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Microstructure and constitutive model of high-temperature deformation
in new-type TB17 titanium alloy
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Beijing Institute of Aeronautical Materials, Beijing 100095, China; 3. School of Material Science and Engineering, Nanchang
Hangkong University, Nanchang 330063, China)

Abstract: Thermal simulation compression tests are conducted on a new type of ultra-high strength and toughness TB17 titanium
alloy using Gleeble-3500 thermal simulation testing machine under the conditions of deformation temperature ranging from 795 °C
to 895 °C and strain rate of 0.001 s ' to 1.0's . The microstructure and plastic flow behavior of the alloy during hot deformation are
analyzed, and a constitutive model of flow stress is established. The results show that the flow stress of the alloy increases rapidly
with the increase of strain, then decreases slightly, and finally tends to be stable. Partial dynamic recrystallization occurs in the
alloy, dominated by dynamic recovery, and the slight decrease in flow stress is related to the partial dynamic recrystallization of the
alloy. Dynamic recrystallization volume fraction of the alloy is not higher than 40%, and the dynamic recrystallization mechanism is
mainly dominated by the bowing mechanism. A constitutive model based on the Arrhenius equation is constructed, and the
deformation activation energy Q value of the alloy at the temperature of 795-895 °C is obtained as 205.48 kJ/mol. The model has
high prediction accuracy, with average error d,,, of 3.987% and correlation coefficient R of 0.9972. The construction of this model

provides an accurate prediction for the flow stress of TB17 titanium alloy during hot deformation and also offers a reference for the
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establishment of high-precision constitutive models for other alloys.

Key words: TB17 titanium alloy; high-temperature deformation; microstructure; deformation mechanism; constitutive model
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Mo Cr A\ Nb Sn Zr Al Ti

6.0-6.6 2.0-2.6 1.5-2.0 1.5-2.0 0.8-1.2 0.8-1.2 4.5-5.5 Bal.
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Microstructures of TB17 titanium alloy in as-received (a) and heat-treated (b) conditions

Fig. 1
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Fig. 2 True stress-true strain curves of the alloy at different strain rates under various thermal deformation temperatures
(a) 795 °C; (b) 820 °C; (c) 895 C
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Fig. 3 Microstructures of TB17 titanium alloy at thermal deformation temperature of 895 °C with
strain rates of 0.001 s ' (a) and 0.01s ' (b)
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Fig. 4 Microstructures of the alloy deformed to strains of 0 (a) , 0.36 (b) , 0.51 (¢), 0.69 (d), 0.92 (e), and 1.2 (f) under the

condition of deformation temperature of 895 °C and strain rate of 0.001 s~

HITE BT DRX SRLA T i e 2 e 2
A RIIR AR B 0.92, BhAS FEGY G RS A5 5 i
i, BRI ROE DRX SR, TR “ 1
7 ORZER (] 4(e)), [HAERENE, 44
N AR F] 1.2, DRX ARFI BT 9RAR /)N, DRX /R FH
ENET 40%.
22 BB E
221 HEITERSEWE

TR F7 5 TR AR T % S A
B, 4R BVIE I R0 5 A2, BRI Sellars
430 R 5 ST T B © FINELRE T 1 Arrhenius
AR IR, TR A

&= A [sinh(ao)]" exp(—Q/RT) )

A A, o SR TC I K n N 185G
R JSAEEL, HAl N 83147 -mol - K . Mk

1

N (a0 < 0.8)BF, (1) {4k

&= A" exp(-Q/RT) 2
M E (oo > 1.2)0F, (D) ik R
&= Az exp(Bor) exp(—Q/RT) 3)

:_(‘K:EP: ny\ Az\ A3 ﬂen ﬁﬂﬁgiﬁgi%%ﬁﬁa E_
p=n,a. Zener 1 Hollomon #& & A8 LR & T F1
IR R S B3I T 28 2

Z= éexp(}%) 4
g (DM (4) T 1
Z = A[sinh(ao)]" = éexp(l%) 5)

b A N SIRBETRH R, W (5) AT A8k,
21z0(6):



