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Abstract By the fatigue crack growth experiment, the effect of laser shock processing (LSP) on fatigue crack
growth rate of TC4 repaired parts is investigated and the changes of surface residual stress, surface roughness and
fracture morphology of TC4 repaired parts before and after LSP are compared and analyzed. The experimental
results indicate that, the laser repaired zone of TC4 repaired parts is composed of B grains and « phase which
distributes along the grain boundaries, and the heat affected zone consists of equiaxed « grains and B transformation
structure. After the LSP, the full width at half maximum of diffraction peaks is larger, the surface residual stress is
compressive stress, and the surface roughness increases. Based on the modified seven-point incremental polynomial
fitting method, the fatigue crack growth rate equations of different repaired parts are obtained. The fatigue crack
growth rate of TC4 repaired parts with LSP is smaller than that without LSP.
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Table 1 Mechanical properties of TC4 titanium alloy plate
Elastic Yield Strength
Elongation /
Property modulus / strength /  limit / )y
GPa MPa MPa '
Value 110 820 1050 9.5
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Table 2 Chemical compositions of TC4 titanium alloy plate

and powder (mass fraction, %)

Element Al \% Fe O C N H Ti

5.5- 3.5-

Substrate 0.3 0.2 0.1 0.05 0.015 Bal.
6.8 4.5
5.5- 3.4-

Powder <0.3 - <0.1 - - Bal.
6.75 4.5
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Fig. 1 Schematic of rectangular plate with grooves
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Fig. 2 LSP zone and scanning direction of sample
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Fig. 3 Cross-sectional morphologies. (a) TC4 repaired part; (b)(c)(d) local magnification in Fig. 3(a)
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Fig. 4 XRD patterns of repaired zones before and after LSP
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Fig. 5 Residual stress distributions of repaired zones before

and after LSP along depth direction
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Table 3 Crack growth rate of TC4 repaired parts before and after LSP
Expansion rate of samples without Expansion rate of samples with
Point No. Crack length a /mm LSP /(10 *mm « cycle ') LSP /(10 *mm « cycle ')
1 2 3 1 2 3

1 18 4.53 4.48 4.57 3.7 3.65 3.78

2 19 5.77 5.85 5.47 4.48 4.3 4.27

3 20 6.91 6.8 6.72 4.91 4.89 4.92

4 21 7.19 7.8 7.26 6.28 6.19 6.32

5 22 8.8 9.03 8.87 6.83 6.94 7.03

6 23 11.7 12.1 12.4 7.56 7.86 7.9

7 24 12.8 12.6 13.2 9.18 9.3 9.23
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Table 4 ILogarithmic average crack growth rate and variance range of logarithmic stress intensity factor

of TC4 repaired parts before and after LSP

lg(99) of
g

Crack length (dN)
PointNo.

da
lg(dN) of

lg Ak /(MPa » m'/?)

a /mm samples without LSP / samples with LSP /
(mm * cycle ") (mm * cycle ")
1 18 —3.34422 —3.43063 1.3763
2 19 —3.24438 —3.36151 1.3990
3 20 —3.16685 —3.30921 1.4217
4 21 —3.12979 —3.20319 1.4449
5 22 —3.05061 —3.15906 1.4675
6 23 —2.91841 —3.10939 1.4913
7 24 —2.89053 —3.03448 1.5171
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Table 5 lg C and n parameters of TC4 repaired

parts before and after LSP

Correlation

Condition lg C n o
coefficient
Without LSP  —7.8167 3.2588 0.9904
With LSP —7.3069 2.8209 0.9951
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Fig. 8 Fracture morphologies of TC4 repaired parts. (a) Without LSP, in stable crack growth stage; (b) with LSP,
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in stable crack growth stage; (c) local magnification of Fig.8(a); (d) local magnification of Fig.8(b);

(e) without LSP, in rapid crack zone of repaired parts; (f) with LSP, in rapid crack zone of repaired parts
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