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Numerical simulation and experimental validation for erosion wear of
TC4 plates

YANG Xiaojun, LIU Xiaohan, LIU Wenbo, YUAN Zhongnan
(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to accurately predict the erosion rate of TC4 material under different erosion
mechanisms, a multi-particle random erosion model was established by finite element method, and the
erosion mechanism and erosion rate of TC4 plate under the erosion of Al,O; particles with different
particle shapes, impact angles and impact velocities were studied. Compared with the erosion rate obtained
by erosion test under the same conditions, the rationality and authenticity of the numerical simulation
model were verified. Results showed that cubic particles should be used in the simulation of low-angle
erosion at 30 degrees, and the relative movement between edges and materials was more in line with the
cutting process. Spherical particles should be used in the simulation of 90 degrees high-angle erosion,
which can reflect the shearing and squeezing effects on the contact surface of pits during erosion. Under
the same conditions, the greater the impact velocity of particles was, the faster the erosion rate increased,
the faster the erosion rate increased at 30 degrees, and the more gentle the erosion rate increased at 90

degrees.
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Table 1 Material parameter of TC4 plate

MRS Ti-6Al-4V
I o/(kg/m®) 4430
FVERE E/GPa 110
NEL/N =Y 0.33
J-C JH i3 4/MPa 1098
J-C ik 7%k B/MPa 1092
MR R EL n 0.93
MR ZEREALH AL C 0.014
PIBLRE m 1.1
Y& T/K 1903
HEHEE ¢/ (J/(kg'K)) 670
J-C RS H d, -0.09
J-C RS H d, 0.27
J-C RS d, 0.48
J-C R SH d, 0.014
J-C RS d, 3.87
Cy/(km/s) 5130
s 1.028
Griineisen %Y y 1.23
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Table 2 Material parameters of AL, O; particles

MRS EL Bl
¥ p/(kg/m?®) 4000
PR E/GPa 310

NEL/N =AY 0.22
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Fig. 1 TC4 plate finite element model (unit: mm)
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Fig. 2 Schematic diagram of multi-particle erosion simulation model
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Table 3 Condition setting of numerical simulation model

R TEAR i ff(°) il (m/s)
1 B 90 90
2 Bk 90 107
3 Bk 90 122
4 Bk 90 132
5 Bk 30 90
6 Bk 30 107
7 B 30 122
8 Bk 30 132
9 EJ 90 90
10 EH i 90 107
11 A 90 122
12 EJ R 90 132
13 EJ R 30 90
14 EJifR 30 107
15 EF & 30 122
16 EJik 30 132
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Table 4 Test condition setting

a2 B/ um i f/(e) s/ (m/s)
1 180 90 90
2 180 90 107
3 180 90 122
4 180 90 132
5 180 30 90
6 180 30 107
7 180 30 122
8 180 30 132
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Fig. 5 Cloud diagram of von Mises stress distribution of TC4 eroded by spherical particles at impingement angle of 30° and

impact velocity of 132 m/s
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Fig. 6 Cloud diagram of von Mises stress distribution of TC4 eroded by cubic particles at impingement angle of 30° and

impact velocity of 132 m/s
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impact velocity of 132 m/s
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Fig. 14 Comparison between simulation and experimental
results of the relationship between erosion rate and

velocity at impingement angle of 90°
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