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Measurement of translucent coating thickness based on

pulsed thermography

He Tao', Shen Zhonghua', Chen Fei', Chen Li’

(1. School of Science, Nanjing University of Science and Technology, Nanjing 210014, China;
2. School of Optoelectronic Science and Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: To measure the thickness of translucent coating quickly and accurately, the method based on pulse
thermography was proposed. A simplified theoretical semi-infinite model of pulsed infrared heating conduction
for translucent coating and a two-layer physical model of pulsed infrared heating for translucent coatings were
established. The theoretical analysis and numerical results show that the thickness of the translucent coating is
linearly proportional to the peak time of the surface temperature in logarithmic coordinates, through which the
thickness of the translucent coating can be derived without spraying black ink on the surface of the sample to
avoid the effect of translucency. A translucent coating specimen with continuously varying thickness was
fabricated and tested with a flash thermographic system. The result of the measured thicknesses is within 5% of
the actual values. It demonstrates that the technique has the potential for fast and non-contact measurement of the
thickness for translucent coatings.

Key words: pulsed thermography;  coating thickness measurement;  finite element simulation;

translucent coating

RS AR 2021-11-24; &1 A#A:2022-01-29

E &I H: HEARFAHS (61975080)

YEE B, B, WA, 322 T 7 Ao

SUmfEI v ke, L, #E, TR S, R RO GRS HR KON A | ot S AR ELE R KON A SR

20210890-1



ISk A2

%24 www.irla.cn % 51 %
0 3 = Al S, S5 5 K R 4 B L

Bt 2 IR Tl 8 R 2 JR, i 2 TR B A Vi
B R0 IRE R B W IR R RO
A e bERe A, Dk, B Tl U 2 B i 0 £
TR EER . W R B R AT LA Oy B
S8 R ) R0 R DAL T R R R AT 4 A A
Bidk. TorROEMREN LS . XM EHRARKRZEA
e IR, FLAG DA 2 A B o )2 0 ) o A
BIRE oG, # L RESEYEE R A AR AR, A S A
PR SRR A TR 2R L R A I A O AR
TF2E3 10 . J7 1) R G, R R BEAE AR 2 I iR
A, BAT B3 2 AL SR B 2 T B R
22, TE Tl A v 2552 21— BR U5 98 it Al A9 £t
SAE TR I B, TR ARG, (H BRI 2 5
L4 JE RO, HOIEAS B R T AR I Y B 7, N3
FHT BAR T R T FR ) U3 J2 T8 BEAG N 5 £ A 2L 55
A 00 PR L AR A A D TR RROR AL, REAS AT
AR X ¥ J2 T8 B e I 1A= o

ERIPOR RN 2 €A N 2l o N L NE S ¥
75 WYY, R RE B BB R IR Wi | S )2 IR R R
Tho SR, XF T — 237 WY B2 45 g 1 TR )2 MR, 0D fig
TIPS E A ELRZ, TR 2B AR ST
B, DRI, Y2 foff 6% 2R T AR AR S R H

Ptaszek #4717 OC T HAKR 1k J2 R BF A 0 1 3412 A
SCES A M, HR A RS I LD AMEBIL AT DL B 2 5 B P
X I R B A2 7 Shepard 58 ABFSE T J T
i R AR ) 2 3 Y A T 2 VR B A B R, A R A%
1) TSR Jr kA — R L ABSR T LUA F AR 2
JERET, ZRHA 2T A5 G Ik 7R A b 2 T WU JR A TR R
THBRURZ 00232 W, IR H] — i S 5 0 A ) 2205
W IR Z R, B S AN TE TBC 2 MM R I Ak
A7 85, 38 K i AR R AR A T A B U ) 0 9% 0T i
B OV, S A N ST o7 I A N R 7 ik o
2T NPy BRI 25 5 R R A Y 2 1 B M SRR AR
FMIR AR T BB R 5 A a3, X AT BE S5 M A
Mige Sy U2, SR4HE A A A BR T AT A G
T €0 T T R B A DR 5 e () B 5, 5 R o (I (iR
TR € I RG24 32 WA R 21 A A D 5 A A T
JE PR3 45 N HEST T A2 B IR J2 19 ik o 21 1 i 30022

ANE ST, 32 o RAE I A A ) TR A B RN L
ZLAMEUZRM, Sreedhar 558 ATk A 57 A AR R
M 28 I OGR4 T IR R 2 VR B IR AR U, 45 2R
7R B AR IR 25 /N T 10%, A B T ¥HLA hLSE
BB TR P AR B R, Shrestha 55 i 1 A FR 7T
5 L0 ST 355 AR A7k e AR S 3 R 1 B ik 2 0 JEE X
FLAFFFT , 2352 5 s K e A 57 25 P 10 3 3 R ARG 00 e
BT — U, Caruso 25 AL T ik 21 A A 15
Xof 2 375 W AR ot 7 2% T IR A A TSR, AT BROTEIUE
DL S 1 235 2R Sk s A o 2 TR U 8 A8 Ak 5 2 3 W 4G
i JBE B S A OGNS, frbR = 46 N T ik 250
TAHEA T R SE A BR VR JZ RS, 38 —Fh T k3l
B B A0 AR A 23 i R A e 2 SR B ARG N 7 1, S 4 2R
W RIZIT R T I E BRI ZHRIR 22/ N T 10%!,

