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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 

  

 2  TC17!�%&#'( 

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 
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Fig.3  LSP�Áumnopql�HÂÃ½ 

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

notched fatigue samples 
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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) 

 

3  �  � 

1�LSP�O TC17���§��íî2�_�Ò

�|TU¡¢ª9��bcA��_®¯�o·¸

ô�¹%|�_´ R�»o¿kQ($ÀÁ%�¼½�

@¬�ú TC17 TU¡¢ª���®¯8P®È��

áH�?eGíî2�_+-318 MPa &z{�+�

*µ�¬ LSP ���§ X Ã��íî2�_+-403 

MPa&(§®ÈVvl¶��íî2�_8 

2�LSP-TC17���§Q(�Ë¯ýÈ�Î}$

Ôµ}8}ÒÓÈ»��o¿%ãÀÁ�G³ä}Ò�

�« FCG Ã��åæ%ç�Q�	 ¸¹% FCG C

J�Ò���®¯8 

3�²P®ÈTU¡¢ª³´�����x� 10

7

xX�(§üx LSP-TC17 TU¡¢ª���®¯á

180 MPa±r 280 MPa�Ò�| 55.6%8LSP-TC17T

U¡¢ª���®È�+��íî2�_$Ôµ}8 

4�²P®ÈTU¡¢ª³´�(§üx LSP-TC17

TU¡¢ª�½¾ FCG ���7���á 961.4 nm/

��¹r 366.5 nm/��8(§üx LSP-TC17TU¡

¢ª��nU� α 1��vl%çwxo¿&�67

�ÛÀÁ�wxo¿åæ%ç�Q�¹% FCGCJ�

Ò���®¯8 

����    References   

[1] Luo J, Li L, Li M Q. Materials Science and Engineering A[J], 

2014, 606: 165  

[2] Marandi S M, Rahmani K, Tajdari M. Aerospace Science and 

Technology[J], 2014, 33(1): 65  

[3] Li Donglin(ABC), He Weifeng(DEF), You Xi(G H) et 

al. Chinese Journal of Lasers (IJ56)[J], 2016(7): 122  

[4] Frankel P G, Withers P J, Preuss M et al. Mechanics of 

Materials[J], 2012, 55: 130  

[5] Ruschau J J, John R, Thompson S R et al. International 

Journal of Fatigue[J], 1999, 21 (1): S199  

[6] Nicholas T, Barber J P, Bertke R S. Experimental Mechanics[J], 

1980, 20(10): 357  

[7] Nowell D, Duó P, Stewart I F. International Journal of 

Fatigue[J], 2003, 25(9-11): 963  

[8] Ding J, Hall R F, Byrne J et al. International Journal of 

Fatigue[J], 2007, 29(7): 1339  

[9] Hall R, Byrne J, Zhao T et al. Fatigue & Fracture of 

Engineering Materials & Structures[J], 2008, 31(5): 386  

[10] Spanrad S, Tong J. Materials Science and Engineering A[J], 

2011, 528: 2128  

[11] Nie X, He W, Zhou L et al. Materials Science and 

Engineering A[J], 2014, 594: 161  

Secondary 

crack 

Secondary crack 

FCG direction 

Secondary 

crack 

FCG direction 

a 

b 

c 

d 



�3364�                                        �������	
                                             � 47� 

[12] Zabeen S, Preuss M, Withers P J. Acta Materialia[J], 2015, 

83: 216  

[13] Lin B, Lupton C, Spanrad S et al. International Journal of 

Fatigue[J], 2014, 59: 23  

[14] Zhang Y K, Lu J Z, Ren X D et al. Materials & Design[J], 

2009, 30(5): 1697  

[15] Gao Yukui(�KL). Rare Metal Materials and Engineering 

(�������	
)[J], 2016, 43(9): 2347  

[16] Maawad E, Sano Y, Wagner L et al. Materials Science and 

Engineering A[J], 2012, 536: 82  

[17] Correa C, Ruiz De Lara L, Díaz M et al. International 

Journal of Fatigue[J], 2015, 70: 196  

[18] Ren X D, Zhan Q B, Yang H M et al. Materials & Design[J], 

2013, 44: 149  

[19] Chu J P, Rigsbee J M, Banaś G et al. Metallurgical and 

Materials Transactions A[J], 1995, 26(6): 1507  

[20] See D W, Dulaney J L, Clauer A H et al. Surface Engineering 

[J], 2002, 18(1): 32  

[21] Li Yinghong (AMN), He Weifeng(DEF), Zhou Liucheng 

(OPQ). Scientia Sinica Techological(IJRS4TUR

S)[J], 2015(1): 1  

[22] Zou Shikun (VWX), Guo Enming (YZ[), Li Bin (A \). 

Chinese Journal of Lasers(IJ56)[J], 2011, 38(6): 76  

[23] Pook L P. Metal Fatigue[M]. Oxford: Clarendon Press, 1974  

[24] Nie X, He W, Zang S et al. Surface and Coatings 

Technology[J], 2014, 253: 68  

[25] Forman R G, Kearney V E, Engle R M. Sen-ito Kogyo[J], 

1993, 49(3): 459  

[26] Lu J Z, Luo K Y, Zhang Y K et al. Acta Materialia[J], 2010, 

58(16): 5354  

[27] Padiua H A, Boyce B L. Experimental Mechanics[J], 2010, 50(1): 

5  

[28] Qin C, Zhang X, Ye S et al. Engineering Fracture 

Mechanics[J], 2015, 142: 140  

[29] Peters J O, Lütjering G. Metallurgical and Materials 

Transactions A[J], 2001, 32(11): 2805  

[30] Zheng Xiulin(]^_ ). Material Fatigue Theory and 

Engineering Application (��,-&`�	
M$ )[M]. 

Beijing: Science Press, 2013. 

[31] Zhou J Z, Huang S, Sheng J et al. Materials Science and 

Engineering A[J], 2012, 539: 360  

 

 

FOD Resistance of the Simulator Samples of TC17 Blades Leading Edges with Laser 

Shock Processing 

 

Wu Junfeng

1, 2

, Zou Shikun

2

, Zhang Yongkang

3

, Sun Guifang

1

, Ni Zhonghua

1

, Che Zhigang

2

, Cao Ziwen

2

 

(1. Jiangsu Key Laboratory for Design and Manufacture of Micro-Nano Biomedical Instruments, 

Southeast University, Nanjing 211189, China) 

(2. Science and Technology on Power Beam Processes Laboratory, AVIC Manufacturing Technology Institute, Beijing 100024, China) 

(3. Guangdong University of Technology, Guangzhou 510000, China) 

 

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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