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Abstract TC4 titanium alloy surface is treated firstly by laser shock peening (LLSP), then the shock of foreign
object on the specimen edge is simulated by means of a gas gun test system, and finally the tension-tension fatigue
experiment is applied to the foreign object damaged (FOD) specimen. The experimental results indicate that LSP
can effectively improve the fatigue strength of FOD TC4 titanium alloy. The fatigue crack initiation (FCI) of FOD
specimen without LSP locates in the notch root near the upper surface, while the FCI of FOD specimen with LSP
transfers to the inside of material with a certain distance from the notch root, which makes it more difficult for crack
to initiate. Numerical stress analysis results indicate that the maximum tensile stress decreases by 37.85% from
1076.2 MPa to 668.9 MPa as a result of LSP treatment. In addition, the residual tensile stress in the notch center
of FOD specimen with LSP decreases by an average of 350 MPa compared with that of FOD specimen without LSP.

With the loading of tension stress, in the notch of the FOD specimen with LSP, the maximum stress increases to
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1124.37 MPa, in contrast, the maximum stress in FOD specimen without LSP increases to 1542.36 MPa. The
former is reduced by 30.22% compared with the latter, which indicates the stress can slow the crack initiation
obviously. The introduction of residual stress is one of the main reasons why LSP can improve the fatigue strength
of the FOD specimen.
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residual stress
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Table 1 LSP process parameters

Wavelength Diameter of Pulse width Number of
Frequency /Hz  Overlap rate /% Energy /]
/mm light spot /mm /ns impact
1064 2.6 1 50 20 4 1
130 mm |

E {

£| LSP region/

®©

- r D

1 LSP 7%
Fig. 1 LSP scheme
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Table 2 Results of speed adjustment

Time /ms 203 201 200 202 198
Speed /(me*s™") 295.6 298.5 300.0 297.0 303.0

24 EFRAWAE

TR N - 57 IR . AR PR R A B 4 . — A AT LSP. B — 4 ARk, SR AL TR 893K 1 it
1 FOD #4545 3 FOD i £, %I FOD & 4 #F 17 hr-Hr 9% 57 15 50 . 9% 57 10 50 76 & M 9 55 1K 56 AL
(QBG-100, K FAT WX A BR 2 w) i ED EdEAT . A& 509 9% 55 15050 J7 12 %60 ik 1y [a) — P 2Rk m L, 7E A — X
B T2 FOD R F 22 S8 K IR0 rh ik F i Maxcwell S8 2 H 09 78 900 28095 57 10 56 Jr 25 okl
£ FOD iK1 HCF 5® B, BARE By 125 A8 TH M BHE R J1 Bl ROBFEAT 10° IR AE 5 28 800 4807 77
TS FIZAE 08 R0 7 Rk 10° 4G BRI 86 . an SR sl (R 78 565 — 4> 10° WA 24 8 30 P 2 i, T 6
TCAK o AR A I B AT B — RO 2 A4 PR 0 0 FE R R A TR G . SR AR B — 1 10° A BR N AT R A
4 555 — 2 it 0448 B 0L g 38— > /0N B B e L AR INAR R — > 10 WA . SRR R A SR,
I — A~ s B RS AR AT IR B R R A B — R T Y 10° WA PR B Oy — A 2R o e 5
Wi, B R R 10°RAGH A A9 HCF 58 ows R 1 A9 A Z0HE L R

N
UEs:cfpr+TAf7<m*6m)» @b)

o o IR A A 2R B8 B I B AT B A e RAR R BL 3 0 N« UNT 10°) S 3R K 0, R K A 2R B8R i — 4>
BT P B RAEER R ST AN SRR EIK

0702006-3



H = # ot

FEIR B R rh AR IR A R S e R=0.1. 5B B AN =10° , 2% fof 3 F 00 46 7 1 #8920 96, 356 i 2%
B 3 [ R 90~105 Hz,

XPSRACHT G 9 FOD & (4 2547 55 J81 9 55 105, W7 DAAS 803K 14 %) 98¢ 57 58 32, 28 17 29 B F 58 LSP X TC4 £k
B A aURE I 95 18 1Y R

3 IR H
3.1 EHFRBER

WA WAL — 4 R T LSP HiE4T FOD Wik 8 14, 55 — 41k LSP J5 #47 FOD Bk 5 7F.
Xof A 2E A o AT v 0 o7 IR . IR g SR A 2 TR, Hodh WP~ WPS b &5 AL B FE . GP1~GP5
A 5 R

