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Analysis on Residual Stress in Electron Beam-Physical Vapor Deposited
Thermal Barrier Coating using Hard Synchrotron X-Rays
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The distribution of the residual stress in the thermal barrier coating, which was made by an
electron beam-physical vapor deposition (EB-PVD) method, was determined using X-ray stress
measurements. As the bond coating, NiCoCrAlY was low—pressure plasma sprayed on the substrate
of austenitic stainless steel. The 8 mass% Y.0,-ZrO, was coated on the bond coating using the EB-
PVD method as the top coating. The top coating had the preferred orientation with the <111> axis
direction perpendicular to the coating plane. The distribution of the in-plane residual stress in the
top coating was measured using laboratory X-rays. The value of the in plane stresses was deter-
mined by the sin® ¢ method after the separation of the 133 and 331 diffractions. The distribution of
the out-of-plane strain in the top coating was measured using the strain scanning method with hard
synchrotron X-rays. The out-of-plane strain was obtained from the 333 diffraction which had strong
intensity due to the preferred orientation. The measured value of the in-plane stress in the top
coating was a large compression, and steeply decreased near the interface between the top and the
bond coating. The distribution of the out-of-plane stress showed a compression, and its magnitude
was smaller than that of the in—plane stress.

Key Words: Residual Stress, Experimental Stress Ana}lysis, Thermal Barrier ’Coating,
Synchrotron, Electron Beam-Physical Vapor Deposition
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Table 1 Conditions for laboratory X-rays.

Characteristic X-rays Cr-Ka
Tube voltage 30kV
Tube current 20 mA
Filter \Y
Diffractions ZrO> 133 + 331
Diffraction angle 26y 153.86 deg

- 150~ 159 deg
0.1 deg/step

Scanning angle 26
Scanning step
Preset time 4 sec
sin®y 0~ 0.7,0.05 step
—192 MPa/deg

Stress constant K

ZRAWV, by 7a—FHEZANT7HE L, 300 uN
25 1800 uN ¥ T 300 uN ORET b v 72— MEEX
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TV A EDICHENAETOEMOBRA Y~ 7RITK
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Table 2 Conditions for synchrotron X-rays.
Wavelength 17.264 pm (71.793 keV)
0.1 x 8 (hieght x width)
Receiving slit 1, 2 (mm) | 0.1 x 8 (hieght x width)

Divergent slit (mm)

Divergent angle of RS 0.0255 deg
Diffraction Zr0,, 333
10.0389 deg

Diffraction angle 26

33 BIRLF—XRICEDIENOTHAUE =2
AN F—BEDEXBIC X 2T OT 4 63 BIEE, K
S SPring-8 DEFRMYE—L 74 ~ BLI9B2 T
To7. ZORESLE2E2IIRT. AFHEAY Y M8
JUZHMETVAY Yy MICk O —PHEBERIREL
7o, BB, T=A XA —FDFABEBIC WA T—T%
vy b L, #b%E  AAICHEESECRRE % RIE
L7, BIEL Elirehii 2 & A5 caflL TeE—
JArExREYA 20 L L7,

4. RBBERBIVER

41 EB-PVDIA—Fs2J70WHBANHRE K
B R o VI O £ EEF HEMEE (SEM) EEZX 2 (a)
WWRY, RIcRENB LI, PrarFrySa—
FEARY Fa— MBI ARICEREERL 2
SHEREEL T03, ZoEREROBRIZNSL, %
DHEZPPEE2FE-oTws, by 7a—bicld,
BEE L EH, BB IOHNAOERIIAONT, BE
BERMEZEL TV A, Rv Fa—FREMETIRE
AL DOENDIS D,

NiCoCrAlY £ Fa—Fik, SEMEEIZIREN S
kIRl FoRakA s, F, by T a—
FERY Fa—bORMBHIBFEA LRV, B
YyFa— b L EMORBRSZBERSNHS, by
Ja—k Ry Fa—bOREICIE, FHELBRER
{t# (thermally grown oxide) 7 EDEIX R b 72 & 7%\,

—7, EFEBICED A Fa—bE by 7Fa—+
EOREEH SCRICHMAET 2, 20y 7
a— MZERHBIFEEL, by 7 a— OWENEL T,
BELZEE0 by 7Ta— MERK ERIFEELT, 2
DB LR OBEL HBDT, T OBIEIE, ER
I X 2BREIC OB TREREELEL 570
EEZO6ND,

by 7a—t+rREADEHD SEMEE %K 2 (b) IR
T, —i, ERARORESHAMBEIRD THiL,
FEIAOT S, UL, by Fa—roERRKIC
AEND LI ICHOY T, mIHIE DL Tw 2T
B3 b I ATHRIN, SHEREMEZIIT
HAWHTIE L T ARREICIES, 2O L SHENA

— 105 —

NI'l -El ectronic Library Service



The Japan Society of Mechanical Engineers

1526 B AV F —BEEIC £ 2EB-PVDER D —F 1~ 7 OREISHS A DIEN

(a) Cross section

10um
(b) Cracking on the surface of EB-PVD coating

Fig. 2 Scanning electron micrographs of EB-PVD

coatings.

3500 S —
3000 1
2500 |

2000

Counts, cps

1500 +

1000

500 ,

I . iti%‘j

O 1 1
146 148 150 152 154 156 158 160
Diffraction angle 26, deg

Fig. 3 Diffraction profiles for each vy angle.
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Fig. 4 Separation of 133 and 331 diffraction.
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Fig. 5 20-sin’y diagram.
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Fig. 6 Distribution of in-plane stress in top coating.
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Fig. 7 Measured diffraction curve from ZrO, 333 with
hard synchrotron X-rays.
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Fig. 8 Diffraction angles measured by strain scanning
method and corrected by taking account of
surface effect.

Fig. 10 Distribution of residual stresses in top coating.
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Fig. 9 Distribution of out-of-plane strain in top

coating.
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