32 o= M

5 46 3

o= ln{(Z/A)l/" +[(Z)A)" + 1]”2} ja  (6)

e MM B ZEZ A n T a )5, AT LIS H
HARE YR BN ] o
PARAE 0.6 01, iR B ZELZ A n Fl o 1)
e i A o X (2) A3 (3) P 1 ] e BRSO %
HG
Iné =InA; - Q/RT +niIno (7)

Iné =1nAz — Q/RT + o ()
2255 H Y AR R 0.6 B Ing-Ino Fll Ing-0- % Z& IR £,
g0 5 an B 5Ca) L (b) BF 7R o X Ing-lno Ml Ing-o
M ZHEA TR, B AL AR, TS 2] 0y F
Bo TTLIEH, Ing-Ino FllIng-o- ) 52 B HH 35 0 iR £ 1
Ko ny M BHYFEIE S0 N 4.0556 FT 0.0474,
R K R f=nja, BIEAN B o (H, 153 B ny F
a B WNFR 2 i BUES, B.ong Al o FE3(E 55 51
0.0474. 4.0556 1 0.0118,
20X (5) 0 [ e O 250 28
Q/RT =InA —Iné+ nin[sinh(ao)] 9
2221l Ing- In[sinh(ao)] 5 58 M1 £k, I #EATZRAEU
A, K 5(c) . ATLLE 1, Ing5 In[sinh(ao)] 5
IRAHFANMEAR G . G HERERRIN nfd, n 1Y
AR 2.9727, XA (9) Rk T IF R B, 15 5
0 MFRIBAN:

B 0 In[sinh(ao)]
0= IIR{W}?3 (10)
8 0 In[sinh(ao)] B .
i {W}g =M, 15%;
0 =nRM (11)

223 nlsinh(ac)l- -0 S R (11 5(d) ),
FEATEMERLE, BVAT i ) M. BER, M F
fH R 8.3138, MMt AL G EE O, O N
205.48 kJ/mol, = (5) W [A] i O 48, 1531

InZ =InA +nlin[sinh(ao)] (12)

2224l In Z-In[sinh(a0)] & R M1 28, IF SEATEME
A, i 6 i . LPERLE HAEBERIY Ind.
I, Ind 4 18.1422,

222 3T Arrhenius 77 F A A AR A Ry 7
L ERTR, o n, O Fl Ind {H80E )5, 7] LIAEE
B AN R 0.6 BRI 1. (HZARR RN AR
Tl A1, T B HAB AT a.n. Q Al Ind {H,
FRYE LA b7 vk, #F— 204 N AR 7E 0.05~ 1.2 3 [l
Wa.n O Ind 18, ME 7w, RHEIE a.n.,

Iné

30 35 40 45 50 55
Ino

Iné

1(€)

0
_1 L
_2 L

& -3¢
_4 L
57 = 795°C
-6t *+820°C
7l 4895°C

-15-1.0-05 0 05 10 15 20
In[sinh(ao)]

2.0

(d) =0.001s"'+0.01s"
15} 401st v1s?

_10f
S o5} /
=
5 Of /./‘
=
-05}
10} /
—_ .5 1 1 1 1 N
084 0.86 088 090 092 0094
1000
—7
K5 ANEZEICHE T né-Ino(a) | Ing-o (b)

. 1000
Iné-In[sinh(eo)] (¢ ) LS AN [ R A # % T In[sinh(ao)]- - (d)
PSS
Fig. 5 Relationship curves of Iné-Ino (a) , Iné-o (b), and
Iné-In[sinh(ao)] (c) at different deformation temperatures as

. 1
well as In[sinh(a0)]-—— (d) at different strain rates

O Fl Ind {H 5 N A8 ) R B R, XTI 7 1 o-e n-e
O-¢. Ind-¢ HEATAELMERL G, AN LA T7 2,



453 1] A TB17 A5 4 il AR T RO ZH 21 B AR A AR 33

i’%z Iﬁﬁﬁﬁﬁ@f?/ﬂm %ua{ﬁ :—{:t’:':‘:BONBS\CONCS\DONDS ﬂ}n EONES i/)jy‘jj:u%
Table 2 Value of §, n, and « at different deformation 5% 4E At ST A . .
temperatures 28 WaRK(6), iR E LN AT TB17