450
GP4 372 MPa
GP5 372 MPa
400 - S 372M GP1381 MPa
A A
P3 364 MP:
=350 L o eGR4 MPa #—— Y N
& GP3 340 MPaA——4
L4 .
= WP2<300 MPa A——a WP7 285 MPa
v 300 =8 .o
% > * L]
i= A——A
n2650F e 2 . b4
*1 ) e o WP2 —* WP
WP4<240 MPa  [WP8218MPa_§ P2 T AU
WP5<200MPa  $__ee —WES
2007 < WP6203Ma test ¥ WP4 -+ GP2
. re * pieces ¢ WP5 - GP3
» WP6 GP4
150F & « WP7 e GP5
L

I 2 3 4 5 6 7 8
Number of cycle /10°
&2 s AL IR 55 0 E 45 2R 1A
Fig. 2 Results of fatigue strength with or without LSP
e B 14 98 95 58 BE (AT E A, NI 2 T LU L, LSP 3 14 14 9% 95 98 JE e /N R 340 MPa, fie KN
381 MPa; s ALHETHY 8 M, WPL Sy i th 350 A0 . R B AT 02 57 48, iK1 WP2, WP4 Hl WP5 5 —
IR 9 55 58 BE Jse/ME /N T 200 MPa, fie KAA By 364 MPa, H - EUESR K. LSP i FOD i f49% 57 5
J&E 35 3 K T om AL AT . EEH LSP ] DU4E iy i R 1Y 98 557 5 5
e 17 7] R — R B 57 B — AN S ] T FOD [R]8 1 e i A5 L 7 SR 0 R T T R i A2
Z . A AR AR S 28 s D I3 RO R HE A i BN — B 0 4 v R B iR
R 85 Al 0 1 OB YRR TE L IR BB R TR 25 A i 1 RS 7 AR SR AR N T L 7E FOD 3 AR5 55 58 32 114
Oy B L 5T X BE B AR Sy o TR i o AR A SRS B D) 2 i ol 19 5 [R) R 8 R HCF 33045 & B
SLLCY” T LA N g 5 RE A R TR AL B S FOD 5 1R A8 XU =3 ULt R 1 2 4645 i JL A IR AR 3 52 2%
P 4 FOD 18R E AT e A3 55 X 90 I, 75 21 (0908 57 55 2 18 46 0080 AT — o 9 20 B
P9 97 e 11D 7 K¢ Ok RAEJE 55 58 B2 1Y T K K o 28 SCA G PR 1 95 97 58 B 6 oo 5 BB F1 301 98 57 9
JE ovon B9 HLAEE L R
K¢ =06 oo /00D 5 (2
WE T R =0.1 BHAF 6 e0n = 492.5 MPa,
K nl IR YE 0 A N Kl A A U 0 i 2 30 A U BR8] . K (H -5 B 8 05 IR
d B r RN A E R
K, =1+2Jd/r. (3)
MR BE i 112 A2 5 vy B ER 1R AR AR A0 r =1 mm.,
R I 57 AT 1 225 SCRL 16 45 1
Ki=1+ (K, —1)/(1+a,/r), €y
A a, =300 pem J2 AR FE 55 B8 vh AR A5 O RDREE B S i T A A R B IR B o (LR 3 ISR 4.

0702006-4



H # ot

3 ARG Y B 1R B
Table 3 Notch depth of specimen without LSP

Number WP1* WP2 WP3 WP4 WP5 WP6 WP7 WP8§
d /mm - 0.864 0.351 1.082 1.277 1.167 0.516 0.537

a: The test result of WP1 specimen is a crater.
A SmAL R R B DR B
Table 4 Notch depth of specimen with LSP

Number GP1 GP2 GP3 GP4 GP5
d /mm 0.641 1.094 1.15 1.061 0.853
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Fig. 3 Theoretical curve and test points of notch strength factor
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Fig. 4 Macro-fracture morphology of specimen. (a) Specimen without LSP; (b) specimen with LSP
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Fig. 5 Microstructure morphology of fatigue crack initiation region. (a) Specimen without LSP; (b) specimen with LSP
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Table 5 Parameters of Johnson-Cook model

A /MPa B /MPa n C m
1098 1092 0.93 0.014 1.1
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Fig. 8 (a) A-B direction; (b) E-F direction; (c¢) M-N direction
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