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Detection technology for interface pressure of 10 kV cold-shrink cable
accessories based on ultrasonic nonlinear effect

FANG Chunhua, LIU Qiang, CHANG Peng*, XU Weibin, XU Xiangmeng,
WU Tian, SI Jinhao, LIU Yeqi

(School of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443100, China)

Abstract: The intermediate joint of power cables is a key node in power transmission and distribution system, the interface
pressure of the joint directly impacts its insulation performance and current-carrying capacity. However, a technical
bottleneck remains in the non-destructive quantitative measurement of interface pressure in multi-layer heterogeneous
materials. This paper proposed a non-destructive testing method for interface pressure in 10 kV cold-shrinkable cable
accessories based on ultrasonic nonlinear effects. First, samples with different interface pressures were prepared, and
reference values were obtained using built-in sensors. Then, a mechanical pressurization device was designed to expand the
experimental pressure range. Based on a nonlinear ultrasonic testing platform, time-frequency domain characteristics of the
echo signals from three types of composite interfaces of the 10 kV cold-shrinkable cable joint were analyzed. Finally, a
quantitative mapping model between interface pressure and the nonlinear ultrasonic coefficient was established and verified.
The results show that in the interface pressure range of 0—0.40 MPa, the amplitudes of the fundamental wave and the second
harmonic wave generally decrease with increasing interface pressure, while the nonlinear coefficient first increases and then
decreases. The use of the pressurization module improves the accuracy of the pressure measurement results. The application
of silicone grease on the XLPE interface can fill the microscopic air gaps and weaken the nonlinear effect in that area, but
has little influence on the nonlinear behavior of the interface and does not affect the pressure measurement results. It is
demonstrated that the relative nonlinear coefficient can serve as an effective characterization index for the interface pressure
of cold-shrinkable cable accessories, providing a reliable non-destructive testing technical path for cable operation condition
monitoring and life assessment.
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Fig.1 10 kV cold-shrink cable intermediate joint

Fig.2 Cross-sectional structure of intermediate joint
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arrangement
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Fig.6 Measured values of three types of contact interface

pressures in cables with different cross-sectional areas
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Fig.8 Schematic diagram of the experimental platform
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Fig.9 Typical time-domain signal of nonlinear ultrasound in

cable accessories
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Table 1  Ultrasonic echo signal-to-noise ratio under different

decomposition levels and wavelet basis functions
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Table 2  Fitting curves of nonlinear coefficients and interface
pressure for various composite interfaces
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before and after the application of silicone grease

2 T T A2 A (1 5 20 2> A7 42— 22RO
(1 7 e 2 o X AN, A I (A R
o RAE A IVETT 4, 248 R R Oy 1, AR
1 2 7S PRI N DU, SR T BT, I
WIPERIIT S 47 8 3 20 7B S S O B
B o T 24 PR 28 3R T A O MR S P B A
FIATE, LI 7 AR L B T R B 55—
LB A Moo SR I A W RE AR R R AR AR . H
B BR R A2 45 fih 7 T 01 O 5 AR AR A Jo b 7 SR TR
T ROV % A s B PR AR 4K S 2 F B O
Jy 8GRI, P S T T R0 2 A i A R0 2, i fi
TR [ B k0 ) B2 328 3 P 5 A0 45 fih
RAEEMER T 2 R AEARL AR, UL E S BUT %
fish DI J3E A s B NI 27 A AR R P R L 8 7
2ok ST A 2 R I R A AR A T A T R
ARLRVE RN 2 H SR B IR R I S, R e i 3
FC 1 ER o> 1B AEURE AR AN 2 S 35 AR UL ik )

B, DU ok ST R MR A A 2 Ok AR AR R U B
[ 4b AR S AT AT IRAFAE

fx b, TR IR BORE AR 5 2 5 Al 7 (5 %
B BEYR IR AR  — OB SR AE A R B (R IE R 2 A
55 7% 1 Ak BT AR IT A T 51 B AR P RN, A2
AN R IR e A RS RS | A v A
FTH F 77 32 B 5 1 fl 5 T 0 91 B A O, TR U v R
JIE FEAS £ %68 H 45 B A ST R 3 1 Al 46 2 e 7 A DU
PR E T
5 Z5ip

S I ) 2 B 10 kv A4 A Sk
(1) N 774 - X LPE Sl £ A% e ~XLPE Ft 1 N 2 5
M2 -XLPE ST T A F R 5 K/ T A2k
A AN S5, 45 B 1 EAE IR AN

CDERXT 10 kV ¥ 45 3 25 A 3F 28 P08 75 51
I IRAS I B AE 5, K dB8 /NI L R #9270 i
JEHT 2 MR R A

(kM4 e -XLPE Ft 1 « A ¥ 7 HL )2 -XLPE 5t
T S 74 - X LPE 5 [ 6 75 [ 95 M 48 ik 30k g {1 A0
YR R Y ST R g 3 K kD AR 2R 1
EX QUSSR N =R AN EE RS g v e )
T T A g AR 4 MR - TR T ) eR A S A, DA
TG W) ) 4% 3k A 2 M R B /0N T SR A5 ) 42 3k
FHIH R 1R/

