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Research on Ultrasonic Testing of Internal Defects in
Silicone Rubber Materials for Cable Joints
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Abstract: In the actual manufacturing and field installation, defects such as air, metal impurities, and uneven
distribution are easily introduced into the silicone rubber insulation layer of cable joint, which endangers the safe
operation of power grid system. At present, the detection of power equipment defects are mostly destructive tests,
and the experimental results can only reflect the overall situation of equipment. As a non-destructive testing
technology, ultrasonic testing can accurately locate and image defects inside the material, and reflect the changes
of local performance inside the device. In this study, a set of ultrasonic testing platform were independently
designed and built, and ultrasonic testing was conducted on the artificial silicone rubber samples with different
defects. The results show that for flexible materials such as silicone rubber, ultrasonic testing can better image the
bubbles, air gaps, and steel needle defects in the sample. Compared with similar X-ray testing, ultrasonic testing
has an obvious amplification on the tiny bubbles defects. In addition, the ultrasonic testing technology can reflect
the change of stress and density inside the material, and can accurately locate the specific depth of the defect
according to the ultrasonic echo. This technology has broad application prospects in the location identification and
online detection of internal defects in the silicone rubber insulation layer of cable joints.

Key words: ultrasonic testing; silicone rubber; defects; imaging method

ks B E#A:2020-07-06

0 31 B

&3 HEA:2020-08-24

BEME 2021,54(4)

E€E : [H K B AR R H (520900180032)

TEFB BN A K(1996-), B (BUE) LA E N W4, F 2
T R 5 440 R AR R AR s R R T B AR T B A 5 A A
A (1971, 5 CBUBD , BRTG TG % N, #09% , £ BN F 4545
4 BRI A R A B R B /KRR T (R 7 o

Wt 5 Ik T R AN W B, [ RS B AN R
T s B RGBS A Ve oy iz o
TSR R ER 5 EEAE A AR
JZ N s LA R TR Sk A O B AR



MR 2021,54(4) TR

B RERR IR HH 40 S BRI R P R B 103

HA e o i R R A L ARV B AR R S
Mo HRHTHAERGEMERE I LETZE
4 T 51 OB S TR, S B A 1 B R e T
HL 28 AR, ] 5 HE X ) i 4 e D R 1) G 1
R E AT AN JIREIR o R S B A 2 S AR BT
R A 2 B MR B Rk 0% T KA
AT A PR R 2 3, e SR B Sk A 2 N
HM 2 5l NS B E R R S o A AR
B IE . H AT L )R BRI 2 T
S HE R RSO o o U R R SR S
S, X 00 45 B RE I WA K] 1) AR 55 1 AR
F, FLRE R R 46 B A% AT B IR VR EORE o R A AR
N B ARAT B A, BAT BOAAIS A 7 (3 A
I35 K 0 400 55, R A% SRS A4 R A 3 R 1) 58 7
58, I WA Rl R R AR Ak, TR T AR 2R B
SLEERRR 28 2% J2 A B 1 58 80 1R ) 5 7E 2R A )
J7THA T PN R

AT Ak i R R B AR A L & TR R A Ak
B ) WA IS AT IR I 45 21 732 B 7 S5 R A
T A e P R T K LML E T R R R AT S A
ARG, AT B FEETBE SRS ZHRERK
# s H UENO 250 H 21 400 I3 1) Landolt #8724}
PRI R G0 4y HE R AT T B AT N
SOV R SRR 7S eI T 2 R R e R PR AL T
5G4 I N R E G s B8 S A SMH ZE ik
SR AR 75 R S X A SO IS SRR R R A A0 2R R A g
17T 7 HEHL; SONG W J 250 i /i s A T, XF H
1) T S 2% 65 % B AT SR B RE R AT T I 4 A
REAE 24T

R A HAr 2 BH T3 B A&
A S NI PEA R, 54 8 DL K 2 5B A RS
], REAR I T R M DRL , A Rk o 1 75 32 080™ L i
FE YR E R IR A% R R S BT . R A X
T 7 B E TGRS PR 3 B A B R 1 R AT I AT, I B
FHF B 5 e Sk AR IR 446 5 )2 TR0 7 A I g v 5 0t
A R P )RR AT BRI, BIE TR AR R A R Gk
Fe 1) e 75 R
| BRI

8 7 U U AR AL, W DL AT S PR, E
RE A% A 1, DAL b ) DA SRS W 8 % 1A 5 11 i /) s
Rer o Mk [R1 98 v 2 H AU B R 00088 78 A O 92 .
S0 5 R R, B A BT RS R T AR, 2

FEEM RN, WX OFR. BESENRF
&3, 24 235 P A AN 5] A5 BELT A o /9 58 S T A, —
0 73 P o o S DA — 8 BT A EN 5 — F
A0 I3, T 55— 73 75 U ) o 7 Bt Ak R A S .
BEL470 1) 38 A R 5 B50HR 75 A 5 R A iU BTt
AR S AT AR OB YL B AS 3] ik B Cln <0 L 2
ot B = AN 123 50 ST B S R A [l . A A
AEAEGRRE , WIS 75 R T % T 5 R T % B 2 8] 2% tH 3L
SRREEF, A1 1 BT o AR SR RE B A2 I 1) b ) S
PR AR, W] L) W7 e B PR FEE AR/

Z=pc (D
KO Z T p IRV L s ¢ A AER B
o R A SR

mas L%

O <=

F

WA OREW GeR R
Bl BRomER AR IR

Fig.1 Schematic diagram of pulse echo method
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Fig.2 Schematic diagram of ultrasound imaging
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Fig.3 Structure diagram of detection system
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Fig.4 Attenuation curves of ultrasonic waves with

different frequencies in silicone rubber
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Fig.5 Detection system schematic diagram
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Fig.6 Ultrasonic testing platform
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Fig.7 Framework diagram of detection system software
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Fig.8 Filtering effect diagram
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Fig.9 Schematic diagram of the conversion from detection

point matrix to pixel matrix
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Fig.10 Physical picture of silicone rubber sample
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Fig.11 Bubble defect detection results
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Fig.12 Echo path of bubble defect interface
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Fig.13 Air gap defect detection result
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Fig.14 Ultrasonic waveform of air gap defect
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Fig.15 Steel needle defect detection result

0.4+
0.3
021 ”/
4
0.1
021 J
03] ’
-0.4]

0 0.0l 0.02 0.03 004 005 006

I} 18] /ms
El6 MshaaEmEIE

Fig.16 Ultrasonic waveform of steel needle defect
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