%594 4 8. 124-131 AR ) Vol.59, No.8: 124-131
2026 4 8 7 20 H Insulating Materials Aug 20, 2026

DOI:10.16790/j.cnki.1009-9239.im.2026.08.014  HR[E 4y 22 : TM247; TM743

ZEEFEBRITHEERN110 kV B RIFRGRMBESH

4 F, IS, RAK, £ E, T, &34k, EiFRT

(1. B A B NG o AFRFRRR, K &0 230601;
2. BERBRF W IMMBMEALL LR ELELRE, % H% 710049)

B S L A 2 G R GUIRAS I DR 5 i o e, ) B R R IR LG AR B IR B AT . AN — i 110 kV
P8 2 by oy 2 SFECHEAT 0 W i B i R AR AL R LR B RV R R SR R P B AR AL R R . {8 ] PSCAD/
EMTDC H 148 25 05 R AF TSR I 5 AN 2% FE it 5t v (< g 47 5 et H FELD IR, 4 g pAY 50 1L SR 46 TH 156 DL 55 » I 1A e
DA &S 48 R 3. BT 00, AR SCH 8 T 2B A2 T AL U AR AN 5 DL, 121 DL T HL B 28 v DAL A B A% 1 A A 4
oy, S A B 5y 7 R A I AR e A R N K A G AR B BRSO A A IR OGS B AR R T
AN [ B fd v A P PR PR AR N I i A S R W AR AR L o A UG5 SRR T B M v R P X S O L
SN R 25 B R BE G K, AL B 40 KON TR S M RS T RROE AR I AR A B2 10° Q. AH R 2 AF
N 2 XCH I Ty P 1 i 2 i A P R W AR R AN X SR EEAT B T RIEA S R A A %
Yy 9 e A% 52 0 o I 3P O L IR I (R R A P 5 T 9 2 R T R R AR AN 4 B TN L R SRR R AR

KRR I s A R s U S

Simulation analysis of insulation failure of 110 kV cable terminal
considering lightning over-voltage
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Abstract: Malfunctions in the insulation system of high-voltage cable terminations can directly trigger breakdown faults,
which severely undermines the normal operation of high-voltage transmission lines. In this paper, after analyzing a 110 kV
cable terminal breakdown accident, it is found that the lead seal at the terminal tail pipe had partially fallen off, meaning that
the metal sheath of the cable had failed to ground at this location. Using the PSCAD/EMTDC electromagnetic transient
simulation software for calculation, it was revealed that when only the lead seal detachment (metal sheath grounding
resistance) was considered, the voltage rise inside the terminal was relatively weak, and it would be difficult to cause
insulation failure of the terminal in a short period of time. Based on this, this paper considered the situation where the cable
was invaded by lightning overvoltage. In this case, due to the complex internal structure of the cable terminal, it was more
prone to electric field distortion, which eventually led to terminal insulation deterioration, failure or even breakdown. For
this scenario, the finite element method was employed to simulate and calculate the electric field distortion inside the
terminal when lightning over-voltage intrusion occurred under different degrees of lead seal detachment. The simulation
results show that the degree of lead seal detachment has a significant influence on the induced voltage of sheath. With the
increase of grounding resistance, the induced voltage on the cable metal sheath first rises and then tends to stabilize, and the
equivalent resistance reaches approximately 10° Q at the stabilization stage. Under the same conditions, the internal electric
field distortion of the the cross-interconnected grounding mode is more serious than that of the head-end grounding mode.
Additionally, after fitting the results with the least squares method, it is found that the field strength distortion of the terminal
main insulation is linearly affected by the cable core voltage and the sheath induced voltage, while the field strength
distortion of the sheath surface is only linearly related to the sheath induced voltage.
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Fig.1 Lightning current waveform
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Fig.2 Schematic of cable terminal geometry model
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Table 2 Materials parameters
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Fig.3 Simulation calculation flowchart
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Fig.4 Voltage waveform of cable core under normal operation
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Fig.5 The change of sheath voltage considering of

grounding resistance
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Fig.6 A-phase impulse voltage waveform under

first-grounding condition

it L R R AV

107 10° 100 10° 10° 10* 10° 10° 107
P /Q
E7 BEinEMELTHSRIPFESERERES
AN XA
Fig.7 The relation between core and sheath impulse voltage
amplitude and grounding resistance under

first-grounding condition

M7 0T L 1 S 2 0 o o i 0 {4
Hi FELBE S 107 ~10 Q X 8] Y & AT T %, 4% 2238 K 4z
Hh L BH B B b B R IRAE RS B AE 3271 KV 1
Uiy 7 28 oy LR R CE R L FL B D 107 ~10° Q X
F) PN 2R B TF, IR AE e F P A 3 162.3 Q kb Bl fx
KAE (386.2 kKV) , I J5 22 1% T B IF 42 € 7£ 369.3 k V.
AR vty 48 05 v ot RS R U0 S 3 K i, 7E R b AR
BEL A 107 QI EL 35 31 635.8 KV, Fifi 35 22 A L BH 1)
WK, R 45 & b ol R IRAE 2 &%, BT
JE AE 42 1L H B A 10~ 107 Q X173 2 08, 17 Ji5 H
JEMRE T Fa0E s AR i 3 & b v f R R B AR Ak i 35
559w 200, DX 3 7E T 2 M H BEA T 10° Q I R iy
P HUE MR AE = T, Z2E 8 15~30 k Ve

2 H 2 2% K FH A8 Y EL R b I, A4S 7R TR



128 AR

2026,59(8)

WA BRI E 8 . Ko NEEE
FHA 107 ~10" Qi , B854 s 5 &)@ B 5 did
LR T 72 A 1 i o FE S 4 PO AR AR 1S O o

300 A
0 ——-10'Q

-300 —10°Q
700 A S 45 0

Z 0 ’
= -700 r
P 40 TETEaES
G ’ AvA'.N.
400,
K6

0.199 0.200 0.201 0.202 0.203 0.204 0.205 0.206
I} [ /s
8 RNEHKEMERT ARMERERY
Fig.8 A-phase impulse voltage waveform under

cross-interconnection grounding condition
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cable terminal with core and sheath voltage
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