OB E, AR ER, Bk ES
IR IR NP, BI5S T ARG 91 R AR 1 AL
JSE 5 AF DRI I AN 5 o 22 fie 1) 2, IO D =l 4 1k 2
PHAFAE , Wk Jig o ST e 77 (0 S 42 1k e 75 A U 5 il
AR I 25 AR IR AT 5

(4 F) FH ARG A 28 1% R H0mT LASE I 10 kV ¥4
247 P 285 v ) Sk B T e IR A ROEAR 9 S bR
FEL 25 P15 A i ST R 7 (R 0 AL 1) 7

S22 Hk References

(17 Elb R iR e A T3t H bme st i i v 8046k 3 T
PEHIELR ISR [I]. v LFEHOR 2023,42(1):80-87.
WANG Ye, XU Wei, XU Xialing, et al. Online decision-making
for overload prevention control of power transmission equipment
based on controlled target relaxation[J]. Electric Power Engineer-
ing Technology,2023,42(1):80-87.

[2]  S2RE . i r e e 3 28 R AR SR ST (0] AR BCR
2024,31(12):132-133,136.

PENG Xuncang. Research on transmission line fault classifica-



132

AR

2026,59(5)

(3]

[4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

tion and inspection countermeasures[J]. Instrumentation Users,
2024,31(12):132-133,136.
WANG X, WANG C C, WU K, et al. An improved optimal
design scheme for high voltage cable accessories[J]. IEEE Trans-
actions on Dielectrics and Electrical Insulation,2014,21(1):5-15.
PR R L A IR A R R R R 5 AR £ S
BLHIARE 72 ], o B L TRE 22 31),2019,39(2):604-611,657.
YAN Zhimin, YANG Kai, WANG Shihang, et al. Study on the
mechanism of silicone grease on electrical tree degradation of sili-
cone rubber[J]. Proceedings of the CSEE, 2019, 39(2): 604-
611,657.
J7 AR AR AR 3, S 10 KV HL B R ) B2 Sk 4 % P REAR I 7Y
5 S 7Y B B 0 S A S R AL TTVE (D). B M RE,2024,57(10):
125-132.
FANG Chunhua, FENG Dongdong, LIU Qiang, et al. Ultrasonic
signal characterization of typical defects in silicone rubber for 10
kV cable intermediate joint insulation[J]. Insulating Materials,
2024,57(10):125-132.
BV AR X8I A TR P SR IR AU R A A R
PRI R A D 5 AR O3 BT BT A (D], 45 % B kL, 2024, 57(9):
131-139.
LU Lixiang, YANG Zhuoran, LIU Jian, et al. Research on inter-
nal defect detection and spectrum characteristics of epoxy resin
composites based on ultrasonic reflection method[J]. Insulating
Materials,2024,57(9):131-139.
dBELL AT AT A L R AR L R B o 2 e L B
] @4 PR R 5 TR,2025,41(1):136-144.
MENG Xiaokai, YU Hua, LU Zhumao, et al. Ablation mecha-
nism of the buffer layer in high-voltage cross-linked polyethylene
cables[J]. Polymer Materials Science and Engineering,2025,41(1):
136-144.
HRARTH, B A, XL, A5 e L FR e Sk S i s g K ).
i HURBR,2007(1):173-176.
ZHANG Dongsheng, HAN Yongsheng, LIU Hongxin, et al. De-
termination of the pressure distribution at the XLPE cable-rubber
interface in a self-pressurized joint[J]. High Voltage Engineering,
2007(1):173-176.
AR O, A TR B B VA A v B B R T R T 5
G JESR AT IL[]. 4 H 13 5 T12,2025(1):13-15.
QI Chun, GAO Chuangye, WANG Rufei, et al. Study on the rela-
tionship between interface pressure and insulation strength of in-
jection-molded cold-shrink cable accessories[J]. Manufacturing
and Upgrading Today,2025(1):13-15.
PRAfAe 2 = T 5 T SRR I L 7 R b ) H 4 4 Sk
FLTH 7338 728 077 FURF 96 (D). o U R, 2024,50(3):1043-1052.
YI Delun, ZHENG Yingying, JIANG Haoyue, et al. Simulation
study on the evolution of interface pressure in cable joints
considering stress relaxation of silicone rubber[J]. High Voltage
Engineering,2024,50(3):1043-1052.
YOSHIDA S, TAN M, YAGI S, et al. Development of prefabri-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

cated type joint for 275 kV XLPE cable[C]//IEEE International
Symposium on Electrical Insulation. Toronto, Canada: IEEE,
1990:290-295.

