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Abstract : In this work, the optimal process has been designed by Lo(3") orthogonal array and analysis of
variance(ANOVA) for thermal-sprayed Ni-based hard coating. Ni-based hard coatings were fabricated by flame
spray process on steel substrate. Then, the hardness test and observation of microstructure of the coatings were
performed. The results of hardness test were analyzed by ANOVA. The ANOVA results demonstrated that the
acetylene gas flow had the greatest effect on hardness of the coatings. The oxygen gas flow was found to have a
neglecting effect. From these results, the optimal combination of the flame spray parameters could be predicted.
The calculated hardness of the coatings by ANOVA was found to lic close to that of confirmation experimental
result. Thus, it was considered that design of experiments design using orthogonal array and ANOVA was useful

to determine optimal process of thermal-sprayed Ni-based hard coating.
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Table 1 Chemical compositions of Ni-based powder used(wt %)

Ni Cr Si B

Cu

Fe

53.68 14.47 6.70 17.40

2.22

1.47

211

1.96

Table 2 Control factors and their levels

Factors Symbol First level Second level Third level
Oxygen gas flow (ft*/h) A 35 44 53
Acetylene gas flow (ft*/h) B 44 55 66
Powder feed rate (Ib/min) C 24 30 36
Spray distance (mm) D 160 200 240
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Table 3 Lo(3" orthogonal array
Experimental Factors
No. A B C 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
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Table 4 Experimental lay out and results of hardness
Experimental Factors Measured hardness (Hv)
No. A B C D Y, Yo Y mean
1 1 1 1 1 625.0 630.5 627.7
2 1 2 2 2 762.2 822.3 792.3
3 1 3 3 3 802.7 740.3 7715
4 2 1 2 3 625.2 707.9 666.5
5 2 2 3 1 834.4 768.8 801.6
6 2 3 1 2 784.6 737.1 760.8
7 3 1 3 2 767.4 740.4 753.9
8 3 2 1 3 639.5 734.2 686.8
9 3 3 2 1 796.5 793.9 795.2
Table 5 Results of the analysis of variance
Symbol Degree of Sum of squares  Mean of square F Contributions
freedom (DF) (S8S) (MS) characteristic (%)
B 2 22626.996 11313.498 42.455 40.6
C 2 21480.319 10740.159 40.303 385
D 2 11105.550 5252.775 20.837 199
Error 2 532.959 266.480
Total 3 55745.824
Table 6 Results of confirmation experiment
Confirmation experiment results (Hv) Calculated values (Hv) Difference (Hv)
i Y2 Yortcal Yort—Yort,cal
827.55 815.86 821.71 781.4+56.01 35.31
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Fig. 1 Interaction plots for hardness of thermal-
sprayed Ni-based hard coating

Fig. 2 Microstructure coatings : (a) experimental No. 1,

(b) experimental No. 5, (¢) confirmation experiment
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