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Table 1  Chemical composition of the single crystal 

superalloy DD11 (ω/%) 

Al Cr Ta Co W Re Ni 

6.0 4.0 7.0 8.0 7.0 3.0 Bal. 

 

 

 

 

 

 

 

 

 

 

Á 1  DD11>?@	jk 

Fig.1  Microstructure of single-crystal superalloy DD11 
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Á 2  0.15 mmANM="ijkÂ#^_%`Ã%XYZ[ÄÅ 

Fig.2  SEM-EDSD images of cross-section of surface microstructure at a peening intensity of 0.15 mmA: (a) peened surface microstruc- 

ture by EBSD; (b) original microstructure; (c) orientation diagram by EBSD; (d) sub-grain misorientation by EBSD; (e) peened 

surface microstructure by SEM 

 

 

 

 

 

 

 

 

 

 

Á 3  0.35 mmANM="ijkÂ#^_%`Ã%XYZ[ÄÅ 

Fig.3  SEM-EDSD image s of cross-section of surface microstructure at a peening intensity 0.35 mmA: (a) peened surface microstructure by 

EBSD; (b) sub-grain misorientation by EBSD; (c) peened surface microstructure by SEM 

 

 

 

 

 

 

 

 

 

 

 

Á 4  NM>? DD11@	Â#bIvI 

Fig.4  Micro-hardness profile of cross-section of shot-peened 

single crystal superalloy DD11 

w�òr��»T�94.70 MPaIv 31.9%B 40.4%# 

~\34>?Bòr�÷Y£)a���§�À

Á�2�34s��]K/pÒÓ����f���

�f&r��§rÑ¥mÑ¥�¥§r��@���

)�5sm>?w[111]ñV#|Q�^�òr�s!

"�	ÒÓòZ�Á�sm����� 4 ��öY£

st���~����./��ò���zò���

����§r�Ñ¥m�¥z~�qÜÝ§r�os

m�2üo¥�JrÑ¥6����Hsm����

d�òr��Ø���d# 

������������	
������������

� 5�8ÂÃ�r� 980g1060B 1140 ��@A

@� 2 hJ���§r� 0.15B 0.35 mmA@�@m 

Peened surface 

a 

b 

c 

d 

e 

Peened surface 

10 µm 

a b c 

10 µm 

0 50 100 150 200 250 300 350 400

450

500

550

600

650

700

 

 

M
i
c
r
o
-
h
a

r
d

n
e
s
s
,
 
H

V
0
.
2

/
�

1
0

 
M

P
a

Depth/µm

 0.35 mmA

 0.15 mmA



¾576¾                                           ¿µ	À��,��                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 5  Æ¡ 2 h 980]1060a 1140 �pqrh=NM>?@	 DD11Â#jk 

Fig.5  Microstructures of cross-section of shot-peened single crystal superalloy DD11 after aging at 980 ©/2 h, 1060 ©/2 h and 1140 ©/2 h 
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Á 6  Æ¡ 2 h 980]1060a 1140 �pqrh=NM>?@	

DD11bIvI 

Fig.6  Microhardness profile of shot-peened single crystal superalloy 

DD11 after aging at 980 ©/2 h, 1060 ©/2 h and 1140 ©/2 h 
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� �����/��+�	
� DD11 �������� 

Table 2  Fatigue performance of shot-peened/ground+heat exposed single-crystal superalloy DD11 

Surface 

integrity 

Fatigue life/ 

cycle 

Logarithmic 

fatigue life 

Median 

fatigue life 

Standard 

deviation 

Estimate of median 

fatigue life/cycle 

290 022 5.46 

322 024 5.51 

298 764 5.48 

265 485 5.42 

Grinding+ 

1060 /2�  h 

246 719 5.39 

5.45 0.0020 283 386 

432 596 5.64 

374 376 5.57 

355 197 5.55 

483 119 5.68 

Shot peening 

intensity 

0.15 mmA+ 

1060 /2�  h 

330 487 5.52 

5.59 0.0044 391 394 

337 658 5.53 

362 891 5.56 

308 758 5.49 

258 375 5.41 

Shot peening 

intensity 

0.35 mmA+ 

1060 /2�  h 

310 973 5.49 

5.50 0.0030 313 739 

 

 

 

 

 

 

 

 

 

Á 7  0.15 mmANM+pqrdÇ}~ÈÉ 

Fig.7  Fatigue fracture of 0.15 mmA peened and thermal-exposed sample (life=483 119) 
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Á 8  °±+pqrdÇ}~ÈÉ 

Fig.8  Fatigue fracture of ground and thermal-exposed sample 

(life=290 022) 
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Abstract: The [001] oriented DD11 single-crystal superalloy (SC) was shot-peened perpendicular to [001] to induce pre-deformation. 

Pre-deformed microstructure was investigated using electron backscatter diffraction (EBSD), scanning electron microscopy (SEM) and 

microhardness tester (HT). After subsequent thermal exposure (TE) at different temperatures, the effect of the temperature and 

pre-deformation degree on surface structure and microhardness profile was researched by SEM and HT, and the high-temperature fatigue 

performance after peening-thermal exposure was tested. The results show that after pre-deformation, [110] and [111] oriented sub-grains 

are observed on the surface, and surface strain hardening effect occurs. The greater the deformation degree, the larger the sub-grain 

orientation angle, and the greater the depth of the rotating sub-grain layer and hardening effect. With the increase of exposure temperature, 

the pre-deformed surface microstructure shows a dynamic recovery process of spheroidization, fragmentation-discontinuous cellular 

organization and continuous cellular organization, and the micro-hardness is relaxed. Furthermore, the greater the deformation degree, the 

lower the temperature at which the recovery process occurs. However, no recrystallization is observed under the condition of shot 

peening+1060 ºC/2 h. Compared with grinding and TE, the 1060 ºC fatigue cycles increase after peening and TE. For fatigue condition of 

1060 ºC /350 MPa/R=−1/axic, the main source of fatigue is sprouting inside, while secondary sources appear on the surface. 

Key words: single-crystal superalloy; thermal exposure; shot peening; pre-deform; surface microstructure 
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