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f§  E. XM Deform-3D A MR ITHARAL f-y = Nb-TiAl &4 Ti-45A1-8.5Nb-0.2W-0.2B- 0.02Y (FE/R 730, %)
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Hot extrusion simulation of #-y TiAl alloy containing high Nb
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University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The hot extrusion process of Ti-45A1-8.5Nb-0.2W-0.2B-0.02Y (mole fraction, %) alloy was investigated by a
Deform-3D software. The influences of extrusion speed, die half-angle, extrusion ratio and die fillet on temperature field,
strain field, deformation uniformity and the damage factor were analyzed. The results demonstrate that with the increase
of extrusion speed, the temperature gradient rises up and deformation uniformity has almost no change. The expanded die
half-angle is detrimental to the damage factor and deformation uniformity, while the enhanced extrusion ratio promotes
the improvement of the latter. The die fillet contributes to decreasing the damage of bars and restraining the cracks.
According to all simulation results, extrusion speed of 10 mm/s, die half-angle of 30° and extrusion ratio of 3 are the
optimal extrusion parameters of -y TiAl alloy containing high Nb.
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Fig.2 Temperature distribution of alloy at extrusion ratio of 2, die half-angle of 60° with various extrusion speeds: (a) 5 mm/s; (b)

10 mmy/s; (c) 15 mm/s; (d) 20 mm/s
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Table 1 Temperature values of maximum and minimum at

extrusion ratio 2, die half-angle and various extrusion rate

Extrusion Maximum Minimum
speed/(mm's ) temperature/ C temperature/ C
5 1300 1240
10 1 340 1230
15 1 360 1230
20 1 400 1230
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Fig.3 Temperature distribution at extrusion ratio of 2, die
half-angle of 60° and extrusion speed of 5 mm/s: (a)
Longitudinal temperature distribution; (b) Radial temperature
distribution; (c) Three-dimensional temperature field
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Fig.6  Effect of extrusion ratio and die half-angle on

deformation uniformity
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Fig.7 Effective strain distribution of alloy at extrusion speed
10 mm/s, extrusion ratio 4 and different die half-angle: (a)
a=30°; (b) 0=40°; (c) a=50°; (d) a=60°
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Fig.8 Influence of extrusion ratio and die half-angle on

damage factor
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Table 2 Effect of die fillet on damage factor with various

extrusion ratios

Damage factor Damage factor

Extrusion ratio

with die fillet without die fillet
2 0.212 0.256
3 0.274 0.333
4 0.357 0.369

3 Zig

b=}

1) %55 i LORVBEHE Y= A AH [, Rt 3805 11 1
0, By w5 Nb-TiAl £ G Fed A2 FE X P 1RO 5 6 52 184
YZRB ST M RRAR . 57 T S0 W A (1) AR T 34050 P 5 i
A Ko B RN 10 mny/s I, BEF 8475 IR 1 £t
N,

2) fEBF R AN, a8 LU AR TR,
BEATHE M 001 0,  He AR TR S PERRAR, 4 A
TN SRR, B AR TS S PR R BT

JE LU PRI 4 s, 4530 DA B s L Fe) 384 o v 184 0
B-y =1 Nb-TiAl 45 ELE 3, BEHE- A 3094
i,

3) BEEL IR A AMAT 2 TR IL AL R N T B

I KA EAG I A i, 30AT By T8 MR B e 300
[iE AW aINEE o
REFERENCES

[1] KIMY W, DIMIDUK D M. Progress in the understanding of
gamma titanium aluminides[J]. JOM, 1991, 43(8): 40—47.

[2] APPEL F, PAUL D H, OEHRING M, CLEMENS H, FISCHER
F D. Physical metallurgy of high Nb containing TiAl alloys[J].
Metallkunde, 2004, 95(7): 585—591.

[3] LIUZC,LINJP,LISJ, CHENG G L. Effect of Nb and Al on
the microstructures and mechanical properties of high Nb
containing TiAl based alloys[J]. Intermetallics, 2002, 10(7):
653-659.

[4] KIM Y W. Ordered intermetallic alloys, Part III: Gamma
titanium aluminides[J]. JOM, 1994, 46(7): 30—39.