KA 4 EAS IR B R 795~895 °C H. v A% i % Fy

o Z i a 0.001~ 1.0's”" i 72 UL 25 T A #4854, 1 2% (17)
795 0.0415 43778 0.0095 }5)?%
820 0.0463 4.1105 0.0113 , 2 12
— 1/n n
895 0.0545 3.6786 0.0148 7= 1“{(2/ AT HIEIAT }/ @
a =0.01345-0.01337£ +0.0399652 — 0.05230&> +
24 0.03012&* — 0.00664&°
2| n=3.1429 - 1.7165¢ +5.24438% - 1.7243& +
5.6615&% - 1.4034¢° (17)
GO 0 =251.27-214.28¢ + 548.7852 — 841,773 +
=18} 625.78<* —172.19¢°
161 InA =23.131-23.352¢ + 59.395£% —91.42583 +
1l 69.075&* —19.338¢
S15-10-05 0 05 1.0 15 20 223  AKGRIAIR 2E A5
intsinh(e)] W (17), 178 TB17 4k & & 7e A8 T LB
6 InzZ-In[sinh(ao)] KR ML 795~895 C HRBIZAEHE N 0.001~1.0s ' &1 Tk
Fig. 6 Relationship curve of InZ-In[sinh(ac) ] N ST, SR N ST S E R, A 8 s

CIRVE = v/ DIV R iR a = X [ i TR e =1 i)
I, B HIR FH G E A AS AR X T 45 4 Ik 8 1 7
BAB SR

SR R AR 5 22 FIUAH OC R B B i e i A%
Q=D0+D18+D282+D383+D484 +D5«‘95 (15) *@*ﬁﬂ*ﬁgo EV—ﬁ]?FHXﬂ‘i%% 5avg %ﬂ*ﬁ?@%ﬁRﬁj\
InA = Eg+ E\&+ E2&” + E3&° + Ege* + Ese’ (16) %U%%ﬁ?%]m_m:

A= (13) ~ (16) iR
a= Bo +Ble+3282 +B3{~:3 +B4¢‘—:4 +B585 (13)

n=Co+Cre+Cre” +C38 +Cue* +Cs8 (14)

0.015 3.8
a b
ol @ Lol ®
0.013} aal
0.012}
5 < 3.2+
0.011}
0.010 307
0.009 | 2.8r1
0008 1 1 1 1 1 1 2.6 1 1 1 1 1 1
0 02 04 06 08 1.0 1.2 0 02 04 06 08 10 12
€ &
280 26
(c) (d)
260 | 241
=240} 2y
5 20t
£ 200t P
2 = 18}
~ L]
3 200 . 16l
180 14}
160 12

0 02 04 06 08 1.0 1.2 0 02 04 06 08 10 12
&€ &

K7 &M0.05~127EFN a-e(a), n-e(b). Q-e(c)Fl Ind-e(d) L& ML

Fig. 7 Fitting curves of a-¢ (a) , n-¢ (b) , O-¢ (c), and In4-¢ (d) in the range of ¢ from 0.05 to 1.2



34 i = M R 5546 %
250 (a) —— Calculated value (b) —— Calculated value 160+ (c
o Experimental value 200} 0000l Experimental value £0002 560085
o 200 000065066000001 5™ IS ©090992000000001 5" &“120 —— Calculated value 187
= =150 s o Experimental value y
z 150 0000600 0.1s7 2 0157 ﬁ ogg s
e WWDOO §100 W@omw g 80 60600000 o
@ 100 001s @ 001s| & 0.01s™
0:‘; l0.00-0-0.000000000000.0.000000 g MM&M& =) WTWWW
= 50 [ 6.0-00:0-0-0-0000CVTTEEH 666000 = 50 | 0 00000000000.0.0.90000000000 = 40 L)
0.001 s~ ©22270.001 571 00000000000000TTTITTRTRY
0 : : : . . . 0 . . . . . . 0 : : : : : .
0 02 04 06 08 1.0 1.2 1.4 0 02 04 06 08 1.0 1.2 1.4 0 02040608 10 12 14
True strain True strain True strain
K8 ARVEIBIRE T s i EE S SR EN I (a)795 C; (b)820 °C; (¢)895 °C
Fig. 8 Comparison of calculated and experimental flow stress values at different deformation temperatures
(a) 795 °C; (b) 820 °C; (c) 895 C
s _lzn: Ei_Pi‘ (18) 140 +
avg P E;
i=1 120
©
n _ _ < 100t
lei ~E)Pi-P) 7 50|
R= = 19 =
m - ( ) g 60 |
D UE-EP | > \(Pi-PY 2 40
i=1 i=1 20 Experimental value
* Predicted value
> Al N N N iy N5 — 0 L L 1 L '
Kb ESH SRR PO BUNAE ;s n WREARANEG E 0 01 02 03 04 05
_ N N e N Ture strain
POYRINE; . PRV YME . 9 S AR R A T
A R 2L T R . AT, KM 10 EASRIREE 860 °C HEARH 0.1s A(F sl

