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ABSTRACT

A Taguchi methodology study of the plasma spraying thermal barmner coating (TBC) laver is presented. The
experimeni parameters were designed by a L8-style orthogonal arrays approach. A Taguchi analysis was conduc-
ted through the results of the coaling properties which were affected by plasma spraying parameters. Zirconia
(partially stabilized with ytiria: PSZ} was sprayed on TiAl intermetallic compound substrates. The coating laver
was characterzed by thickness, microsiructure and porosity using SEM and Image analyzer. The coating quali-
ties are discussed with respect to thermal barrier effecl. Lhermal cycling test and adhesion strength test. An
aptimum condition of plasma spraying process which are derwed from the Taguchi analysis could be foind
for high quality TBC.
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1 Arpgas 2 Hy gas 3, Control device 4. Powear source
5 Cacling water clrculator 6 Alr compressor 7 Powdar supply
B. Plasma gun 9. Speacimen holder
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coatlng layer

plasma gas

Fig. 1. Schematic representation of plasma spraying
apparatus and a spray gun
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Table 2. Experiment Design and Data [ Thickness {um)]

Table 1. Experiment Parameters

Level | Level
Coalrol parameters
1 2
A Primary gas flow rate(scfh) 60 80
B | Secondary gas flow rate(scfh) 9 15
C Spraying dislance(inches) 3 |
Interactions
AXE Primary gas flow rate{sclh)x
Secondary gas flow rate(scih}
BxC Secondary gasl flow r?te(scfh)X
Spraying distance(inches)
. Level | Level
Noise parameter
1 2
N; [ Powder [eed rate(gauge shown) 4 6
N, Surface roughness less | more
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Run # A B AXB C AxC | BxC e N N:

1 2 1 2
Z01 1 1 1 1 1 1 1 10.8 114 137 156
Z02 1 1 1 2 2 2 2 115 128 15.4 18.0
703 1 2 2 1 1 2 2 8.3 11.0 126 120
Z04 1 2 9 2 2 1 1 8.6 116 143 14.2
205 2 1 2 1 2 1 2 9.8 12.3 16.7 18.1
706 2 1 2 2 1 2 1 9.7 76 17.3 17.9
07 2 2 1 1 2 2 1 13.2 165 12.6 130
708 2 2 1 2 1 1 5| 84 113 133 120

A 3373 A2 3(199)

—157 -



Table 3. The Coating Characterization Results

701 702 703 704 205 706 207 208
N | 1 430 300 400 540) 300 740 540 750
Thickness | = | 2 | 630 750 320 720 540 900 430 820
{um) 1 | 760 620 520 750 860 380 400 410
N T 500 630 760 460 450 320 350
N L 108 115 9.3 8.6 9.8 9.7 132 8.4
Porosity 2 114 128 110 116 123 7.6 165 113
(%) N L 137 154 126 14.3 16.7 173 126 133
o2 156 18.0 120 142 18.1 179 130 120
Thermal || 1 62 63 68 61 54 58 62 83
Barrier 2 61 58 62 65 67 60 66 65
Effect N 61 57 63 65 63 64 56 60
) 2 55 59 59 59 65 62 60 57
N |2 30 40 50 80 50 80 70 60
2 50 40 A0 60 80 70 60 70
Grade

N |1 60 40 30 80 70 40 30 30
E 60 30 | 60 30 30 40 30
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Table 4. The S/N Response Table for Thickness

S/N response |
. A B AXB C AXC BxC e

Thickness Level 1 —b55.27 —55.49 —54.73 —54.21 —a0.27 —52.80 —540.28

(um) Level 2 —54.99 —54.78 —55.52 —56.03 —54.98 —54.43 —54.94

Aldelta) 0.28 0,71 0,79 132 0.29 1.37 0.34

Poros:ty Level 1 —22.13 —2294 —22.40 —22.38 —21.83 —22.15 — 2247

(%) Level 2 —2254 —21.73 —22.27 —22.29 —22.84 — 2252 —22.20

A 041 121 013 0.08 1.01 0.37 027

Thermal Barrier Level 1 3570 35.61 35.58 35.73 35.71 35.72 Ja.54

Effect (TC) Level 2 3571 35.80 3683 35.68 35,70 35.69 35.72

A 0.01 0.19 0.25 0.05 0.01 0.03 0.3

Grade Level 1 33.23 32,06 32.10 33.01 3243 33.63 33.72
Level 2 32.60 33.30 3377 3311 3344 32.24 3‘!.2_‘

