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Research progress on nondestructive testing and evaluation of TBC failure
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Abstract: Thermal barrier coatings (TBC) are crucial materials of high-temperature components in aero-engine. Its quality
and performance is therefore significant for nondestructive testing (NDT). This paper systematically reviews the history and
research state of NDT techniques in the field of TBC. Moreover, it mainly introduces the development direction of NDT tech-

niques which apply to the inspection of thermal grown oxide (TGO) and residual stress in thermal barrier coating.

Key words: nondestructive testing; thermal barrier coatings; thermal grown oxide; residual stress

it 25 & S AL P ER A AR BR R 45, O T I R EL X b ek BE T 2 Y 1 RE B SR, B RIT SRR 25 & S L e AR
{4 TG — 151 40 % F #4fZ 1% JZ (thermal barrier coating, fRi#% TBC) LAR & & IE S04 B F TR, e K 3P4 iR f%
Faw, BB R EIAE ., TBC HARE & B A ek iz R sl o i) — I s SR . S2BR B A H #9 TBC
REFRHAIMZEE ,RE RV ZrO, H EHFIE Z (top ceramic coating, fHj#f TCO) , B HMEM:WERE SR
BE & HEAkZE A McrAlY £45)% (bond coating, f{#% BO) , iR HEAK S W E R EWHAASENEN, L
K 1. B TBC N g BEH , KRG N K TCC 5 BC Z A /YA H FF &M TCC R ¥ R BZRH TBC K
BB S RS, BE o E A R A S R TBC Wit R FER UK 6 B ERBLESEMRI T, X6
SIRRMEERNER. Fit, 8%t TBC S50k I Fn 4 3t 88 25 A PR K 20 47 19 7 02 TBC Bl 225 58 Fn 4
T IO o 2 T A DR B S B ) R

TBC B HBARE RIS B RBRIRER I H 2, RPN Ri2 4 k47 R 58 2 A6 H AR
HEWERBEEML N NG MAHERAYHEEERNCESSHEZYEFERERIOD ., Hit, B/
DLKE 25 Fh B R #R 2 H2% ROR S TBC Ry I 7 125 32 7 i T 0 A5 2 , {H 4 SR 68 X 3 2 R 3R A9 3% el 4647 ) 2=

WO H 31:2013-09-02; # 18] H 1 : 2013-10-10; St {E 4 48 . 5k - %%
HEWH . BRHARAREES (512052400 ; 11 R B TR F & SR F B 24 (BS 2011ZZ016)
FEHRIN B %1982, B, L FHIFA , BIHFFT 5, 184, 35 22 3558 75 0 88 0 5 PR O 18 A IF 5

E-mail: yang. aisin. zhao@ gmail. com



%6 B 7,5 ER R R T 5 I BT R 495

Can Rz 3 & s D o % & B B SR 98 =X (i TCC 19 FF 2 5 R0 B B IR W #17 RAE , E 2 X TBC KA 23t
FR AT ST AT L AL A, W BE A TBC 2 30 b1 38 A4 38 A% DA K% F5 i O A9 8 7 4R (AR 4 A dg R0

HAET, X5 NZESH TBC R M EEREK, £
H E &M KJ/ (NASA) B -F XA RN A BT LT
. —RERKIES BCRESEMRU ALO, K FE
B #o4 K A L P (thermally growth oxide, fa&j #R
TGO). T TGO MK TCC /YA 3L 4 7 A4 K9 L
FI AT H AR E R R, FIRAELY &, E A
4L TCC R FIFE™ . ARFRIEH, TGO & B i &
FRIEEE 8 ~10 pm, TCC B F B %Y. —REH T
TBC % JZ #F B HOR IT BL o, iR 1R 2 TBC A&
PR H AR PIREBE P ST ERARNL ST BN 4376

HREAYSR,WWm5IE TCC NI /I £+, o
RUAGE 57 0 4 , BT S8 TCC R, Hk, LW A1 RBR-TAROARAEOHRBGIHEHN
TGO EFEM TCC FEFMGBHEN 5 FEMN 3 TERE Fig.1 Micro structure of TBC cross section

AR EENLRRE S U THG WA ,

RALANPEO ¥R B9 25 PR REXT IR B9 R AN R LA R A HEENE X
TGN EA BRI K 5 T L A e AR B, BORB Z BT 5T A B 7E TBC R &

A9 TC BRI 5 PR O TR IT B IS AR HFBUR T — A MMER BT RS R . A E W SE 2 BUR BB 5T AL

SR BEAT TR B2 BB, X AT TBC JoA5 A6 I AT 52 2 R #E AT £k 73 » 38 th AR B 52 T BA XS TBC JE45 6 I F 58 R ok

RIETTRERE,

1 TBC ZTRBEMBAREHAEAR

1.1 TCC Zi#Hm#E N

M TBC it 53k F, TBC R ELHRAN SHEEREARFEES T TCC WEE.
S AR B R AL R &, UL AT B ATT% TBC 4548 R E M m™,

CRUTZEN %7EF HEE R A A G 7 X456 %3 R0k GR35 & R 15 MHz) RAE % B F W ik 19
ZrO,-Y. O; RE R R 210~250 pm) R E R HF 5 H , R B TBC B R R 33 GPa WEUE K ZrO, 3
R R 241 GPa i RZ , HEERE R R EPHFEREM LI R ML, LESCRIBAA %78 fi| i 7=
7 5T 2R B0 B R 2R R 10 MH2) RAE S5 5 7B ik ZrO,-7% Y, 0, )2 JEE R 130~350 pm) Y
PR PRI, 2 FEEE FBER ZrO,-72%0 Y. 05 A Il B 3R JZ 975 3T AR T [F1AF B A 2008 AR 9 75 3, T 8 R
¥4 51K 45 dB/cm 1 12 dB/em™ iE & F ZrO,-Y, O, K41 B 7E 10 MHz F I EB A4 dB/ecm)D?, I,
£ LA HXEHRTEEFRRERETNE R REH . KENBRIALBRFT B0 .

A1 FEHTRERES KM %R ARt

Tab.1 Comparison of physical parameters of bulk materials and its coating prepared by plasma spray technique

ZE ] R/ (kg e m™?) HHR/(mes™!) 3 MHz AL/ (dB+ em™) HYERIE/GPa
ZrO3-Y2 O3 (bulk material) 5 550 6 870 <4 212
ZrOz-Y; O3 (coating A) 5130 2 750 45 32
ZrO3-Y32 O3 (coating B) 5 380 4 000 12 72

ROGE Z R MMM £ R (B HH%EH 1~6 MHO W 8 TEE FRIR M Z2r0.-7% Y,0, B)EF
(254~530 pm) , 7E LR b ] #8 A 4 0 5 R R 3R % 8 25 MH2) RAE T H AR LB RO, BF5EA
BRI R R P A A AT T R 5 /N B AR K (B RT3 10 MH2) X %5 8 FBEWR A Zr0.-7% Y.0; %2
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Fig. 2 Random pore mode and SEM of TBC prepared by
plasma spray and EBPVD technique
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Fig. 8 Laser ultrasonic testing results of WC-Co coating prepared by plasma spray technique
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