TR s, 55 A B AT A I W e 8 A
11 V5 I 5 R0 TE ). o R K, 2022,48(1):38-46.

WANG Xia, FAN Zhuoyang, WU Chao, et al. External fiber
grating sensor used for measurement of interface pressure be-
tween cable and accessory[J]. High Voltage Engineering,2022,48
(1):38-46.

SOLODOV 1Y, KROHN N, BUSSE G. CAN: an example of
nonclassical acoustic nonlinearity in solids[J]. Ultrasonics,2002,
40(1-8):621-625.

RICHARDSON J M. Harmonic generation at an unbonded inter-
face-I. Planar interface between semi-infinite elastic media[J].
International Journal of Engineering Science,1979,17(1):73-85.
BIWA S, NAKAJIMA S, OHNO N. On the acoustic nonlineari-
ty of solid-solid contact with pressure-dependent interface stiff-
ness[J]. Journal of Applied Mechanics,2004,71(4):508-515.

KIM N Y, JHANG K Y, LEE T H, et al. Reflection and transmis-
sion of acoustic waves across contact interfaces[J]. Journal of
the Korean Society for Nondestructive Testing, 2008, 28(3):
292-301.

Ji A P BB W 85 T AR R S R R B RS S
TR 3R 7L 0], FLUR R ,2024,50(1):313-321.

FANG Chunhua, SUN Aoqi, YOU Haixin, et al. Interface pres-
sure detection method of cable silicone rubber based on nonli-
near ultrasonic[J]. High Voltage Engineering,2024,50(1):313-321.
TR E 2, 7R, 110 kV R AT ) X A 4 A sk A
T g 17 75 S 2R VR PR R AE BIE AT, 75 254K ,2026,45(1):
65-74.

WANG Yanhui, XIA Rong, FANG Chunhua, et al. Study on ul-
trasonic nonlinear characterization of interface pressure in 110
kV fully prefabricated cable intermediate joints[J]. Technical
Acoustics,2026,45(1):65-74.

WRAE I B0, J R 4 46 o s HL 85 24 i HEL RS 5 fid 7% T 7 7 A
LM SRR AEIE S [I]. 7 5 R, 2025,44(6):901-909.

CHEN Xiangzheng, XIA Rong, FANG Chunhua, et al. Ultrason-
ic nonlinear response characteristics of rough contact interface
of high voltage cable termination[J]. Technical Acoustics,2025,
44(6):901-909.

KIM J Y, LEE J S. A micromechanical model for nonlinear
acoustic properties of interfaces between solids[J]. Journal of
Applied Physics,2007,101:043501.

PUEAR, TR WA, JE 1 5,55 .10 kV XLPE HIZ5 74 45 v 7] 42 3k 5t
T 5 355 A 0], W R ,2017,43(2):661-665.

JIAZ D, ZHANG Y J, FAN W N, et al. Analysis of the interface
pressure of cold shrinkable joint of 10 kV XLPE cable[J]. High
Voltage Engineering,2017,43(2):661-665.

KT R EOR R AN R PR I BE AR 4 B /N 2 M VR AL
[ AR AR 5 44 7% %8,2021(1):102-106,122.



TS LT SRR RO 10 KV 74 45 =X H 25 B 5T D R R

133

(23]

[24]

ZHU N, XU C X, FU Y J. Research on wavelet denoising meth-
od in ultrasonic ranging system[J]. Instrument Technique and
Sensor,2021(1):102-106,122.

MR 2, T 06, WRIL 7, 55 B R W BEAT 5 N il PR AE 25 1 2
B I8 R TR ] AR R ¥ 41:,2017,30(3):407-411.

CHEN W H, DING X H, CHEN J N, et al. The parameter selec-
tion method of wavelet threshold denoising in ultrasonic ranging
signal process[J]. Chinese Journal of Sensors and Actuators,
2017,30(3):407-411.

FBO, R B2 SkAB A8, 55 3 T 2o VMD-WT il 2 3042
R TR S S LT VAL). T DI S AR AR, 2024,
38(12):237-249.

BAIY X, CHEN Z Y, ZHANG X L, et al. Ultrasonic signal de-

noising method for oil-immersed transformer partial discharge

[25]

based on improved VMD-WT[J]. Journal of Electronic Measure-
ment and Instrumentation,2024,38(12):237-249.

SONG M X, JIA Z D. Calculation and simulation of mechanical
pressure of XLPE-SR surface in cable joints[C]//2018 12th Inter-
national Conference on the Properties and Applications of

Dielectric Materials. Xi'an, China: IEEE,2018:1001-1005.

ks HEA:2025-08-13; &8 HEA:2025-09-19,
TEHE N

F A4 (1980-), B (k) , M RITA, 814, i+, %

LONFE B YRGS MR ARG

BRI (1987-), B (k) , #HA+EA, #T, £

FNF BB il KRB



