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Effect of Interface Roughness on Internal Stress
of Ceramic Thermal Barrier Coating

Masashi Kawamura *, Hideki Oxapo *, Koji Nistio * and Kenji Suzuki*

*

An investigation was carried out into the effect of the interface roughness between the metallic bond coat and the
ceramic topcoat on internal stresses in a thermal sprayed ceramic thermal barrier coating (TBC). To evaluate the
effect of the interface roughness on the residual stress in the top coat, the specimens with two kinds of roughness
were prepared. The interface roughness oh the bond coat was Ra = 5.8um for the rough type specimen, and Ra =
3.5um for the smooth type one. The in-plane stresses of the specimens were measured with laboratory X-rays. The in-
plane stresses for the both of the rough and smooth specimens were about 60MPa and independent of the roughness
of the bond coat. Using high energy X-ray, the stress of the rough specimen was compressive and the stress of
smooth specimen was tensile. This tendency is different from the result measured by laboratory X-ray. This differ-
ence in the stress value is coursed by the out-of-plane stress. These stresses in the topcoat were estimated by the
hybrid method, that is to estimate out-of-plane stress using laboratory X-rays and high-energy synchrotron X-rays. As
a result, the larger the roughness of the bond coat became the larger out-of-plane-stress become.
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(a) rough interface

Table I. Condtions for stress measurement with synchrotron

Xray.

Wevelength 0.017186 nm (72.15keV)
Method Maintaining Probing Depth Method
Crystal Zr0,

Diffraction 511+333

26, 9.809
K (MPa/deg) -11492
sin*y 0.05 ~ 0.45 (step 0.05)

YSZ

NiCoCrAlY

WIS AIESREETT. XBBARSIERELTE1D
DEIINLE—XHBE LT, REBRTIE 72.15keV DY
BRI L7, BN sin®y HBIC X A RAEE —E
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LT, Yra=r7os51l + 333EHFEFHLEZ. -2
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FUORTEER Y07 — & # vz
4 £ B # R
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AVEX I3 30um THBH, VLI THEFRENRS L
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T, NizAl X0 Cr % & F#hod NiCoCrAlY A& 8 DRI
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(b) smooth interface

Fig. 1. Cross sections of TBC.
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(b) Top coat thickness 0.08mm
Fig. 2. Diffraction profile of TBC by synchrotron X-ray.
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Fig. 3. 26-sin*y diagram of TBC by syncrotron X-
ray.(rough interface)

, Table II. Residual stresses measured by synchrotron.

Residual Stress (MPa)
Surface of TC=0.13mm | TC=008mm
Bondcoat
rough —22+7 —31£17
smooth 10 16 29+13
TC : Top Coat
5 & &
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Fig. 4. 26-sin’yp diagram of TBC by syncrotron X-ray.
(smooth interface)
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Fig. 5. Coordinate system.



53y VBT —T 1 Y SORIE IS 5 REH ZOHE 1023

L7225 Csinfy ZRWVAEB T AL F - XHICK 5
ESIIL T ORRGBRE 55,
Ogyn = 01 — O3 5)

PEXoEx 3 ¥ — X HIZ & 3BEIETAIERSR
&, BIALE-XHBICKABREISHERR» S, JE
BREDIGIRS Thb o3 % RKDBZLMAEEL L5,
ZEEIE U7z TBC iRBRF & RO F I TESIL 7=
HERF I AR T 3L F — X I K BRI I E R
Bk, Yaz=7 by S a— FERSSEEH 60um L
FOREIZHBWTIE, 60PMa 2 LIZIF—FE AR T Y
SEEHIL 2R & ZhERBEREL T o3 23KkD
7-#E% & Table MIZ/R$. &% o3 DEHEIE Table IO
BRIZBEWT, BEEZNEDh by Fa—PEIR
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5.11),12)
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Table . Effct of surface roughness to out-of-plane residual
stresses (03).

Surface fuate of | Topcoat THCknESS | ey (MPa) | o1 (MPa) | o3 (MPa)
rough 0.13 -22 60 82
0.08 . 31 60 91
smooth 0.13 10 60 50
0.08 29 60 31
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72keV DT 3L X — X & FH 7z siny I K 55%H
ISEIEDEA, by I~ FEEA0.1mm BT
HIZEYFa— by Ta— P OREHEOHEHNE
Honhs,

BIANLF - XHFIZK el SNSRI,
RV FI— bOEREHE AAEOBAIZEMEICIIREE,
REHE S AN ECIFAEE RIS IIRE L B 2R B/ S
N7z, E2V0a=7 by 7O FDEIIWNENZEL,
RIS OMAHEIT R & B AIEE AR L 72,

KT 3L — X RIZ K 2RO NKEIG T #IE
BREADESZLICkD, BEAE (FH) IBITR
BERDZEZA, AV Fa—-rOEREHIIZLSTE]
R E o7, EHICBEREAFRIGIDOAE i, RV
Fa— FOEEAI AKX VEAIC, kXL L BAEAS
REN, COBREIFMEEOEVIZKS VLT
by -t DBEEHOECERMLTOEEDLHERE
Ehb.
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