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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 

 

���
����

1) R5{�|§ �}î[\~=P��v��

uÚ��sq½-�	�G¡¢��	ó ���u�

��Úsq�� 1.2 kW����3| 5 ms�%���

| 1.5 ms��m�| 1:1=�bP��;<Ú K418Ý

�µ¶�¥��tuv��	()?3© 1 mm$:�

	Ð?3© 0.03 mm$:J 

2) �	Å
R��	�þ�=�¶õµ��	Å

:���k=fbDEøù	��Ý�,-IJFZ

4@¼�u�©%&��Ý�BTUOV=���I

a 

30°~40° 

b 

c d 

50 µm 

200 µm 

10 µm 

200 µm 

20      40      60      80 

2θ/(°) 

8000

7000

6000

5000

4000

3000

2000

1000

0

I
n

t
e
n

s
i
t
y

/
c
p

s
 

NiC

x

 

AlNbNi 

Ni

2

V 

Fe

0.64

Ni

0.36

 

200       600       1000 

Distance from the Top/µm 

2000

1800

1600

1400

1200

1000

800

600

H
a
r
d

n
e
s
s
,
 
H

V

0
.
1

/
�

1
0

 
M

P
a
 

First 

Second 

Third 

Average 

1.5

1.0

0.5

0.0

A
m

p
l
i
t
u

d
e
/
m

m
 

0    2    4   6    8   10   12 

Rotation Rate/�10

3

 r·mm

-1

 

Designed standard 

Tested result 



� 10�                          �����K418	
��
���������������                      �3319� 

����� 20%���	�
��
 

3) ������������� 13 500 r/min�

������� !"#
 

 

����    References 

[1] Lu Penghui(���), Liu Jianrui( !"), Xue Lei(# $) et 

al. Rare Metal Materials and Engineering(%&�'()�*

+)[J], 2012, 41(2): 315 

[2] Lang Jingwei(,-.), Du Xiaodong(/01), Chen Fengjun 

(234) et al. China Surface Engineering(5678*+)[J], 

2016, 47(6): 103 

[3] Lee B, Suh J, Lee H et al. Engineering Failure Analysis[J], 

2011, 18(7): 1900 

[4] Farrhi G H, Tirehdast M, Masoumi K A et al. Engineering 

Failure Analysis[J], 2011, 18(1): 474 

[5] Zhao Yanhua(9:;). Thesis for Doctorate(<=>?)[D]. 

Jinan: Shandong University, 2015 

[6] Shi Zhaoxia(@AB), Dong Jianxin(C!D), Zhang Maicang 

(EFG). Rare Metal Materials and Engineering(%&�'(

)�*+)[J], 2012, 41(11): 1935 

[7] Ren Weibin(���), Dong Shiyun(CHI), Xu Binshi(JK

=) et al. Journal of Harbin Institute of Technology(LMK*

NOPPQ)[J], 2017(5): 173 

[8] Ren Weibin(���), Dong Shiyun(CHI), Xu Binshi(JK

=) et al. Journal of Materials Engineering(()*+)[J], 

2017, 45(5): 1 

[9] Meng Qingsen(RST). Metal Weldability Foundation(�'U

V�WX)[M]. Beijing: Chemical Industry Press, 2010 

[10] Ren Weibin(���), Dong Shiyun(CHI), Xu Binshi(JK

=) et al. Rare Metal Materials and Engineering(%&�'(

)�*+)[J], 2017, 46(9): 2487 

[11] Han Xiaohui(Y0�), Chen Jing(2 Z), Kan Ying([ \) et 

al. Chinese Journal of Lasers(56��)[J], 2017, 44(5):  

502 002 

[12] Chen Lie(2 ]), Xie Peilin(^_`). Laser Technology(�

�ab)[J], 2007, 31(5): 518 

[13] Liu Yongchang( cd), Guo Qianying(efg), Li Chong 

(h �) et al. Acta Metallurgica Sinica(�'PQ)[J], 2016, 

52(10): 1259 

[14] Deng Wangqun(ijk), Gao Deping(	lm). Journal of 

Aerospace Power(nopqPQ)[J], 2003, 18(5): 669 

 

 

 

Forming and Performance Control of Pulsed Laser Remanufacturing 

for K418 Alloy Impeller 

 

Ren Weibin

1

, Zhou Jinyu

1

, Zhang Suorong

1

, Xu Binshi

2

, Wang Yujiang

2

, Chen Guoyan

1

 

(1. Jiangsu University of Technology, Changzhou 213001, China) 

(2. Science and Technology on Remanufacturing Laboratory, Academy of Armored Force Engineering, Beijing 100072, China) 

 

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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