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Fig.1 Typical stress-strain curves in the isothermal compression of Ti-4.5A1-6.5Mo0-2Cr-2.6Nb-2Zr-1Sn alloy: (a) 780°C, (b) 890 C,
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Fig.2 Flow softening effect (Ao=0, — g¢93) of Ti-4.5A1-6.5Mo-
2Cr-2.6Nb-2Zr-1Sn alloy with the increase of deformation

temperature at various strain rates
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Fig.3 Microstructures of the isothermally compressed Ti-4.5A1-6.5Mo0-2Cr-2.6Nb-2Zr-1Sn alloy at deformation temperature of 780 ‘C

and strain rates of 0.001 s (a) and 0.01 s (b)
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Fig.6 Schematic diagram illustrating the method to determine
the volume fraction of DRX through the net softening
effect

TAEACAE A BB A1, eI R A7 B i [ 47
A ELVE KRN 555 A A BE R SR T FE T AR BE R ZUF
T AR AR TS R b JEOR T IR AR I gk B S
1 Coo WIS, IKRNEHN T Coy) JaITME T
B, IR e IR BB AP .

Fe PR BTG5 55 1R 1 A AE T Xk
Ao=0g—0o, FHRAAERPRKERN: oum—ox. B,
BN A AR BT LLR IR -

o,—C

v =%
o, —O.,
F345 Polick A1 Jonas #Hi, Mk A Bh7S 145 i
(I S A
o 06

%(%)20 (1)

TR I 6-0 Hh 2 bl SR g B 7 s i V) 2k
IR, W 7 Prox. MEITATLRTS ocv o
0y, JFEE N5 Zener-Hollomon 2 (2) 2 [ {5 R P,
wE 8 fis.

(10)

X 8000

E 890 °C —0.0015"
& 6000 —0.01s"
%“ 0.1.]5'l
~ 1s

.%n 4000 — 105"
L

5 2000 F

=

< AN

§ 0 sp' \im

0 50 100 150 200 250 300
Flow Stress, c/MPa

Kl 7 ASTEUJE 890 C RN T AE Ak 2k

Fig.7 Curves of 6 vs ¢ at temperature of 890 C

o, =475.5-46.6InZ +1.44(InZ)* - 0.01(In Z)’

op =1795.34-159.921n Z + 4.42(In Z)* - 0.03(In Z)*

o, =2669.35-237.85InZ +6.65(In Z)* — 0.05(In Z)’ (12)

R, Al (10) nf ARS8 s Pk & 41
AN Tk R R 2 AR R B L, B 9 PR .

B P 4 B T S T I PR AR TR R A
B RE R /NI 43 AT 5 T AN i P 25 5 R 20 A OB T- I 1
BP0, R, Ba SN T SRR, AR
I T L2 1, e kA e sh &8 T XN RS
M LR B e VS T i S B SR
(1 IMAK A58 0 3 7 5 25 P 45 A 8 ), Rk s

£ e ymy (13)

Xprx =1—exp{-k,(

p

M, Xprx MBS S AR, e MiIm AL, ¢
MUEAE AL, kg ng IMPRLE . O THIE kav nas
A (13) PO g AT

In[~In(1= X, )] =Ink, +n,In[(e-¢,)/¢,] (14)
AR (100 ZRAFI A5 45 b AR 2 BOm 2 € 1
ger €ps FIAFE] In[-In(1 - X o )] 5 In[(6—&,)/ )] K11
KAWE 10 Pizs, W3 2] k=0.017. ng=2.125.

400

,,=2669.35-237.85InZ+6.65 (InZ)*-0.05(In2)*
350 ,=1795 34-159.92InZ+4 42 (InZ)}-0.03(InZ)*

0 1
25 30 35 40 45
InZ

Kl 8 o, op, 00 5 InZ KR ML
Fig.8 Relationship between the saturated stress o, the peak

stress oy, the critical stress . and InZ

1.0
£0.001s" <

< 08t w40 ,/
g —v— 860 °C
5 0.6F ——890°C
= ——920°C
=
ém-
a

0.2

0.0

0.0 0.2 0.4 0.6 0.8

True Strain

B9 i BA /R I R Sh AR TR &5 AR AR HL
Fig.9 Calculated volume fraction of DRX through the net

softening effect



© 948 -

Wit MRS TR

%49 35

DRX-ed Volume Fraction /%
(=} (=] S S —
o S IoN o0 =

(=}
(=}

Fig.11

1.0

2.0

ln[($<sC)/sp]

0.001 s

1.0 1.5

2.0

ln[(s—sc)/gp]

10 In[—In(1- X )] 5 In[(e-¢,)/¢,)] ES YT
Fig.10  Curves of In[~In(1-X,, )] vs In[(e-&,)/&,)] obtained at different strains (a) and different temperatures (b)

Vo

g y——

]

57

890 °C
—=—0.001s"
—e—0015"

0.1s"
—v—15s
—— 105"

0.2

0.4

0.6 0.8

True Strain

ARG SR B A AR

Xpex = 1—exp{=0.017(

WiE 11 R T Ti-4.5A1-6.5Mo-2Cr- 2.6Nb-2Zr-1Sn
A SN TET R g b A o Soh gk, M

&—&,
813

AL K56 B 2 ) B

5 % it

1) W WF T A v 3 Ti-4.5A1-6.5M0-2Cr-2.6Nb-
27Zr-1Sn K& S AL IR E 780~920 C . AR K

)2125}

K11

(15)

