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Table 1 Mechanical properties of TC4 titanium alloy
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Fig.1 Shape and size of specimens
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Table 2 TC4 titanium alloy milling experimental
processing parameters

=y Exzgry) DR LA/ T HL I
(r/min) mm (mm/min) mA
1 3000 0.4 50 0
2 3000 0.4 50 50
3 3000 0.4 50 100
4 3000 0.4 50 150

FRAYI TR IR AE X-350A I X SR AT A _E XA 4
TAFRIERAR I AT A BT 3B+ Cu
B, AT 5 A TED (213) , B ) H B-277MPa, L R 20KV, HL
50mA, AL HE S 0.1°, AGF Ak 0°,15°,30°,45°, 204
TG TR Ry 147°~137°, X GTZRAT I 53t S 2R - 3R AR 1 ) g
% 02 TR AT BE P XS4 IR A T 3 1 2 R A6 A hr A AT

St MAEFERRAN TS 7= A A e 258 3h , ini ELES shitE
B S ERAN 1R/ IMASE , AR ORI AR AN 1 K/

9% 55 7 ik 90 e R4 T AR (A9 ) el ) 4 i 7R 0y
POPATB RSN 1 BoR ROE0 T R RS —
3mm., SRR EERIERE ST 20K , ke K Ek AT 630MPa,
PUESZHIE A TR MR, i f=20Hz, i J1 L R=0.1,

2 ZR5itie
2.1 FERNAIRIE

CUIN TR T A S AR 3 23 AR Hy SRR T, e A fin
IO 3 23 A R T RSy F N B, WA A7 B 98 55 5 i
MERAY N A E—E FERE b2 i AR S7 PERE -

@R 7 B 0T BR A B R TR R AR N3 A S LR, 2
P2 Jr7i o pl T T DL G380 A5 1 s i e e o P 5
TCABRE GAEBEHIIN T R S BUR L) fER  efe it
FEBLHI WL AT USSR 5 R Wk R Ry, BB
HLIAL A8 RBRAR T ) B a4 . X Ui P IR sl v
Sl VT AT ASE BRI S AR T 7, T L P H
DB, Bl A e W g K o [] AR e 2 et 7 fin v 7 B T
PFE RS S B R PR AR A 5 TR 1 W78 DhRE , AT
IR B B G A HCACR, SR L O, IR K, e el P fin T
f 73 BRI SE N 3, (A VT A rp ) BB T35
T, B0 T2 T8 A5 A% BT B A

-100

-300 L L L 1
0 50 100 150
LI / mA

2 BEERNTC4REERRNIM
Fig.2 Effect of ultrasonic current on residual stress of
TC4 titanium alloy
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Fig.3 W-+B fatigue test machine
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Fig.4 Effect of ultrasonic current on fatigue life of
TC4 titanium alloy
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Fig.5 Macroscopic appearance of fatigue fracture
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Fig.6 Microscopic topography of fatigue expansion zone
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Fig.7 Microscopic topography of fatigue transient zone
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Experimental Study on Residual Stress and Fatigue of Titanium Alloy by Rotary
Ultrasonic Milling

Miao Didi', Zheng Da?, Zheng Kan"*, Xue Feng'

1. Nanjing University of Science and Technology, Nanjing 210094, China

2. AVIC Shenyang Aircraft Design Institute, Shenyang 110035, China

Abstract: Regarding the problem of aero titanium alloy parts' lacking fatigue resistance in the process of machining, it
is proposed to improve the surface residual stress by rotary ultrasonic milling in order to improve the fatigue
resistance performance of aviation titanium alloy materials. Experiments were carried out to study the residual stress
and fatigue life of titanium alloy during rotary ultrasonic milling, with the fatigue crack observed through SEM. Results
shows that, compared with conventional milling, the surface residual compressive stress of titanium alloy significantly
increases after rotary ultrasonic machining. Fatigue experiment shows that the fatigue life of titanium alloy can be
extended by 25% maximally during rotary ultrasonic machining. Through fatigue crack observation, it's found that
ultrasonic machining reduces the number of crack initiations and the width of fatigue stripe, thus effectively inhibiting
fatigue crack growth.
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