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Fatigue Crack Growth Behavior of TC17 Titanium Alloy with Laser Shock Peening

LI Yuan, HE Wei-feng, NIE Xiang-fan, YOU Xi, ZHOU Liu-cheng

(School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 710038)

Abstract: To study the effect of laser shock peening on the fatigue performance of the titanium alloy, the laser shock peening
with full strengthened and spacing strengthed, two different area on fatigue crack behavior of TC17 titanium alloy was
analyzed about the rules of crack propagation rate and the fatigue life. The residual stress field distribution of the specimens
was tested using finite element numerical simulation and X-ray residual stress testing. Fracture morphology and microstructure
of the specimens were comparatively analyzed. Results show that the fatigue life of samples after laser shock peening increases
2.14 times and 1.90 times compared with untreated samples, and the crack propagation rates decreases by 24% and 15%. The
residual stress of the spacing strengthed specimen surface is 512 MPa after laser shock peening. The value of crack
propagation is —7.3 and the m value is 2.6. The maximum residual tensile stress introduced in the strengthened spacer region is
82.4 MPa and the crack propagation rate sharply increases with value reducing to —13.6 and m value to 8.0. When the crack
propagates to the strengthening region, the propagation rate decreases again. Laser shock peening significantly restrains the
fatigue crack propagation of TC17 titanium alloy.
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Table 1 Chemical compositions of TC17 titanium alloy (w/%)

Element Al Mo Cr Sn Zr Fe

Content 4.5-5.5 3.5-4.5 3545 1.6-24 1624 03

Element C N H (6] Ti

Content  0.05 0.05 0.0125 0.08-0.13 Bal.
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Table 2 Processing parameters of multiple laser shock peening

Parameter Values
Spot diameter / mm 2.2
Pulse width / ns 20
Laser wavelength / nm 1064
Pulse energy /J 5
Repetition rate / Hz 10
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Fig.3 Clamping of specimen in fatigue crack growth testing
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Table 3 Precrack parameters of the strengthened specimens

Parameters LP-la LP-1b LP-lc LP-2a LP-2b LP-2¢
ag/mm 825 823 8246 824 836 8.31
a/mm 10.00 10.05 10.01 10.00 10.08 10.05

Kspu/(MPam)  10.94 1146 1155 1143 1127 1115
Kepy/(MPaym) 80 85 85 85 85 80
PSpmax/kN 245 250 253 250 251 249
Peax | KN 158 162 165 164 163 1.62
Life/(10° cyclesy 84 80 82 70 84 7.1

KSpax NG TR B ST T, Ps o dern WIHRAT
IR, Kepa 2R T REUG e e R T
SRIER T, Pepaten i AANE S e KA.

Tl 56 24805 HEA T 55 LBy RS, it n
IESZHL-Prg A, AR N1.5 kN, W1 HRA
0.1, COD#HE R J& 3k ISR Wi R L il g 4>
AR, 9% 97 A R0 Sk M T S0 v ke
. iR, BRI, R A
48> A Untreated, LP-1, LP-23X3FRIRAS, 4
PR 23 3

2 SRR MRERIFE

2.1 EHEYY RED

El 4 ANFEPRATC1 78K A 4 CTIR 14957 57 24 ¢
YA, H, KRR (Untreated R 245 ) 4L
YR 232.0 mmBT P di W, LP-1. LP-2i{F
BB B 9 9% 57 24 80 ST 34 B 430 R 33
32.5 mm,

RIGEE R, G ot R s i1
9% 55 77 i AH E T AR SR A A 2] T B B R
KRR AF A2 45 R2.7x 105K, LP- LR
P -2 F5 4 S 5.8x10°%K, LP-24R A&k
5Ax10%K, ot rhiar b5 ik ey JE Ay



%34 %, & BOLETCI7TECE 9% 07 28 reilse: 43

6 | 58x10°
’q‘cg‘ 5.1x10°
R
=4t
2
g3r 27105
E
B 2+
=
s %
1 F
0
LP-1 LP-2 Untreated
Samples

4 CTIRIFRIRE S5 REY e H5 i
Fig.4 Fatigue crack growth life of CT samples

SR E T 21445, 1.90F%, i FLP-2HE) A ] B
AKugfl, HMaP R R, HAEai T
/N

22 EHFREY RER
T DX 57 ALY 3R da/ AN5 V] F1 56
JEE DT IR BEAK B SO R el AR AR, AT

Paris/A =008,
da/dN = C(AKY", lg(da/dN) = C’ + mlg(AK) (1)

Hp, CEACEREN, mEERER, Fn
95 B IR A PR R

F e Paris 2y s LP- 158 AL A 5 R M ok e
PR X 4 da/dN-AK 5 XU 2538 1 e /N — T vk
YT EEIG, ESHIR . SRR L,
LP- 1AL 5 i i da/dN-AK UG Bt 2k R R, 2L
QU R R FEAL, R FLP-17 AL i
LR CRmEMRAITR . ML SRR, LP-1

1E-3
s Untreated
& LP-1
5
o Ve
> «
£ 1E-4 |
£ 1E-4
~
s L
e
s
8 Jat
1E-5 1 | L 1 | |
8 13 18 23 28 33 38 43

AK/(MPa\m )

5 LP-1M S TR A da/dN-AK R SO EIH 28
Fig.5 Experimental curves of the stress intensity factor range AK
versus fatigue crack growth rate da/dN for LP-1 sample

x4 TRAHEAFEUREFHNCESmET
Table 4 Material constants C' and m of different LSP treated
samples

Samples ' m
Untreated —6.9 24
LP-1 7.1 2.5
LP-2 (-S) =73 2.6
LP-2 (S-T) -13.6 8.0
LP-2 (T-R) -52 1.0
LP-2 (R-) 8.5 2.1
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Fig.8 Residual stress distribution of samples after LSP
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