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Abstract: The high voltage cable used in mine is affected by many factors, such as electricity, heat and
machinery stress. These factors accelerate insulation aging and easily lead to cable leakage, short circuit or
discharge. At present, the dielectric response method is introduced into analysis, evaluation and diagnosis of

insulation performance and aging state of mine cables. In view of problems of insulation performance and aging
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state evaluation of mine cables, the commonly used ethylene propylene diene monomer (EPDM) insulated mobile
flexible cable for mining is taken as the research object. The basic principles and typical characteristics of
recovery voltage method, polarization/depolarization current method and frequency-domain dielectric
spectroscopy method in dielectric response method are summarized. The advantages and disadvantages of the
three methods are compared. The characteristics of cable insulation performance evaluation based on the dielectric
response model are introduced. The characteristics include the aging factor extracted by the extended Debye
model, relaxation characteristics extracted by the modified dielectric relaxation model and dielectric loss integral
spectrum. The application of the dielectric response method in the evaluation of the insulation performance of
mine cables is summarized from the following aspects. The aspects include the identification of trace corrosion
degree of mine cables based on recovery voltage method and polarization/depolarization current method. The
aspects include the evaluation of EPDM insulation multi-stress aging state based on polarization/depolarization
current method and isothermal relaxation current, based on dielectric relaxation model and based on dielectric loss
integral value. The existing online monitoring technology for the evaluation of the insulation performance of mine
cables based on the dielectric response method cannot adapt to the working conditions of coal mines. The
evaluation data is insufficient, and the relationship between the insulation deterioration degree and the
characteristic quantity is unknown. In order to solve the above problems, this paper puts forward that the research
should focus on two key technologies, namely, cable insulation state perception and the relationship between
insulation degradation degree and characteristic quantity construction.

Key words: mine cable; insulation performance evaluation; dielectric response method; recovery voltage

method; polarization/depolarization current method; frequency domain dielectric spectroscopy; multi stress aging
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Table 4 Ageing factors of EPDM under different ageing time

ZALIT ] /h 0 15 30 45 60

AT 2.02 2.20 2.63 2.92 6.24

XFL R 2 FFk 4 /A W, B 44 % ' EPDM
H A I BOR TR B R Ol di A 2, H ARk
FEN 2R S NP S T e e T 25 S I o e b e
BN TR RS E . e i
s MBS A TS e o A AT R R IR TR N R
WU %5 U] 5 , e A A 15 K 40% J5, A 2%
A 1 T A L A R AT AGAE , B 2 A PR 0 A
5 LA IR T4 R 5 200%, DU 37 BV R H 4 R
KR S R e N G U o PSR A T
FH 4546 2 ] EPDM & AR ZS B, A5G 7 S bR
BUE, L2545 oA 2 A 15 i, 36 50 22 Ak A
(IEGHERUpNTE AT 2
3.2.2 T i I AR 1) 2 AR TEAR

SCHik [16] 2% I PDC 5 Fl1 FDS 2 % AR 6] % Lok
A1 EPDM # PR e AT T 40 HT . 7E FDS ¥ B4
I, 2% ] Havriliak-Negami £ % 50 f# B T EPDM [1)
S g o AR T, SR ARk A5 0 4R Ak O ik
LS A ARG IR B E &, W 5. v AW
Wit 2 A RIS, PR AR R B X, BT 32 oo A1
BRER L 528 o BHE K

%5 EPDM [ Havriliak-Negami BEUERE

Table 5 Characteristic parameters of Havriliak-Negami

model of EPDM
ZALITE]/h X s 60/(10%8m™")  oy/(10"2Sm™)
0 0.02  0.930 1.29 0.85
200 028  0.005 4.93 2.81
400 0.52  0.070 4.96 4.99
600 1.10  1.030 13.5 17.8

ik [ 1817 Cole—Cole # A FLA |-, R X ath
Cole—Cole R RY, ¢ A 25 fE SR AL | (A% 5% [m) B



