e) correspond to single crystal with orientation A~E, respectively)
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Fig.5 Shear strain nephograms of slip systems for single crystal with orientation C
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Simulation of Plastic Deformation Behaviors of Ti;Al Single Crystal
with Crystal Plasticity Finite Element Method

Zhao Wenjuan ', Tang An ', Lin Qiquan', Ren Yuping®, Xu Junrui', Song Binna®
(1. Xiangtan University, Xiangtan 411105, China)
(2. Northeastern University, Shenyang 110819, China)
(3. Soochow University, Suzhou 215021, China)

Abstract: A crystal plasticity constitutive model for Ti;Al single crystal was established based on slip deformation mechanism within the
frame of crystal plasticity theory, and a program was compiled to describe it by means of secondary development of ABAQUS/UMAT user
subroutine. Then we applied it to simulate the mechanical behaviors of TizAl single crystal with different orientations during unidirectional
compression deformation. The activation of slip systems and the interaction between activation and orientation has been analyzed. The
simulation results show that basal slip of (0001)<1120>, prismatic slip of {1010}<1120>, and pyramidal slip of {1121}<1126> can be
activated. However, there is dramatic difference on the ease or complexity of activation of various slip systems, which is due to the
difference of critical shear stress and Schmid factor. It is difficult for basal slip and pyramidal slip to be activated because of their larger
critical shear stress, which causes the activation of basal slip and pyramidal slip just with a larger Schmid factor. Pyramidal slip systems
can be initiated only when compression axis is close to [0001] direction due to the maximum critical shear stress. Prismatic slip is much
easier to be activated and also has the largest contribution to plastic deformation. Furthermore, the simulation results are in good
agreement with the experimental results.

Key words: Ti;Al single crystal; crystal plasticity; dislocation; slip system; finite element; constitutive relationship
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