IR R 22 B SR SR FH AN 3 Wb B a5 o
U LA akE B0 1 28 WA R 1) T4, 5l 226 TR )2 i B
PESZ M o T L0 A JCH0 A I 42 %o > 3 WU 2 kAT
D BB 5880, AR IRE BEAR & . R, SCrh sy
T35 B R 2 2 JC B K i 21 A0 fin B 1 A5 AL A
[k R 2L AN IMAARUZ Py BEAL AL, DL b 25 0O B A v
AR L, e A AN )R T B9 R TR, Ve
an - 3E T SIS BIE T BB AS

1 #ESERSW

Xt B TR R B R A, o TR O K
R, R IR AR R Ty Il A P e BB
A% 1) [ 1k ELAR AR 2457, 8 B T BROK, SRR i
oK B = 4 XUZ 45 4 R e S 1) L g A O — EUZR 254
AL IR &1 B D Jik e 2L A0 i B e > 1 ] O
JEIUMTRERL, Horp 1O IR)Z MR

el I I I I
com T T 1T 1T ]

Substrate

L.
L,

|
|

(>}

y
1 BT R R

Fig.l Schematic diagram of theoretical analysis model

20210890-2



s Gk A2

%28

www.irla.cn % 51 %

1Bk OGO AR TR E R TN, — IR B R
TSI, 53— 8B GiE il iR 2 3R, 25 R JE ik
i R 4% e 2 o PR TE R IS SR T B IR I . R T A
TR, BE b OREHRI IS A AT 22 S5O ], A%
TSR RHAT 7 SR B2 AR AL BB O, A% T8k ot
RE S FIADRH S T S 5 7

k%+q:pc%—f )

A Ty, o BRI 5 O AR S AR EG ool

IARH S BE 5 I REBHI LU ARES s g R BHI P R, 1R

e AL IS [] A K G AR R AL AR b 7= A 1
AEi. RN

q(,0) = po- f(y)-g1) )

e po KOG A BE 5 f (v) R ik o' e 2 1] |

(953 A1 BRI g(6) A Bk G AE I ] B 9 4 A R, ik

MOCTEy 7 ) b 2 IR B R, B TR E R R

18 25 375 R FE R, AN BE Z AL Ik oo B 4 o B G 4 1 1Y)

PRI, DRk i B P T 601235 [ A1 R0 A

FO) =pe™ nl-y)+e™-6(y=1) 3)

g()=6(t—10) 4)

b w2 37 WA BB T O R G n() o B BR R AL
S(y) A Wk I BRI 1A K PGB N 21

(LGRS
T(y.0l-=0 ®)
WA
T(y,0l =0 (6)
oT (y,1) _0 )
dy |

i T, — 0, il i Laplace & .

yow,t—=s,T—->U

K nat (1) 5 R
_[2p0 e piwe
U(w.s)= \/;pc s+ka?/pc  p+tio ®
B JeXT s i Laplace 336748 .
2 ) —(u+iw)l
U(w,0) =po \ﬁ [exp_ﬁwz@_ o |2 -
P oc U+ iw
2
P \/; F@)G(@) ©)
N I4j

F(w):exp[_—sz(t—to)] (10)
pc
G(w) = o+ iwe._(ﬂ-*-w)i (1 1)
U+ iw
F(w)35 A8 34«

o) = V2ae, A=, /% (12)

G(w) WAL H N

g() = V2re ™ [6(y— 1) — un(y — 1) + un(y)] (13)

A (12) A (13) BEUEMR AL 9) 145
2375 WU 2 R MR .

2 22 220V
T(y=0,1)=p, \/je'“‘“’- n,ue( ) -[erf(/ll+ ﬁ)—
v 24

erf(%l)]+2\/5/l}
(14)
8 5 TN B AT Ty 3% 500 W, 2 325 B B4 BL by 8 S804
Mg, HAH e R E0R 0.5 mm™', #3215 2 frs (YA [H] )=
JEE B ~F 375 W) T J2 3 i it P ) A8 A 26

16.5
T 50 pm
16.0 - SN —75 pm
[N —100 pm
A N — 125 pm
15.5 f 7N
15.0
&~
£ 145
14.0
13.5
13.0

P 2 BOREAR AR AN TR 2 B B Ao it ) 2 i U AR AL A AT 45
Fig.2 Analytical surface temperature of samples with different coating

thickness vs time in double logarithm scale
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thickness vs time in double logarithm scale
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