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Research on Continuous/Pulse Laser Cladding Superalloy K403
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Abstract Aiming at the special requirement of laser cladding on aereoengine blade, the influences of continuous/
pulse beam on cladding performance for K403 substrate was studied experimentally on a transverse CO,laser and its
processing system, compared with continuous laser beam. by using pulse laser beam, the hardness of cladding layer
increased for about 5% ,while the duty rate and area of heat-affected zone decreased for about 20% and about 50% ,
respectively. Cladding with pulse laser beam could weaken the gathering of alloy elements and the formation of low
melting eutectic structure, resulting in the absence of liquid state membrane on grain boundary. In addition, the
tension stress in solidification is greatly reduced during pulse laser cladding due to the less deform of substrate, and a
higher degree of superheat induced fully mixing of the melting pool and decreased the brittleness of substrate, so, the
heat cracking behavior of K403 substrate under continuous laser beam cladding was avoided under pulse laser beam

cladding.
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Fig. 1 Mode of laser beam
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Fig. 2 Parameters of cladding layer dimensions
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Table 1 Chemical composition of Stellite X-40
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(mass fraction, %)
C Cr Si Mn W Ni Co Fe
0.85 25.0 0.3 0.3 7.5 10 Bal. 1.0

# 2 K403 #y Al e # Ot 73 8. 70)

Table 2 Chemical composition of K403 (mass fraction, %)

C Cr Co w Mo Al

Ti Fe Zr Ce B Mn Ni

0.11~0.18 10.0~12.0 4.5~6.0 4.8~5.5 3.8~4.5 5.3~5.9 2.3~2.9 <2.0 0.03~0.08 <C0.02 0.012~0.022 < 0.5 Bal
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Table 3 Morphology of cladding layer with continuous/pulse laser
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Fig. 3 Relationship between heat input and cladding layer dimensions
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Fig. 4 Relationship between heat input and dilution ratio
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Fig. 6 Comparison of heat affected zone between pulse (a) and continuous (b) laser cladding
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Fig. 7 Typical crack of continuous-laser cladding layer
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Table 4 Chemical composition of the point 1
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Fig. 8 Alloy element map at grain boundary of substrate

F5 WA XL 2 M ETAE RS OREEL 7
Table 5 Chemical composition of the point 2

(mass fraction, %)

Cr Co w Mo Al Ti Ni
17.81 30.68 9.1 2.5 2.3 1.4 35. 14
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Table 6 Chemical composition of the point 3

(mass fraction, %)

Cr Co w Mo Al Ti Ni
17.44 30.72 7.3 2.3 1.8 1.1  38.24
BABAESE A O B2 X iy i AR e

SR FH T o 0O R AT e A S 18 9 TR Dl LA
Bk O T2 2B BB (O RO 5
@ . T

B9 K403 M4 Rk Ik vh O 1 48 57
Fig. 9 Cladding layer morphology of K403 with

pulse laser
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