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Rheological behaviours and constitutive models for titanium alloy TA31
at room temperature and high strain rate
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(1. Lanzhou Institute of Technology, Gansu Province Precision Machining Technology and Equipment Engineering Re-
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tute of Technology, Lanzhou 730050, Gansu, China; 3. School of Mechatronics Engineering, Lanzhou Institue of Tech-
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Abstract: At room temperature, quasi-static compression and dynamic impact tests were conducted on
titanium alloy TA31 by using UTM5305 universal testing machine and ALT1000 split Hopkinson pres-
sure bar device. Based on the stress-strain curves attained from experiments, the strain hardening effect,
strain rate strengthening effect, and adiabatic temperature rise softening effect were discussed. Based on
the flow stress response characteristics of titanium alloy TA31, a new J-C constitutive model was estab-
lished, which considers the coupling effect between strain and strain rate, as well as the influence of
adiabatic temperature rise on its flow stress. The calculated values of the constitutive model were com-
pared with the experimental values, and the prediction accuracy of the established constitutive model
was evaluated by using two statistical parameters: correlation coefficient (R) and average relative error
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(AARE). The R and AARE of the model are 0.988 7 and 0.63%, respectively. The results show that the
new established J-C constitutive model can accurately describe the flow stress response behavior of ti-

tanium alloy TA31.

Key words: titanium alloy, TA31, flow stress, coupling effect, adiabatic temperature rise, constitutive

model

0 3=

AR 4 TA31 LEA Ham B . P g |
ALK G DA R S i SRR I SRR A, T2 R
MiasmiR R4 WS TREZ R, T ik
T ARSI P BB 4 TA31 5K AN A Skt A b K 7
B bR AT AE ], 2 A TS A
ZRHUBRIR AT R eAh, BRAR RN AR A 42
FPFARZE 2 TR R A% ey s AL BRI S 5, TR bk, 7 b
FF 5 H s 2 far B A AL A 1, AR Ok s 8 mr AR
FH 52 2% T2 In) ) BB B AU BE, LA R T Bk
SEERIRR TREF R A

KT hi i VE T KA s AT Ry f
AR A T —2eiRil . RS e
ARG, A 43 B U < AR AT (SHPB) 4
AR, WFFE T TCI8 KB & 14T, KIN%m AL
LA I 25 0 0 AR SR AN, HRROE 20k 5 A8
FIN S A S BT VIR IR . i 5T T TC2
BRG AT R N AR EEN B SR BN R, A
PARBHELAT B I8 (%) 10 7% S8 A0 N3G S8 500, Bifi A 1 A8
FRWHGIN, k55, JFE T T T AR T
1E 1) J-C AP RS TRY A TR (10 T30 45 S 5 0 A5 s —
B o A ASEE X L A B IR 2
T B ALK G A RSl 12 R IR TN
AT THIFY, R UEL TSR A 4 0 R RO 0k et
W+, T PR BEAS BR A 4 IR S
Wiz, Xu Xuefeng 251" BF5Y T i AL o R far
1) Ti6321 kG 4B R 4a Rt AR TE AL, 7638
YA R, 22 R T ShABASIE AL, R N AR
(Y E— 25380, 25 B Bt B 3 0, > AR Ik
£ 0.2 )57, shAZSIEHLE I AR AR 36 AR Sy of
R . S EEAE BT 4B 5 Hopkinson Bar 4
AR, FER S H K 3069 ~ 11337 s {4l % Ti6242
BRG A 0T T op e i ot IR T RHEA
(] ot A N AR 4 BB DA T S AR Sy SR AL .
Tian Ze 25" HF 52 7 % 6 F KON A8 3R [ N 1Y
TC11 kA& M HEZE AU RE AR RS, 455 % 4

RSN 7 B A TR, B T R AR R R A
R AL 3k S5 F 7 5 6 A B W AR 1 J-C RUABEARY, I
BT Z BB A E TRISE, ki
A SR IS BE V) & BE T . Shi Xiaohui %
WF9E T HA ST aTi811 2kA 4 s 5K 45
PERE, I T A BIS R T Sl A AR 2k b
WL R 1 SR G, BN TR b #R TR Y S TR
Vi FH, S0, 7305 3l A 3l 25 78 il 2k %) B Ak 34
AN, T I e A RO, Ef g iy R R
T J-C BRI i £ 5 16 Hh 28 22 IR AAE — 2 A D
2, TR EBTRERIGHL, e U 4 AR
FEAF, WF5T T 28 [ 7 Ab B S A [5) 240 2L 45 49 1) Ti-
6321 £k & &AM TR, &M HARROE 35 0 4
PETYIMEIR, Wk Ti-6321 kA4 1M, S 5412146 44
B RURME AR, B EC L SN BT U R A i
AR IR T R BN AR TCLT $h A4
SIS F124 TR, 25 IR W, i R LA AR i Ak
KU R 3 ) R AR, Bt R R P T v, L AR
RGBS/ N5 B, 2 TRRE A s iR AR
PERIEEENG N, Zhang L H 45" AF5E 1 R R AR 348
fiF F Ti-55511 Fl Ti3A12.5V & 4x B AL o 7 A1 2
AT R, RIS Ti3AI2.5V AL, Ti-55511 BA
(B AS I F1, JLT-BEA AR BEAL IR 42, O S48 22 A
PN 4 3838 1 hAS BT Y0 i 3L