¢ 52 . Iy 8

% 49 %

PRI B AL 52, X R IR IR I Z N Z AR &
1L 1¥) EPDM FDS ih & it 4770 Hr, 45 3 5t B o 1 L it
FRINF )RR, B S R A R AR, ANTA] 9 R

—=— R

—o— FRTA AL R K
r—a— FH SR
—v— (TR I R A S R
—o— AT 1A P i 3

=3 W B
=} (=] (=]
T T

K [0 AR E] /(107 s)
)

UM AL S0 TER /10!, FLTRH AL ]
FHU10° s, HHL S2/(1075 S'm™Y)
THA 7 A AL St P50 /1072, H AR T

0 10 20 30 40 50 60
AL E] /R
El 9 EPDM ARG Cole-Cole AR HAU4FAE 17

Fig. 9 Characteristic parameters of double relaxation
Cole-Cole model of EPDM

MNIEL ORI F HY, Bl 2 AN TR] 3G, 54T A Ak 5t
TR E SIS, ST A P TR] 8L AR A 4 B
Alath B0 B L B LS 3R T K, A T i Ak
I ) B 5O R 2 T AR A R ) A AR b ot PR
S 0 S TR A A R T i 5P e i e o 25 22 A
P IRHE AR LA 23 AT, XUt B Cole-Cole #5241
¢ Havriliak-Negami 152 £ 51 1 H] T %} EPDM 7£ £
FIEH &AL FDS #4753 47 .

ST A Ak 5t T8 TR B Aeq 1S THT AR Ak B ] 5L
ta 5 E AL ] g 2 T 2

{Asd =3.22-0.0327¢
74 = 673.89exp(0.045¢") — 192.49

B O A 10, BIrT 5 20 N 7 55t i
SR B8 Ot 7 P () B G R R A B AL R AR
A B4 JE R A
323 BT TFEFUME R E RS TS
ZoHL | ARNEY ) 2 R AEH & 1Y EPDM 4
JEARAE RN E 10 FioR o ol & WA TR R 2
{ELAFE W0 AR RN R, FE AR5/ N T 24 10 kHz B
PRGN, B A 0T 458 AR R 8 A A0 5 0 /N T A2 A
A3 AS [R) 22 AL F2 EE ) EPDM A Ji 16t FE AR A5
Bl 5 22 A B [ 38 0, A B FE B 2T RN &
AR, R ) ERAS o A B AR R A3 R R
2 AL [a] 38 i ok, BAE 2 e B i B R
N R FE R IR
D =4381.04—1389.58exp (0.1177)+
1 809.33exp (0.117¢) an
PR, AT ) FH A J5T 00 R B0 e B A R 2 4k
TR T, TRAN Y AL AR AR I, P37 0

(100

0 1 1 1 1 1 1 1 T
102 10" 10° 10" 10> 10 10* 10° 10°
AR Hz

(a) A BFERME

b o D
o n o
T "

A AR A E/10°
b

by
o

1I0 2I0 3IO 4IO SIO 6I0
FALE /R
(b) A B FERR S A
E 10 A[RZE{LEHA N EPDM v R FERME

Fig. 10 Dielectric loss integral value of EPDM under

(=]

different aging time
RZEEFH B T iR E .
4 W HRBSEZMERETMHXERA

Bl AEZR W | BRI W . A PP A5 R 5
N T AR, 5 &R B4 %ok s
G35 1% T DA A G: ) R A AR A6 0 0 4 4 4
AR R T U NI 1) H s S RE VT4 U ik R
S A FH FE SRS AR A S 1 A A B AR R, (R
T 166 7 248 W 0 B R T vk 33 o ™ T80 . PP Al H 45 i
AR G LR SRR B G R AR AR N8, 45 1)
SRR H LA 0 28 2 1 e DA B AR Bk D RS IR
HFRM X, mEpm TR RS Ri R
Jie o PR, 0 EE SR e S s ORIV L A Ak
T 5 R AE 1 OC R AR X 2 THOCHER AR
4.1 BLRERBmBK

