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Numerical simulation of equal-channel angular pressing process of

Ti6Al4V titanium alloy at a right angle and different extrussion speed
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Abstract: An extrusion process of Ti6Al4V titanium alloy at 900 C under equal-channel angular pressing
(ECAP) at a 90° angle was numerically simulated at a different extrusion speed in the range of 0~5 mm/s
by using Deform-3D finite element software. The simulation results show that at the same extrusion speed,
the rate of temperature decrease after the sample passes through the corner is reduced; the higher the
extrusion speed, the lower the load required for the extrusion process, the smaller the strain accumulation,
the lower the equivalent stress, the less the stress concentration phenomenon, and the smaller the
temperature drop of the sample in the extrusion process. In this study, the extrusion speed was selected as
5 mm/s.

Keywords: equal channel angular pressing; finite element simulation; titanium alloy; extrusion velocities;

equivalent strain

W fE HHA:2019-04-15
E & T - 5RO TS AT ORISR B BT H (este2018jeyj AX0003)
Supported by the Chongging Research Program of Basic Research and Frontier Technology (cstc2018jcyj-AX0003).
YEB B A BOE (1995 B B L P52, EZMNFERE & BHR EHER . (E-mail) 694422179@qq.com,
WBIRAERE R R, Lo, B, B/ Pl A S T, 32 TR KA B Rk AL S R Ak SEOE R 22 A SR ST S 0 AH DG F O

(E-mail) cquwen@ cqu.edu.cn,



32 TR K F FHK %42 %

Ti6AlAV EK G &0 —Fh Cat+ B BUEK G 4 . HL A 58 B2 5 %% BEAIK S ot L A= A 5 MR A S AR S0 e L 2 B
IR R Z 0 —F A 4. G &A= 50% DL BN, %538 38 #% M B IE (equa-channel angular
pressing., i FX ECAP) 2 — B LA 4l 57 U 119 77 2O 4R EAT 3 B8P AR T 1 7 ok 42 FH B 255 e . L E
T Mg AL Ti R A 4 st 4 Jg JL 52 & bR il 45101, 47 0k, tiE R 45 WA EK & 42 1 ECAP T 20 5%
MR ROR A EEAE P IE T L 350054 4 ECAP o B2 MERE MY B2 002 | B MU /E N ECAP 1Y &
BARTEZSH N RSB ZAE SR LB G MRS ECE EEZ % me, Fe, i T
Ti6AIAV KRG AR T8 o B WA A & BB aE A 22, R H ECAP T2 4T MBI 2R G MR B AT —
SEXETE 76 T 25 St i AT SR LT BRI B BE T2 S80S bR RE RRA0F 25 V1A 26 19 2 5010) 1 S B 2
— RGN TR . KRN R = BT B L T Ti6 A4V kA 4 fE R 750 C Y ECAP #f
FE SR, S BT R 1 Xt g o R B LA AR RS2 5 AR 2 S50V X Ti6 A4V Bk & & 78 I FE S5 AL IR N
600 “CH#EFT ECAP B4, A& BLHF 3 B AN [a] L B 482 R A0 0 0 3 SR BEE 52 AN el . 6T Ti6Al4V BR5
S BTG E B AR PR IR B R R WP T A A b R SR E TS & ECAP T2, il
JE AR E AORUIE  HL 32 5 R FEAE A2 AR i 52 ma i gh B K. R, B TR 2 /R ECAP W H AR B T 224,
XF Ti6 A4V Bk G 4 8 W 2o T 14 10 ) I A8 Aef 28K L T B8 45 2 B30 52 T 858 K e ol % v i e A AT TR ASE L 5 7 3k
MBF TR T SR T AR RB T T 20 ol B (H A SE B AR 19 5 4 e U A il — PR R . EARR R P RATEE T
Ti6Al4V 2k &4 AR o> B Y IE FEAFAE, 2 Ti6AIAV & &MWL IR 900 C,# B K R k16 E X
400 C W EH i ECAP $f KB, FIH Deform-3D A FRITH LI Ti6 A4V k& &A1 ECAP i &, 8 55
PR AEA [R5 sl B2 Af 480 L 7 g 7 AR L B 45 2 B B % e A R 9 e A8 LA L O R AT 2555 0 T - I e A 3% TR
HPEEH . N Ti6Al4V 8kA 41 ECAP T2t H k5.

1 B ERBEESHIRE

1.1 REIEST

B AT SC A CAD BPF Sz WA 1 Bt 7 (9 565 18 18 % A 5 R 80, B 5L T8 B AR 9010 mm, e iy 907,
1RBER, 2 J2 Rk, 3 BRI R TI6AIV Bk &8 THYE Sk 5 S a5 M 2 1), BB S 4 s L D
STL ##% A7 I A Deform-3D BB LI A b A7 3155 R0 4% B0 Ja) o AR AU T3

(a) JLfAER (b) WEEPIRE R 23

B 1 ECAP JL{A/# 8 i i 90 4% %) 43
Fig. 1 Geometry model of ECAP and sample grid generation:

(a) geometric model, and (b) sample grid generation
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Table 1 Simulation parameter setting and description
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Fig. 2 The change of load and peak with stroke at different extrusion speeds
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Fig. 3 The equivalent strain of the tracking point changes with the travel at different velocities
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Table 2 Maximum equivalent strain of P; at different velocities

HRE/(mm e s™") I R AR RN AR
0.1 1.24
0.5 1.13
1.0 1.22
3.0 1.12
5.0 1.02
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Fig. 4 The distribution of equivalent strain at different pressing speeds
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Fig. 5 Locations of the tracking points before and after extrusion
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Fig. 6 The distribution of equivalent stress at different extrusion speeds
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Table 3 The equivalent stress values of the particles at the final position at different extrusion speeds

ZEUN F1{8 /MPa
B/ (mm + s )
i P, Jii P i P
0.1 230 425 704
0.5 0 0 690
1.0 227 320 661
3.0 201 354 593

5.0 182 330 542
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Fig. 7 The temperature of the tracking point varies

with the stroke at different speeds
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Fig. 8 The distribution of temperature field at different extrusion speeds
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Fig. 9 The point tracking the position of the particle:

(a) before extrusion, and (b) when the pressing distance is 20 mm
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Fig. 10 Changes of deformation parameters of the tracking particle

with the extrusion speed when the pressing distance is 20 mm
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