SUARTE 10% I 2230 N, o BT A £50408 A1) 93.8%
PR FH RS ER 2 Ogpe MIAH G R KL R 2350 h 3.987%
A1 0.9972, X it B 3 T Arrhenius J5 2 4 8 () A A4
BT AR G- Ml S Bk TB17 A 4 e IR AR T o A v g
FINAR R ZR, HERR TN =5 iR B ) o

250 —
© /’/
Q 200 %
= o
E L
= 150 y
g £
-8 7
g P 10% deviation line
S 50¢ - Experimental data

-—-0% deviation line
0

0 50 100 150 200 250
Experimental value/MPa

K19 At sl ) B e 5 S AR DG
Fig. 9 Correlation between predicted and experimental flow
stress values

25 5 TF A 8 1) A R AR TR SR 3 3 R T 7
HERA PR, R X (17) 1A IE IR 860 °C HL I A%
MR 0.1s ' 5T VSR (A R b i 2
TERVE SOz %A, I 5 T s I 1T % b, 45
A 10 Fros . W LAE t, &0 T i s 58
U5 -5 T E AR 22 55 /1N, 1100 A 4 8 14 A ALY 4SS 75 it

TS EE -5 N (X L
Fig. 10 Comparison of experimental and predicted flow stress
values at deformation temperature of 860 °C and

strain rate of 0.1's '

WAL B BAT B R ER T o

%

i

3 £

(D &SRR MBS ' -|
NASHIER, T LAE ), A 4 sh g ) B AR 3 i 5
PEHIE N, JERMBEIL, & TR

(2) BF 55 A5 JE T BE R 895 °C. I AR i & H
0.001 s 2T & 48 T 2 S [) 107 28 B B TROU 41
4L Rl L, B e KRS, S5
TN Bl 2 A AR i 2 AR .

G A AR, FEA TR E R 795~
895 °C, MAFTH R K 0.001~1.0s " Sk HF-+y
A IIE HE N 205.48 kJ/mol,

(4) ke 3 1) v YR AR T U B I T AR FA RS TR Tt 00 A
JEBGE , RS R 22 Opye FAHIC B R 53900 1
3.987% F10.9972,

5% 30k
(1) FEER, KOGk, R, . 0 HIHRN TB17 (k4 4



3 1

B TB17 SKE 4l

TEA DAY

35

[4]

WIS 1 ~A L RE R B
2023, 33(6): 1758-1768.
SHANG G Q, ZHANG X Y, WANG X N, et al. Effect of

cooling rate on microstructure and properties of TB17

ma [1]. A )R I,

titanium alloy[J]. The Chinese Journal of Nonferrous
Metals, 2023, 33(6): 1758-1768.

FIESR, SKGEVK, FHR, 5. WEHZIX TB17 $k& 4
e A 55 PERE B R MR (J]. Wl 4 e A RS TR, 2024,
53(2):529-536.

SHANG G Q, ZHANG X Y, WANG X N, et al. Influ-
ence of microstructures on high cycle fatigue properties
of TB17 titanium alloy[J]. Rare Metal Materials and
Engineering, 2024, 53(2): 529-536.