A SCHRE, £tk A & m s np A ER T
ShAS I TR R AT R A AR () 5T = B4 h e
TR U ASHLEL | A TR, s B — R 2 (1
PR T AR RO | AR RE A AN ) BT A
IE R A KRBT AT 1T o TSR b i R AR 2R R
TRBHNL 152 R AR | AR IR TR A VR A e
R, 235 3T Hopkinson ARG A, LIk E
4 TA31 MBFFERT 4, BT T R R AR R T i s
FIMREAT R, 45-E PR SR T R AT R EEAE, A T
— P N AR | AR SRR AR T LA B L R T
TR 1R T J-C AR, SR A 4 A
TR FH T A 52 2% T AR LS B B AL . S5 A 1
BT o AT SR I T B A S RIS A R SR



2 PR, 45 Fil R S N ERG 4 TA31 WLl J1ma ATk SAA AL - 65 -

1 REHL

HERAS . 2SR B 025 mm Ak A 4
TA3T Hb 22 U151 46 T e, L2200 3 1,
A RS EERLR J09 mmx9 mm (RN . 3h7s

IR AR RIS 03 mmx3 mm 1 BAER . R R
FH B AL HE 720 970 °C IR 90 min+2s ¥4
1) T AR B, R sl g At i A R, 224l
24 e PR VR ity T AR UE — 2 ()P4 7 B 22K, e ah
PR %) 2R THOREL AR 2 O 2 R,<0.8 pm,

K1 $%EEL TAM LERS

Table 1 Chemical composition of titanium alloy TA31 %
Al Zr Mo Nb N H (6] Ti
6.12 2.07 0.98 2.95 0.009 0.003 0.001 0.085 Bal.

HEFR SRR ZE RS2 UTMS305 # 7 RETIRIR AL
FSERL, iR (25 °C), W AR F 4 B E A 0.001,
0.01s ' A10.1s; shasnpar kg 7E A5 ALT1000
#1437\ Hopkinson AT 562 & [ 58, SHORE
R (25 °C), BAEFR 1000, 2000, 3 000, 4 000,
5000s ' MR R A AT AR R 8 mm, Fii
KR 80 mm, 3 3 85 HT R 1 1 K/ N AR AR AR
FIFBERE N AE R e A7 pEA T wh s g, R86 b i
AN AL BES AR AR AN 2544 T BB
[¥) R [T 28, 251 9 e TR R 0 T AR R
J3- TR AR ] A AE AL DG 2R, 1 T A 48 A 7 L
T-E R AR AR ZE . N T B PR A ) R SR
FAARE, —FR5E 554 T ik 20 HEE 3K,
B 22k o AR O T8 B /R AR SO e 2 30
BT

2 RBERLIN

2.1 AR AR

BT, AR A 0.001 ~0.1s " AR
FI-RiAE L. 2 o EE T, RAEFE N 1000 ~
5000s ' (BN JT-R AR RNk . 45 R EW, A4
TA31 FEFLH — 5 (0 W A5 W AL 00, MERR A N bl
AR FBE NI, IO 332 i, i E R RAE G LR 2218
kIS, BHAS T Rl AR BB N, L g i, {5
H TN A R BE S N, B BRAEE A A BT YRR . A
T it BT LN AR ARG, 5| AR AL
PR N, HER R (D FR

B Olno
" dlne

Krp, N AR ASRELFREL, o)\ 02, &1 & WS-
A2 AR PRI A 3 R SN T L AR

MR (O TR AR 2544 T 1 R AR B Ak 5k
N, FIF3 2, 113 2 I, K6 4 TA3T (10 AR ik,

(D

ERCS RAE | AR SRIGAAOC, B NLAR | AR A G
I, HAAE Y B8N o ST i AR R AL %
ARARIE FEAH XL/, R UTZAPRAE AR T # AR
REAAR BE R EIR] o i ey AR A R AR AR
S A TE FEIAH X R, RIBZIAE A R IR
R —E 2= AP AR o IR BT LAY
ol AR AR 32 SR AG T e AR R AR AR
2 PR TR

1400

1200

1000 | 44

£
S 8004
..R

—a— W AR R=0.001 5!
e B AR=001 5
B ER=0.1 57

0 005 010 015 020 025 030 035
H AR
B1 ESSTHEN-MEHE

Fig.1 Stress-strain curves in quasi-static state
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Table 2 The strain hardening index at different strain and
strain rate

N

&5 £=0.05 £=0.10 £=0.15 &=020 =025 £=0.30

0.001 0.7228 0.6921 0.6525 0.6186 05986 0.5751
0.01 07216 0.6885 0.6545 0.5996 0.5864 0.5744
0.1 0.7185 0.6867 0.6612 0.5952 0.5813 0.5624

1000 0.6214 0.6162

2000 0.6018 0.5876 0.5619

3000 0.5941 05760 05569 05328

4000 0.5765 05824 05615 05301 0.5287

5000 0.5353 0.5279 0.5122 05184 0.4876
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