0.001~10 s N EEA AT B, IRAG AL B WO fE -
0=342.5509 kJ-mol™, Arrhenius AR K-
& = exp(33.10)[sinh(ac)]** exp(-3.43x10° / RT)

2) AT AL S E S B Y ) oo HUATRY
71 O~ VEHN. ST 0,, FF8EEL T 5 Zener-Hollomon 2

W Z Z ML R .

o, =475.5-46.6InZ +1.44(In Z)’ = 0.01(In Z)’
0, =1795.34-159.92In Z + 4.42(In Z)* - 0.03(In Z)’
0., =2669.35—-237.85InZ +6.65(In Z)* — 0.05(In Z)’

3) HENL T A A T Y,

I 9256 Hogn 2

A IEMEE. x =1 exp(-0.017(5 ey
&

p

DRX-ed Volume Fraction/%

2.5 3.0

1.0 v v v

A /:;v/r/ b
0.8}
0.6 0.001 5™

i —=— 810 °C
0.4 —e— 840 °C

L 860 °C
0.2 ——890 °C

——920°C
0'0 1 1 1
0.2 0.4 0.6 0.8
True Strain

ANTF) T B2 F 4 T h 2

Predicted volume fraction of DRX obtained at different strain rates (a) and different temperatures (b)

2% 30k

References

[1] Cao Chunxiao(# % W%). Materials China(* B kL3t fE)[1],

2006, 25(1): 17

[2] Zhu Zhishou(’K 517F). Journal of Aeronautical Materials(FjL 7S
FORL2EAR)[I], 2014, 34(4): 44

[3] Fan X G, Yang H, Sun Z C et al. Materials Science and
Engineering A[J], 2010, 527(21-22): 5391

[4] Ning Yongquan, Xie Binchao, Liang Houquan et al. Materials
& Design[J], 2015, 71: 68
[5] Shaban M, Eghbali B. Materials Science and Engineering A[J],

2010, 527(16): 4320

[6] Ji Guoliang, Li Qiang, Ding Kaiyong et al. Journal of Alloys
and Compounds|[J], 2015, 648: 397
[7] Jonas J J, Quelennec X, Jiang L et al. Acta Materialia[J], 2009,

57(9): 2748

[8] Li H, Zhao Z L, Guo H Z et al. Rare Metals[J], 2017, 36(11):

851

[9] Yang Jianlei, Wang Guofeng, Jiao Xueyan et al. Materials
Characterization[J], 2018, 137: 170

[10] Ning Yongquan, Fu M W, Chen Xi. Materials Science and
Engineering A[J], 2012, 540: 164



%53

ik L. Ti-4.5A1-6.5Mo-2Cr-2.6Nb-2Zr-1Sn £k& 4 1 i i AS TEAT K

£ 949

[11] Matsumoto H, Kitamura M, Li Yunping et al. Materials
Science and Engineering A[J], 2014, 611: 337

[12] Jackson M, Jones N G, Dye D et al. Materials Science and
Engineering A[J], 2009, 501(1-2): 248

[13] Wang Zhe,Wang Xinnan, Zhu Zhishou et al. Journal of Alloys
& Compounds[J], 2017, 692: 149

[14] Tan Y B, Ma Y H, Zhao F. Journal of Alloys and
Compounds[J], 2018, 741: 85

[15] Li Xuefei(%*F ), Huang Xu(i% Ji), LijunGEFI %) ef al.
Rare Metal Materials and Engineering(¥if 4 )@ Mkl 5 1T
F£)[J], 2016, 45(3): 793

[16] Xu Meng(#: Jfi), Jia Weiju(B{Ef %), Zhang Zhihao(5K & 5%)
et al. Rare Metal Materials and Engineering(¥i4 4z J& 4 %}
5 T[], 2017, 46(9): 368

[17] Shi C J, Mao W M, Chen X G. Materials Science and

Engineering A[J], 2013, 571(9): 83

[18] Yin Fei, Hua Lin, Mao Huajie et al. Materials & Design[J],
2014, 55: 560

[19] Liang Houquan, Guo Hongzhen, Ning Yongquan et al.
Materials & Design[J], 2014, 63: 798

[20] Pilehva F, Zarei-Hanzaki A, Fatemi-Varzaneh S M et al.
Journal of Materials Engineering and Performance[l], 2015,
24(5): 1799

[21] Lv Binjiang, Peng Jian, Shi Dawei et al. Materials Science
and Engineering A[J], 2013, 560: 727

[22] Chen Fei, Wang He, Zhu Huajia et al. Journal of Manufacturing
Processes[J], 2019, 38: 223

[23] Lin Y C, Chen Xiaomin, Wen Dongxu et al. Computational
Materials Science[J], 2014, 83(2): 282

High Temperature Deformation Behavior of Ti-4.5A1-6.5Mo0-2Cr-2.6Nb-2Zr-1Sn
Titanium alloy

Zhang Yong, Wang Fukang, Qu Duo, Ning Yongquan, Wang Min
(Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Titanium alloy with high strength and toughness is the backbone material for manufacturing super-standard aeronautical
structures. In this paper, the high temperature deformation behavior of Ti-4.5A1-6.5Mo0-2Cr-2.6Nb-2Zr-1Sn titanium alloy was studied by
thermal simulation compression experiment. The prediction model of dynamic recrystallization volume fraction at high temperature was
established by the critical condition dynamic model. The results show that this study will provide theoretical support for the integrated
manufacturing of key structural components with super-large size and complex shape.

Key words: titanium alloy; high temperature deformation; dynamic recrystallization
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