
� 47� � 10� ��������	                                Vol.47, No.10

2018� 10�          RARE METAL MATERIALS AND ENGINEERING October 2018

�����2017-10-08

���	����	
��
�����2015CB057400��������
��51505496�


��
�������1988��� !�"#�$%&'(�)*+,-.��	/01�23 34 710038�567029-84787537�

E-mail: skingkgd@163.com

DZ17G ��������	
��


������������

���

1

����

1

��	


1

���


2

����

1

�� �

1

����

1

�� �

1

(1. $%&'(� )*+,-.��	/01�23 34 710038)

(2. 89-.:;�
<�89 100074)

� ��=>?$�-:@ABCDEFGHI�> DZ17GJKLMN�OPBCQRSTUVWXYZ[\]^_

`abcdefgJKhij��kX�lm
noSTUVWXpqrstuvwxyz{|UV}~�����

��o��ST��bcde'�������uvwxyzr{|UV}�����edWXz[>���]�W

X�WX���r�o���{��-DEc�[��� 7DZ17G OPBC¡oSTUV¢£�z¤¥e¦]{§

�¨©�¨©ª�)�«����j¬kX�­®¨©§�¯��°±­²³���{§�¨©´µª�¶�·��l

{¸�¹ 30%�º�Xz��¥\ 180 µm[DZ17GOPBCDEW�» 257.00 MPal{¼ 302.00 MPa�l{¸�¹ 17.5%�

­® 800 ½tx¾ 2 h¢¿À 11.7%rl{[ÁÂ{§�¨©�¨©ª�ÃDEc�l{r¤ÄÅÆ[

����DZ17GJKLMN��oSTUVWX�{§�¨©��o���{�DE

�������TG665 ������A �����1002-185X(2018)10-3141-07

��������	
��
�����
��

�
����������� !"#$%�&�	

'()*+ ,-

[1]

�./01���234567

89���	"#$%:;�
<=>?@�ABC

DEF�GH��IJKLMNOPQRS���T

UVW�XY��Z[\KL]laser shock peening, 

LSP^

[2,3]

�_`�Z[\KLMNabcde�fL

-g��hi6jklm

[4-6]

nop=j�KLqr

�st��7uvw�xyzk{

[7,8]

|}Q K24�

GH2036 ?@
<~�-���[\�������


|�7He���k{

[9,10]

��Q�Z[\9 GH742�

K417?@���
������01����Q��

 ����Y�
����������L��"#

K��OP��H 7Ye

[11]

k{���Z[\KL4

�� NiTi�v�����L���4��� ¡�7

Li��¢£k{

[12,13]

¤¥¦§�Z[\¨�©�Qª

«¬­ ®�vIJ ¡L�¯n��H° K417 �

GH4133Bk���	�"#6±7²³��I���

Z[\KL4�¤¥´µ ����Y�
����

Lka¶�¯nH ª�·���	�"#6±7 

¸¹�����º»6±H°����	s�®

��¸¼° 7½Q¾O=j� ®6±����	

?@¿ÀÁ�B�ª�·k�v�Â½iÃÄÅ�v

�Æ��v

[14]

7_`�iÃÄÅ�vaÇÈiÃÉÊ

���noplË� ®ÌB6±�Í�
Î��Z

[\KLAÏiÃÄÅ�v���	"#6±Ð�Ñ

ÒÓÔÉÊ����Õj�Ö_×Ø�����L7

���	"#%ÙÚÛÜÝÞIJ�aßàáÎ��

Z[\KL9iÃÄÅ�vâIãäåæ6KL�


ÓÔÉÊ���Õº6�GH�H "#6±7 

��Z[\KL]micro-scale laser shock peening, 

µLSP �̂çÎ��è�Èé�±ê�ëì[�Zí?

@*î���� Y[\ï��?@âIã����

�
���AB�¯nH ?@"#6±�op±ê

g]�ðPñðò �̂Zóé]�¡ò �̂01ô�â

]�¡ò^�MNõm

[15]

7Zhang � Chen k{

[16-18]

Î��è��Z[\KLMN
?@IJ��ö÷�

¡ô���Y�
ã7øùúû Sanoü;�

[19,20]

Î�

ýþ�Ó�ã��Z[\KLpq�§%Ù����

�Â���H Q����	
����
��$%

±
7��
G���`�Î��è��Z[\KL

9 K24¬­ ®�väåbc�CrI�?@Iã�



Ç3142Ç                                           ÈÀ�ÉÊË�&'                                          � 47� 

����fL��� ����Y�
��H "#

K�� 16%

[21]

