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Effects of Heat Treatment on Fatigue Property of Ultrasonic Shot Peening TC4

ZHANG Conghui, REN Haitao, RONG Hua, LIU Ying
(College of Metallurgy Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Ultrasonic shot peening (USSP) was applied to the TC4 to achieve surface gradient structure.The heat treatment of
TC4 was performed at 350 °C for 60, 120, 180, and 240 min. The microstructure was characterized by optical microscopy
(OM), and the distribution of residual stress field was measured by X-ray diffractometer (XRD). The fatigue fracture
morphology and microstructure of the crack source were characterized by scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). Results show that the residual stress field introduces by ultrasonic shot peening
treatment decreases gradually with the increase of heat treatment time, and the residual stress characteristic parameters (osrs,
omrs, Zm and Zo) gradually decrease.The fatigue cracks of the original samples are initiated from the surface layer, and the
fatigue cracks of the ultrasonic shot peening specimens are initiated from the subsurface layer in form of a single crack source.
The ultrasonic shot peening combining with heat treated specimens are initiated from the subsurface layer in form of multi-
source cracks.
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Table I Chemical composition of TC4 (W/%)
Element Al Fe N H
Content 5.5-6.8 <0.30 <0.05 <0.015
Element v C (6] Ti
Content 3.5-45 <0.10 <0.20 Bal.

F2 TC4MERNZ MR
Table 2 Basic mechanical properties of TC4

Parameter Value
oy / MPa 900
002/ MPa 830

1 20%

1 25%
KIC/(Pa-m™) 50

2 AR E AR
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IXEF AT, SR FHARAE Si DA A8 X 43T 5
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FOIEAT T 0Bk . PRI, X F AT 504 58 BE i AR fk il
I3 R dioRL A AR B TEAK B1(20) 5 S RS

€l 1 USSP-30 min J§ TC4 fE#IHILHLY
Fig.1 Cross-sectional structure of USSP-30 min TC4
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Fig.2 XRD patterns of TC4 after different heat treatment time
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Fig.3 S-N curves under different conditions
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Fig.4 TEM structure at the crack source of four point bending fatgue specimens
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Fig.5 Variation curves of residual TC4 stress at different heat
treatment time along surface depth
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Table 3  Characteristic parameters of TC4 residual stress in
different heat treatment time

oss/ MPa omis / MPa Zm/pm  Zo/ pm

Treatment process

uUSsp —516.1 —702.5 61 >201
USSP+350 C-60 min  —317.8 —623.1 39 >186

USSP+350 C-120 min ~ —237 —478.4 62 >189
USSP+350 C-180 min  —172.5 —430.2 51 180
USSP+350 C-240 min  —150.2 —294.9 24 170
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Fig.6 SEM fracture images of four point bending fatigue specimens
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