H A B T8 F e e 28 A 48 GRS B B R
LG AL W RN B e R P2t . ZE G WD AR L)
TR F 200 S U R O 2 R I I o
o D Sy 358 0 F W O B S 3 K, AR T i o 52 R A
70 s e R R BN AL S A s F S I TR e, S 3K
FHL 25 8 A P A T T8, TR A RIS W s i 12
SR S BRAT FH v PR S ) S R R e W, T AR Al
B1T 0L, BEEE AR AR 45 A b TR, 4 25 4%
T, i BB PR, 25 it I S0 I P AT 1 Ry S T



2023 % 14

FAME: ATA bk Bkt 5 QUSG5 R .53

ERER GRS

T TS P JAE 00 = R e s % v BEL ) L
ML L . I T EAE LT AR BRI 1 AN A
) LI R, 00 % 4 25 N Bz b 2R 1) LU LU o
Z IR 22 A R ) S 2, e n 04 B H R AR
Can 48 V), S E0nT I & 1) H 3 R LG, B R 22 8K
K, RATRNME R 20 —Fha AT 0 vk E %
N2 30 3 P 8 46 % 1) S U LU 465 G R R IR 07 22,
SR A HL A O 3 31 OR T L F R A S R, S 4 2%
ARV o %7k H AT LA ARG R 3, 6 R R
AR T — L5

e S YA M T S R X A P R R e 5 4 Sk R
28 B b 245 % b B 1 7 2 M B0, 8 IS 9k U e e 4
R LT B . B ETE A 4 OG- E J5
T AET F H 8, (HZ 7 32 6 27 o 40 2 il
(52, AN T T S 3288 o s 40 H 40 Uk B T o,
WCRIEN LR LS . R AL AN MG AURN 43 A XA 2D
FEAZ RS AT F T8 FH A% 30 28 i e 20 i B A R U 3
DU, An: R FH 28 AR 21 A BAGA, e I 22 2 1 R AL
LS, B FA3E R 48 A L0 AN, 25 5 R B T
BATHL, TR A 2k 2 A2 TR, [F)
S5 3 S5 0 T e M O 5 SR 3 A AR D AR A% SRR
FORTF & B8R o2 1R s A% s T Wiy FRL B 0 A1 e
e, SPGB A AR I B 1 A A S . R Ry
389 R (R e s 2 0 B, ANl EAS W) T 00 T HE A
PRTAL H 000 e T 4 IR IR T IR ABIESY
42 BGENBELRFIETXEAME

W e e L AR RS AT T 25 R A 1 R
TAETH R Sh IS S, As T BRI K, 1
Sy WL A HURONE 7 4F Z A I R L RIAE R . o
SR AEAILHL I AL 4R 1 IS AT HL TR 400 A, JE Bl LR
AIIA 2000 Ao 33X 75 L 45 s 25 B 7K A2 Bk B R
H B A B0 FE K™= A (3, I8 7K 7 L sl LA
FEARRESRAETE . BEAh, RIEHLHE P A 28 IR kE
SR ST HT TR T A A 2 253 ) N Ok ol 2 228 8, (i 75
Y BRSPSl RSN I EH . £
DR 2% 3 W) VF A S 350 P 0 400 5 45 Ak B b, Fig 45 75
AR . N SEEE R R A B A PR REVEA, W5
W2 2 4 AL FEE SR IE B R . XL 2L
Bis AT TOLAME, X4 it 17 2 N2 Ak, Wit ik
ANTE AL o B 0 46 % Pk e, $RBUT T R AF 46 2 1 g
[ RFAIE 5

