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Abstract

In this paper, finite element software is used to simulate the hot extrusion process of TC4 pipe. By
establishing an appropriate finite element model, the variation of extrusion pressure, equivalent
stress, equivalent strain and pipe temperature during hot extrusion were studied when the initial
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billet temperature was 850°C, 900°C, 950°C and 1000°C. The following conclusions can be drawn: (1)
The increase of initial preheating temperature of TC4 tube billet makes the metal thermal softening
and leads to the decrease of extrusion pressure; with the increase of preheating temperature, the
billet stress in the extrusion cylinder decreases gradually, and the deformation of the pipe becomes
more uniform, but there is still a small deformation zone at the head. (2) The temperature of die
outlet pipe increased first and then decreased from inside to outside. When the billet preheating
temperature increased from 850°C to 1000°C, the temperature rise of steady-state extrusion die
outlet was 93°C, 64°C, 40°C and 16°C respectively, and the temperature drop of die outlet pipe at the
end of extrusion was 10°C, 40°C, 66°C and 104°C respectively. (3) When the initial temperature of
TC4 billet is 950°C, the extrusion pressure is moderate, the extrusion deformation of the pipe is uni-
form, and only a small amount of strain concentration exists at the end of the pipe. In the hot extrusion
experiment with the initial preheating temperature of TC4 billet at 950°C, the microstructure and
properties after extrusion meet the application requirements, and the microstructure along the wall
thickness direction is related to the temperature change, thus verifying that the simulation results
are correct.
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Figure 1. Geometric model of TC4 pipe for hot extrusion
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Table 1. Thermal conductivity and specific heat capacity of TC4 titanium alloy at different temperatures [10]
@ 1. TCA KA T EIRERASRMELAE[10]
IRJEIC 20 100 200 300 400 500
HFRK/W (mxC)] 6.8 7.4 8.7 9.8 10.3 11.8
EL AT (kgx'C)] 611 624 653 674 691 703

2.3. MAREZFBRES

EF R AR 07 b miE R R FRIR, RISy A B R T, R B E N 50
mm/s, W& 3, BEKTIPGEE RSN 300°C. BHRLELFS EijE NEL K. WRHINVIEERE R EN
850°C. 900°C. 950°C 1 1000°C .
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Figure 2. Plastic stress-strain curves of TC4 titanium alloy at different temperatures
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Figure 3. Load and displacement boundary conditions of the finite element model of hot extrusion
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Figure 4. Effect of initial billet temperature on extrusion pressure
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Figure 5. Medium effect force cloud diagram during extrusion process, initial temperature of tube billet is: (a)
850°C, (b) 900°C, (c) 950°C and (d) 1000°C
5. HFtERBHPFYUNNEE, EXLVIREEZAA: (2) 850°C. (b) 900C. (c) 950C. (d) 1000°C
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Figure 6. Medium effect cloud variation during extrusion process, initial temperature of tube billet is: (a) 850°C,
(b) 900°C, (c) 950°C and (d) 1000°C
6. FIERBEPFYUNTLE, EXVIREEZAA: (2) 850C. (b) 900C. (c) 950C. (d) 1000°C
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Figure 7. Temperature cloud map in the extrusion process: (a) is the initial extrusion stage, and the initial temperatures
of the billet are: (al) 850°C, (a2) 900°C, (a3) 950°C, (a4) 1000°C; (b) is the steady-state extrusion stage, and the initial
temperatures of the billet are: (b1) 850°C, (b2) 900°C, (b3) 950°C, (b4) 1000°C

E 7. S{EIIEPRIRE ZE, QAFEVIEME, IERYIRIEE 2517 (al)850°C, (a2)900°C, (a3)950°C,
(ad) 1000°C, (b) AFRSHFEMER, TRANEEESHA: (b1)850C, (b2) 900°C, (b3) 950°C. (b4) 1000°C
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Figure 8. Temperature changes at die outlet during steady-state extrusion stage: (a) 850°C, (b) 900°C, (c)
950°C, (d) 1000°C
[El 8. RASFEMERHEDREDT: (a)850C. (b) 900°C. (c) 950°C. (d) 1000°C
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Figure 9. Temperature changes at die outlet at the end of extrusion: (a) 850°C, (b) 900°C, (c) 950°C, (d) 1000°C
9. TEXREALHEIRETIL: (a)850°C. (b) 900°C. (c) 950°C. (d) 1000°C
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Table 2. Chemical compositions of TC4 titanium alloy (%, mass fraction)
F 2. TCAKEEUFERD (%, RENE)

Ti Al \Y; Fe C N H o]
6.36 4.09 0.150 0.006 0.008 0.15
HeAg 6.39 4,06 0.148 0.005 0.008 <0.0006 0.15
6.34 4.07 0.149 0.005 0.007 0.16

Table 3. Mechanical properties of TC4 tube at room temperature before and after extrusion
3. TCA EMBFERTGHNE R NF TR

J-5 Pir/MPa JiE IR/IMPa FEAH/% Wr T U 4 1%
o 922 834 13 43
e/l
913 823 15 38
TC4
967 876 17.5 48
s
967 873 19 47

Figure 10. Microstructure of TC4 bar before extrusion

B 10. $5ERT TCA BERHR) S ZH 27

TC4 EMAERS SR, HHARNGRAEEHFYIRR, RRNHLN L TR T I H AR
TR ANER P A IH [&] 11 B % 2RI 2 B 5 AN A B RN A Rl 23, s T LR
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Figure 11. Longitudinal and transverse microstructure of TC4 pipe after extrusion: (a) transverse
structure of inner surface, (al) longitudinal structure of inner surface, (b) transverse structure at
1/2 thickness, (b1) Longitudinal at 1/2 thickness, (c) transverse surface, (c1) longitudinal surface
[ 11. TCA EMFERWMNEREEL: () AFREERE. (al) AFXREME. (b) BE 12 4
K, (bl) EE 12 &M@, (c) IhkEHEE. (c1) MREME
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66°C. 104°C.

(3) WRMIURIR LN 950°CE, FEEJjiar, EMERALILIA, (NAEEM R/ D BN AL,
TCA HBIWIAA TR B A 950 CHRAGT e sLia T, HFE 5 2RIV RE S50 2 FH 2k, HIRBE S5 (A1)
VG IR AR G, I AL, 2 IR A

EHEWHE

CORBEEER S EAMEL B AL “ERE SR BURIR R A v R R ) A OSBRI R T
H (5 H4%i'5: 2022YFB3705600) ' TR @Y “4k&&EMm A HRERXBE AT LR (M5
2022YFB3705604).
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