%57% 48 17 S-S D | A = SO SO Vol. 57 No.8
202548 1 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Aug. 2025

R EEEENHASEHESES NN

Bk RS H FERARERER,REL L, TEmeM o
(1. Jbmt BT R WS 2B, JEaT 100081 ;5 2. JbatdbJy Ze i A A BR A )
A5 1000725 3. HEML AL ZS ORI 2E B, dbaT 100095)

W OE: OIRGEAFFALRBETHRT TR HZa 4N AE M TCI b4  ELTOARTARES X ERA
BLAWHAARTHE AT R PFEERELTCI ZEEFHFa TN ER FRETAEES Hr/ 8wkl b Sl T %
P A, N ERAFER SR FEFREL AWM IE T RAE, LA T L TR AT 2%, #ATHT LR, B FN4E
AW FEI ST OB RARAENE, AREW . RAMEE MG RRENL ) M FaN Y e B E, AR T HE
ES, H1.6 um THEEO4pm, FaIRE T 135% ;5\ F A E LA #1100 MPa 3§ K Z 400 MPa, 448 % 7 123% , J 1 & &
BAHBHEAN, FERBEAFREGATHESE FEWMIFMBEEUR TGN XERH N/ AARAEN Y, KT H 4
Fom, HOLH e TONAL E ] 42 25% W3R 2 56 B A T TC1L B &4, 4 T2 R SR IE, RE R 0K 5
HELFIIEH 0.8 ~0.9 pm W/ E0.3~0.4 pm, RAY BEFRRK AW TP HEEEZNADA BB AN AL ENF RN,
KR e THEF ; Fa T W0 x50 b RALE

hE 4% S . THI61 XERFRRAD: A XEHS: 0367 —6234(2025)08 — 0096 — 09

Effect of surface integrity on bending and torsional
fatigue life of titanium alloys
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Abstract; To improve the fatigue life of a vehicle bearing shaft under bending-torsion loading a microscopic finite
element model containing surface roughness and surface residual stress was established for the bearing shaft material
TCI1 titanium alloy. A bending-torsion fatigue life prediction model of TC11 was established based on the critical
plane method to study the effects of surface roughness and axial/circumferential residual stress on the fatigue life.
The fatigue samples were processed by turning and ultrasonic rolling respectively, and the surface integrity of the
samples was compared under both processes. Fatigue tests were carried out to verify the accuracy of the prediction
model, and the fracture mechanism was studied by analyzing the fracture morphology. The results show that the
influence of surface roughness and axial residual compressive stress on life is significant. As the surface roughness
S, decreases from 1.6 pm to 0.4 pm, the life is increased by 135% , and the axial residual compressive stress
increases from 100 MPa to 400 MPa, the life is increased by 123% , and the influence of circumferential residual
stress is small. The rolling specimens have lower surface roughness, higher work-hardening degree, higher axial/
circumferential residual compressive stress, and higher fatigue life. The SWT model can accurately predict the
bending and torsional life of TC11 within the 25% error scatter band, which provides a theoretical basis for process
optimization. After rolling, the fatigue grain spacing decreases from 0.8 = 0.9 pm to 0.3 = 0.4 pm, the crack
propagation rate slows down, and the main fracture mode transitions from intergranular fracture to transgranular
fracture in the machining-affected layer.
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Tab.1 Chemical composition of TCI11

JTE 0 C Al Mo Zr Si Fe Ti
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Fig.1  Microstructure of TCI11
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Tab.2 Mechanical properties of wrought TC11 titanium alloy at

room temperature
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MPa MPa % % GPa
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Fig.4 Surface roughness modeling
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Fig.5 Distribution of residual stress along layer depth
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Fig.7 Damage parameter distribution
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Fig.8 Fatigue life prediction results
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