LA 5% N 5% 22 Ml oG e i RTAA R R SR R
I SE R o AR I B L A P )
WEFEALARN g 55 H L AR PR 28 L R T i 4 2 1 g

AL LA, X T R BE T RE T BT ) s A 5
HL | R R IL[FFE A EPDM 4a 20k B DAl 5 T AR
¢ B4 %t A% EPDM 45 fb e B 5 SR 45 ¢ RRAE
HACRER TR . B TR R S A
GeH R = LR B pREOE R, HAFTEA R B
LT3R AR AR A A — B L, BT 2R
9N T RE Sk sl 7 2 A R O i e ) A A 1
TR R BT N T RSk T B f P9 e L
FEIP AT, A2 40 O P v PR 5 4 2 1k RE VA R A7
i B A A (AR B o B 28 A R U Al s e 5
6 el S AL P 0 4 5 Ak T AN TRIR R P B ek X
R, R AR LRI | B LA s R 2 )
G (5 FAE R v 3 a0 5 0 R o, S H
Bt S MEREAZ AL A H, TS B8 25 1k RE DA

5 it

C1) A HL I B 324 oA — o Je 46000 4t Jr vk, ml S Bl
XA FH EPDM HL 48 46 2% M BE A9 PEA% , (HAS [ BB AF 2
598 G 5 AR P AR AR AE X ) . AR W)
TR | A AR R o3 1 B 5 5 46 2% 45 (L A L
AU RAR G, 7T T Zi 4 ok A

(2) NS s L 48 2 B Ve REVEAL , ROl B
T A ORISR A8 5% 45 TR B 5 R A R G
RIS AR

2 Z K (References):

[1] LIN Lingyan, LIN Chen, GENG Pulong, et al. Aging
life evaluation of coal mining flexible EPR cables under
multi-stresses[J]. IEEE Access, 2020, 8: 53539-53546.

(2] E-TF, W0V, BEM, & 5 TR0 BRI E I

S PERTT BB IR IR L RE IR T (1] 4
2L 2022, 55(4): 56-61.
WANG Siyu, LIU Yang, LEI Zhipeng, et al. Research
on insulation performance of EPDM for cables under
extrusion pressure and thermal stress based on
polarization current[J]. Insulating Materials, 2022,
55(4):56-61.

[3] HEMW. ZWBIRA S Bk e KA AT R

HUELRIWT T (D], KSR KRB TR, 2015.
LEI Zhipeng. Dielectric properties of EPR and partial
discharge mechanism occurring in cavities and along
surface of EPR[D]. Taiyuan: Taiyuan University of
Technology, 2015.

[4] JONSCHER A K. The 'universal' dielectric response.
I[J]. IEEE Electrical Insulation Magazine, 1990, 6(2):
16-22.

[5] LEI Zhipeng, SONG Jiancheng, GENG Pulong, et al.

Influence of temperature on dielectric properties of EPR


https://doi.org/10.1109/ACCESS.2020.2981359
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.008
https://doi.org/10.1109/57.50801
https://doi.org/10.1109/ACCESS.2020.2981359
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.008
https://doi.org/10.1109/57.50801

. 54 .

5 8k

% 49 %

[7]

(10]

(11]

(12]

(13]

and partial discharge behavior of spherical cavity in EPR
insulation[J]. IEEE Transactions on Dielectrics and
Electrical Insulation, 2015, 22(6): 3488-3497.

IR, BT AR RSN QR %R T IR
W2 W 5 (D). AR RE TR, 2016.
FENG Chen. Study on surface electrical tracking fault
diagnosis of the cable used ethylene propylene rubber
based on insulation resistance[D]. Taiyuan: Taiyuan
University of Technology, 2016.

SIMMONS J G, TAM M C. Theory of isothermal
currents and the direct determination of trap parameters
in semiconductors and insulators containing arbitrary
trap distributions[J]. Physical Review B, 1973, 7(8):
3706-3713.

r R, Ak, RACIR, 55, IR AN SIRAE =0 4N
IR A 2 B BB R AR I S AV T R RIEFE [). H
THBEHEAR, 2015, 34(5): 76-80.

GAO Shuguo, ZHU Yonghua, WU Changshun, et al.
Application of isothermal relaxation to aging assessment
of EPDM rubber
Advanced Technology of Electrical Engineering and
Energy, 2015, 34(5): 76-80.

KoK, /N, BRI, S5 A AL o B SRR AR e TR
SERIR IR A A B SRS VAl R HT 7], v e
JEHAR, 2016, 42(2): 513-521.

