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Study on electrical properties degradation law of cable termination
insulating oil under short-term moisture absorption

ZHANG Wei', LI Chenying', CAO Jingying', TAN Xiao', CHEN Jie', BAI Cang’
(1. State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China;
2. State Grid Jiangsu Electric Power Co., Ltd., Nanjing 210000, China)

Abstract: Trace moisture absorption of insulating oils in high-voltage cable terminations during on-site filling or long-term
operation may cause electrical performance deterioration and even insulation breakdown. The differences in molecular
structure and polarity characteristics among different types of insulating oils will lead to significant differences in the
adsorption behaviors of water molecules and the degradation laws of electrical performances. In this paper, the natural water
absorption of silicone oil and polyisobutylene insulating oil under different exposure time was studied. The evolution of
moisture content in different temperature and humidity environments was determined by Karl Fischer titration method, and
the dielectric loss factor, volume resistivity, and power-frequency breakdown voltage of the insulating oil after water
absorption were tested. Through molecular dynamics and quantum chemical calculations combined with Gaussian software,
the differences in the moisture absorption mechanisms of the two types insulating oils were revealed from the perspectives
of microscopic dipole moment, adsorption energy, and Gibbs free energy. The results show that due to the existence of Si-O
bonds and polar groups in molecular chain of silicone oil, the dipole moment is 0.69 Debye. The initial absorption rate and
total moisture amount are relatively high, and its moisture absorption process conforms to the exponential growth trend, the
saturated moisture content is approximately 52x10°. The polyisobutylene has a typical non-polar C-H chain structure with a
low dipole moment of 0.02 Debye, and the its moisture absorption process shows a linear upward trend. Moisture absorption
will lead to a significantly increases in dielectric loss factor, decreases in volume resistivity and electric strength for the two
types of insulating oils. Silicone oil fails to meet the national standard requirement for insulation strength after 2 h of
exposure, while polyisobutylene maintains good insulation strength within 5 h of exposure.

Key words: cable termination; silicone oil; polyisobutylene; trace moisture; dielectric property

0 318
EEWE : B Mz 54 b 7 A KA 8 AR B (12024043) a2 B ) R @R I HE I, R B




K PRS- I WK R R 2 v 4 ki FEL VR e 5 AL RLER T AT

55

5 M (XLPE) L85 78 18 B0 s M 30 e 71 AL =
P10 &4 25 1 i B A 2RI 1, 8 3T R TR 4 s
R¥EFELEAEH . 407, E 110 kv KL E B ESE
2 () XLPE H 7 HEL 25 P b 28 i 5 00 K FH 78 T B 45 45
H, AR 8 5 S S M I 4 0 U, FR4R T H
BIBAT W e S S RN, MR TR S i 4k 4
S, i 2 HL 25 2 i 7E 48 25 A A BB SR O X R A
HREER. HLHEMKLLG LT Ih-KES
A5 5 FL A SR R IR T 47 4 21 4 0 IR IR T AR
L, A5 15 3k 1k 5 [ 4k 465 25 0y (R4 L R 22 J2 A0 HEL R
B, AT $52 T e 46 o 25 24 s () SE AR i TR AP, 4R
M5 7 2020 R B — VA 4 A T, TG [ Ak 448 2%
WRL IR 4 Bh S5, LA 2 VE e 58 A B T BT S 78 4
S5 B AU RS S ER A R . R 4L
BT I T 40 240 5 BUN 462 55 10 KUK, I
Ak T & oty 45 A4, 8Lt G 408 5 il 1 405 B L A IR A5
FE R A R A G B T SR T B R R R,
LA i R e 3 24 i 7 I 22 3% it T R K B AT
1) ¢4 2 R e 1 5 R i TR FL 0 280 W T 5 B AT 4k
1) o ) . — .

H Al o R 48 0 O 4 A TR A T B
fif: v 5 % 57 T 4% (polyisobutylene , PIB) o fif: J Y 32
BN R R R, H o T R R A HEI
1 (Si) 55 (0D J& 7 #49 Bl (~Si—O-Si—) , ] 54 Ay F 3k
(~CHO S A LA M, BA R 7 1) # e R RK 1)
I TRARFE s R Tt 57 T M SR AR R A A,
i 25y PR R RR B (C-CO) BB AL R, F 1 o
H L8 (—~CH(CH,),) » JE B 5E 4 AE A M 1 28 1 =
O FEERW, XTI A G e T R
A 5 A58 HE DR 50 B W 7K e 1 4 T THT 5 4% G W 4 2%
WAEE R 25, ik, HAE KBS 47 i <A
5E PR R A S50 I 4 52 R0

T ARk, [l Ge 4t 20 (1 2 35 R A 1F AL &
BREMITEEERANREENH R, EEA
Y AR K A3 IR HLER T T, BF 50 3R B AR T - RE AR
Ji S THI A7 AE BH S5 1 7K o0 B AT B % BE A 5 7K &
I8 AE X P R R M, LA RN S K R I 4R 2
TR0 U PR AR ST, T AR A R AR 0 2 B = 2 P IR
Bt HEEREEE . BAMEREHRERS)T
K G BVRE G R 1) A e A% 1 B g 2 R A A AH G
AT R R A A R R AR BT
21 A0l B AR A 06 5 kK A B 1 i 1) M 0 7 2

