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Optimization for Thermal spray Process by Taguchi Method
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Abstract : In the present study, process optimization for thermal-sprayed Ni-based alloy coating has been

performed using Taguchi method and analysis of variance(ANOVA). Ni-based alloy coatings were fabricated by

flame spray process on steel substrate, and the hardness test and wear test were performed. Experiments were

designed as per Taguchi’s L9 orthogonal array and tests were conducted with different Oxygen gas flow,

Acetylene gas flow, Powder feed rate and Spray distance. Multi response signal to noise ratio (MRSN) was

calculated for the response variables and the optimum combination level of factors was obtained simultaneously

using Taguchi’s parametric design.
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Fig. 1 Process flow chart
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Table 1 Factors with chosen levels

Level of factors

Symbol

Factors

44 53

35

Oxygen gas flow [ft'/h]
Acetylene gas flow [ft'/h]

66
36
240

55

44
24

30
200

Powder feed rate [Ib/min]

160

Spray distance [mm]
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Table 2 L9(3") orthogonal array

oA 71 E

. Factors Response variable
Experimental No. 3
A B C D Wear rate [mm™/m] Hardness
1 1 1 1 1 4.52E-06 714.93
2 1 2 2 2 2.49E-06 807.57
3 1 3 3 3 1.59E-06 840.45
4 2 1 2 3 2.91E-06 863.65
5 2 2 3 1 5.31E-07 827.90
6 2 3 1 2 3.20E-06 888.93
7 3 1 3 2 4.02E-06 814.10
8 3 2 1 3 2.00E-07 940.28
9 3 3 2 1 2.14E-07 825.05
g L 3 me SEHFY FF F we i FFY AT
L of AF gHUFE T Ao od BES
o S/NH| 2 3},
St AuvdEdel Az o Aqtstd &4
gerolal, Le A¥WE 9 4% 89 & MRSN =—10log(TL;)
FUE, 1,5 $HUF A4 BRgoltt
B ATNAE T o RusE ws wgy ooe S hRES RS IEEr A4 0
‘ ‘ L A% SRS 9 A% sdusE Hesy
HHFPUAE A3 vugst A=) A% AFH
%;0—1%532\7;%04;}% H8e A% SHAFE TS T
11— pua AN
m Table 4+ WEE&EH AZd 3 7tEAE 4
TLi = D jwiS, D 052 9e Ao BurdR of RanyE
el af olALAfY, BEEFEL v
TLE A% $B/HF me SE8HFY T/ G0 olzold, ARE oplYUAGE LA
we iTFY FeAet TLe HF SEHWT,  Aagwe] Lol I BusIEo FFo w
Table 3 MRSN rato for w; year rate= 0.5, Wy garaness= 0.5
Experimental Lost function Normalization Weighting TL MRSN ratio
No. [\rz z?;/r;?te Hardness
1 1.96E-06 2.04E-11 1.3462 2.8548 0.6731 1.4274  2.1005 -0.3223
2 1.53E-06 6.21E-12 1.0551 0.8683 0.5275 0.4342  0.9617 0.0170
3 1.42E-06 2.52E-12 09741 0.3527 0.4871 0.1763  0.6634 0.1782
4 1.34E-06 8.46E-12  0.9225 1.1838 0.4613 0.5919 1.0532 -0.0225
5 1.46E-06 2.82E-13  1.0039 0.0395 0.5020 0.0197  0.5217 0.2826
6 1.27E-06 1.02E-11  0.8708 1.4290 0.4354 0.7145 1.1499 -0.0607
7 1.51E-06 1.62E-11  1.0382 2.2599 0.5191 1.1300 1.6491 -0.2172
8 1.13E-06 4.01E-14  0.7783 0.0056 0.3891 0.0028  0.3919 0.4068
9 1.47E-06 4.60E-14  1.0109 0.0064 0.5054 0.0032  0.5086 0.2936
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Table 4 Results of ANOVA for wy yrwr rate= 0-5, Ws murdness= 0-5
Factor SS DF  MS F (01?(?1) P P(%)
Oxygen gas flow [ft3/h] 0.0850 0.0425  23.4891** 5.85 0.1476 14.7620
Acetylene gas flow [ft3/h] 0.3165 0.1583  87.4440%** 5.85 0.5495 54.9549
Spray distance [mm] 0.1382 0.0691  38.1863** 5.85 0.2400  23.9985
Powder feed rate [lb/min] 0.0362 20 0.0018 1 0.0628 6.2846
total 0.5760 26

