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Research of residual stress in laser cladding of Ni60A on stainless steel
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Abstract; The effects of laser power, scanning speed and powder feed rate on the residual stress of

laser cladding Ni60A on stainless steel substrate were investigated via orthogonal experiments. The

experimental results show that the most significant parameter affecting the residual stress is scanning

speed, followed by the laser power and feed rate. When the scanning speed is 180mm/min, the

laser power is 1.5kW and the powder feeding rate is 3g/s, the residual stress is the minimum. Under

the optimal condition, a favourable metallurgical bonding forms between the substrate and cladding

powder with a uniform cladding layer of crystal microstructure without minor defection. The results

can provide an empirical basis for laser cladding of impellers and screws.
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Tab.1 Powder composition of Ni60A

JLE C Cr Si B Fe Ni
JRESE 05~ 14~ 3.5~ 3.0~
WARIEEN <38.0 fﬂé‘%
% 1.0 19 50 4.5

1.2 EWHE
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Tab.2 Parameter of orthogonal experiments

ot/ IR/ R/
Jre i i
kW (mm + min™") (g+s™")
1 1.2 180 3
2 1.2 240 4
3 1.2 300 5
4 1.5 180 4
5 1.5 240 5
6 1.5 300 3
7 1.8 180 5
8 1.8 240 3
9 1.8 300 4
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Tab.3 Residual stress of orthogonal experiments

o' EEET ] Eh A LS
F5 %/ I/ W/ EMNJ) YIREJ1/
kW  (mm-min') (g-s') MPa MPa
112 180 3 144.88 1.0
2 12 240 4 508.32 87
3012 300 5 194.05 1.1
4 15 180 4 16.82 8.1
5 15 240 5 426.66  85.7
6 15 300 3 32.83 6.2
7 1.8 180 5 277.36  74.4
8 1.8 240 3 275.80  57.2
9 18 300 4 284.78 12.3
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Tab.4 Analysis result of residual positive stress

s BotHe/ Efﬁﬁ%?j ;ﬁﬁ;‘i/
kW (mm + min"") (g+sh)

K, 847.25 439.09 453.51
K, 476.31 1210.78 809.92
K, 837.94 511.66 898.07

T, 282.42 146.36 151.1
T, 158.77 403.59 269.97
T, 279.31 170.55 299.36
R 123.65 257.24 148.19
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Fig.1 Tendency of residual positive stress
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Fig.2 The surface morphology of laser cladding layer
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(b) 1.5 kW, 240 mm-min, 3 g/s
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Fig.3 Metallurgical diagram of cladding layer micro-

(c) 1.2 kW, 180 mm-min?, 3 g/s

structure
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Fig.4 Metallurgical microstructure under the condi-
tion of 1.5 kW, 240 mm/min, 5 g/s (at a

magnification of 200)
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Fig.5 Metallurgical micro-structure under the condi-
tion of 1.5 kW, 180 mm/min, 4 g/s
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Tab.5 The micro-hardness of orthogonal experiments

e BOeThR, FEE,  EhE B
kW (mm - min™") (g-s™") HV
1 1.2 180 3 785.34
2 1.2 240 4 970.93
3 1.2 300 5 862.36
4 1.5 180 4 933.28
5 1.5 240 5 895.34
6 1.5 300 3 957.42
7 1.8 180 5 834.05
8 1.8 240 3 705.46
9 1.8 300 4 970.87
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Tab.6 The analysis result of micro-hardness 750
L ot/ AL/ b5/t v e — I % &
TEW T Gmemnh (e S5 04 fg & @ kR
mm * min g-s % % e g g g Uz g §
K, 2 618.63 2 552.67 2 448.22 E 5 5 o
K, 2 786.04 2 571.73 2 875.08
Ee6 BEREEEVUSTEEE
K, 2 510.38 2 790.65 2 591.75 . .
Fig.6 The tendency of micro-hardness
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