B A 0.63 0.74 167 1 0.1 1.01 139 157
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Fig. 2. The interaction matrix and graph for thick-
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Fig. 3. The interaction matrix and graph for porosity

on g AFAEL FAE 4 glok EEF AgabE AX
Biz mefaabel s mabe] gler® AEALs s
HeR Py 4 ok 2ol HEF A B.o
kel Zh 2 3he 2T 3l7) WEe) Ayt SR
Zate|ga dekzlvt, 18R ¢ 5 HeEe
cany Fgze FA AP 2 9L FE=
= 421, AXBS AR e pastes)
groldth: CB.A;

715> Table 4288 BHF7L~2] $2KBle] 717
H 2L viAE fdelgloer, oo E 4EAE A
XCr} FAA gk o2 Hese aox 9Es £
seobeh, oo ojF g9 Abw E owls) g AW
Wo R 7 FH 7 S/NuE A £ daEel
25 Fig 3«1 vehfsdv}, 2z g Gt A
o] 7173 EL gk T gloend s FL 2% CA
o2 PgEw, 2 d4-Ee HPg 2 BlAelth
o)Ak o 2 gmaller-the-better Fo] FA& 71E=el
sjekg mAs FARTY 24E dEE A, FAE
#2727} 3inchy] #AF F& 547 F FA7) ot
A= 7S vehligich B AdgzAd e 44
4inchgl 7#$-Hv} EZafanle) qlabzkel] Ldqige] F=t
=o} e wPre|s] 2Hs 2 )R] FHr| o E
ejch 3 FIEEL FL 2xRAAA i) {3

B: Bz

Aj 35.50 3095

Az 35,74 .60
L

Fig. 4. The miteraction matrix and graph for thermal
harrier effect

B B: aq 51’ .
40| B,
Ay 3zo7 3435 ;s
330 e
325 -
& | 336 | 2213 o

Ci 32.04 33.09

ch 3417 32.45

Fig. 5. The interaction matrix and graph for grade

Z4E Pt HejAe A¥E Jehle slfe 5

= dAEE L 7] e)7) mE] Eef=ale] A
Z7lel 2A 719 E ghe] Fgo] A LEHT o]o wa}
29 wilet 25 WAYr] Rl siFel A
Aoz mEinh, AR ARG S AEabbe) T o
e Fyed, o)zle Felavkel slxlzle] g
se) Zepzvhde A glale] AFA|T] diE T
Relo B Fufzal wbriso] fape] Aoy Ze
opg] drwrl A BE glAte] A fAlgte] Frlsle
Ayl 7leabs 7l Aok

el spel 14 2 23S FE U Table 4248
Fatzsh WA rpss marled] A4E s AXBelge
o, FHARE BER7mE] fabolglth S/NW| izt
B g FHESD ZAx= Fig 4o depligich o
A% SN Hiake] vl B2 BAAY gEe A4
Mo} oy 2fang, “vdgas geadEree W
el o) ot Alrobustness) & #}A 2 givh” =k 23
G otk 7 A5 £y 23e Aok ABC,
olif. B ExE AEaol A8 YHE g 2]

Py oy

3l

14

i

LLLEE



¢ 1 TR EFH A slgmse) £

T g Gis DA Fok wepA s Avki
Z QA Emmte] SEo| ke Fn =
A s Sepavle] dgE Fok)

Fhrhs freps] gdEagale] o] xqle
[~

JAkgke] dReg Bo)slx] kA Fle A4
w2 g 3 Yok 2l Aet dgs S
W4z Table AR3LE Zol=o} wi7lrael Kazrpro
AE ARAXE), 28]E 43 A4 BxC AxC2
olc), e} Tz Fig 54 vleldedz old
A wbgtk FEAG ZRE BAC 04 23
Eo] HAAE oler)A 2]l Wr) dEe) Z3hE s
Zgoly] el B Atsabge] odge Tz Wy
% cycle A2 wd H7) wE Algde] 303 o]4lg
NPNHE Sz g2 Pae 5 gadr] i
dnle SEMew Fdsglew, f*l e Fig. 69l vpehy
Aok 2 #sp At 2% bond TR S 2T ez}
doltel el etz :1’%!%711-9{ EE N B
Aolel4 2 Mg sEE A FUlrack)e
dEgeh AR LD wpe Po] WAR welr)
delytees AHFEL 75 gmt}
e alg Ay vyl gakde
At we 9F 10~40MPag] A oA 74
o, 713z 2elE7)e Aol Dp_] 2=
el ezl dehdel olzple ojwig 94 |

