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Application Review of Terahertz Reflectance
Imaging Technique for Detection of Internal Defects in
Silicone Rubber for Composite Insulators

TANG Zhiguo, LI Yang
(Beijing Key Laboratory of High Voltage & EMC, North China Electric Power University,
Beijing 102206, China)

Abstract: Because the terahertz wave has strong penetrating ability, high imaging resolution, and strong anti-
interference ability, the non-destructive testing technology based on terahertz reflection imaging has become a
research hotspot in the field of insulator defect detection. In this paper, the propagation characteristics of terahertz
wave in medium were firstly introduced, and a propagation model was constructed to analyze the terahertz wave
refraction and reflection phenomena at the defect interface caused by the discontinuity of medium existing a
defect. Then the finite difference time domain (FDTD) method of electromagnetic wave was elaborated, and
geometric modeling and simulation of silicone rubber material was conducted by using a full wave 3D
electromagnetic simulation software on the basis of the equation that electric field varies with time based on FDTD
theory. It was found that the distribution difference of terahertz waves observed on the observation surface which
was 2.5 mm away from the center of model, can reflect the size and location of internal defect, which provided a
simulation method for theoretical studies. Finally, the academic cases of using terahertz imaging technology to
detect internal defects in insulators were reviewed, and the problems that the detection distance affects the
sensitivity, the background noise affects the imaging resolution, and the identification of defect types were
analyzed and prospected.
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Fig.1 The ideal propagation law of terahertz wave in

intact silicone rubber
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Fig.2 The ideal propagation law of terahertz wave in

defective silicone rubber

IR AL R L RE R 2 P T T, M T, A A5
T, XA S TR T ARAR TR R SCR A R T S A
TEAE AR R A S S AR 28 S St 1 el TR RE I
JL [R5 A i T L At A 0 T 220 i e SRk /), HL
BLE T N ER BRI B (5 S, 5 T sk DL T B 22 R A
N X R AR 5 A AR T
HONTF R ARG R 0 T sk A ), 2 AR
TG 5, LG FAL TG RE i He M T A5 A5 AR
25 A AR AR AR o K AR AR A

ZR G IR o A, AT LUAE Y R 2% 5 SR IR 48 2%
T RSO A SR IR S BAE R AR
X HCHE AT A B K B R AT LR 75 SUE
R FE B B 51 N A R R B

2 EEARESE(FDTD)RE

2.1 FDTDEiLITHE
TE 22 RAE,, % T BB M iH H TR R £,
30 H 4y NI v R VR A AR T . BE B



s iRl 2022,55(7)

JE RG4S R 26 S S R B AE S 246 5 T ReE AR P9 S St B e 0 o ) PP 3 13

AR 0 AR 1) 583 , H K S YEE 42 H4 ) FDTD
TG R — PO G N T . B
WA I ARG AN 5 B, FDTD 454 31X 75 AN 4 3
L E I IR 2 5 R A ) 4 B b SR HAZ B e R 1 S
7. A I E E E A 4413 Y 3
g%, RN G Y 2 A B A 4 4 B3z ) 2 &
g%, N X s O SOR S A B R] AR 2 1) Maxwell
TR — 0 5 R AR (R A A S b K
e SR Al 2 1) LRG3 — b IR SR AR 10 U5 1%
Horp i 4 Maxwell g 5 5 F2 A0 (8)

VxE:—ﬁ—Jm (8
at

K@ H: E N 8L s BB N SR L 5 J,=0,H,
Ho o, KM T 2, HACGREE7 58 %, K HACA
(8) I et oy B A AR AR i KD P

0E. OE, __ OH._
av oz Mo O
JE, OE o,
b 0%y (9
oz ax Mo O
OE, OE, 9H.
B VR e val Y B
ox ay ot

7E FDTD & #iH4 i  3 fir s 16 B 3 5 w3 1 4
A 7 2t A2 BT 1 Yee JUHE . 53 41, HEL3% 5 R 37 LA
A0 T o A 24 A ) T 245 K (1 RF 1) el 45 7 552 48 il
B, 3% BE % B 22 ff Maxwell g B 77 72 40 55 B0 Ak 7 i
¥y B a4 7 FR  DUSUHE I ) sk AR SR A, AT
R3O FDTD % 5 & i X A (100~ 11D,

e(m) a(m) 4_ o(m)At
_ At 2 _ 2&(m)
CAlm) =" (m) Lo(m) L, a(m)A
At 2 2e(m) (10
At 0
_ 1 _ . &(m)
CBOm) = (m) Lolm) | a(m)At
At 2 2¢(m)
E"“("k+1)—CA ) E"(“k+1 CB(
z L/, 5 - (m Lo, E m)

1 1 1 1
n+ 172 » + . + _ n+ 121 » _ . +
H) (1 3 J.k 5 ) H) (l £l J.k 3 )

Ax

(1D

1

Hxn+1/2 i,j+%,k+7)7Hxn+l/2(l’:].7 l’k_i_l)

2
Ay

X EAG R 7 B TR AR R AR oAt 4 4
5ZH i E S5 ERAER M. A SGE T

‘7 E,

3 YeethE
Fig.3 Yee cell

5 0 A) 1 O R, W 8881 TSR 4R L R AE L DL IS
(¥ 77 A P S0 B
22 FDTD#EIAE

PG i N S R o R N
(xfdtd) BPF  ZAF R B R T R
RS, 07 B D RO IR AL, SRR [31]
S THEBRMABER . BSRE. AT BN
PRASE RS, B b AT OR824 105 A6 0 408 2% 7 R AR R 4
BB RGO IO LR, AR SC 3 S W P 4 B R A
B BRI AR T E &A% T &SI
TR s, AR B AH 2 TR T B GhIE I S & 4
GrREBRRARTERN —/NE S, bt mh
2 mm- = 4 mm R FEEE, B R R B 4R
N 0.5 mm. =N 2 mm A/ R R SRAB L 2= K 2 B
FEGUR I A7 TN SEUT I REAR AR A

RS
4 EBRRAHERE

Fig.4 Silicone rubber simulation model
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Fig.6 Two cases of terahertz wave image
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