FOESR, 5RGEVK, EHE, 45, WA 2B TB17 £k
B4 S EERE R [T]. Wi 428, 2024, 48(2): 153-
163.

SHANG G Q, ZHANG X Y, WANG X N, et al. Mechan-
ical properties of TB17 titanium alloy with different
microstructures types[J]. Chinese Journal of Rare Met-
als, 2024, 48(2): 153-163.

DR BHEER, WA 56, W66, 45, I B [V TB17 k&
BRI o KR TTER T A B SO s (7). WA
SR A RS TRE, 2023, 52(2): 710-718.

OUYANG D L, XIE Y M, HU S W, et al. Effect of sub-
critical B solution treatment on the primary o phase, ele-
ment partitioning and aging precipitation of TB17 tita-
nium alloy[J]. Rare Metal Materials and Engineering,
2023, 52(2): 710-718.

GG, KA, LT, S VAR TB17 kG4
e B AR R AR JE AL B9 5 e (D], bR TR, 2020,
48(12):141-147.

XINY P, ZHU Z S, WANG X N, et al. Effect of strain

rate on deformation mechanism of metastable } grains in

K
W

TB17 titanium alloy[J]. Journal of Materials Engineer-
ing, 2020, 48(12): 141-147.

TR, WA K, ek, % TCLT G SR AT I I
AKRERY [T]. HUBC T AR, 2023, 47(8): 86-92.

WEN F J, WEN Q F, LONG Z, et al. Hot deformation
behavior and constitutive model of TC17 titanium
alloy[J]. Materials for Mechanical Engineering, 2023,
47(8):86-92.

JEI B, ErE, AR, % Ti-22A1-26Nb-2Ta-0.5Y &
EHRAIAT N ], hEA e 8 A4, 2020, 30(10):
2295-2305.

ZHOU X, WANG K L, LU S Q, et al. Hot deformation
behavior of Ti-22Al-26Nb-2Ta-0.5Y alloy[J]. The Chi-
nese Journal of Nonferrous Metals, 2020, 30(10) : 2295-
2305.

TR, R B RAFE, % TB1T BRA 4 7E 5 TR I Rk
R AT AT (D). Wl 4 Jm AT RS TR, 2021,

[9]

[10

[

50(11): 3862-3870.

LUO J M, ZHU H C, ZHU Z S, et al. Phase precipitation
behavior of TB17 titanium alloy during isothermal aging
process[J]. Rare Metal Materials and Engineering, 2021,
50(11): 3862-3870.

INAAE, Tt SCMG, THE, 45, JET Arrhenius SHL#R 2%~
19 TC21 Bk & 4 A< #5155 (). RS %% 8 T2,
2024, 16(8): 102-110.

SUN C H, SHI W P, WANG J, et al. Constitutive model
of TC21 titanium alloy based on Arrhenius equation and
machine learning [J]. Journal of Netshape Forming Engi-
neering, 2024, 16(8): 102-110.

W, TR, BRAE, 2. Ti-10V-2Cr-3A1 k& &1 F iR
P48 AT g B AN O 2 (1], HLAR T RE 44 8, 2022,
46(9):96-105.

LI C, DING Z L, CHEN J, et al. High temperature com-
pression deformation behavior and constitutive relation-
ship of Ti-10V-2Cr-3Al titanium alloy[J]. Materials for
Mechanical Engineering, 2022, 46(9): 96-105.

[11] TR, Toifs, B, 45 TAS k& &IV AT R B A

[12

[

PSR, 2B T AR, 2022, 29(5): 153-160.
WANG J, WANG K L, LU S Q, et al. Hot deformation
behavior and constitutive model of TAS titanium
alloy[J]. Journal of Plasticity Engineering, 2022, 29(5):
153-160.

RALRR, XL Ti-6A1-4V #ARTEA T KR F 2 3504
B AT A 3 R B IE 0], KRB 5 Wi, 2022,
17(2):102-108.

YU C S, LIU X B. Hot deformation behavior and consti-
tutive relations of titanium alloy Ti-6Al1-4V and modified
by multinomial coupling[J]. Failure Analysis and Pre-
vention, 2022, 17(2): 102-108.

