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Table 1  Chemical composition of FGH96 powder metallurgy  

superalloy (ω/%) 

Cr Co W Mo Nb Ti Zr Ni 
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Fig.1  Fatigue sample with low cycle 
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Table 2  Surface integrity statues 

No. The first shot-peening 

The second 

shot-peening 
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0.12 mmA; 
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Fig.2  Residual stress profile of the three surface integrity statues 
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Fig.3  Surface morphologies of the three surface integrity statues: (a) turning, (b) SSP, and (c) DSP 
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Table 3  Fatigue life of the three surface integrity statues with low cycle 

No. Cycles 

Surface integrity 

statues 

logN(10cycles) Average 

Estimate of median 

fatigue life 

Standard 

deviation 

Coefficient of 

variation 

F96-2-DZ-5 1175 3.070 

F96-2-DZ-19 1923 3.284 

F96-2-DZ-20 2370 3.375 

F96-2-DZ-4 1643 3.216 

F96-2-DZ-1 3377 

Turning 

3.529 

3.295 1971 0.172 0.052 

F96-1-DZ-2 2275 3.357 

F96-1-DZ-21 3172 3.501 

F96-1-DZ-11 2193 3.341 

F96-1-DZ-28 2171 3.337 

F96-1-DZ-29 2282 

SSP 

3.358 

3.379 2393 0.069 0.020 

F96-1-DZ-24 4120 3.615 

F96-1-DZ-9 4577 3.661 

F96-1-DZ-19 4721 3.674 

F96-1-DZ-3 4271 3.631 

F96-1-DZ-18 3111 

DSP 

3.493 

3.615 4117 0.072 0.020 
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Fig.4  Fracture locations of the three surface integrity statues 
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Fig.5  Fracture morphologies of fatigue samples for three surface integrity statues: (a) DZ-20, (b) DZ-2, and (c) DZ-9 
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Fig.6  Fracture morphologies of sample DZ-20: (a) source region, (b) fatigue band, (c) rapid expansion zone, and (d) dimple 
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Fig.7  Fracture morphologies of sample DZ-2: (a) source region, (b) fatigue band, (c) rapid expansion zone, and (d) dimple 
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Fig.8  Fracture morphologies of sample DZ-9: (a) source region, (b) fatigue band, (c) rapid expansion zone, and (d) dimple 
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Table 4  Low cycle fatigue band parameters of turned sample  

DZ-20 

No. 

Crack length, 

a/mm 

Average fatigue 

band spacing, S/µm 

N

i

 

1 0.01 0.88 91 

2 0.09 0.88 120 

3 0.21 1.12 171 

4 0.39 0.98 103 

5 0.80 7.00 44 

6 1.50 25.0 35 

7 2.80 50.0 38 

8 4.70 50.0 ΣN

n

 =602 
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Fig.9  Relationship between crack growth rate and crack length of 

fatigue specimen after turning 

��- 5 hG²�y�6È)
ù&��Z[}~�

	ü3�}~<"ÀM�ÊË�6
�5 10�ù�}

~�	ü3�}~<"�5«23QK�®��-�

6�½µZ[�	=>
V�½µG²�¶- 5� N

i

�B�DZ-2� wû©ß 0.01 mmÀ¨�Z[�	=

>+ 543 jk}�DZ-2 �=>+ 2275 jk}
��

=>�p�=>���	=>
ò� DZ-2 ���=

>+ 1732jk}� 

÷3PML¯° 

DZ-9 � wû:©ß¿ 0.01 mm ¨®ùÂ��

Z[wð
�v5 2
�ç"ìý¬ML¯°��R

ç"þ���Z[wð�y¿b
¿×�G²���

- 6�û©ß 3.22 mm+²¨Â��Z[wðï¨


��- 6 hG²�y�6È)
ù&��Z[}~�

	ü3�}~<"ÀM�ÊË�6
�5 11�ù�}

~�	ü3�}~<"�5«23QK�®��-�

6�½µZ[�	=>
V�½µG²�¶- 6� N

i

�B� DZ-9� wû©ß 0.01 mmÀ¨�Z[�	

=>+ 747 jk}�DZ-9 �=>+ 4577 jk}
�

�=>�p�=>���	=>
ò� DZ-9 ���

=>+ 3830jk}� 

 

� 5   ���� DZ-2 ���	
������� 

Table 5  Low cycle fatigue band parameters of SSP sample DZ-2 

No. 

Crack length, 

a/mm 

Average fatigue 

band spacing, S/µm 

N

i

 

1 0.01 1.07 45 

2 0.06 1.13 135 

3 0.22 1.24 177 

4 0.50 1.93 61 

5 1.00 14.5 44 

6 1.95 28.3 38 

7 2.95 25.0 43 

8 4.15 31.0 ΣN

n

 =543 
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Fig.10  Relationship between crack growth rate and crack length of 

fatigue specimen after SSP 
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Fig.11  Relationship between crack growth rate and crack length of 

fatigue specimen after DSP 
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Table 6  Low cycle fatigue band parameters of DSP sample 

DZ-9 

No. 

Crack 

length, 

a/mm 

Average fatigue 

band spacing, S/µm 

N

i

 

1 0.01 0.98 143 

2 0.17 1.25 118 

3 0.30 0.96 168 

4 0.46 0.95 177 

5 0.80 2.90 81 

6 1.73 20.0 60 

7 3.22 30.0 ΣN

n

 =747 
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Abstract: Ceramic shot and ceramic shot+cast-iron shot were employed to peen the turning surface of FGH96 powder metallurgy 

superalloy to induce 3 surface integrity statues. Surface topography, residual stress profile and high-temperature low-cycle fatigue 

performance were investigated of single shot peening (SSP), double shot peening (DSP) and turning statues. The results show that DSP 

removes turning marks, increases the average roughness Ra, and induces the crater with smooth bottom, which makes the Kurtosis 

parameter approach 3. Moreover as contrast, SSP with low intensity could only partially eliminate marks. Meanwhile, surface compressive 

residual stress values are from –1000 MPa to –1100 MPa by SSP and DSP compared with –446 MPa by turning; furthermore, the depth of 

DSP residual stress profile is 250 µm from 100 µm of turning. By the effect of perfect DSP surface integrity statue, fatigue cycles increase 

to 108% compared with turning, and the SSP edges up only 21% in the fatigue condition of 650 °C/ε

t

=1.2%. The fatigue life dispersion 

decreases after peening. The results of macro/microscopic observation and analysis show the fatigue propagation lives are close among 

three surface integrity statues while the fatigue initiation lives vary greatly. The initiation life of DSP is 221% of SSP and 216% of turning. 

It is important and necessary to optimize the shot peening method for surface integrity promotion and high temperature low-cycle fatigue 

performance improvement. 

Key words: surface integrity; low-cycle fatigue; powder metallurgy superalloy; shot peening 
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