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Study on the hot-deformation behavior and hot processing
map of Ti551 alloy
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Abstract: To investigate the hot deformation behavior of Ti551 titanium alloy, isothermal compression
tests were conducted at temperatures ranging from 800 °C to 950 °C and strain rates between 0.01—
1 s~'. Based on the true stress—true strain data, the hot deformation characteristics of Ti551 titanium al-
loy were systematically analyzed. The results indicate that the flow stress of the Ti551 titanium alloy is
highly sensitive to variations in temperature and strain rate. An Arrhenius-type constitutive model incor-
porating strain compensation was established to describe the hot deformation behavior of the alloy, and
the predictive capability of the model was evaluated. Furthermore, processing maps were constructed
using the Prasad instability criterion, revealing the distribution characteristics of power dissipation effi-

Y Fs B H8:2025-01-21; &[5 B #5:2026-02-08; #:37 H #5:2026—02-27

E&£WB: EEE SV AT H (2024YFB3714200); E R [ SRR I 4 58 BT H (52475397); = S22 S RHERT S 1
THRIFE BN E (B17034); ZE A1 I BA & e 115 H (No. IRT_17R83 ).

EEB 0L T, 200245 A, B, 309 68 N, B 0F g8 A, £ B FSE 5 10 Oh BK A 4 B il i, E-mail.
18114563202@163.com;  B{FVEH: XBINZR, 1988 4F Az, B, WALERDON, @I #2, 11, E 5050 [ PR EFZ R U
WIS S8R, E-mail: dengjd@whut.edu.cn,


https://doi.org/10.7513/j.issn.1004-7638.2026.02.010
https://doi.org/10.7513/j.issn.1004-7638.2026.02.010
https://doi.org/10.7513/j.issn.1004-7638.2026.02.010
mailto:18114563202@163.com
mailto:dengjd@whut.edu.cn

#24

T4, 55 Tis51 Bk S ARIEA T R A TS =79 -

ciency and instability domains as functions of temperature and strain rate. The optimal hot processing
window for the Ti551 titanium alloy was identified as the high-temperature and low-to-medium strain
rate region, while potential flow instability regions were located in the low-temperature and high strain
rate domain. In addition, the evolution of primary a-phase morphology and the variation in the o/f
phase fraction under different deformation conditions were investigated. These results provide a theoret-
ical basis for the design of hot working process parameters and the microstructure—property optimiza-

tion of Ti551 titanium alloy.
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Fig.3 Stress-strain behaviors of Ti551 titanium alloy under different thermal deformation temperatures
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Fig. 4 Flow stress dependence of TiS51 alloy on deformation temperature and strain rate



T4, 55 Tis51 Bk S ARIEA T R A TS

- 83 .

Ino

@ * 850 C

= 800 C

4900 C
v 950 C

In[sinh(ao)]

0.016

0.015

0.014

0.013

600

570

0/(kJ'mol)
W W
— B
(=} (=}

480

450

250

(®) 850 C

= 800 C

4900 C
v 950 C

(a)lné—=Ino; (b)lné—o; (c)lné—In[sinh(ao)]; (d)1/T —In[sinh(xo)]
B 5 Tis51 $k& £ K Arrhenius 2R IS HF4E

Fig. 5 Arrhenius constitutive model fitting outputs for TiS51 titanium alloy

(a) = Calculate
Fitted curve

/.

04 05 06 07 08
Strain

0 01 02 03

Calculate
Fitted curve

(©) "

04 05 06 07 038
Strain

(=}

01 02 03

O I I I I I I
-5 -4 -3 -2 ! 0 1
Ing
3t = 0015
(d)
e 0.1s!
als?!
2 A
B
= 1 "
£
=
0L
L]
_1 | -
8.0x10* 8.5x10* 9.0x10* 9.5x10*
/T
(b) L] Calculate
315 Fitted curve
3.08
3.01
=
2.94
2.87
2.80
0 01 02 03 04 05 06 07 038
Strain
(d) = Calculate
57} Fitted curve
54
E 51 L
48 +
45+
0 01 02 03 04 05 06 07 038