ZHU Yonghua, GAO Xiaoqing, YANG Juanjuan, et al.
Application of isothermal relaxation current technique in
condition assessment for XLPE HVAC cables[J]. High
Voltage Engineering, 2016, 42(2): 513-521.
SHAYEGANI A A, GOCKENBACH E, BORSI H,

et al. Investigation on the transformation of time domain

insulated cable connectors[J].

spectroscopy data to frequency domain data for
impregnated pressboard to reduce measurement time [J].
Electrical Engineering, 2006, 89: 11-20.

TEN, DR, RER, % CNBRASGNRT G S
553 T 8RR D0D. IR BOR 2016, 42(12)
3924-3933.

LEI Zhipeng, FENG Chen, SONG Jiancheng, et al.
Surface breakdown and surface discharge characteristics
of ethylene propylene rubber insulation [J]. High Voltage
Engineering, 2016, 42(12):3924-3933.

R, &AM, AR, 55 SRR AR T R JE il
e A -2 W A6 IR ) % ma (). f Mk R AS . 2017,
53(10): 136-141.

FENG Chen, LEI Zhipeng, REN Hongqiu, et al. Effect
of surface electrical tracking of ethylene propylene
rubber on polarization-depolarization current[J]. High
Voltage Apparatus, 2017, 53(10): 136-141.

FAK, TEM, RE, & LRI I IR E
Xf W% A /25 WA H R B 5 R DD I AR, 2019,
55(6):99-104.

WANG Shaofei, LEI Zhipeng, SONG Jiancheng, et al.

(14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

Influence of electrical trace on polarization/depolarization
current of ethylene-propylene rubber[J]. High Voltage
Apparatus, 2019, 55(6): 99-104.

MEN Rujia, LEI Zhipeng, SONG Jiancheng, et al.
Effect of thermal aging on space charge in ecthylene
propylene rubber at DC voltage[J]. IEEE Transactions
on Dielectrics and Electrical Insulation, 2019, 26(3) :
792-800.

RN, ALAR A, 3R BRSSPI SR AR e A
A TR W) 11 2 T o A A0 B B 20 A7 R 1 (D). v R
A, 2017, 43(2): 453-459.

XU Hang, DU Boxue, SU Jingang. Space charge
behaviors and trap distributions of polypropylene/
polyolefin elastomer blend under different elongation
ratios[J]. High Voltage Engineering, 2017, 43(2) :
453-459.

R, FeH, BN, 55 TPDCHZ R 1L
A RS B FRL G A IR A U A 0], 48 6 R, 2020,
53(1):70-75.

LIN Chen, LIN Lingyan, LEI Zhipeng, et al. State
evaluation of multi-stress aged EPR cable insulation
based on PDC[J]. Insulating Materials, 2020, 53(1) :
70-75.

KREMER F, SCHONHALS A. Broadband dielectric
spectroscopy [M]. Springer, 2003.

Folk, ZERF, M, & FE N AR )T RS
% M =70 SRR A A 23 87 (7). 46 56 Kt
2021, 54(12):94-100.

WANG Ye, LI Wei, LEI Zhipeng, et al. Dielectric
spectroscopy analysis of ethylene propylene diene
monomer for cable insulation under force and thermal
stress[J]. Insulating Materials, 2021, 54(12): 94-100.
VR, R, TR AN, 55 B T SRR O
FL 4 448 o F B R AR R R I T A (0. o e
2019, 55(2): 156-163.

ZENG Junxiang, SONG Jiancheng, LEI Zhipeng, et al.
Research on the growth dynamics of electrical trees in
the insulation of XLPE cables under the needle-plane
electrode[J]. High Voltage Apparatus, 2019, 55(2) :
156-163.

VR S AR R N U ERS ST 27 R
LA BB, 2017, 43(12):22-26.

ZHOU Bing. Research on partial discharge pulse signal
denoising of high voltage cable in coal mine[J]. Industry
and Mine Automation, 2017, 43(12):22-26.

