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A Process Optimization of HVOF on ALBC3
by Experiments Design
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Abstract Erosion and abrasion caused by cavitation damage occur in fluid equipment, such as ships or impellers.
Similarly, the equipment damage from noise and vibration can shorten its life. This study analyzed the importance
of the parameter characteristics of the process optimization of HVOF (High Velocity Oxygen Fuel spraying), which
is generally used in a variety of industries for enhancing the resistibility from the cavitation phenomenon. The surface
of the ALBC3 substrate was coated with an amorphous powder as a filler metal according to the experimental design
using the Taguchi method, and then the characteristics with each parameter were analyzed using a porosity
measurement test. The optimal process conditions was a combustion pressure of 80psi, coating distance of 270mm,
gun speed of 200mmy/s, and powder feed rate of 25g/min as a result of the HVOF coating by applying the
experimental design. The combustion pressure, coating distance and powder feed rate were more than 25% and
indicated a similar contribution rate, but the contribution rate of the gun speed was 19%, which was slightly less than
the others. The contribution rate with each parameter was only slightly significant. On the other hand, all four
parameters were found to be important in the contribution rate aspects of the HVOF coating process.

Keywords : Cavitation, HVOF, Surface hardening coating, Taguchi method, Experiments design
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Fig. 2. Device of HVOF

—

skl on], Ao =R Fig 13 2t G-3249
o] A-&3t7] 93l @ 16 WAF 2] FEnt F”Eke] AS
HFEH SFRom, AlES & AelA AalE Ayl FdaA
cod A}, Ake] Ao A dukd o 2 AL E= A
27191 24 mesh 2712] =73AKBrown fused alumina)

2. 4

ot

2.1 HEEx|
B Aol Ao AL4F 1% 319-EAHHVOF) ) f;;]j;j(fisgni)ﬁj jﬂ : f;llf:;ig]”
= PRAXAIR }\]’4 JP-SOOOO]H:] 20 MPa 0]}\]'9/] ouiﬂ}\]— :}? Q o ]J; :; 14—0].7}- ZLJ; 2= 22 o) 2 A
29k 6 MPa oA ¢&=37] agla oTr(KeI'OSCIIC) ° oBH L= El B = T ORI AL
< Wl AAE gusta, dAe] Wl s9s AAlst

Ar 7}E A8 TE £9L 4 inch, 6 inch, 8 inch Al Z o : N
AHH 227} St 29 do| o AmE e} Itk Ar 7h=9] 9L 20 SCFHE 143k AHg-3)

o T AT =27
oz A
T19t0] Q7] wjo] Aol Far} 7 5 gonz, 2™, 10 g/min, 15 g/min, 20 g/min, 25 g/minS.=

A7k Qs Aol TEEAS gaa) slajel 4 o0 0 e SRR A
q

[S 2 R =1

o _ L Fig. 29} o] o] F44S
inch FES AFESIAUL  Powder feeder X+ g 28 wol Adel $H4S
sto @ Zo|7] 3l BE I® AL <

MEC(Metallizing Equipment CO.) A}¢] PF-700& A&
=] = =] -(—D—E 71(_]_636‘]'/\)\]:}-
SFAIL, Ar 7RSS ARSI

>«

2.2 Mg =
et Al s o n o el seaee  T9E GS BAN] Astel ARAEAE A5
3 AlHEe Arysl & i :
ol 450 Ut dF0lE FBALBCHE et o 10 E SEE S Quick Cure Acrylic Powdersh

449



BRAFE | &8 EA) AT A4B, 2016

Table 1. Evaluation characteristic with chosen parameters and level
Parameters Symbol Level
1 2 3 4
Combustion pressure (psi) A 70 75 80 85
Coating distance (mm) B 270 300 330 360
Gun speed (mmys) C 100 200 300 400
Powder feed rate (g/min) D 10 15 20 25
Table 2. Orthogonal array (L16) for experiments
Parameters
Trial No. A B c b
1 1 (70psi) 1 (270mm) 1 (100mm/s) 1 (10g/min)
2 1 (70psi) 2 (300mm) 2 (200mnys) 2 (15g/min)
3 1 (70psi) 3 (330mm) 3 (300mmy/s) 3 (20g/min)
4 1 (70psi) 4 (360mm) 4 (400mm/s) 4 (25g/min)
5 2 (75psi) 1 (270mm) 2 (200mnvs) 3 (20g/min)
6 2 (75psi) 2 (300mm) 1 (100mm/s) 4 (25g/min)
7 2 (75psi) 3 (330mm) 4 (400mm/s) 1 (10g/min)
3 2 (75psi) 4 (360mm) 3 (300mnys) 2 (15g/min)
9 3 (80psi) 1 (270mm) 3 (300mnys) 4 (25g/min)
10 3 (80psi) 2 (300mm) 4 (400mm/s) 3 (20g/min)
11 3 (80psi) 3 (330mm) 1 (100mm/s) 2 (15g/min)
12 3 (80psi) 4 (360mm) 2 (200mnys) 1 (10g/min)
13 4 (85psi) 1 (270mm) 4 (400mm/s) 2 (15g/min)
14 4 (85psi) 2 (300mm) 3 (300mm/s) 1 (10g/min)
15 4 (85psi) 3 (330mm) 2 (200mnys) 4 (25g/min)
16 4 (85psi) 4 (360mm) 1 (100mm/s) 3 (20g/min)
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Table 3. Comparison of vickers hardness with experimental conditions

Porosity (%)

Trial No. S/N Ratio
Ist 2nd 3rd Average

1 1.20 1.21 1.50 1.30 -2.279
2 4.08 4.60 3.90 4.19 -12.444
3 3.56 3.84 433 391 -11.844
4 4.45 4.78 4.39 4.54 -13.141
5 1.16 1.20 1.18 1.18 -1.438
6 1.55 1.10 1.33 1.33 -2.477
7 6.18 5.90 6.15 6.08 -15.678
8 4.45 4.90 5.20 4.85 -13.715
9 0.45 0.61 0.45 0.50 6.021

10 2.78 2.55 2.10 248 -7.889
11 0.72 0.58 0.57 0.62 4.152

12 1.22 1.45 1.18 1.28 -2.144
13 1.18 1.30 1.29 1.26 -2.007
14 0.89 1.20 1.01 1.03 -0.257
15 0.57 0.60 0.65 0.61 4.293

16 6.87 5.89 5.55 6.10 -15.707

Table 4. Sum of response variables with level of factors

Level of factors A B C D
1 -39.708 0.297 -16.310 -20.358
2 -33.308 -23.067 -11.733 -24.014
3 0.140 -19.076 -19.795 -36.877
4 -13.677 -44.707 -38.716 -5.304
Total -86.553 -86.553 -86.554 -86.553

Table 5. Optimum level of factors and the condition

Combustion pressure Coating distance Gun speed Powder feed rate
level 3 1 2 4
condition 80psi 270mm 200mm/s 25g/min

Table 6. Sum of squares and contribution rate analysis in optimum level of factors

Combustion pressure Coating distance Gun speed Powder feed rate
SS -468.197 -468.128 -330.559 -440.082
P(%) 27.4286 27.4246 19.3653 25.7815

Table 7. Result of verification experiment

Porosity (%)
Ist 2nd 3rd Average

Optimal

.. 0.37 0.47 0.49 0.44
condition
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