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Abstract: This paper addresses the detection of thickness reduction defects in thermal barrier coating
(TBC) systems. It compares eddy current testing responses obtained by pulse-modulation waves at differ-
ent frequencies with those from corresponding sinusoidal waves via linear regression analysis, demonstrat-
ing the advantages of pulse-modulation eddy current testing. A numerical simulation model for coating thin-
ning defects in TBC systems is established. Based on the simulation results, three regression models are
developed to fit the experimental data, and these models effectively characterize the relationship between
the measured signals and defect size. Probability of detection (POD) analysis is performed on the regres-
sion results. The detection threshold is determined using the receiver operating characteristic curve, and
the POD curve is constructed. The POD analysis results indicate that a 90% POD corresponds to a defect
size of 50. 62 um, with a 95% lower-confidence bound.
Key words: electromagnetic nondestructive testing; pulse-modulation eddy current testing; coating
system; thinning defect; probability of detection
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Fig.2 Pulse-modulation wave and its spectrogram at a

pulse repetition frequency of 10 kHz
H1 I 2b R 7 kot 5 f A e R 4 R
T 8T A R ST o 800 3 08 IV ) 38 e >
R A S B A Ik i R 1 0 5 R B R
Xt IO A T 5 I U S DR R B AR I 2 2R . IR
AR QIR SR QUL R =g el
50 kHz. 100 kHz Fil 200 kHz, 4 Il B , 4 J5 22 J5E



Jik e 81 s s A % 2= 2R ) M sl R A 1 ABE SR 3 BT —— R ok

B OEZE %

JE MK 600 pm 98/ 2 O, B R /D — J2 R (& B2
50 pm) o[RS, Ay ) S 50 M 7 OGP ARG 0 43 2R 1Y 5
], A 3 2R T 9 A B AR 4R AR R T AE S 1R R

XF 1 5% U K AR S W Un 1B R R 5
REAIE 5 0T T Ik e 383 o) e D o ARG I A 5 T 5K
R UEE (L F- S Uy 1 B 15 SRR AE . AR TR 2 R
FE W5 5 R AE 40 B 3 T, ok 181 e 50808 14 47 17 B
AN 534 o o3 Hr B [l A A B Sy

a=po+ pia+ N(0,0%) (1)

K2 a NGS5 HRAEME s a NG R F 5 N0, 6°) S iR A5 1
RO R 22y o (4 IE 25 43 A B 7 1,
FHA KAUSR A TR s B h g R S 80,
iy BT LG 0T TH AR LA A R e R AR
R AP 51 22 RMSE ™,

Hi & 3 AT & th A5 5 Re R 5 00 2 el R i
Z I AEFE RAF R A G o B TR ) TR IR
15 5 MR (B2 T8/ DN o 32 DR A U J22 ) el T B ¢ 3k
55 4 J@ AR 2 18] 0 BB B N SR SR
B A P A SR TR B B AR L T8 U 1 % 4k VB i 3 1) )
55 5 FI A 38 5, 5 BUE 5 MR AE D8/ o % b bk o
il 98 5 H A Ik A R X I Y I 5% I8 98 & R T R
PR bk e 3 S A £ BT 45 R B ORI R
/NG RMSE | i 15 B 88 8 % 8048 09 4005 1 e
RIS A T e A B BRI A2 M S T R I TN
(CL A i N QL W - W N G O T QUK 2 94
W45 5 v 35 2 20 kHz T B R ) 25 S B 47, B s
4 1] VA 235 SR VEAN i b A O L 1 W Ll e oK PR 8 TR
ik b FE A2 45 R 20 kHz T K I 45 SR T R G 2
30T

6.66 R 6.45
. (6’42‘2‘ T 634} 6.40
b2 =) s .
E 660} 632} £635f '
& 658 T 630} D3t
F gs0| MR o & o BH
: — A%k w628 oe 625 —Ja]H%k
qu 6341 R:0.9620 H by i R:0.9668 :
=~ 6520F  RMSE:0.0074 o> 626 620F  RMSE:0.0121 Ha
60— — . &4 Isb——
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
W E DAY R AL/ pm W R A R AL/ m W E DAY R EEAL/ pm
(a)50 kHz 1E5% 3 30 (b) Bk vh 8 S HH 3 S kHz 1) (¢)100 kHzI1E 3% 3% #4 il
Jok s 35 S8 b
3.60 5 3.50
355 5
i 350 | g 3.45
o §L340
% 345| MR R ¢
> — % & — WA
340 b R:0.9756 3351 R.0.9885
= RMSE:0.0087 ™~ ﬁﬂ RMSE:0.0050
Pl . . . . . ] 35 1 . . . . ) ~ . . . . .
- 850 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
BRI MY S AL/ um R A AL/ im R A AL/ pm
(d) k1 52 3313 10 kHz ()200 kHz IE 5% 3% 34 il () kb 8 52 47 %8 20 kHz 1)
Jok o 8 35 ¥ Jok o R 35 98

3 AREERERERETHESHIESSEREEDNRLER

Fig.3 Scatter plot of signal features and linear regression results under coating thinning defects of different thicknesses
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Fig.5 Testing signals and signal features under

different coating thicknesses in simulation
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Fig.6 Regression results based on simulation data
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Fig.7 Image of the real TBC specimen
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Fig.8 Testing results of the real TBC specimen and

polyimide film layer simulated coating specimen.
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