[S] WU X H. Review of alloy and process development of TiAl
alloys[J]. Intermetallics, 2006, 14(10/11): 1114-1122.

[6] KIM Y W. Wrought TiAl alloy design[J].
Nonferrous Metals Society of China, 1999, 9(1): 298-308.

(7] LA, BRT 5, W 38, BRER. 38 TiAl 24 S0k
WA, Fa 4 JEAkLS T, 2003, 32(2): 81-86.

KONG Fan-tao, CHEN Zi-yong, TIAN Jing, CHEN Yu-yong.
Methods of improving room temperature ductility of TiAl based

Transactions of

SE: By ¥ Nb-TiAl & &0 il 5 AR

(9]

[11]

[12]

[13]

[15]

[17]

s689

alloys[J]. Rare Metal Materials and Engineering, 2003, 32(2):
81-86.

LIUC T, MAZIASZ P J. Microstructural control and mechanical
properties of dual-phase TiAl alloys[J]. Intermetallics, 1998,
6(7/8): 653—661.

KIM Y W. Microstructural evolution and mechanical properties

of a forged gamma titanium aluminide alloy[J]. Acta
Metallurgica et Materialia, 1992, 40(6): 1121-1134.
AL, SR, SIS, FEREL, RR, IR, ?}il’Juu,

PRI RSB IFHO] de TiAL & & RO A 2], +
B4 8 274, 2004, 14(8): 1410-1414.

SU Xi-kong, LI Shu-suo, HAN Ya-fang, LI Zhen-xi, XU
Xiang-jun, XU Li-hua, LIN Jun-pin, CHEN Guo-liang. Effect of
hot forging on microstructure of TiAl alloy containing high
Nb[J]. The Chinese Journal of Nonferrous Metals, 2004, 14(8):
1410-1414.

X wk, WAz, RN, BUEOE, T TIAL RS0 ER
L] FEA G R, 2000, 1008 T 1): 6-9.

LIU Yong, HUANG Bo-yun, ZHOU Ke-chao, HE Yue-hui, WEI
Wei-feng. Canned forging process of TiAl alloy[J]. The Chinese
Journal of Nonferrous Metals, 2000, lO(suppl 1): 6-9.
R, xIF 2. SRR SEORM]. bt 16
HRRAL, 2002.

XIE Jian-xin, LIU Jing-an. The theory and technology of metal

& Dl

extrusion[M]. Beijing: Metallurgical Industry Press, 2002.
WeEs, sk, fLAE , XS, MIgs. 8 gy TiAl
HaMUT R RED]. M4, 2012, 36(1): 154-160.
CHEN Yu-yong, ZHANG Shu-zhi, KONG Fan-tao, LIU Zu-yan,
LIN Jun-pin. Progress in S-Solidifying y-TiAl based alloys[J].
Chinese Journal of Rare Metals, 2012, 36(1): 154-160.
wr WL BRI, £ E, UK 4k VAR I TIAL A BEEEEI
i A Fy AR 56 TS 3oL ) BB B AL[]. < BRI R,
2010, 39(21): 34-37.
GAO Fan, WANG Xin-ying, WANG Lei, ZHANG Ji
Simulation on hot extrusion process for ¢220mm TiAl ingot
produced by VAR[J]. Casting, Forging, Welding, 2010, 39(21):
34-37.
R, R, kB, M E, B, £, BRER.
Bt midle TIAL & S RAATERE IWFFE[T]. W G @Ak T
£, 2009, 38(6): 1025-1028.
WANG Feng, XU Xiang-jun, LIN Jun-pin, YE Feng, WANG
Yan-li, WANG Xing, CHEN Guo-liang. Hot deformation
behavior of as-cast TiAl alloy containing high niobium[J]. Rare
Metal Materials and Engineering, 2009, 38(6): 1025—1028.
ik R BRI TIAL BEE SN AT 4 2 T ZHH5[D].
Kib: AR, 2011
ZHANG Wei. Hot deformation behavior and technology of PM
TiAl based alloy[D]. Changsha: Central South University, 2011.
LIUZ C,LINJ P, LI S J, CHENG G L. Effect of Nb and Al on
the microstructures and mechanical properties of high Nb
10(7):

containing TiAl based alloys[J]. Intermetallics, 2002,

653—-659.

(W48 X #B)