Strain

(a)a; (b)n; (c)Q; (d)n4
B 6 AERZE TR EIFRIE

Fig. 6

Material constants corresponding to different strains



.84 . W 2k 9L 8K

2026 45 47 &

F1 AXREZWMAMUE a. Qun K InA BIXT RS E]
Table 1 Corresponding parameters of the 5th degree polynomial fit for ¢, Q, n, and InA

Coefficient o Coefficient n Coefficient (0] Coefficient In4
a, 0.012 31 b, 3.15245 o 661.943 34 d, 63.322 48
a 0.007 44 b, —3.945 84 ¢ —1011.224 63 d, —63.778 81
a, —0.027 62 b, 10.724 76 c 3763.023 58 d, 83.737 15
a, 0.1163 b, —17.877 55 cs —9192.606 19 dy 13.105 99
a, —0.176 56 b, 18.006 58 Cy 11173.51223 d, —152.965 76
as 0.085 51 bs —7.609 18 Cs —5073.225 52 ds 107.700 56

7E 800 ~ 950 °C. 0.01 ~ 1s ' MM ELE TH T,
Ti551 & 4 ASTa) B AR % R #4177 0l 38 i =X (14) 38
B XF ARG S B ) -5 28 AR A MEAB IE 1Y
ARG TR AT AR N 11, 25 R 7 s, —
H N T - AR 2 I R AR W) A R . A

300 | (a)
250 A
A
L] = A
s 200 f S ..
< —
150t
5 L]
L]
100
= 0.01 s”!(Simulation) 0.01 s7'(Test)
50 ® (0.1 s!(Simulation) —— 0.1 s7!(Test)
4 | s'(Simulation) = ——— 1 s7!(Test)
0 . . . .
0 0.2 0.4 0.6 0.8 1.0
Strain
140 () = 0.01 s”!(Simulation) 0.01 s(Test)
® 0.1 s”(Simulation) —— 0.1 s™'(Test)
120 F A ‘1 s!(Simulation) =~ ——— 1 s7!(Test)
A

100 |

80

Stress/MPa

60

40

20

0 0.2 0.4 0.6 0.8 1.0
Strain

VI E AL R e AP A N v o TR 7 1B
TiS51 A B 7E el o AL A T 00N (9 2747 94
fiE, X P 5 AR LB | A IRV A A A B
A EEINSME, RN & e )a S TEREIL L BT
BEE PR LA

200 -
& 150 ¢
s
% 100 = (.01 s7!(Simulation) 0.01 s7'(Test)
® (.1 s”!(Simulation) —— 0.1 s”!(Test)
4 | s7'(Simulation) ~ ——— 1 s7'(Test)
50 L
L] A a a
0 L L L L
0 0.2 0.4 0.6 0.8 1.0
Strain
(d) = 0.01 s”'(Simulation) 0.01 s7'(Test)
80 1 ® 0.1 s!(Simulation) —— 0.1 s™'(Test)
a 1 s'(Simulation) =~ ——— 1 s7!(Test)
A A A 7
60 -
<
[aM
s
2
o 40
7
20
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

Strain

(2)800 °C; (b)850 °C; (c)900 °C; (d)950 °C
B 7 KB ESAETNET

Fig. 7 Comparison of experimental actual values and constitutive model predicted values

SRyt — 25 RAIE A AR R (4 T A Rk, 51 A S
THEE AR bRt TR0 B R4 Tt AL PEA , e R
KFRBUR) G IR 25 45 0 HE (AARE) 1E R 3
wricds, —F A= (17) 18) iR,

n —\2
RZZM 17)

Z?:] (Pi_p)2

1 & |E - Py
AARE(%) = Z;TXIOO (18)
A, E ARSI SEINEE, P oA A5 i i ) i
IMEESR E | PHR A SEIME S W E A IE, n R4
PRI REAS s B . R® % AARE S PFAE A&
ORI S-S5, REWS 2 UL S # s S5 5
RS R Z RV G Ko S80E A, A IX



