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Process Parameter Optimization of Remanufactured HT250 Matrix by Sub Moments of
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Abstract: The selection of the process parameters of the sub laser flash smelting is essential for the surface quality of
the remanufacturing products. The surface defects of HT250 substrate were repaired by sub moments of laser cladding
technology, the process parameters were optimized by using response surface method (RSM) and finite element method
(FEM), and the effect of in detail power, processing time, velocity and gas flow on tensile strength of remanufactured
sample were also analysized in detail. It is found that the tensile strength is significantly influenced by the input power P
and single repair time ¢, while the influence of other factors is weak. The optimal remanufactured HT250 matrix condi-
tions are input power of 2 800 W, processing time of 0. 57 s, speed of 6.5 mm/s, and gas flow of 3 L./min.
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Table 1 Experiment factors and numeric value

Value level

Factor
—1 0 1
P/W 2 800 3 000 3 200
t/s 0.57 0.61 0.65
V/(mm=+s™ 1) 5 6.5 8
G/(L * min™ ") 1 3 5
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Table 3 Experimental runs and results

Response
Process factors
factors
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Fig. 1 Schematic diagram of the tensile sample (Unit; mm)

%2 Cr20Ni80 fL M 5
Table 2 Chemical compositions of Cr20Ni80

(w/ %)
Element C Mn Si P
Content <0.08 <C0.6 0.75-1.6 <20.02
Element S Al Cr Ni
Content <0.015 <0.5 20-23 Bal.
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2.1 BRETHH

FIH SYSWELD 4% HT250 18} I 3%
SR 2 AT T = 4EBE S AT BROC AL
ST T R R A SRR R X I
Yo i tE i . BN R Cr20Ni80 45 &k
1400 C.#hih 2 478 C, L HA M IXHE &
DX 114 30 82 A 3 A I 30 B 2 ) o 48 A R A
RERS 8 Ik HAgR L. RO, i A Th %
P<<1540 W 5% P>>3 640 W i} , 4 £ X JL B 35 R

No. P/W t/s

(mmes ') (L-

1 2800 0.65 6.5 3 216.52
2 3000 0.61 8.0 1 195.79
3 3200 0.61 8.0 3 205. 43
4 3000 0.65 8.0 3 210. 35
5 3000 0.65 6.5 1 210. 37
6 3200 0.65 6.5 3 223. 44
7 3000 0.61 6.5 3 196.13
8 3000 0.57 6.5 5 219.15
9 3000 0.57 5.0 3 219.24
10 3 000 0.57 6.5 1 218.96
11 2 800 0.61 5.0 3 211.42
123200 0.57 6.5 3 216.45
13 3000 0.65 8.0 1 210.23
14 2 800 0.61 6.5 1 211.29
15 3200 0.61 5.0 3 205. 64
16 3 000 0.65 8.0 3 210. 47
17 3000 0.61 5.0 5 196. 24
18 3 000 0.65 5.0 3 210.79
19 2800 0.61 6.5 5 211.50
20 3000 0.61 5.0 1 196. 16
21 3200 0.61 6.5 1 205. 48
22 2800 0.61 8.0 3 211. 34
23 3000 0.61 8.0 5 196. 10
24 3000 0.65 6.5 3 210. 54
25 2800 0.57 6.5 3 222.47
26 3000 0.57 8.0 3 218.82
27 3200 0.61 6.5 5 205. 71
28 3000 0.65 6.5 5 210.73
29 3000 0.61 8.0 3 195.91
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Table 4  Sequential model sum of squares for tensile strength

Sum of Mean F
Source d;
square

p—value

square  value (Prob>F)

Mean 1.27E+06 1 1.27E+06
Linear 66.19 4 16. 55 0.22 0.924 6
2F1 20.3 6 3.38 0.03 0.999 8
Quadratic 1 518.54 4 379. 64 20 <€0.000 1
Cubic 156.31 11 14. 21 0.39 0.8915

Residual  109. 02 3 36. 34

Total 1.27E+06 29 43 827.26

x5 BEERMARERBSEITSN

Table 5 Model summary statistics for tensile strength

Standard ~ R- Adjusted Predicted

Source o
deviation squared R-squared R-squared

Linear 8.67 0.0354 —0.1254 —0.3815
2F1 9.96 0.046 2 —0.4836 —1.498 8
Quadratic  4.35 0.8581 0.716 3 0.246 9
Cubic 6.03 0.9417 0.456 0
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Fig. 2 Effect curves of the factors on the model
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Table 6 ANOVA table for tensile strength reduced quadratic model

Source Sum of squares d; Mean square F value p—value (Prob>F)
Model 1 582.45 4 395.61 32.98 < 0.000 1
A-Power 22.39 1 22.39 1. 87 0.184 6
B-Time 76.61 1 76.61 6.39 0.018 5
C-Velocity 1.51 1 1.51 0.12 0.736 8
D-Gas 0.2 1 0.2 0.016 0.901 8
A? 459,78 1 459.78 38.33 < 0.000 1
B 1 407.08 1 1 407.08 117. 29 < 0.000 1
(o 3.16 1 3.16 0.32 0.580 8
D? 4.75 14.75 0.47 0.498 9
Residual 287.92 24 12
Lack of fit 287.91 23 12.52 1 738.59 0.018 9
Pure error 7.20E-03 1 7.20E-03
Cor total 1 870. 37 28
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Table 7 Confirmation experiments

Process parameters

Response factors tensile strength/MPa

o P/W t/s V/(mme+s ') G/(L+min ') Actual Predicted Residuals Error (%)
14 2 800 0.61 6.5 1 211.3 208. 2 —3.12 —1.48
20 3 000 0.61 5 1 196. 2 198. 3 2.12 1. 08
21 3 200 0.61 6.5 1 205.5 205.4 —0.037 —0.02
26 3 000 0.57 8 3 218.8 215.3 —3.48 —1.59
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