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Application of Acoustic Emission Technology in Research of Failure

Causation in Thermal Barrier Coatings

ZHANG Hui', LI Shu-Jun', WANG Wei-Ping' , TIAN He-Hong', WU Tie-Jun' , FANG Tao’ ,
WANG Rui-Jun’, ZHANG Tian-Jian®
(1. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China;
2. Beijing Goldai Wheel Special Machine Co Ltd, Beijing 100083, China)

Abstract: Thermal barrier coatings(TBCs) are currently used in turbine engine components to protect substrate
material from being exposed to high temperatures and corrosion, especially in protection of advanced turbine blade.
How to simulate high temperature working condition and research of TBC failure mechanisms under high
temperature has great significance. A thermal cycle test machine was developed by us through introducing acoustic
emission technology. With test machine, test and research of TBC performance under high temperature was in
progress. Relation between AE signal characteristic and TBC life prediction was studied initially. It realized dynamic
monitoring the crack in real time, and was able to get similar expanding rate curve with theory. It was proved by
large amount of data analysis that AE technology was feasible to research of failure causation in thermal barrier
coatings.

Keywords: Acoustic emission testing; Thermal barrier coatings; Failure mechanisms; Thermal cycle test

MEETR)Z (TBO) EZ T Pi 1L HM 52 A K
P R 3 A et AL A Sh LM A (1 By
o RHLRSIILM R TBCIRZ R EERE A
ERAAY TGO WL L. 8 JZ B R AL 5 he b Al

%8 B 27 : 2009-09-07

ERTHE :®P; 973 ®HIWIH (613112)

TEEE 3k HEA980—) . Y. TR WL 58 M
i 5 45 RGETF K HRTEC) T LA & Sh L e i # e va 2
eI 77 THT LA

Pk R BOR B SR 2 TR AR A Mg . RlE R
Fe gL, Bapx) TBC IR 2 R AR T Bt e 5
A5 B A B R BOR (B2 otiE R
ARLCT 5 B BB 5 T B 98 TBC iRk
Fa A I & PR FR Y B ) 224 iE . TBC
KRG — A Y AR B B ST R R
FHFS RS R AR TBC IR 23R8 7 A & e
W S A T W, 54 G B 2L SCR AR HE s AN RE
S A S SR L BAS W T H AR S 15 2 5 HEe
noFEmassem 409



KOHEF PR HAS AR B R BT F 6 B

?E]ﬁﬁi:",W/

IR IR R AR 2 AL AR . R
FERSTEART TBC Ui 2 W 24T 2h 245 M A 1R 47
F1 T I P TS5t » 98 55 248 14 TR 98 55 73 i 14
TIN5 T V525 8 2 KB T

1 RMRFEHI

1.1 FERHEEARSIN

FH 75 e S X I I AN e ) R A U R
DA FE T ELAT 2 50 T 5 B DA ol FH 25 i 1 i
Uifie, AR A ARG 5 PR HoR & 241
U RS BRI RS S B AR A DU R e} Bk s (R 45 Tk
WLBREED A8 A= S5 & -8 LATEAL B B 1 18
HREEE DN A5 A 0 B R BN Ay, EANE A
FI A R S AR W TBC ¥4 2 2L o7, 1 2 1)
I AE 55047 TBC 5 Wil Al .

TS PRI R TE I DR TR 2 D IR 1) 32 42
SR AHAN R Z A IR A% rh A AV X P RE Y 52
M, 455 1) 2l B KA AR (TGO 51 B & A
BB o0 AT o B RS A B M D AT B ik
FROYIR B, I i R B — S v S S5 W iR )2
IAALHL, SR AR5 Tk vk E il 47,

1.2 FRSHEINAIGH KRR

REHLR ] BATHHR B AE PR (] D, Al
FHA I BERR AR Fa i 23 S0 B 5 i s & 8
PLR s TAE PR BB TR . U I S T 42 A
(EA B 2L AN e SERT W IR R AR AR O,
FEER A I AT R b A P R S 5 15 8
KRN AEAG S5 S&OGE AT L,

AEfEE 3% ~ AERRE

A
T
% EREE

Bl 1 ARG TR E

7 R SFHAR JAS FH T RSO B R 75 R 5 1 (5
S PERE X IR B, AL R A RLIS0
RUFE R & AR RS . A5 5 R 72 K i b
P Al SRAE(E SR TE & 50~300 kHz, 7 &5
RSN R RS E N T N R N O =)
TR o 328 FH ORI B8 R R e 2 — 3 R A W
AT 20,40 F1 60 dB (45 . FA B AT 2253

410 ot0Emeszem

EAPIR A7 . 2 PC A &5 X 75 & 4
FRES B IE 647 SEmt Ab B, A 18 {7 A/D #%;
ffe .3 kHz~3MHz #i 05 fl . iHE L3 Hr ik R
FH AEwin TM, 12 SZ B 75 A 558 23 B 300 6 65 i o
B UR L L EIRRIE I AE FRAE SR EL R | A
SENLIIRE . 2D il 3D EJE . 2280 i BRI
T AL B % A S 400 HIT BRI B Gt &
HRIRESE

2 RS

PPEIA TG 1 A A T 2 R B 2 i 4K 3
1200 ‘CH-PRFF 5 min, SR 5 I 4 25 % 40 %)
300 CLLUR . B2 AN BT AR R AR AR
T AN 2 s, 2 O U 2 aURE T s I i
{6, HPEPRAFEIS . 8RR RE L AE RGEA
E SR PRI I e A TR ot 2 S5 s XA

M.

