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Abstract: Preparing high performance coating on piston surface by laser cladding is of significance for
prolonging the life of diesel engine. In laser cladding process the selection of appropriate parameters is
the key to improve the performance of cladding layer. Whereas the relationship between these factors is
non-linear stochastic and discrete it is significant to optimize some of them such as laser power scan—
ning speed and powder feed rate. For the laser cladding of nickel-based alloy powder on 38MnVS6 me—
dium carbon steel Ly(3%) orthogonal array is designed. Taking cladding width ~dilution rate and surface
hardness as evaluation indicators the weights of three parameters are obtained by the principal component

analysis ( PCA) . The optimal combination of laser power scanning speed and powder feed rate is ob—
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tained by the technique for order preference by similarity to ideal solution ( TOPSIS)

Mahalanobis distance. The results show that when the laser power is 850 W

based on

the scanning speed is 3

mm/s the powder feed rate is 3. 13 g/min and the coating has the best properties. The dilution rate of

cladding layer is decreased by 1. 13% and the average hardness of cladding layer is increased by 4. 56%

compared with those at the scanning speed of 3 mm/s. The range analysis shows that the laser power has

the most important effect on the size and overall quality of cladding layer.

Keywords: laser cladding; laser power; scanning speed; powder feed rate; dilution rate; principal com—

ponent analysis; technique for order preference by similarity to ideal solution
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( PCA) ( TOPSIS) "
3
. 1 38MnVS6
N N N N 1.1
67 38MnVS6 150 mm x
o 50 mm X5 mm 150 mm x 50 mm
1 o
N -120 ~200 (50 ~75 I.Lm)
o 2 o
1 38MnVS6
Tab.1 Chemical composition of 316L stainless steel %
C Si Mn A% Ti Cr Ni N S Fe
0.38 0. 65 1. 40 0.10 0.02 0.16 0.04 0.01 0.04
2
Tab.2 Chemical composition of nickel-based alloy powder %
C Si B Cr Fe Co Ni
0.30 ~0.50 3.00 ~4.50 2.00 ~3.00 11.00 ~15. 00 <17.00 8.00 ~12.00
Nd: YAG
HLD1001. 5 ( 3:1 HCI HNO, )
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Fig. 1 Morphology of cladding layer
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3
Tab.3  L( 33) orthogonal design and experimental results
PIW v/( mmes ") F/(gemin~") W/mm h/mm d/mm B/% /HVO0.2
1 650 2 3.13 1.922 0. 462 0. 382 22.92 674. 05
2 650 3 4.37 1.918 0.413 0. 454 22.49 554. 34
3 650 5 6.93 1. 851 0.332 0.235 29. 81 758.96
4 750 2 4.37 2.052 0.473 0. 439 18.75 583.51
5 750 3 6.93 1.908 0.479 0. 231 17. 84 580.91
6 750 5 3.13 1.89%4 0. 157 0. 406 26.74 658. 50
7 850 2 6.93 2.351 0.451 0.389 32.45 744. 34
8 850 3 3.13 2.067 0. 305 0.431 13.01 613.74
9 850 5 4.37 1. 833 0.271 0. 306 28. 82 743.23
. %2 """ %,
2 0, .. , 0
21 2 2
x-0» = g (2)
2.1 PCA O: : : :0
0 0
PCA Dxml me o xm,n D
m , n [l
o i i(i=12 m) j(j=1
X. 2 e n) .

X Z-Score
X R. R
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4
Tab.4 Eigenvalues and eigenvectors of coefficient matrix 6 o
o 6 P
A /%
1% 0.1201 v 0.0504.
1 1.810  60. 33 60. 33 0.0874 0.9961 0.0116
2 0.9939 33.13 93. 46 0.7047 0.0539 0.707 4
3 0.1962 6.540 100 0.7041 0.0697 0.7067 ; N
ﬂ). 7433 0.0421 0.032 6|]
G=00.0568 1.0030 0.8062C 6
EO. 0991 1.8140 2.25800 Tab.6 Average closeness of different parameters
M= 0.3422 0.3441 0.3138 " (7)
3.1.2 TOPSIS : 2 ’
W. B 3 PIW 0.4113 0.4214 0.5315 0.1201
’U/(mm's_l) 0.477 8 0.4590 0.4274 0.050 4
emin "' E 5 R R
TOPSIS Fi(g ) 0.5018  0.3992  0.4631  0.1026
- (0) : 3.1.3
P=850W »=3 mm/s
5 F=3.13 g/min
; 5 9 8 7 . 7
8 0.650 5 8
3.13 g/min. 4 .
8 o 2
8 o
7
’ Tab.7 Comparison of evaluation indicators
38MnVS6 W/mm  h/mm  d/mm  B/%
/HVO0. 2
P=80W v=3 mm/s F=
2. 067 0. 305 0.431 13.01 613.74
3. 13 g/min.
2.052 0.281 0. 406 12. 84 641.75
5

Tab.5 Distance and closeness among experimental

results and ideal solutions

d(z S7) d(z S7)
1 2.893 2.797 0.4916
2 4. 059 1. 596 0.2823
3 3.274 2.791 0.460 1
4 3. 660 2.577 0.4567
5 3.198 2.556 0.444 1
6 3.597 2.053 0.363 4
7 3. 150 2.969 0.4852
8 2.010 3.741 0. 650 5
9 3.231 2.738 0.4587

-0.73% -7.87% -5.80% -1.13% 4.56%

3
o 3
( ) .
20 mm x 10 mm x5 mm
2

37. 5% 1 mm
o 400 W, 8 mm.
700 °C . 350 C

2000 o
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3.2

2

Fig.2 Hardness distribution along depth direction

3

Fig.3  Microstructure of cladding layer

4 SEM

2 000

4
Fig.4 Surface morphologies of samples before

and after thermal fatigue test
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5
Fig.5 Effect of process parameters on the

size of molten pool

0.196 3 0.064 1.

8

Tab.8 Average closeness for different process parameters

1 2 3

PIW 0.2742 0.3279 0.470 6 0.196 3

v/( mmes™") 0.3846 0.3205 0.3677 0.064 1

F/(gemin~") 0.4233 0.3385 0.3109 0.1123

PCA

38MnVS6
19( 3%)
TOPSIS .

1) P =850 W v=

3mm/s F=3.13 g/min. 2000
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