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ABSTRACT

This research examines the effect of laser single layer coating process parameters including laser power, scanning speed
and powder feeding rate on the geometrical characteristics of the layer (width, height, depth of penetration and fusion)
by mathematical and experimental models. The powder used is NiCoCrAlY, which is coated on a substrate of nickel
base CMSX-4 superalloy by laser coating process. In order to optimize the parameters and reduce the time spent in
repeating the process , Statistical-experimental modeling of single-pass freezing geometry and microstructure was done
using response surface method and linear regression analysis. The results showed that the predicted values correspond to
the measured values. This review confirms the effectiveness of the models obtained from the regression analysis. Finally,
the relationship between the main process parameters and geometrical characteristics were studied. Statistical modeling
showed that there is a linear relationship between the geometrical characteristics of single-pass coating and the main
parameters of the process. The correlation coefficient for all obtained equations was more than 0.9. The modeling results
showed that the laser power has a direct effect on all the geometric features, While the powder feeding rate only affects the
thickness and has a negative effect on the width and depth of penetration of the coating layer, The scanning speed has a
negative effect .The optimal parameters of the process obtained from the response surface method are the laser power of
850 W, the scanning speed of 15 mm/s and the powder feeding rate of 4 g/min .
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h = —0.44590 +(6.55E — 004P)+(1.5E =003V ) +(0.025F ) - (1.875E = 005 PF ) — (7.75E — 004VF ) ®

_ —0.44590 +(6.55E —004P) +(1.5E — 003V ) +(0.025F ) - (1.875E — 005PF ) - (7.75E — 004VF )

()

018175 +(14.27E —004P) — (0.03647 ) - (0.3974F ) + (4.075E —004PF ) +(4.615E — 003/F
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Source SS DF MS F Value P value
Model 0.028 5 5.588E-003 13.86 0.0016 significant
P 0.027 1 0.027 66.74 <0.0001
A\ 5.120E-004 1 5.120E-004 1.27 0.2970
F 2.205E-004 1 2.205E-004 0.55 0.4837
PF 5.625E-005 1 5.625E-005 0.14 0.7198
VF 2.403E-004 1 2.403E-004 0.60 0.4654
Residual 2.823E-003 7 4.032E-004
Cor Total 0.031 12
Std. Dev. 0.020 R-Squared 0.9082
Mean 0.12 Adj R-Squared 0.8427
CV.% 16.35 Pred R-Squared 0.6369
PRESS 0.011 Adeq Precision 9.749

Design-Expert® Software Perturbation

h 0.19 —

®h A

Actual Factors

AP =850.00

B:V=15.00 01525 |

C:F=4.00

B
C
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0.04 —|
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Deviation from Reference Point (Coded Units)
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P(W) V(mm/s) F(g/min) W(mm) Eq.2  Error(%) H(mm) Eq.3 Error(%)

750 10 4 0465 0466 0135 0179 0200 11617
750 15 2 0429 0433 0874 0150  0.171 13857
750 15 6 0457 0468 2353 0090  0.101 12283
750 20 4 0450 0435 3361 0101 0089 11837
850 10 2 1305 1286 1469 0534 0483 9521
850 10 6 1232 1241 0716 0483 0461 5547
850 15 4 1229 1218 0879 0357 0391 9571
850 20 2 1164 1196 2713 0278 0242 12.802
850 20 6 1161 1151 0898 0450 0408 9293
950 10 4 1537 1600 4091 0820 0734 10452
950 15 2 1646 1588 3554 0406 0455 12016
950 15 6 1514 1463 3402 0687 0722 5103
950 20 4 1403 1450 3359 0545 0553 1384

£=2.139 £=9.637

LT slagy (Sotol wuoyd 5 3985 Goe sy Uas duoyd 5 (B) 9 (F) ¥olre 1 Juols ouuls s iy p0lio ¢ 025 Woold 4 bgs po ledbl :A Jgaz

P(W) V(mm/s) F(g/min) h(mm) Eq.4 Error(%)  D(%) Eq.5 Error(%)

750 10 4 0.081 0.073 10.064 31154 26719 14235
750 15 2 0.045 0.050 11.887 23077 22769 1336
750 15 6 0.048 0.056 17.390 34783 35798 2920
750 20 4 0.050 0.057 13.696 33113 38966 17676
850 10 2 0.134 0.128 4217 20060 20989 4631
850 10 6 0.133 0.133 0261 21417 22439 4769
850 15 4 0.150 0.133 11435 29.586 25352 14311
850 20 2 0.150 0.138 8.101 35047 36251 3437
850 20 6 0118 0.102 13.689 20.775 19969 3878
950 10 4 0.190 0/189 0.606 18812 20457 8745
950 15 2 0.177 0.190 7259 30360 29451 2996
950 15 6 0.165 0172 4150 19366 19224 0732
950 20 4 0.156 0.173 10800 22254 23828 7074

e=8/735 £=6/672
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Solution

A\ F \\Y H h Desirability

Number

1 830.27 16.22 5.77 1.08069 0.35894  0.103778 1.000 Selected
2 816.96 11.60 4.86 1.0355 0.356704 0.109671 1.000

3 831.54 10.24 5.56 1.13709 0.404503 0.121974 1.000

4 808.91 11.50 3.36 0.9834  0.357771 0.104055 1.000

5 837.27 13.73 2.54 1.16931 0.367255 0.119548 1.000

6 880.64 18.71 3.99 1.32108 0.404828  0.13473 1.000

7 844.57 14.11 2.46 1.21177 0.370001  0.12395 1.000

8 834.64 13.54 3.28 1.14792  0.37233  0.117137 1.000

9 837.05 17.40 5.21 1.1144  0.356311 0.10635 1.000

10 848.74 13.80 2.36 1.24013 0.383526 0.126772 1.000
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