L3 G =M, ARAFF, £Hr, 5. TB17 Bk Mk X 45 i

[14

[

B ROHT AT AT (00, Bk Tl i, 2020, 37(3): 10-
14.

XINY P, ZHU Z S, WANG X N, et al. Study on isother-
mal aging precipitation behavior of TB17 titanium alloy
in o+p region[J]. Titanium Industry Progress, 2020,
37(3):10-14.

A B, B, RAFE. TBIT 8k 54 B HIX S T4S
a7 o SO AEHLER (1], BHRE T RE, 2020, 48(2): 108-
113.

ZHU H C, LUO J M, ZHU Z S. Dynamic recrystalliza-
tion behavior and transformation mechanism in B-phase
region of TB17 titanium alloy[J]. Journal of Materials

Engineering, 2020, 48(2): 108-113.

(151 5KF0, INSE5R, JHB%. 25T AJSA-BP B IERIZE 441

TC4 kG4 A R E (], ERIHLIK, 2023(5): 45-
52.
ZHANG Y H, SHUAI M R, ZHOU L. A constitutive


https://doi.org/10.13373/j.cnki.cjrm.XY22110025
https://doi.org/10.13373/j.cnki.cjrm.XY22110025
https://doi.org/10.13373/j.cnki.cjrm.XY22110025
https://doi.org/10.13373/j.cnki.cjrm.XY22110025
https://doi.org/10.11973/jxgccl202308014
https://doi.org/10.11973/jxgccl202308014
https://doi.org/10.3969/j.issn.1007-2012.2022.05.019
https://doi.org/10.3969/j.issn.1007-2012.2022.05.019
https://doi.org/10.3969/j.issn.1673-6214.2022.02.005
https://doi.org/10.3969/j.issn.1673-6214.2022.02.005
https://doi.org/10.3969/j.issn.1673-6214.2022.02.005
https://doi.org/10.3969/j.issn.1673-6214.2022.02.005
https://doi.org/10.13567/j.cnki.issn1009-9964.2020.03.003
https://doi.org/10.13567/j.cnki.issn1009-9964.2020.03.003
https://doi.org/10.3969/j.issn.1001-196X.2023.05.009

it = MR R 5546 %

relationship based on AJSA-BP modified neural net-
works for TC4 alloy[J]. Heavy Machinery, 2023(5): 45-
52.

JRIGERE, A1 3C, MIBT, 55 VRIS 800 Tigo Bh& 4
ot 19 A 2 R AR B R (). B T T2, 2023,
52(19):77-81.

ZHOU X F, FU W, LI C N, et al. Effect of hot deforma-
tion parameters on evolution of o+ two-phase structure
of Ti80 titanium alloy[J]. Hot Working Technology,
2023, 52(19):77-81.

17 ) AR, 3T, XIHE, 4. — R imsi T ] TC4S £k

G AWML HL A AN U], AWME M 51,
2023,9(4):27-31.

ZHOU Z N, Al Y H, LIU H Q, et al. Microstructure evo-
lution of TC4S titanium alloy used for oil drill pipe dur-
ing hot deformation[J]. Petroleum Tubular Goods &
Instruments, 2023, 9(4): 27-31.

[18 ] XU, R, XE4S, 45 Ti-575 Sk &R

O ZUE AL [T]. #53 AR, 2023, 44(10): 909-916.
LIU K H, TANG B, LIU Y X, et al. Thermal deforma-
tion behavior and microstructure evolution of Ti-575 tita-
nium alloy [J]. Foundry Technology, 2023, 44(10): 909-
916.

[19] VAR, fRIh, H AN, 45 Tie0 it o S5 & VIR AT

AN AU A (D). Bk T AR A, 2022, 29(8) : 193-
202.

YIN B Q, XU S, XIAO N M, et al. Thermal deformation
behavior and microstructure evolution of near o Ti60 tita-
nium alloy[J]. Journal of Plasticity Engineering, 2022,
29(8): 193-202.

[20] X252, 23R 8K, BOCHE, . 40dh TC4 R & r i

TRL5 AT MBI B T). A & m M oek 5 TR,
2022, 51(11):4137-4145.

