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Process Optimization for Plasma-sprayed Cr.Os; Coating
Using Taguchi Method
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Abstract: In the present study, process optimization for plasma-sprayed chromium oxide coating was
performed using Taguchi method and analysis of variance (ANOVA). Chromium oxide coating specimens
were fabricated by plasma-spray process according to L9 orthogonal array table. Hardness and porosity
for each specimen was measured. The approach of Taguchi design for multi-response optimization
problem is based on loss function of the quality characteristics. Multi-response signal-to-noise (MRSN)
ratio was calculated for the response variables and the optimum combination level of variables, that is,

the spray distance, the argon flow rate, the powder feed rate, and the surface velocity were obtained.

Key Words : Taguchi method, Process optimization, Loss function, Analysis of variance, Multi-response
signal-to-noise (MRSN) ratio
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Table 2 Control parameters and levels

Table 1 Chemical compositions of Cr,O; powder

used(wt%)
CI'203 F6203 8102 A1203 Cr
99.60 0.20 0.10 0.10 0.020
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parameters Symbol First level Second level Third level
Spray distance (mm) A 80 110 140
Argon gas flow (SCFH) B 80 90 100
Powder feed rate (g/min) C 40 50 60
Surface speed (mm/min) D 100 150 200
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Table 4 Loss function and computed values of S/N ratio
) Loss fuction Normalized Weighted
Experimental loss function loss function Total MRSN
No. loss functi
© Hardness | Porosity | Hardness | Porosity | Hardness | Porosity 0ss function
1 2.06E-04 1.60 1.06 0.11 0.53 0.05 0.58 2.35
2 2.09E-04 6.42 1.07 0.43 0.53 0.22 0.75 1.24
3 2.01E-04 | 39.61 1.03 2.68 0.51 1.34 1.86 -2.68
4 1.88E-04 5.88 0.96 0.40 0.48 0.20 0.68 1.67
5 1.80E-04 13.65 0.92 0.92 0.46 0.46 0.92 0.35
6 1.91E-04 9.97 0.98 0.67 0.49 0.34 0.83 0.82
7 1.88E-04 | 34.76 0.96 2.35 0.48 1.18 1.66 -2.20
8 2.01E-04 18.21 1.03 1.23 0.51 0.62 1.13 -0.53
9 1.93E-04 2.84 0.99 0.19 0.49 0.10 0.59 2.30
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Table 5 Summary of pooled ANOVA

Factors D.O.F j:::\r:sf Sl:[::;; F-ratio Pure sum Contributions(%)

A 2 1.80 0.90 5.61 1.48 5.49

B (error) 2) 0.32 0.16 4.77

C 2 16.98 8.49 52.82 16.66 61.73

D 2 7.88 3.94 2451 7.56 28.00

Total 8 26.99 100
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Fig. 1 Interaction plot of MRSN ratio
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Fig. 2 Microstructure of coating layer cross section:

(a) experimental No. 1, (b) experimental No.

3, (c) confirmation experiment
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