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Stress Relaxation Behavior and Hot Forming Springback Prediction of TA32 Titanium Alloy
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[ABSTRACT] TA32 titanium alloy has better creep resistance than TC4 titanium alloy at high-temperatures, which
is widely applied in the hypersonic aircraft. It is challenging to meet the dimensional requirements for the complex
components of TA32 titanium alloy due to the springback after hot forming. The stress relaxation behavior of TA32
titanium alloy was studied at different temperatures (650 °C, 700 °C, 750 °C, 800 °C) and pre-strains (2%, 4%, 8%). With
the increasing temperature, the stress relaxation rate at the first stage increases, and the limit of stress relaxation decreases.
Based on the experimental data, the explicit constitutive equation of stress relaxation was fitted with the quintic delay
function, and the Arrhenius type creep constitutive model was established. Considering the effect of high-temperature stress
relaxation, the hot forming simulation model of a TA32 titanium alloy reinforced frame was established, and hot forming
and springback test verified the reliability of the simulation model. The results show that the springback can be effectively
reduced due to holding process. With the holding time increasing from 10 s to 1800 s, the springback decreases from 3.15
mm to 2.55 mm. When the holding time reaches 300 s, the stress reaches to the relaxation limit, and the springback is
almost unchanged.

Keywords: Stress relaxation; TA32 titanium alloy; Hot forming; Springback; Numerical simulation

DOI: 10.16080/j.i1ssn1671-833x.2025.05.114

* BEIE : fiiasBlaE3k 4 (20200036025002 ),
114 WinsBl&E A - 20254F 55682 5 510)



eI
RESEARCH mﬂr&x

BRA 4 HAT ELB B i T R TR ok S 1, )
ZRAT ALY &L P f S B A fias gt 7R
2t L R AR, S RS K WA BN
61 552 Flz 2 TR 2 R T iR, W2 2% 45 B i i iR e BE AR
LR TR ESR , TALS, TA32, Ti65 Z: 1w ek &
SrEmR T EA TR AU E R AL R T
PUBRARPERE , 7T LA A [R5 DX [ IR PR R A 2Rk B,
TA32 kB4 —FIHE TA12 A4 30l Fiktk g AT o
RIS A 4, A L mR o At ae, © N H At
25 RN SR be 2= AR R AT S s s ik 2y B,

TA32 Bk A S AEH IR T BUBAAAE AR B K Il 5™
TR AL A (n ], 3 iR PR T2 S A 1
T, TA32 Bk A S HARIE T2 0 BB B
A 700~800 °C, FEEILAAAE T A FIA R AR A i A
A — Bl AR Fi st S B 2. e e
() TA32 Bk & A B BE RS  AEAT A FE— 22 1 [l 53
MG, TR A S R PERE A R R, XA
) PR TR S IR T o 2 SR ot g, A5 P ] ol
B M P R A A S R DRSS

KA S TE IR A [ B & AN A st A oA, HAR
J5 R 4 B A RHAE PR S 28 P s PN 5 5L 7 A8 N W e
S E YN O IR N 1 e D Ko e e oA O VAAR U
AT HHEAT T HFSE. Xiao 25 BHSY T TC4 4k &4 1)
N FIRATAT A, FEAEEE T AR R SRR st TR AR AR
BRI PORE TCA SR A 4 e IR S st I A5 A R A 7Y
BT U BB J2 v AR T2 % [m] SR SO 5T
Ffam I I UE T AR M. X S R A TA32
A4y, Wu 25 UG T TA32 SKA 4 el s s AT
IR TR AR A O R Bl MY AR SE T TA32 £k
B 45 R ) S [l B, (H K TA32 £k
G4 N IR IAT R 5 SOEBUERULS A o BTN
P it A Ay 2 T A v 1 AR B [ T AR A | 5
PRI ZTif v TR0 2 B 4 5 (A ARG i U B AT R S

ASCHFE T TA32 Bk A AEAFIEEE (650 °C.700 °C.
750 °C..800 °C ) FITFH AR ( 2% 4% 8% ) SF T H I S
sthA 7oA A T 3T AN T Arthenius I AE
AKE T R R 1) U AR A KA BT 1 FH iR HE ik — B
RIS | 43T P S 8506 s A
MG AT/ E L BT PURRW o Al e 1Y eace N1y d

1 RERFxE

I bR R 5 Bk FHR LR M 25 TA32 Sk & 41T
B RS 2.0 mm, AL 1 IR, RIS
W T AR AR A IR B ML RDLSO (J&] 1), A5 5 Wr #2530
SEREE PR R A R P e R R

WK 2 s, 2 88 GB/T 10120—2013 { £ J& A Rk i
N7 3R G 7 k), FE AR AL (650 °C 700 °C.750
°C 800 °C ) FIFHNAE (2% 4% 8% ) F iIEA7 R F1#A st
55, AN shES R 1 h,

2 ZR5E
21 AT AS

AN TRIRBE T B 74 st il £ an 1l 3 r s, B Aok
F, TA32 BKG 4 IR JIRASAT R 0 AN B B, 55— B
BEHR A I I AEAR A R (R YT R 58 I BOAR AR A
TIGNE T R, HaB e T3 — 45, BN 1 RA st R
XU AE U BRI FEHE X T A St S B B Bt 1
JIRS R IEA T, L I AR AN WA A A B N AR AR

R1 TARKEEUFERS (RESH)
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Fig.1 Stress relaxation testing equipment
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Fig.2 Dimensional size of the stress relaxation sample
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Fig.3 Stress relaxation behaviors under different pre-strains
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Fig.4 Stress relaxation behaviors at different temperatures
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Fig.5 Creep strain rate—stress curves under different pre-strains
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Table 2 Parameters of the Arrhenius constitutive equation
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n s o n A

R A

2% 4.499 | 0.0154 | 0.0034 | 3.5398 | 0.0216
650 C 4% 5.085 | 0.0151 | 0.0029 | 3.8099 | 0.0315
8% 4.38 0.0119 | 0.0027 | 3.3426 | 0.0475
2% 2.98 0.0177 | 0.0059 | 2.4229 | 0.0165
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8% 2.733 0.0114 | 0.0042 | 2.3791 | 0.0559
2% 3.054 | 0.0199 | 0.0065 | 2.3826 | 0.0761
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