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Influence of Process Parameter on the Residual
Stress of the Co-based Alloy Plasma Cladding
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(School of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

ABSTRACT: The work aims to study the distribution of residual stress of plasma cladding of Co-based alloy under different
process parameters and select the optimal combination of process parameter to reduce the residual stress. Orthogonal experiment
was designed and nine groups of single channel Co-based plasma cladding samples with different process parameters were pre-
pared by plasma cladding. Blind-hole method was used to measure the residual stress at the starting location, intermediate loca-
tion and finish location of each sample, and the influence of working current, scanning speed and powder feeding rate on the re-
sidual stress was analyzed. The residual stress on the surface of the samples was mainly tensile stress, and the residual stress at
middle location was the maximum. The residual stress parallel to the scanning path was greater than that perpendicular to the
scanning path. When the working current was 92 A, the scanning speed was 100 mm/min, and the powder feeding rate was 12
r/min, the residual stress of the formed sample was the minimum. The working current has the most significant impact on the re-
sidual stress of the starting location and the finish location parallel to scanning path and other locations in all directions. The

most significant factor is the scanning speed. The greater the working current is, the greater the residual stress is. With the in-
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crease of the scanning speed, the residual stress becomes smaller. With the increase of the powder feeding rate, the residual

stress has an increasing trend. The residual stress can be effectively controlled by selecting the proper combination of process

parameters.

KEY WORDS: plasma cladding; Co-based alloy;orthogonal test; blind-hole method; residual stress; process parameter
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Tab.1 Process parameters in the experiment

Working Scanning speed/ Powder feeding Nozzle Ionic gas Feeding gas Protected gas
current/A (mm-min ") rate/(rmin") distance/mm flow/(L-h™") flow/(L'h ™) flow/(L-h ™"
90, 95, 100 90, 100, 110 8, 10, 12 5 0.7 3 5
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Tab.2 Orthogonal test design
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Tab.3 Measurement results of cladding thickness

No. Working Scanning Po_wder Empty
current speed feeding rate row
1 1(92 A)  1(80 mm/min) 1(8 r/min) 1
2 1 2(90 mm/min) 2(10 r/min) 2
3 1 3(100 mm/min) 3(12 r/min) 3
4  2095A) 1 3
5 2 2 3 1
6 2 3 1 2
7 3(98A) 1 3 2
8 3 2 1 3
9 3 3 2 1

Thickness Thickness Thickness
No. of starting of middle of finish
location/mm location/mm location/mm

1 1.17 1.57 0.87
2 1.21 1.65 1.08
3 1.44 1.76 1.16
4 1.23 1.56 0.93
5 1.55 1.87 1.13
6 1.23 1.52 0.73
7 1.54 1.88 1.18
8 1.26 1.49 0.74
9 1.22 1.61 1.04

Middle 1 i
Strating location  1.47 iddle location 178

b rhEf B

Finish location 137

K1 RBR =4E A
Fig.1 3D topography of cladding layer
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Fig.2 Schematic diagram of residual stress testing
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Fig.3 Sample of residual stress test
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Tab.4 Presumed value of residual stress
No. A B C D

o, /MPa o,/MPa o, /MPa o,/MPa o,/MPa o,/MPa o,/MPa o,/MPa

1 158.79 109.39 218.80 137.71 187.52 136.31 234.13 127.79

2 66.33 -51.23 275.57 166.35 183.66 96.01 249.20 130.97

3 -14.11 -117.95 169.10 81.94 74.31 —41.40 172.58 136.84

4 124.99 103.29 253.60 154.07 149.57 114.55 241.73 202.67

5 113.45 —4.38 300.12 194.98 222.21 67.82 259.88 142.83

6 59.87 -33.07 222.87 142.64 156.64 89.45 178.41 87.50

7 253.10 105.66 355.07 291.92 315.00 99.87 327.58 279.74

8 176.08 113.95 298.99 130.31 178.88 62.02 258.35 155.16

9 138.81 -14.19 213.26 117.46 188.57 27.10 206.10 102.86
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Tab.5 Intuitive analysis results of
residual stresses at point A

Direction Working Scanning quder
current speed feeding rate
ky 70.33 178.96 131.58
ky 99.44 118.62 110.04
s ks 189.33 61.53 117.48
R 119.00 117.43 21.54
ky -19.93 106.12 63.42
ky 21.95 19.44 12.62
» ks 68.48 -55.07 -5.55
R 88.40 161.18 68.98
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Tab.6 Intuitive analysis results of residual
stresses at points B and D

Loca- Direc- Working Scanning Powder
tion  tion current speed feeding rate
ky 221.16 275.82 246.89
k> 258.86 291.56 247.51
% k3 289.13 201.78 274.76
B R 67.98 89.78 27.87
ky 128.67 194.56 136.89
ky 163.90 163.88 145.96
% k3 179.90 114.01 189.61
R 51.23 80.55 52.73
ki 218.63 267.81 223.63
ks 226.67 255.81 232.34
o ks 264.01 185.70 253.34
D R 45.38 82.12 29.71
ky 131.86 203.40 123.49
ks 144.33 142.98 145.50
? k17925 109.07 186.47
R 47.39 94.33 62.98
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Tab.7 Range analysis results of residual stresses at point C

Direction Working Scanning Powder
current speed feeding rate
ky 148.49 217.36 174.34
k> 176.14 194.91 173.93
Oy
k3 227.48 139.84 203.84
R 78.99 77.53 29.91
ky 63.64 116.91 95.93
ky 90.60 75.28 79.22
oy
’ ks 63.00 25.05 42.09
R 27.61 91.86 53.83
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Fig.4 Residual stress at different working current: a) point A, b) point B, ¢) point C, d) point D
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Fig.5 Residual stress at different scanning speed: a) point A, b) point B, ¢) point C, d) point D
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