T, O, BRI, LTI R S48 2 B
X RS AE IR Ak B R 23 AR B S R (1], DA B 3k,
2019, 45(2): 65-69.

ZHANG Min, WU Xinghua, GENG Pulong, et al.
Influence of insulation resistance asymmetry of mine
power cable on AC stray current distribution[J].
Industry and Mine Automation, 2019, 45(2): 65-69.


https://doi.org/10.1109/TDEI.2015.004942
https://doi.org/10.1109/TDEI.2015.004942
https://doi.org/10.1103/PhysRevB.7.3706
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.1007/s00202-005-0316-0
https://doi.org/10.13336/j.1003-6520.hve.20161128029
https://doi.org/10.13336/j.1003-6520.hve.20161128029
https://doi.org/10.13336/j.1003-6520.hve.20161128029
https://doi.org/10.13296/j.1001-1609.hva.2017.10.023
https://doi.org/10.13296/j.1001-1609.hva.2017.10.023
https://doi.org/10.13296/j.1001-1609.hva.2017.10.023
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.13296/j.1001-1609.hva.2019.02.022
https://doi.org/10.13296/j.1001-1609.hva.2019.02.022
https://doi.org/10.13272/j.issn.1671-251x.2017.12.005
https://doi.org/10.13272/j.issn.1671-251x.2017.12.005
https://doi.org/10.13272/j.issn.1671-251x.2017.12.005
https://doi.org/10.13272/j.issn.1671-251x.2018080001
https://doi.org/10.13272/j.issn.1671-251x.2018080001
https://doi.org/10.1109/TDEI.2015.004942
https://doi.org/10.1109/TDEI.2015.004942
https://doi.org/10.1103/PhysRevB.7.3706
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.3969/j.issn.1003-3076.2015.05.014
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.13336/j.1003-6520.hve.2016.02.023
https://doi.org/10.1007/s00202-005-0316-0
https://doi.org/10.13336/j.1003-6520.hve.20161128029
https://doi.org/10.13336/j.1003-6520.hve.20161128029
https://doi.org/10.13336/j.1003-6520.hve.20161128029
https://doi.org/10.13296/j.1001-1609.hva.2017.10.023
https://doi.org/10.13296/j.1001-1609.hva.2017.10.023
https://doi.org/10.13296/j.1001-1609.hva.2017.10.023
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.13296/j.1001-1609.hva.2019.02.022
https://doi.org/10.13296/j.1001-1609.hva.2019.02.022
https://doi.org/10.13272/j.issn.1671-251x.2017.12.005
https://doi.org/10.13272/j.issn.1671-251x.2017.12.005
https://doi.org/10.13272/j.issn.1671-251x.2017.12.005
https://doi.org/10.13272/j.issn.1671-251x.2018080001
https://doi.org/10.13272/j.issn.1671-251x.2018080001

2023 % 14

&M

s AT ve ke R B YL G

B AE T AR « 55 -

(22]

(23]

(24]

(25]

26]

(27]

(28]

(29]

FEKT, AR, R E R, R S RS AL
SR FE L], T E 20k, 2016, 42€6): 65-69.
WANG Yongsheng, LI Xiaona, ZHAO Guodong, et al.
Research of online monitoring of high voltage cable
insulation degradation of coal mine[J]. Industry and
Mine Automation, 2016, 42(6): 65-69.

NG RE. U S R B SR SRR M BT R AW
TFA D] RS KRB TR, 2013.

SUN Xiaofei.

system of insulation characteristics for high voltage

Development of on-line assessment

cables in coal mine[D]. Taiyuan: Taiyuan University of
Technology, 2013.

HAEM, R, FhRE, &1 H & E W8 R R
DA S B BE AT e ST DO B R A 4, 2013,
38(12):2265-2271.

LEI Zhipeng, SONG lJiancheng, SUN Xiaofei, et al.
Research and application of high-frequency current
transformers for partial discharge measurement of
mining cables[J]. Journal of China Coal Society, 2013,
38(12):2265-2271.