WESE AT A R AR Y, TRk Ty
1], A WE FAE 90°C AL Tl /0 b 1 kgl A e b
Ae IEARRHE , 85 RE W H BB 5K S 51
SRR RNV IS | W SR 5 s P N 2
T E& AR T RE 00 24T RIEAT X LG, RIS
Pt 0 F R, 77 55 = BB A 2 A R R R 2 4L
R 5 ) e A — 300, FE A HL I SOOI ) 2 T
R AR 48 25 3 7K 2 ) H A I/ A0 SRR AT 1Y) B2 T
FUE A B 784 5T, @ i A A F i (102 ~10°
Hz) S 56 43 47 3¢ B, 246 25 30 14 A J53 452 4 TR 50 HE 4 A3
B 2L T R Ja A B AR B R R IR AR A R
5 A K] 250 0] i A7 256 T o R 6 PR AT, T 408 5% i AR 2
R AT A HL RO BE AR T R B PR S0,

TES2PRIg AT B8 , A 2 4 i 40 2% T AN ] R A
Hh 2= 52 B3R FE R, 17 7K 2 B 51K R 2 OO A
JR B SRR A S R . BEAUER A KA I
FEAE AT R T S0 A 5 A B HRE S N A4 L B 2
BAEG , 7T R 2 {6l Js3 3 PR R A= 5 DT 5 1) L 45 2%
Ui 1) 266 2% v SEAECSY . (B ARV B, T HL A0 28 g
(I3 2 e I R, 246 5 il 1) 8 2 A o 5 7 3 R
5 R AT, UM T3k R A il T S A A e
FERE, T RE 2 W A K 4y, MU 52 e G 44 25
PERED2Y. H AT HIAT TR 2 R KA DL A K &
7K 5 48 250 1) 48 2 DA R A HURRPE AR A, 48 55 A
F I 7R P DL R i B R 7K S 1 T 46 % 5 5 1) AR 4k
H AT ARG E . KUk, W 78 i i HE 2 2% o FH 466
S5 1 I R KR I R GV AG TR K A
REARAL, , X A0 A0 2oty 4 25 8 1 B v s A7 ] S
DA 56 3 R A M 5 e SR ms B B X

AR SCAIEFEA [F) 24 555 i o5 0 2% 5 N JR) R SR 4
G K o3 B AR AR s BRI OK S IR 48 2
X A4 H BEL 2 A Joi 450 IR B H AR B A
M A& SHECRNE N, il & %7
VR 48 2 B TOW S5 4 5 B e 2 8, A BTk O
X 45 2% LSRR A RS I HLER o AH G AT 45 R T
e R LS 4 ity 448 25 0 1R IR R I AT MR DU R g T
e R =% .

| A

1.1 EEE#MR
ity , 1 5y AKS0, {5 [E Wacker A ] s 57 T
i, 45 4 PB400, i [F Daelim A ]



56 AR

2026,59(4)

1.2 W55

W AR PR AR SR R 7R B AR B VAT .
TR P X} 248 25 3 R K AT N I I, 56 40 AE 3 B
PECR TE R 2% AR R EAT R EE 43 0 R 2514060 °C (iR
JE % )36l N+0.5 °C O, AR FE I 5 7E (65+3) %
5L P54 1) K P v s e Ve Y A, DA PR i 7
M EBELEPEEALTRENRERESE S . Bk
PRI AR A < 500 mL AR I 48 2 K BT 1
PRAEREAR R, OO R R T E BT, o I AE B R
3.24.48.72.96.120 h i HEATEURE . {3 B & F EURE
A% M AR Pl FE S, ST EDVE N B B R R
FEJH I e B 5, DAk G0 K b A2 3 72 0 B2 b 2 30
SRR A e @ & Lok A T S R e R ()
TE R —F & 1 56 B, B PR AS [R5 B 10 T $0ds i i
W 1t 5 T LA .

HL S 50 5 2 1 GB/T 507—2002 FH 5% 5k 44 78
SIS R G AT WA, T B B 1 R . HLRCR:
FH AT o R A B s T R, THE RN 1 kV s L
PR B PRI 2R B Can 1 2 s ) « R ER T Ha il (it e 2
152525 mm) M @A AL 51 HL 7, - FAR CeF 2R
AL 0.3 mm) M E A5 HLg , F AR IR FE 3
N 2.5 mm, HLAR A RL Y B L 280 T R e b 3 .
DRI, B vk i 5 I S B SE e 3 DL BRBR AL 7= 4
Xof WA 5 SR R 56 ), Bkt A ol % R N DD 1 R L
AT S W 55, B S R ER 45 R R P18
EAEAZARES T 0o 2 HURAE 468 2% 3 I A Jo 4%
FRBEARFHEEREHE AL RN C#S
B, K 54 TEC 60247:2004 3R (194 451 B A4 57
BEL 030 o

1 HEREMKAERREE
Fig.1 Schematic diagram of the breakdown experimental
test circuit

2 HER5SH

2.1 BERERER IR R
FEI 5 KR TG E AR G T RS KE

S

EF-HR AR
(WA 237 5E40L)
I d=2.5mm
i

THERIE LA
(R AL S35

-

2 SLIGEAREEH

Fig.2 Experimental electrode structures
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Fig.3 The change curves of water content in silicone oil and

polyisobutylene under different exposure time
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Fig.4 The change curves of dielectric loss factors of silicone

oil and polyisobutylene under different exposure time
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Fig.5 The change curves of volume resistivity of silicone oil

and polyisobutylene under different exposure time
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