11[1] e S

wE/C
N
\

I /s

B2 PR 2 A

SN T AL PG RG4S S8
B BRI R B AR R A R
WRIWEAEL L ANTET 3 7

TIE 3Ca) F (o) 7 A5 5 W B A= 7 B b
PAEPR YR TN 302 TR 2 P AW £
FIZABUIT . FER 3(h) H, —AMIEFRH ¢y Ko R 4
TEER AR BE 2 V& AP BE . AT AR MILZE A
B B S EN T BN 237 A i 7R R SRR, U i
JER) 2T BERE 2 R BOR Z 8] A 5 ) ZE 7 AR
KA RIES . o XA A5 BN 8 32 T o D
BN KR PTG PR TR B ORI A 2 L 3t el T
REBGHRIHE T T AR . Bl
JE ARG N A S o 1 220, X e
W IEF T R AR E 2B IR IR A & . A
I 25 5 e A JL 3R 40 A it N g 2 A VR P 0 B 706
AU finsofe s 21 3 5 28 1 4B AT AR R )
WP AR S 1 B R U 048 )22 2 i A A0

K 3Ce) st —He 4l R 47 A LU AE B 1k
BT R PGS EOE L. T 5 —A B B
SORIRETBL T, i — MR B Ty e =AM



KOHEF PR HAS AR B R BT F 6 B

?E]ﬁtﬁ',iﬂ/

90

&L /dB

4000 5000
I8l /s

(a) FRSHE SR ER

- tl tz
b hk l J‘L,/l' ) L
500 1 000 1500 2 000 2500

iFE] /s
(b) A ESE SRR

2 000 000

PR AS R

(=]

X
S~
&
&
i
=
&
2 oy
0 200 600 800 1 000
iFEl /s

(o) —HeaHid A I T =E2R

NI 2 R N R R S S D S Sl S

FREEI 1] /s

} Al 000 n 2 000 3000 4000
a5
() 75 R IHE S Rz ad [
K3 mERISHE

PSR B, T, NE AR HIB B, ik
BB Tk B 454 )2 SR AR R SRR He Bl D
TGO F i J2 0 F1 AR IR BRI 32 1) e KSR T
JIr ATEAT B A P A S B TR B R By
Beo A T ORE A R GHME T Ol T REAE KRR
TGO FEIEI S T B 57 52 N BT 23 &
PEIAER . TGO B A R A AR 7l e o 26 i e R A
I 75 A G AR IS AR P S DR A
BER 2N HA Kaiser 200,

B 3CD R RTUAEL, A 4 000 s J - i BTt
P H 2 R R ] A P R S S . ARIEAEZE T
i CCD il 2 B (&1 4) 1] RUA BUARE IR 2 A

B . K 3(D ., 2 AE (55 ¥ SRt
[B] (100 000 s), HYHE T K& H 5 5 (R it [a) 78
20 000~100 000 ), [AlAF R AERIZH BRI H S . £
YOI S X 65 502 T IR 2RI = 41 AE

i
3 i

fgdhad R b =2k TR AE
fE T AR AR R0 DL
LG [E] 5 3 Le 55 (9
M5 TR J2 R B ATAE A A SR HR
s HA R GHE 5 B8 Sk
TBC A Sk e, ARSI E2Em T
G0 A 1 I BEIRLEE -1 S AR AL R B AN TR 1Y
FFAE  CERTHR AT Be 2= A0 f 2R e tH B AT ok
SIS SR — H TBC W B0 83 2440 76 AH B
IO 3 1P ST SRR ] R0 22 s A R BT R AR AR
SE B B R U RBIRIBE ]+ 75 A S5 5 W R
PR ST R R .

PR SR 55 A e I 1) BB PR A T 9 57 1
Ao R R JEE ATUBRSE 75 00 » ke O bl LR
Bl LA K v Rt i A M A L LR JRE O L SR A
J ARl A 57 2 ST A AT R 7 A B A
FoRE R, Nl DL 5 2 S £
AL BT SRR IR 2V RE S A A AT
AR

S 30k

(1] #REM B YL MR SR 55 B TR G 1R 0 R AR IR
JERYRAHUHR LT . b 5028 i R R 2 241, 2004, 30
(10):919—924.

(2] BUEZE A2 A 5805, BT P R I e fE LR AE &
Kl RGBT . ALK S %, 2007, 35(5) - 229

[3] Bordyugov D M, Erminson A L. Acoustic emission

Bl 4 4000 SH}Z)
FER U2 R BPIRAS

energy in process of concrete collapse[J]. Defektosko-
piya,1992,9(2) .27—31.

(4] XVAE,RIE. AN T MR/ A2 GRS &
SEPRSI e i 1 FH LY L JEHUASI , 2004, 26 (12) : 628.

(5] Mkaed:. phoh L X XL 75 % 5515 5 Ab FEFD 43 7 F R
(1. FeAsi . 2002, 24 (1) : 23—28.

(6] AR, A% . b eRb s 5 HHORIM . dbat 3
He R 24 ARAT L 2004476 —479.

(7] 2R WA . 07 5. S 95 480N 75 R SR 5 A
FHARL]. B3I, 2004(6) :504—506.

noEERssem 411





