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½ 1  TC17���¾;���  

Fig.1  Microstructure of as-received TC17 alloy 

 1  TC17!�"#$� 

Table 1  Composition of TC17 alloy (ω/%) 

Al Sn Zr Mo Cr Ti 

4.5~5.5 1.6~2.4 1.6~2.4 3.5~4.5 3.5~4.5 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

½ 2  mnopqhi 

Fig.2  Dimension of the notched fatigue samples 
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Table 2  Mechanical properties of TC17 alloy 

Mechanical 

properties 

R

m

/ 

MPa 

R

p0.2

/MPa 

Elongation,

A/% 

Shrinkage on cross 

section, Z/% 

Value 956.05 878.24 18.19 

53.37 

 

£dgØ?þ��ØÙ&'?Ý����

Nd:YAGZÆ'��E 1064 nm�ZÆ�Q E=30 J�

RS 15 ns�$ÃQÆ��4 mm×4 mm�÷ø�¡¢ª

TUëì�§��(§üx LSP�34 3 �58ÆT

�QUVWQÆ�BX+¤	Y«)�ÃQÆ�8¡

¢ªMN�§$Z§Í[\ 0.12 mm]^_`a8�

§^_*+bc`a�de®È�§fg8Z§^_

*+F���de¡¢ª�Ûvlh·�-ia�_8

jkl¡¢ª®È�§Òm 2 mm]�n]opq�

rstu$vw�xT�8 

£d XÄñyÄz��{· Protoi-XRD��¡¢

ªTUëì®È�§��íî�_�RS�GÉ�34

4 �58£d Cu �|Ä$ α{213}}§�~ÃQÆ�

g^&¡¢ªE¯Ã����§ XÃ�$ YÃ�íî

�_«¬�GÉå�� 2 mm8 

£d Transmission Electron Microscope�TEM��

Ä�U�FEI Tecnai G2 F20�«¬ LSP-TC17��� 

2 µm 

Centrifugal force + 

Vibration loading 

Foreign object 

Leading edge 

z 

y 

x 

R6.4 

R0.2 

R6.4 

R0.375 

Tensile-tensile loading 

Notch details 

A-A 



� 11�                             ./+¿ÀWXYZ[\ TC17_`"aopqlb FOD$N                    ·3361· 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  LSP�Áumnopql�HÂÃ½ 

Fig.3  LSP setup and schematic diagram of experiment for the  

notched fatigue samples 

  

�§*+,-��C�2+ 200 kV8TEMÉé���

���1��¨© 38 mm × 26 mm × 1.5 mm�Éé��

�§ LSP���J+ 8%����?���²TU¡¢

ª LSP��0P��2�@ LSP®È���;<=ñ>

? 10 mm × 10 mm × 0.4 mm�1�0.4 mm+ LSPÉ

é�z{��¯��3���1������Æ��s

��]o��8£d Scanning Electron Microscope 

�SEM����U�Zeiss Supra 55�«¬ TC17TU

¡¢ª���nUQ.8 

+ðÎTU¡¢ª�����/��x� 10

7

x�

£dE���lv� QRG-100 �[��ÉÊ
$�

�¹%���_p	�Ãõ�� LSP Ms TC17 TU

¡¢ª��äåæç��ÉÊ8��bcá�¶�1�

� �¡¢-i��bcá�£�-¤\'vl�[ 

 

 

 

 

 

 

 

 

½ 4  ~g LSP-TC17��l���� 

Fig.4  Residual stress of TC17 alloy by LSP with double sides: (a) schematic diagram of residual stress and (b) surface residual stress  

distribution 
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 5  LSP�� TC17����� TEM�� 

Fig.5  TEM images on the surface of TC17 alloy without (a) and with LSP (b~d) 
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Fig.6  Action principle of shock wave and microstructure of high 

power density LSP-TC17 alloy 
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Fig.7  Fatigue strength of TC17 notched simulated samples 

without and with LSP 
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 8  FCG=/>(?@ 

Fig.8  Fracture morphologies of FCG at the early stage without (a, b) and with LSP (c, d) 
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Abstract: Notched fatigue samples were designed to approximate a typical leading edge of the blade with foreign object damage (FOD) in 

order to study the anti-fatigue performance of FOD-blades with laser shock processing (LSP). The surface at the crack tip of the notches of 

TC17 fatigue samples was LSPed with double sides. A YAG laser system was used with laser energy of 30 J, pulse width of 15 ns and 

square spot of 4 mm×4 mm. The residual stress, microstructure, fatigue performance and fatigue fracture of samples with and without LSP 

were measured and analyzed by X-ray diffractometer, Transmission Electron Microscope (TEM), high-frequency fatigue tester and 

Scanning Electron Microscope (SEM). The results show that compared with the notched fatigue samples without LSP, the maximum 

surface residual stresses of LSP-TC17 alloy is –403 MPa. High density dislocation, twin and nanocrystallite are formed in the surface. The 

fatigue strength of LSP-TC17 notched fatigue samples increases by 55.6%. Fatigue strengthening mechanism of TC17 notched fatigue 

samples is high amplitude compressive residual stress and surface nanocrystalline. The experiment results lay the theoretical foundation 

and provide the technological reference for LSP-FOD blades.  

Key words: laser shock processing; TC17 alloy; FOD resistance; residual stress; nanocrystallite 
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