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Investigation on Evolution Laws for Surface States of TC17 Alloy Induced
by UIT during High-cycle Fatigue at 400 C

TAN Liang"?* FAN Yi® YAO Changfeng'*
1.Key Laboratory of High Performance Manufacturing for Aero Engine, Ministry of Industry
and Information Technology,Northwestern Polytechnical University,Xi'an,710072
2.Engineering Research Center of Advanced Manufacturing Technology for Aero Engine,
Ministry of Education, Northwestern Polytechnical University,Xi'an,710072
3.Shaanxi Aikespu Electromechanical Technology Co.,Ltd.,Xi’an,710061

Abstract: Based on UIT experiments, surface state measurement and tension-tension high cycle
fatigue tests at 400 °C, the evolution laws of surface roughness, surface morphology, residual stress,
microhardness, and microstructure of TC17 alloy were investigated. Results show that, compared
with the surface states of the UIT processed specimen, after 1h heating treatment at 400 °C, the value
of surface roughness Ra increases from 0.46 pm to 0.67 pm, the surface microhardness decreases from
630 HV0.025 to 450 HV0.025, the surface compressive residual stress decreases from —640 MPa to
—525 MPa, the maximum value of compressive residual stress decreases from —1088 MPa to —776
MPa, and the depth of plastic deformation layer decreases from 20 pm to 13 pum. After {atigue failure
of the specimen at 400 °C, the value of surface roughness Ra is as 1.22 pm, the depth of compressive
residual stress layer is as 70 um, the depth of plastic deformation layer is as 9 pm, and the subsurface
equiaxed a phase transforms into elongated strips, the average grain area increases from 11.8 pm® to
34 pm?.

Key words: TC17 titanium alloy; ultrasonic impact treatment(UIT) ; surface state; high-cycle fa-

tigue; evolution law
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Tab.1 Chemical composition of TC17 alloy

(mass fraction) %

w (AD w (Sn) w (Zr) w(Mo) | w(Cr) w (T
4.90 2.11 1.99 4.11 4.04 Hax

x2 TQATHEEWERNFIERE
Tab.2 Physical and mechanical properties of TC17 alloy

24 g
R p/(gecm?) 4.68
HLHisRE 01,/ MPa 1179
JERIRFE 00,2/ MPa 1077
SEAfA 55/ % 11.5
B v/ % 21
HMERiE E/GPa 112
TARALE v 0.313
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Fig.1 Experiment process of ultrasonic impact treatment
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Fig.2 Schematic view of measurement regions of

surface states
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Fig.3 Site of high-cycle fatigue test at 400 C
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Tab.3 Experimental design of high-cycle fatigue
test at 400 C
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Fig.4 Evolution of surface roughness during high-cycle

fatigue test at 400 C
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Fig.5 Evolution of surface topography during high-cycle
fatigue test at 400 C
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Fig.6 Evolution of microhardness distribution during

high-cycle fatigue test at 400 C
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decay function model
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