��9Þ��Z[\±�pqH iÃ

ÄÅ�v�"#6±���Â*���7 

�©�89iÃÄÅ���	"#$%:;��

Â DZ17GiÃÄÅ�v��Z[\KL��7½�g

�Z[\´Ü�æ6B�t��01ô��ÓÔiÃ

ÄÅ�vÉÊ���Õº6�896�H�­Þ��

Z[\KL· �!�ýþ�Ó�ã "[\#$�

¯�������f�%#J|}_9���6±�

01��¤¥ !��"#&�'�_KLqr�C

�"#$(�)õ*äå01"#6±��c|}7 

��������

+,�-.©/���	$%01�EF23�

	45d�-. DZ17G­�
66±¨�F7|}2

3�	
��"#¥t`��
|�õm�8iKL

9:4;d�-.?@­�
66±¨��[\ïY


<�ú=�8i�Z[\¨�>?7 


�
��
�����������

DZ17G iÃ¬­ ®�vç
 K417 ÀÁ�v­

@²�ÂÜA�Ú«��Bg�iÃÄÅ¬­ ®�

v7_��½C�D#Ã�iÃÉÊ���]UE 1

ÍF 7̂op�K� �ÌB6±j�æ6B ���

hik ®6±�G�Þ 980 H��s����IJ

�	�KÃ�	

[22]

7DZ17GiÃ¬­ ®�vLML

6�|]Nê|��% ½̂ CrO8.5~9.54CoO9.0~11.04

MoO2.5~3.54TiO4.1~4.74AlO4.8~5.74_�½ Ni7

P®��Q62ê E=128 GPa�RÃ�SÃ�TU,

ν |V½ 0.39 � 0.36�_*��
WK� σ

b

½ 1050

� 815 MPa

[22]

7 

©/���	
XP�����Y��Z���

���� !"#$%�_$%�[�Þ�	-�7a

ß�½\23�	-��½"#'����\ DZ17G

23�	EF�]^�	CD]UE 2 �̂�Dí_` 

 

 

 

 

 

 

 

 

 

Ì 1  DZ17GJKLMN��ÍÎÏ 

Fig.1  Metallograph of DZ17G directionally solidified alloy 

 

 

 

 

 

 

 

 

 

 

Ì 2  DZ17GOPBC�ÐÌ 

Fig.2  Dimensions of DZ17G simulated blade 
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Ì 3  OPBCrÑÒO� 

Fig.3  First-order model of simulated blade: (a) displacement 

distribution and (b) stress distribution 
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Ì 4  stuvwxyzoSTUVWXpqÓÔÌ 

Fig.4  Schematic diagram of micro-scale laser shock peening 

system under water without ablation layer 
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Ì 5  oSTUVYZ¢rÕ·oÖÎÏ 

Fig.5  Sectional microstructure after micro-scale laser shock peening: (a) top surface, (b) 2 µm depth, and (c) 5 µm depth 

 

 

 

 

 

 

 

 

 

 

 

 

Ì 6  ÀuoSTUVWXr��Õ·��×Ø 

Fig.6  Micro-hardness distribution of the section of the samples 

without and with micro-scale laser shock peening 
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Ì 7  ÀuoSTUVWXr DZ17GOPBCDEÙ�Ì 

Fig.7  Fatigue up-and-down curves of DZ17G simulated blades 

without (a) and with (b) micro-scale laser shock peening 
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Ì 8  ÀuoSTUVr DZ17GOPBCrÚÛDEFÜeÝ 

Fig.8  Typical fracture morphologies of DZ17G simulated blades without and with micro-scale laser shock peening 
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Abstract: Aiming at the fatigue fracture fault of aero-engine turbine blades, laser shock peening was conducted on the DZ17G 

directionally solidified superalloy simulated blades to improve fatigue performance. However, in order to avoid the occurrence of grain 

refinement in the columnar crystals, an underwater high frequency laser shock method without ablation coating based on micro-scale laser 

shock peening was proposed. In this method, a short laser pulse width micro-scale laser beam was conducted to decrease the plasticity 

degree and affected depth, and high frequency shock without ablation coating was conducted to form a uniform plastic strengthening layer. 

The microhardness and high-cycle fatigue performance of the original sample and the strengthening sample were comparatively examined. 

The results indicate that there are high density dislocations and dislocation tangles generated in the shallow layer of DZ17G superalloy 

simulated blades, but no grain refinement occurs, and the density of dislocations decreases sharply with the increase of depth. High density 

dislocations and dislocation tangles result in a high improvement of hardness, increased by 30%. However, a hardened layer of 180 µm in 

thick is generated. The fatigue strength of the DZ17G superalloy simulated blades increases form 257.00 MPa to 302.00 MPa, increased by 

17.5%. There is still an improvement of 11.7% in fatigue strength after the thermal insulation at 800 °C for 2h. High density dislocations 

and dislocation tangles are the immanent causes for fatigue performance improvement. 

Key words: DZ17G directionally solidified superalloy; micro-scale laser shock peening; high-density dislocation; micro-hardness; 

high-cycle fatigue 
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