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Table 1  Test material composition (ω/%) 

Material Ni Cr Nb Mo Ti Al Co C Fe 

Cladding layer 50.25~55.87 17.22~21.83 4.75~5.55 2.84~3.83 0.65~1.62 0.23~0.84 0.93~1.02 0.03~0.08 Bal. 

K418 50.01~55.20 17.01~21.04 4.42~5.38 2.81~3.32 0.62~1.53 0.34~0.75 0.36~0.98 0.02~0.08 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

° 1  pqrs� !o ±²mi 

Fig.1  Output waveform of pulsed laser for laser remanufacture 

 

 

 

 

 

 

 

 

 

 

° 2  ³´�µ¶#·z¸¹º»¼Td½ 

Fig.2  Double half ellipsoid energy distribution of molten pool in 

the dynamic process 
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° 3  TUVWHIrs� !"O�# 

Fig.3  Process of the volume damage impellers for laser remanu- 

facture: (a) overall morphology of the volume damage 

blades before laser remanufacture and (b) overall morpho- 

logy of the blades after laser remanufacture 
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° 4  Li�SÀÁÂGÃÄÅ 

Fig.4  Metallographic structure of the forming layer and interface: (a) top cladding layer, (b) middle cladding layer, 

(c) bottom cladding layer, and (d) cladding interface 

 

 

 

 

 

 

 

 

 

 

 

° 5  rs³Æ��Ç²ÈÉZ XRD°Ê 

Fig.5  XRD patterns of precipitated particle in the laser cladding layer 

 

 

 

 

 

 

 

 

 

 

° 6  rs� !Li��kT��d½ 

Fig.6  Hardness distribution of the cladding layer and substrate 

 

 

 

 

 

 

 

 

 

 

 

° 7  � !HI�����&Ë¸|} 

Fig.7  Test result of remanufacturing impeller dynamic balance 
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Abstract: Due to the high material cost, the complex manufacturing process and the frequent volume damage of K418 cast superalloy 

impeller, the laser remanufacture for edge volume damage of this type was taken as a target, and the composition-approached and 

process-matched alloy was designed. Its shape and performance was recovered by the waveform modulated pulse laser. The results show 

that no surface and internal cracks exist, while a metallurgical bonding occurs between the forming layer and the substrate. The forming 

precision is within 1 mm, and the deformation precision is within 0.03 mm. The surface HV

0.1

 hardness of the forming zone is 9~14 GPa, 

which is 20% higher than that of the substrate. In the high temperature dynamic balance test, the maximum rotation speed of the impeller is 

13 500 r/min, the maximum difference value with the ideal design amplitude is 0.4 mm, and there is no deflection and surge. It can meet 

the dynamic balance performance requirements. 

Key words: pulsed laser; impeller; remanufacture; K418 
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