%=

adbesion strength7} opyd COhBSlOIl strength& &35
=72

u]

I rlr

Pk e o

w2 ri'i

H

=
L
a

i

Aoy, £33 bhond ZEZ23 A =231]o} ZH=
SR AR Asi 22 @ e i
29 5 & 7|t A2 Hy-g 958 AL
w el ‘QEM 1A %22 2 bond :TL‘%:% Ak w
m o

1

utZ fEie) 2EE Hacs e 3
Avk, 282z TRC(stE =)= 48] 3w oo 1

A 339 A 2 Z(1996)

ESIEe) $f el TAIA 3¢ oz o
dedmele s, Ade GTAEe o4
Aagstggon, Al 3

&
Fo| 232 Fobd & glgith
L=

NBEL o BB,

Z93e) FAL SAA) A FH AYE T
or), WEFSGET £A471 ) AEAEBRC) 27
3 pEhzmel wAsbe g WESAGF AEAE
(AXB), 2z7hagsps] gelgich el wa Adw
FARse Fahe CBACI. 2xlns] fae 7]

T 7R 2 =igke 7o t} g o2 Ea}.zu], Hl

Arbefrapat BalAT 2] AhE A RARC)E wolgrh
FHET Hee] B2 BAGevh dgawe]
T e AR Fekmel Ralviafekal 1w

L R=ivy) Eali b

Selth AR 2RE ABCwolD:
BRI QNG Eelm Wt wes

vl A £3

=
&} i}

Z7pfke] AbEabsAXB) e
4 &
&

frofe] ALABAX B e s g dee
it ﬂhOE Harhafaps gabriele) 4280
X Q) Fekah gt ﬂr Fatzlle] AE e
®K{)e Folyinh FHLurgt A WS = e
BiACoe] T

& Al

2 ATE AT 92 Aatd 7 97
ARlel Gste] s er, olo] FAzYysh



i)

REFERENCES

L E. Pfender, INTERNATIONAL SUMMER SCHOOL

ON PLASMA CHEMISTRY, ATAMI, JAPAN, August
27-26 (1987),

- A. Vardelle, M. Vardelle, and P. Fauchais, Influence
of Velocity and Surface Temperature of Alumina Parti-
cles on the Properties of Plasma Sprayed Coatings,
Plasma Chemistry and Plasma Processing, Vol. 2, No.
3 (19823,

. Dong-Wha Park, Takuya Honda, and Atsushi Kanzawa,
“Experimental Study of Effectve Particle Heatng by
a Thermal Plasma Flow Confined in a Porous Ceramic
Tube," Plasma Chenusiry and Plasma Processing, 8(2),
159 {1988,

—162—

A
75'T“'

E s

. T.I. Steeper, AJ. Rotolico, ).E. Nerz, WL, Riggs II, D.J.

Varacalle, Jr. and G.C. Wilson, A Taguchi Desymn of
Experiment Study of Plasma Sprayed Alumina Coati-
ngs., Proceedings of the 1993 National Thermal Spray
Conference, Anzheim, CA, 7-11 June (1993).

. M. Lynn, 5. Lynn, D.J. Varacalle, Jr., W1 Riggs II: An

Experimental/Analyiical Investigation of Plasma-Spra-
ved Alumma Coatings., Proceedings of the 1993 Natio-
nal Thermal Spray Conference, Anzheun, CA, 7-11
June (1993).

. Douglas C. Montgomey, Desym and Analysis of Expe-

riments, 3rd edition, JOHN WILEY & SONS (1991}

PR, AR Rl (1002,
LS4, ubgs) AgASNE o5 Sekan) vy

el Bk AT FlEE, 62), 826 (1995).

£3EE



