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Fig.1  Gas turbine blades and vanes
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À 2  4���n�ÅÆÇI�f:"ÈS 

Fig.2  Distribution and forming temperature ranges of four cracks 
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À 3  AB9:C�ÉÊ��n�fVW 

Fig.3  Solidification cracking formation of nickel-based 

superalloy

[10]

 

Welding pool 

HAZ 

T

L

 

T

S

 

~0.7T

S

 

~0.5T

S

 

DTR 

BTR 

Temperature 

Solidification cracking 

Strain aging cracking 

DDC 

cracking 

Liquation cracking 

DDC cracking 

HAZ 

D
u

c
t
i
l
i
t
y

 

Welding pool 

Attractive grain 

boundary 

Solidification cracking 

Isotherm of 

full solid 

Isotherm of 

reference 

temperature 

Repulsive grain 

boundary 

Welding 

orientation 

Welding 

pool 

Welding 

pool 



Ä1464Ä                                           Ë2��� I�W                                          � 50� 

����������

]4wx^Ï
4��
E�Omn�&��Ï

×Ù�:'í
E ¡��­'×Ùíö_��p¢

rs�÷ø]4�Jj��÷øwx�§ß£kGÂO

¤¥pïHAZð]4wxÇ�¿^Ö×��ÒÓ
4�

�
E�¡9ß¦�wx��.¿Dwx�y�§¨�

§ßÏ÷�-.=©	ª«'
Ò_��wx¬ø§

ß¦­®D]4ý÷��.]4wx§ß^Ï÷ø9

_LM��t�S HAZ ��p÷ø¥A�B]4ý

��&�
¯�Jj�:¦W 4qrï×' Xu

[14]

]4

wxJj�:W9°c?wxq9�noð.§ßÏ­

'íö_����rs_��#OpqÞY±�Q�

ø��è]4�rs�]ö�gõ]4!���²³�

÷ø´µ�Jj�÷øBó�������]4wx. 

]4wx�wxëÐ^ì'9'÷ø�¶·ö¸

���B]4

[15,16]

�Vý÷ù]4ïj Nb® Ti�­


�÷�]4ð�MC¸�-γ�B]4�B4û-γ�B

]4*��< γ′-γ �B]4].Ojo ]�

[17]

§¨ÜÝ

RS�ïGTAWð��¨~� IN738� HAZ*�,&

Gleeble O¹º»¼ÜÝ HAZ ����s?÷ø9�

γ′öS×âö�x�B]4�	�s?�<� γ′öÏ�

���#O¨~9¦Ï IN738íî���vI2Ï^

pqrs�B]4��Ð_é.¿Ds½£¾ Tancret

]�

[18]

§¨O���R¿ÀQ¹ºR¿ÁDÂN�	

γ′ö-.
<�rs�B]4�Ãø#O��
­�

�
�<� γ′öÏ��Omn9
frs�B]4.

Sidhu ]�

[19]

?& GTAW ���&'íÒÓ Rene80

~�s�Ä2Ï÷ø]4wx��B]4s½�Cì 
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Fig.4  Distribution and formation mechanism of liquation 

cracking 
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À 5  ÎÏR_��I AlvTiÐÑnÒ� 

Fig.5  Relationship between strain aging crack and Al, Ti content 
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Fig.6  Relationship between ductility-dip crack and Al, Ti 

content
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Research Status of Additive Repairing Technologies 

for Nickel-Based Cast Superalloy Blades 
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Abstract: Cast nickel-based superalloys are widely used in high-temperature parts such as gas turbine and aeroengine blades. During 

long-term operation, local damages of blades often occur, but the manufacturing cost is very high. If the local damage can be recovered by 

additive repairing, the cost and manufacturing cycle would be greatly reduced, and the resources would be saved, which has great social 

benefits and market value. In view of the service circumstances and failure modes of nickel-based cast superalloy blades for gas turbines 

and aeroengines, combined with the composition, microstructures and performances of nickel-based cast superalloy, the types, 

characteristics and formation mechanism of cracks in the repair of additive were analyzed systematically, the primary influencing factors of 

various cracks were described, and the reduction or avoiding of cracks were summarized from the two aspects of additive technology and 

material. In addition, the advantages and disadvantages of different methods and the possible research hotspots in the future were analyzed. 

Key words: nickel-based cast superalloy; additive repairing; cracking; technology; material 
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