A, B, BER, S5 IR AR R X R R BBl L
SE T G 2 M TA) T80 B ma (D). 48 6 RE, 2019,
52(9):58-64.

LI Wei, LIN Lingyan, KANG Ailiang, et al. Effects of
temperature and humidity on phase-to-phase discharge
of stator winding for high-voltage motor[J]. Insulating
Materials, 2019, 52(9): 58-64.

J3 SR, SN, R 5. TR AR e A%
GRAH R BRSO IR T 2 (7], L 3 3h ik, 2018,
44(5):36-41.

WAN Zhigiang, CAO Penggang, SONG Jiancheng,
et al. Influence of partial discharge on temperature rise
of windings of mine-used flameproof dry-type
transformer[J]. Industry and Mine Automation, 2018,
44(5):36-41.

PIGERE, RAEK, T5EMS, & 2 T MHER BT &k
R o 2% P BELAE 2R R I (0], R0 22 42, 2014, 45(2):
82-85.

SUN Xiaofei, SONG lJiancheng, LEI Zhipeng, et al.
Insulation resistance on-line detection of coal mine high
voltage cable based on DC bridge method[J]. Safety in
Coal Mines, 2014, 45(2): 82-85.

R, HisE, T4, % XLPEH /) i 8535 Sk 6l
*ﬁfﬂb@ﬁ&ﬂ?%*ﬁ%@% (00, v i HL 4%, 2018,
54(7):87-97.

CAO Junping, JIANG Yukuan, WANG Shaohua, et al.
Analysis and prospect of defect detection key technology
for XLPE power cable joints[J]. High Voltage
Apparatus, 2018, 54(7): 87-97.

BAF T, [T, IRIEDE, 55 99K SIONMRINXT & AR
JREAR R S v AN R SR I ) S (0. 48 R R
2021, 54(1):18-24.

(30]

(31]

(32]

(33]

(34]

(35]

36]

(37]

ZHAO Ruixue, MEN Rujia, XU Xiaoxiao, et al. Effect
of nano-SiO, addition on relative permittivity and
conduction characteristic of ethylene propylene diene
monomer [J]. Insulating Materials, 2021, 54(1): 18-24.

MEN Rujia, LEI Zhipeng, SONG Jiancheng, et al.
Effect of thermal ageing on space charge in ethylene
propylene rubber at DC voltage[J]. IEEE Transactions
on Dielectrics and Electrical Insulation, 2019, 26(3) :
792-800.

I, HENS, XA, E 0 HONE R gE4%
ML #GE IR ST ], T E 31k, 2019, 45(4):
67-71.

MEN Rujia, LEI Zhipeng, LIN Lingyan, et al. Insulation
state assessment of mine-used ethylene propylene rubber
cable under electro-thermal aging[J]. Industry and Mine
Automation, 2019, 45(4): 67-71.

ETK, HEM, R, & RN CWNBRIR4 %%
T 5 T 0 FEL AR A £ 52 [J]. “25F R 2018, 51(7):
41-48.
WANG Shaofei, LEI Zhipeng, SONG Jiancheng, et al.
Effects of
characteristics  of  ethylene
insulation[J]. Insulating Materials, 2018, 51(7): 41-48.
HU Hao, JIA Zhidong, WANG Xilin. Aging mechanism
of silicone under thermal-tensile coupling
effect[J]. IEEE Transactions
Electrical Insulation, 2022, 29(1): 185-192.
JEYL T, INSCAS, THREI, &6 TRCh o0 /i B sk 5
B AR LI BB AN DK S M B (0 R R T 5T (0], 4624
k2016, 49(9): 66-71.
SHI Jiangji, SUN Wenjie, MA Ziqi, et al. Influence of

pre-stretch on dielectric

temperature on  surface discharge

propylene  rubber

rubber

on Dielectrics and

property and actuating

properties of dielectric elastomer composite[J].
Insulating Materials, 2016, 49(9): 66-71.

