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Coating on U71Mn Steel
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ABSTRACT: The work aims to study optimum process parameters of laser cladding Ni60-25%WC coating on U71Mn steel
surface. First, single-channel single-factor test was performed to preliminarily select four process parameters, namely, laser
power (A), powder feeding rate (B), scanning speed (C) and spot diameter (D). Then, single-channel orthogonal test involving 4
factors and 3 levels was completed. Range analysis was done with cladding layer width, height and dilution ratio as criteria of
cladding layer quality. Finally, optimum process parameters were obtained, microhardness and microstructure of the cladding
layer were analyzed. The process parameters obtained from the single-channel single-factor test were: A=1500 W, B=4 g/min,
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C=6 mm/s and D=2.2 mm. The optimum process parameters by single channel orthogonal experiment showed that A=1500 W,

B=4 g/min, C=6 mm/s, D=2.2 mm; the range analysis showed that degree of effect of process parameters on quality criteria was
different. For effect on cladding layer width, the order was C>B>A>D; for effect on cladding layer height, B>C>D>A; and for
effect on dilution ratio of cladding layer, B>D>C>A. Comparison showed that powder feeding rate was the dominating impact

factor of cladding layer. The microhardness of cladding layer was up to 1170HV, which was 3.7 times of that of substrate. A

smooth and closely-bonded cladding layer can be prepared, and surface hardness is increased obviously by laser cladding

Ni60-25%WC coating on U71Mn steel surface.

KEY WORDS: laser cladding; U71Mn steel; process parameters; orthogonal test; microhardness; microstructure
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Tab.1 Parameter combination for single-factor test

Sam- Laser  Feeding rate/ Scanning Spot dia-

ples power/W (g-minfl) speed/(mm'sfl) meter/mm
1 900 16 6 2
2 1100 16 6 2
3 1300 16 6 2
4 1500 16 6 2
5 1500 4 6 2
6 1500 10 6 2
7 1500 1 6 2
8 1500 4 7 2
9 1500 4 5 2
10 1500 4 4 2
11 1500 4 6 2.2
12 1500 4 6 2.4
13 1500 4 6 2.6

AN ST B2 0 % W 0 I 3 2 R
AN 1R 2 TR o AS[R] D30 2 B 52 ) i
MOV 1a, WEGRE 1—4 K T 900, 1100,
1300 W KKK, ByR¥RsEarmi, WEZER
LR HRG A — 2 PR AR s TR N 1500 W BT,
IR Z e etk , RIOCH, MR R H Bk
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Fig.1 Macro-morphology of cladding layer under different parameters: a) different laser power, b) different powder feeding rate,
c) different scanning speed, d) different spot diameter
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Tab.2 Main dimensions of cladding layer under different parameters

Samples 1 2 3 4 5

7 8 9 10 11 12 13

Width/mm 2.56 2.98 3.02 3.14 2.76
Height/mm 1.30 1.52 1.52 1.56 0.78

2.44 2.76 2.85 332 2.88 3.10 3.06
0.42 0.46 1.15 1.32 0.62 0.54 0.52
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Tab.3 Experimental factors and levels

Laser  Feeding rate/ Scanning spe- Spot Dia-

Factors  wer/W  (g'min ') edimm's ') mier/mm
Level 1 1450 2 5 2
Level2 1500 4 6 22
Level3 1550 6 7 24
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Tab.4 Combination of parameter arrangement mode

Samples FactorA  FactorB  Factor C  Factor D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

K2 IESCIEE ) 1R WS
Fig.2 Macro morphology of cladding layer in orthogonal test
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Fig.3 Cladding layer width, height and pool depth measurement
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Tab.5 Reference index table

Samples 1 2 3 4 5 6 7 8 9

Wr;‘i;h/ 2.8 276 2.70 2.62 2.76 3.18 2.70 3.20 2.98
Hfrllill“/ 0.77 0.81 0.81 0.47 0.77 122 0.51 0.92 1.16
I;‘t’}?/ﬁg 0.75 0.51 0.43 0.96 0.46 0.53 0.85 0.65 0.55
Dfa‘fii)on 0.49 0.39 0.35 0.67 0.37 0.30 0.63 0.41 0.32
x6 WMEEX
Tab.6 Range table

Index Factor A Factor B Factor C Factor D

K, 826 8.12 9.18 8.54

K, 856 8.72 8.36 8.64

K;  8.88 8.86 8.16 8.52

Width/mm K,  2.75 2.71 3.06 2.85

ky 285 2.91 2.79 2.88

ks 296 2.95 272 2.84

R 021 0.24 0.34 0.04

K, 2.29 1.75 291 2.70

K, 246 2.50 2.44 2.54

Ky 259 3.09 1.99 2.10

Heighmm & 0.76 0.58 0.97 0.90

kh 082 0.83 0.81 0.85

ks 0.86 1.03 0.66 0.70

R 0.10 0.45 0.31 02

K, 126 1.76 1.20 118

K, 134 1.17 1.38 1.32

Ky 136 0.97 1.35 1.46

Dilutionratio & 04100  0.5866  0.4000  0.3933
ky 04467 03900 04600  0.4400

ky 04533 03233 04500 0.4767

R 00433 02633 0.0500  0.0834
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Fig.6 Microstructure of cladding layer: a) weld pool, b) U71Mn melting zone, c) junction between cladding layer and substrate,
d) unmelted WC particles
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