LIUY Y, LIJY, GUO W H, et al. Dynamic recrystal-
lization behavior and numerical simulation of fine grain
TC4 titanium alloy[J]. Rare Metal Materials and Engi-
neering, 2022, 51(11): 4137-4145.

[21 ] OUYANG D L, WANG K L, CUI X. Dynamic recrystal-
lization of Ti-6Al-2Zr-1Mo-1V in B forging process[J].
Transactions of Nonferrous Metals Society of China,
2012, 22(4): 761-767.

[22] BREAGEA, ok, #HE, 55, TALS 8k& 4 p BB

MBS TP 0], FPRHEAAE EEZ2 41, 2009, 30(6)
116-120.
OUYANG D L, LU S Q, CUI X, et al. Nucleation of
dynamic recrystallization of titanium alloy TA15 during
hot deformation process in B field[J]. Transactions of
Materials and Heat Treatment, 2009, 30(6): 116-120.

[23 ] SELLARS CM, MCTEGART W J. On the mechanism of
hot deformation[J]. Acta Metallurgica, 1966, 14(9) :
1136-1138.

[24] a3, THIE, FOCIHE, 55 B30 Hf & 4 0w iRV
TEAT R BT (1], MR T2, 2023, 51(7): 215-226.
QUAN Z X, WANG Z H, DU W B, et al. Hot deforma-
tion behavior and processing map of B30 copper-nickel
alloy[J]. Journal of Materials Engineering, 2023, 51(7):
215-226.

[25] skifo, 2400, 22007, 55, FIERNE 1) GHA065 i3

G 78 S B A A A i (D], 00 A B ORL 2 i, 2025,
45(6):118-126.
ZHANG H Q, CAI L, JIANG B C, et al. Variable-param-
eter constitutive model construction of GH4065 superal-
loy by considering strain[J]. Journal of Aeronautical
Materials, 2025, 45(6): 118-126.

AR H $91: 2024-11-06; sEH H #: 2024-12-19

ELUH: ERKAAREEAIH (52561013); TLFG4 A K
Bl R 410 H (20242BAB25216)

WIRME  BREAER (1977—), B, W+, #42, HFssrimh
Wiz kG A 2l SV RE I, D R ik VEVS 44 7 B T e S
25 K AT R XM R B 2 5 TR 2 B (330063)
E-mail: ouyangdelai@163.com

(AXH%: % H)


https://doi.org/10.3969/j.issn.1001-196X.2023.05.009
https://doi.org/10.14158/j.cnki.1001-3814.20211561
https://doi.org/10.14158/j.cnki.1001-3814.20211561
https://doi.org/10.19459/j.cnki.61-1500/te.2023.04.005
https://doi.org/10.19459/j.cnki.61-1500/te.2023.04.005
https://doi.org/10.19459/j.cnki.61-1500/te.2023.04.005
https://doi.org/10.16410/j.issn1000-8365.2023.3214
https://doi.org/10.16410/j.issn1000-8365.2023.3214
https://doi.org/10.3969/j.issn.1007-2012.2022.08.024
https://doi.org/10.3969/j.issn.1007-2012.2022.08.024
https://doi.org/10.1016/S1003-6326(11)61242-9
https://doi.org/10.13289/j.issn.1009-6264.2009.06.014 
https://doi.org/10.13289/j.issn.1009-6264.2009.06.014 
https://doi.org/10.13289/j.issn.1009-6264.2009.06.014 
https://doi.org/10.1016/0001-6160(66)90207-0
https://doi.org/10.11868/j.issn.1001-4381.2022.000181
https://doi.org/10.11868/j.issn.1001-4381.2022.000181
https://doi.org/10.11868/j.issn.1005-5053.2024.000171
https://doi.org/10.11868/j.issn.1005-5053.2024.000171
https://doi.org/10.11868/j.issn.1005-5053.2024.000171
mailto:ouyangdelai@163.com

	1 实验材料与方法
	2 实验结果与分析
	2.1 热变形行为
	2.2 本构模型构建
	2.2.1 构建方法及参数确定
	2.2.2 基于Arrhenius方程的本构模型构建
	2.2.3 本构模型误差检验


	3 结论
	参考文献

