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Abstract: This paper describes process optimization for thermal-sprayed Co-based self-flux alloy coating by

Taguchi method. Co-based self-flux alloy coatings were fabricated according to L9(34) orthogonal array

using flame spray process. Hardness test and wear test were performed, the results were analyzed by

analysis of variance(ANOVA) considering a multi response signal to noise ratio(MRSN). From the results

of ANOVA, the optimal combination of the flame spray parameters on Co-based self-flux alloy coating

could be predicted. The calculated hardness and wear rate of the coatings by ANOVA were found to be

close to that of confirmation experimental result.
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Table 1 Chemical compositions of Co-based powder used(wt %)

Co Ni Cr Mo Si B Fe C
Bal. 27 18 6 35 3 2.5 0.2
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

stRE2 7| A3ty x| Mi7@ X6z, 2013E 122 109



282 S/NHIE Table 39| YERHSITE Table 4 2
52 47 Ax 9 nprgo) i EAEN A9
Ueld Zolth. B4tEAe] Az ILEY] 284
g5 FH A=l IFE gol FXE A=
BAAE(76.0%)9F AFAaFE223%) 9 & F 3

o). Fig. 1S Z7ke] 2z ¢

£ Uehd Zlo=,

o] %3gto] HAFAH Aot =, AB:GDy7F B
o

C o] Fe BEAEAHS B de

FATI 5.85+0.45 F FEZAYIH, HuuER
o e} Y& o3k sNBHT o ghe yE
)=

g mRgo YL vAe FEAAE 2T
TFE(664%) 2 JEST Fig. 2& Z7be] <1z
g & uEE&Ss Yehd Zlojth nEES
AR P& 499 HHFZ2UE ABGD:E
FF 53 ft/h, obAEE HF 55 fish, BT F

36 lb/min, &AF A&l 240 mme|t}. PR &S
A2 3 A2 HAzlA 2 S§/NH] FHT
AT 95% F==oll A 9.25+0.09°] T}

oAl e
fo ox mt B I

ATl Tl A I 2002 A FEF 53 kAol 232 Ao HAxH AB.GDs
h, oM f% 66 foh, BY FFE 30 b JmujdsEe] Egse] X Pomz oA 5
Ib/min, &AF 718 240 mmo|th. AEE EAAE IS AT AT AFS AASAL, 1 A Ao
g Ao HAAzA gNH| FAFL A A SNHIE 93000 ©] # EI B T
95% TEoNA 5.85£0.04°]t}. 3 A& FAHTFIE 925£0.098 F FHAIH, A
BAHEA el Anz dojzl HHxH ABGD; wHfEEe] Yeht e o3t sNwlEY E2
b AmidEe] TPl U4 RomE e @ vz 3
Table 3 Experimental lay out and results
. Factors S/N Ratio S/N Ratio
Experimental No.
A B C D of Hardness of Wear Rate
1 1 1 1 1 5.7128 9.1373
2 1 2 2 2 5.7810 9.0663
3 1 3 3 3 5.8317 9.2840
4 2 1 2 3 5.7923 9.0752
5 2 2 3 1 5.6481 9.2432
6 2 3 1 2 5.7499 9.0812
7 3 1 3 2 5.8017 9.2217
8 3 2 1 3 5.8480 9.2505
9 3 3 2 1 5.7396 9.1309
Table 4 Results of the analysis of variance on hardness
Symbol D.O.F S \" Fy Contributions (%)
A 2 6.88E-3 3.44E-3 25.24%* 22.3
D 2 2.34E-2 1.17E-2 86.13%* 76.0
Error 4 5.45E-4 1.36E-4
Total 8 3.09E-2
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Table 5 Results of the analysis of variance on wear rate

Symbol D.OF S \% Fy Contributions (%)
A 2 6.94E-3 3.47E-3 2.63 12.0
C 2 3.83E-2 1.91E-2 14.50* 66.4
D 2 9.76E-3 4.88E-3 3.70 16.9
Error 2 2.64E-4 1.32E-3
Total 8 5.76E-2
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Table 6 MRSN rato w; g dness = 055 Wa pearrate = 0-5
Expelr\}mental Loss function Normalization Weighting - MRSN
0. Hardness Wear rate Hardness Wear rate Hardness Wear rate
1 1.94E-06 7.29E-10 1.1231 1.0496 0.5615 0.5248 1.0863 -0.3597
2 1.66E-06 8.58E-10  0.9598 1.2361 0.4799 0.6180 1.0980 -0.4058
3 1.47E-06 5.20E-10  0.8541 0.7485 0.4270 0.3742 0.8013 0.9622
4 1.61E-06 8.41E-10  0.9351 1.2109 0.4676 0.6054 1.0730 -0.3060
5 2.25E-06 5.71E-10 1.3035 0.8224 0.6517 0.4112 1.0630 -0.2652
6 1.78E-06  8.29E-10 1.0309 1.1942 0.5155 0.5971 1.1126 -0.4634
7 1.58E-06  6.00E-10  0.9152 0.8643 0.4576 0.4321 0.8897 0.5075
8 1.42E-06 5.62E-10  0.8226 0.8087 0.4113 0.4044 0.8157 0.8848
9 1.82E-06  7.40E-10 1.0557 1.0652 0.5278 0.5326 1.0605 -0.2549
Table 7 Results of the analysis of variance on MRSN
Symbol D.O.F S A% Fy Contributions (%)
A 2 0.7909 0.3955 23.64%* 29.4
C 2 0.7864 0.3932 23.51%* 29.2
D 2 1.0832 0.5416 32.38%* 40.2
Error 2 0.0334 0.0167
Total 8 2.6940
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Table 8 Effect of weighting factor (W, gyrgnesss Wo nearrate)

Experimental w, w, Optimum level of factors Percentage contribution of factors
No. A B C D A B C D

1 1 0 3 3 2 3 223 1.1 0.7 76.0

2 0.8 0.2 3 3 3 3 29.3 0.7 3.0 67.0

3 0.6 0.4 3 3 3 3 31.1 0.8 18.4 49.6

4 0.5 0.5 3 3 3 3 29.4 1.2 29.2 40.2

5 0.4 0.6 3 2 3 3 26.3 1.8 39.9 32.0

6 0.2 0.8 3 2 3 3 18.7 3.2 56.8 21.3

7 0 1 3 2 3 3 12.0 4.6 66.4 16.9
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