#24

T4, 55 Tis51 Bk S ARIEA T R A TS -85 -

TLAR R S XF N Y R=0.817, AARE=81.72%, |iR%%
TSV BT 37 A AR B R EL 28 R 4 A Tl g
ST A
23 HmTK

P Prasad $2 i #9 s 28 41 £H5 Y ( Dynamic Ma-
terial Model, DMM ) M FRISIERE, A4 0L R AL By
B A ST A G R AT SO D G R,
BEARFUT AR DI 3R E FRE PT FH A 10 ) 5 0 A
RFANERAE, HAZFERE RS M — D Yrff 2
Y5 | R BFE -5 2 2L A R BB I P 138
4%, i (19) iR

P=cé=G+J (19
Horp, PR EIIRFER, G FAF BRI S R AYRE
HAERL, J RAE S LUEM (W shAS R | AT
i FHARSE ) FHOCHORERS, PRI HAAan=(20) QDR

G= jﬂ odé (20)

J=f:gda 21)

N RE RN BRI R, 5 A AE
HAAGUENEAR L m, FoE O TEMER | 85 N A2 4%
PF T R R AR B3R R, A (22) i

m= (2T (22)
Olnég T

TE ML LR T 45 2 D R AR B g, 1T Sk

HAFERE SFERCT Y 5 L, HFRRn(23) s .
J 2m
n= T =l (23)

b e AR PRI MR (m=1) 5514 T i
KHALFEH . PR, AL m (EIF R
RGBS HICER A SR 58 2, 38 7 T TR 5 [T A
T A 1go —1ge X R kAT ZIAAE, 1 R ] =
PREL, anXi(24) Fs .

lgo =a+blgé+c(gé) +d(gé)’ (24)
H 400 E 2 AT A B R AR R R R
X (25) PR,
_d(lgo) , 2
m= g2) =b+2clgé+3d(gé) (25)

FRUIZAEHRLAE J1 A8, 2o Tad B b s R i

JE [FIRE G, PRI — 205 | AR RS S HO A TR

TE X HEATIR, 24 <0 38 H A M AFAE T 3 R FRUXL
b, HRIRA A (26) .

éln(l)

+1
f_ n

Ing +m (26)

2, 3% 3 HERAE 0.6 I 73 B Ag 2 5 X))
SR EN ISP FEY CICTR
*2 AAZEIRAT 60% EEEHNERFERRY

Table2 Power dissipation coefficients of 60% deforma-
tion amount in distinct deformation conditions

. n
800 °C 850 °C 900 C 950 C

0.01 0.41719599 0.686 709 565 0.548 743 679 0.419 549 678

0.1 0.248480364 0.480 180821 0.402200 109 0.348 700 255

1 0.039505638 0.196572932 0.222 737388 0.271 200 544

éls

£3 AAETEIAT 60% HREEHRIRERE
Table 3 Instability coefficients of 60% deformation
amount in distinct deformation conditions

. n
800 C 850 C 900 C 950 °C

0.01 0.038532271 0.367524096 0.243 188959 0.185 130 984

0.1 —0.369974932 0.04432133  0.055932 998 0.116 420 729

1 —0.778 482 134 —0.278 881 437 —0.131 322 964 0.047 710 474
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Fig. 8 Distribution map of power dissipation coefficients
for Ti551 titanium alloy
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Fig. 9 Distribution map of instability efficiency for Ti551
titanium alloy
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Fig. 10 Thermomechanical processing map of TiS51 ti-
tanium alloy
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Fig. 11 Microstructure of Ti551 titanium alloy at 800 °C
and strain rates of 0.1-1 s™' (instability region)
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Fig. 12 Microstructural characteristics of Ti551 titanium
alloy at 850 °C with strain rates of 0.1-1s™' (stable
deformation zone)
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