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Abstract To improve the service life of 45 steel shaft parts, we aim to study optimum process parameters of laser
cladding Ni60AA coating on 45 steel shaft surface. The cladding process test of shaft surface was carried out with
multi-pass spiral lap technology, namely, a Ni60AA alloy cladding layer was prepared on a 45 steel substrate. Based
on the single variable method, the single factor cladding experiments were carried out on three process parameters,
namely laser power, powder feeding rate and shaft speed. The thickness of cladding layer, dilution ratio and micro-
hardness were selected as the evaluation indexes of coating quality. Based on the single factor experiment, the
orthogonal experiment of three-factor and three-level was completed. The multi-objective comprehensive

optimization of the process parameters was finished by the weight matrix method, and the microstructure and micro-
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hardness of the optimized cladding coating were analyzed. At the same time, friction and wear experiments were
carried out at different working temperatures, and the friction coefficient, wear rate and wear scar morphology were
analyzed and the feasibility of process optimization is verified. Powder feeding rate has the largest comprehensive
influence ability, followed by laser power and shaft speed. The optimal parameters are laser power of 1400 W,
powder feeding rate of 16. 3 g/min, and shaft speed of 2. 3 r/min. The thickness and micro-hardness of the cladding
coating were increased by 3.49% and 2. 8% respectively compared with those before optimization. When the test
temperature is 35, 80 and 125 °C, the average friction coefficient of the cladding coating is 28.5%, 21.1% and
11. 8% lower than that of 45 steel and the wear rate of the cladding coating is 87. 6%, 86.6% and 80.9% less than
that of the substrate. Ni60OAA cladding coating with high forming quality and significantly improved hardness and

wear resistance can be obtained by optimizing the laser cladding process parameters.
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Table 1 Chemical composition of Ni6OAA powder

Element C B Cr Fe Si O Ni

Mass fraction /% 1.11 2.56 20.43 4.15 5.65 0.03 Bal.
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Fig.1 Coaxial powder feeding laser forming system
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Fig.2 Laser cladding principle of shaft parts
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Table 2 Parameter for single-factor test

Group Serial Power /W Powder fee.diiqg Shaft s.peied /
number rate /(gemin~") (remin™")
1-1 600 14.2 2.5
1-2 750 14.2 2.5
1-3 950 14.2 2.5
1-4 1200 14.2 2.5
1 1-5 1500 14.2 2.5
1-6 1800 14.2 2.5
1-7 2200 14.2 2.5
1-8 3700 14.2 2.5
1-9 3400 14.2 2.5
2-1 2200 6.3 2.5
2-2 2200 7.5 2.5
2-3 2200 9.7 2.5
2-4 2200 11.7 2.5
2 2-5 2200 14.2 2.5
2-6 2200 16.3 2.5
2-7 2200 19.5 2.5
2-8 2200 22.9 2.5
2-9 2200 25.5 2.5
3-1 2200 14.2 1.0
3-2 2200 14.2 1.5
3-3 2200 14.2 2.0
3-4 2200 14.2 2.5
3 3-5 2200 14.2 3.0
3-6 2200 14.2 3.5
3-7 2200 14.2 4.0
3-8 2200 14.2 4.5
3-9 2200 14.2 5.0
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Fig. 3 Effects of laser power on morphologies and properties
of cladding coating. (a) Morphologies of cladding
coating; (b) variation of thickness, dilution ratio and
micro-hardness with laser power
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Table 3

powder disc speeds

No. Disc speed /(r+min~") Powder feeding rate /(g+min ")
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Fig. 4 Effects of powder feeding rate on morphologies and
properties of cladding coating. (a) Morphologies of
cladding coating; (b) variation of thickness, dilution

ratio and micro-hardness with powder feeding rate
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Fig. 5 Effects of shaft speed on morphologies and properties
of cladding coating. (a) Morphologies of cladding
coating; (b) variation of thickness, dilution ratio and

micro-hardness with shaft speed
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Table 4 Experimental factors and levels

Factor
Level Powder feeding rate /  Shalft speed /
Power /W ) .
(gemin ") (remin™ ")
Level 1 1400 11.7 2.3
Level 2 1500 14.2 2.5
Level 3 1600 16.3 2.7
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Table 5 Orthogonal experiment scheme

No. Factor A Factor B Factor C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

#6 IESCIAERAS R

Table 6 Orthogonal experiment result

No. Thickness /mm Dilution ratio /% Micro-hardness /HV

1 1.11 11.4 939
2 1.23 8.34 1034
3 1.32 4.90 1084
4 1.03 16.2 913
S 1.12 11.9 1019
6 1.54 9.46 983
7 1.03 18.1 965
8 1.35 13.6 954
9 1.42 11.2 1044
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Table 8 Matrix analysis of various factors and levels
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Table 7 Range analysis

Index Factor A Factor B Factor C
K, 1.22 1. 06 1.33
K, 1.23 1.23 1.23
Thickness /mm
K, 1.27 1.43 1.16
R 0.05 0.37 0.17
K, 8.21 15.23 11.49

o K, 12,52 11.28  11.91
Dilution rate /%

K, 14. 30 8.52 11.63
R 6.09 6.71 0.42
K, 1019 939 959
) K, 972 1002 997
Micro-hardness /HV
K, 988 1037 1023
R 47 98 64

Factor level VA Z, A Z .
A, 0.0278 0. 2066 0.0769  0.1037
A, 0.0280 0.1355 0.0734  0.0789
Ay 0.0289 0.1186 0.0746  0.0741
B, 0.1787 0.1227 0.1478 0.1497
B, 0.2074 0.1656 0.1578 0.1769
B, 0.2411 0.2192 0.1633 0.2078
C, 0.1030 0.0108 0.0986  0.0708
C, 0.0953 0.0104 0.1025 0.0694
C, 0.0898 0.0106 0.1052  0.0685
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Fig. 6  Microstructures and micro-hardness of cladding coating. (a) Bottom region; (b) middle region; (c) top region;

(d) micro-hardness distribution along depth direction
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Table 9 EDS scanning at different positions in Fig. 6

Mass fraction / %

Area

Ni Fe Cr Si C B
A 23.56  69.48 4.03  1.85 1.08  —
B 15.30  47.22  29.68 1.08 6.71 —
C 28.13  56.59 11.03 0.78 3.48 —
D 5.05 4.79 84.56  0.68 2.59 2.32
E 38.99 7.73 40.40 3.12 9.77  —
F 34.94 3.98  26.02 4.20 29.88 0.98
G 22.17 3.80  50.59 2.81 20.63 -
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