XU Deng, SRIDHAR V, MAHAPATRA S P, et al.
Dielectri properties of exfoliated graphite reinforced
flouroelastomer composites[J].
Polymer Science, 2009, 111(3): 1358-1368.

XEZR, BRE, ATk, 5. i e AT M Bl e AR %
BRSO ] m R R EOR, 2021, 47(5)
1539-1554.

LIU Yadong, CHEN Si, CONG Zihan, et al. Key
technology and application prospect of digital twin in

High

Journal of Applied

power  equipment industry[J]. Voltage
Engineering, 2021, 47(5): 1539-1554.

/N, S, LR, % AN LR GEARET L3
AE A 2 b i R AR (0. D 8 84k, 2020,
46(5):8-14.

MA Xiaoping, YANG Xuemiao, HU Yanjun, et al.
Preliminary study on application of artificial intelligence
technology in mine intelligent construction[J]. Industry

and Mine Automation, 2020, 46(5): 8-14.


https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13225/j.cnki.jccs.2013.12.029
https://doi.org/10.13225/j.cnki.jccs.2013.12.029
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.13272/j.issn.1671-251x.2017100006
https://doi.org/10.13272/j.issn.1671-251x.2017100006
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.16790/j.cnki.1009-9239.im.2018.07.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2018.07.008
https://doi.org/10.1109/TDEI.2022.3146543
https://doi.org/10.1109/TDEI.2022.3146543
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.1002/app.29183
https://doi.org/10.1002/app.29183
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13225/j.cnki.jccs.2013.12.029
https://doi.org/10.13225/j.cnki.jccs.2013.12.029
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.13272/j.issn.1671-251x.2017100006
https://doi.org/10.13272/j.issn.1671-251x.2017100006
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13272/j.issn.1671-251x.2016.06.016
https://doi.org/10.13225/j.cnki.jccs.2013.12.029
https://doi.org/10.13225/j.cnki.jccs.2013.12.029
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.16790/j.cnki.1009-9239.im.2019.09.011
https://doi.org/10.13272/j.issn.1671-251x.2017100006
https://doi.org/10.13272/j.issn.1671-251x.2017100006
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13347/j.cnki.mkaq.2014.02.026
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.13296/j.1001-1609.hva.2018.07.010
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.16790/j.cnki.1009-9239.im.2018.07.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2018.07.008
https://doi.org/10.1109/TDEI.2022.3146543
https://doi.org/10.1109/TDEI.2022.3146543
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.1002/app.29183
https://doi.org/10.1002/app.29183
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.1109/TDEI.2018.007752
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.13272/j.issn.1671-251x.2019010038
https://doi.org/10.16790/j.cnki.1009-9239.im.2018.07.008
https://doi.org/10.16790/j.cnki.1009-9239.im.2018.07.008
https://doi.org/10.1109/TDEI.2022.3146543
https://doi.org/10.1109/TDEI.2022.3146543
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.16790/j.cnki.1009-9239.im.2016.09.013
https://doi.org/10.1002/app.29183
https://doi.org/10.1002/app.29183
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13336/j.1003-6520.hve.20210194
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.17593
https://doi.org/10.13272/j.issn.1671-251x.17593

	0 引言
	1 介电响应法
	1.1 RVM
	1.2 PDC法
	1.3 FDS法
	1.4 不同介电响应法比较

	2 基于介电响应模型的电缆绝缘特征量
	2.1 老化因子
	2.2 弛豫特征量
	2.3 介质损耗积分谱

	3 基于介电响应法的矿用电缆绝缘性能评估
	3.1 基于RVM和PDC法的电痕腐蚀程度判别
	3.2 多应力老化状态评估
	3.2.1 基于PDC法和等温松弛电流的老化状态评估
	3.2.2 基于介电驰豫模型的老化状态评估
	3.2.3 基于介质损耗积分值的老化状态评估


	4 矿用电缆绝缘性能评估关键技术
	4.1 绝缘状态感知技术
	4.2 绝缘劣化程度与特征量关系构建

	5 结论
	参考文献