Table 5 Factor effects on response variables for w; y.ap rare=

0~5’ W9 Hardness 0.5

Oxygen gas flow

Acetylene gas flow

Powder feed rate

Spray distance

Level [ft'/h] [ft*/h] [1b/min] [mm]

-0.0424 -0.1874 0.0079 0.0846

2 0.0665 0.2354 0.0960 -0.0870

3 0.1610 0.1371 0.0812 0.1875
velE Ag & 4 Uk Table 55 vhR g AEo] WSl mel gepAed, v ned e
d& AEAE 247 052 Ae A% $HEsel  JE BA-DC F, obgARY, BahF, &
mAE Y] FEe AR Aot o] FellA A4 AAL, EEFFEY ¢ YEdo nEER A
7k A gE SEHUE MY w2 A9Y £ E, 7 AR dig JtEAE AHEE JdEE
=& Agstd 2% HHZ2AS E2F F At B-D-AC, MHAEAFE, SAALE, A4 FH, ET
o] ¥ol we} HAxHe 2HH N2t F 3TE, FTEEY £oE UrE‘rUrU%, AET 1 735l
oGl 24F, BLETE 27T, 218 A D-A-B-C, §AAE, AaFE, otMEAGE, B
A 3FEolt TaEY +olh 7hr7<1«l Wste] WE 7= W
Table 6& 75X ¢ Wsto] & HAxd =¢34 e JAT HAxHdxFo] DepAA gom, A

7129 WskE YEd Zlolth o] FolA & F o o 7o E &Adde WSt gl

o] SEHFS nEEY AR F oA e SHHTERYH =59 A9 FHx2H 2F2
TS A HHZHL vl g ol 23S Kol Table 2] YER AuujEEd gle 2022 4
Itk 28y F A SEESE EF aEd 4 SAYS AN, 2 A#E Table 79 JERASL
¢ HAH AL JtEA 9 Wl BAQle] Y3 = T HLE Y B AFoA AFRT fAEX Y A
e Uetia ok 4 A9 VA EE TFEAY 2AR] Sulzer Metco Co.ol 83l A A E o] dnka o

Table 6 Effect of weighting factor (wq yyeur rates Wa Hardness)

Experimental Optimum level of factors Percentage contribution of factors
No. Y w2 A B C D A B C D

1 1 0 3 2 2 1 31.15 40.81 0.92 27.11

2 0.9 0.1 3 2 2 3 21.08 41.96 10.57 26.39

3 0.7 0.3 3 2 2 3 13.96 58.22 2.53 25.30

4 0.5 0.5 3 2 2 3 12.83 60.61 2.75 23.81

5 0.3 0.7 3 2 2 3 14.66 59.87 2.15 23.32

6 0.1 0.9 3 2 2 3 24.34 46.02 1.05 28.60

7 0 1 2 2 1 3 34.95 22.59 1.11 41.34
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Table 7 Effect of optimization on response variables

ol g% Az 34 A5

Nomal condition

Optimized conditions

Differences [%]

Combination V[Vnixs /rrit]e Hardness Combination
3-2-2-1
2-2-2-2 8.31E-07 853.90 3223
2-2-1-3

V[Zgiia /rrit]e Hardness V[Vrzirrf /r;llt]e Hardness
1.93E-07 878.26 -76.83 +2.85
2.06E-07 948.27 -75.24 +11.05
1.18E-06 962.58 +41.61 +12.73

2 Ag3tE 248 %A Normal condition)?l 4k 3
44 ft'/h, otMEAFFE 55 ft'/h EUEFE
Ib/min, &AHAE 200 mmo.Z AlFHE Az s}
nrgy 52 248

A & F dxol g7 7HeE =2H
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