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Study on interface ageing mechanisms of composite insulators with
core-sheath interface defects under hygrothermal environment

XIE Congzhen, LI Yu, GOU Bin, XU Huasong, YANG Chang
(School of Electrical Power, South China University of Technology, Guangzhou 510640, China)

Abstract: In hot and humid environment, composite insulators with interface defects are more prone to occur serious
accidents such as decay-like breakage and interface breakdown. However, there is a lack of studies on the interface ageing
mechanisms of composite insulators with core-sheath interface defects under hygrothermal environment. In this paper,
composite insulator short samples with different interface defects were subjected to hygrothermal ageing. The temperature
rise and discharge results of each sample were compared under conditions of moisture absorption and dry condition. The
influence of hygrothermal environment on the performance of composite insulators with interface defects was studied
through dissection observation, microscopic morphology observation, and surface elements and functional groups analysis.
The results show that the insulator interface defects will expand into interface failures under the action of heat and humidity.
Partial discharge and polarization loss of moisture at the interface will trigger abnormal heating faults, and the temperature
rise caused by metal defects is significantly higher than that of other defects. As the interface defects gradually expand,
epoxy resin undergoes oxidation and decomposition from interface to interior, and the glass fibers exposes and deteriorates.
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Fig.1 Finite element simulation model and results of

insulator short samples

N TR 4 G T R R A A T i R
S B L o™ S 5 T R Xk HL 37 ) IR AR A L AR BE TR
G T SR B 15T A 3 5 i K Ak B B T e T R AR AL
T AR A 5 Fir FH <6 B AR 1.8 em, [R] Iht 57 T 55 g o 152
THE A 28 e R 0 7 2 om Ak, DA JRE S 368 R I GRS



74 WSS SR IAIR I T 5 b4 25 T A 55 05 T 0 7 T2 AL T iR 2024,57(4)
F078 7E 4 FL T 52 45 8 BE iR T X (DayCor® Scalar & , DL t4 51 OFIL A ")D&l 2 A

1 By 38 1A SRR S 42 R B, BREE BN
1 mm, KA 2 mm, 7 B A 5E & Kb £ 2 ecm &,
R 78R « AR O W 5 RS e <2 5t T Ak T o 3 8 2k
2, Pt R Hl B B IR R, BRI E IR
TR IR AT B 5 X T 4 J Sl B R, 2k 22 ) B 4%
B E R o AR B R DU e e B R B X
FEREAT KR . RhiBeA RSB A R 708
] £ AL I SRR -1 S AL A IR IR, A TR R X
KON 50 emo 4 Fhai b Ar B4 2 fros . B B
R IRRE SN, LL— SO R B RE S AR o B2

2cm1

2cm

s
B
[

QUSRI
B2 EafsTRELEREE

Fig.2 Schematic diagram of the location of
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defects in composite insulators
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Fig.3 UV discharge characteristics of insulator short samples
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Fig.4 UV discharge characteristics of insulator short samples

under dry absorption condition
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Fig.5 Infrared temperature rise characteristics of insulator

short samples without defect
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Fig.6 Infrared temperature rise characteristics of defective

insulator short samples under moisture absorption
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Fig.9 SEM morphology of the cross-sectional

shape of the core rod



@GFR 2024,57(4) I ZEs

s AR EER & R B I B R A 48 21 10 S A WL 77

H1 A1 70 A B 95 46 gk 00 R 2 gk 37 25 1) 7 0D
£90.15 mm Vi[O HR B RE A 1R 30 S0 i 2R O3 i
BT 2T 2 W A o SR T AR PR D PO 3 S g 2
0032 6 BB AT 4, 3 2 18] R O B T RS 4 R
Uf o 2T 24— i 5 VA Gl 00 5 T PR 42 1k e & B RY
Wi FRP & & 46 B0 R e . AR A il
RE T, 7K 73 AT DASE 3o 4 i B A m 10 25 R0 W 2R A A
BHIN T3 A8 b= A B S AN A K R A B AR
HBIE L 55 7 B NG HERRL AR, 5 BUSHER R
o IS i E ST [ P A AR R AR, BB, K )
B N 2 - AR RO0L 5 T 2 38 2 51 R R 28R T
AT YERIEAR 1) IR R B R, P A N T
S BUROW 1 AE 3 K AR R g A0 RRE g R e A

ﬁ&%,ﬁ/ﬁm%d&éﬂ% Lo,

Bl 10 50 S 5 W E SEM TES . BT 10
(@)~ (c)r LA i, BB RO & 1 5t i 4t
B o RAEFN, T ECEFE IR AR B, P
SR AEHES P HL, B 2 I B 2T 4 5 PR S 2 A
RE D EIR . WE10(d)~ @) LAE L, k3
PR L 4 5 IR S IR SR AT AR R FF R i, b
RS R R B PN ER G i S - &l

Kb RE R AL, A S A 1R T 1) A S A P L S
1, BT Y KB RRER , 2 Y- T8 B A4 GO 5 T e
WA, TR 1 FRP 2 & 4B 0 24 1 BE J A
P RE

() FHTHTE S OECK 100 fi)

(b)ﬁﬁﬁ/%ﬂ(ﬁﬁzk 500 %)

() FHRITESRR 1 000 fi5)

2.5 LI9SR

B GG ORI 1 B R B A 4 WU
A BYIR A I S /b 8 [] 4 7510 R0 A3 B G A XUy A
VPR G 19 20 7200 B 11 B, 8 1 32 BEARRAE
B RE B S B RS A B A 3 3 Rt

CH, GH,
HCo CHCHZJ[o@c@OCHZCHCH Jfo@-cOOCH CH- CH2
CH} O CH}

E11 WEpABRFEMENS TR

Fig.11 Molecular formula of bisphenol A glycidyl ether

epoxy resin

B T B RS B (2-2.2-3.3-1) ) i KR A4 R} 3k

T LA R MR, 45 R B 12(a)fi s - 7F 3 700~
3200 cm™ FRIBCETE A I T R R R WA U, 2 Ok
U5 T 0 A W AT BRSO I A . A T 2970~
2920.1736.1457.1182.1 040 cm Ab f W iy s >k

(d) N EBAE SRR 100 1)

(fm “ﬂﬂ/%ﬂ(ﬁﬁzj: 1 000 P)

(e)m *‘Bﬁ/%ﬂ(ﬁﬁzk 500 f*)
10 BHFESAERE SEM 5
Fig.10 SEM morphology of interface and interior of the core rod

=3 DERNABERATIMFHEERHAE
Tab.3 Characteristic FTIR absorption bands of core rod

T IE 3 ] WeH/em™!
O-H 3700~3 200
CH,"# ) C-H 2970~2 920
fi (1) C=0 1736
T7E R RO &5 1608
TP E R RO &5 1510
Jig 107 75 #) C-H 1457
N7 e ) C-C 1182
RN R C-0-C 1040
T5 I ORI S5 1) 831
Si-0 480

E%K%Eﬁﬂ@%ﬁmﬁ%%ﬁﬁ%l,%%Uﬁi%iﬂ
VL IR W C-H.C-C 1 C-O-C 25 3L [4],

EP@E%;EQ% SR H D R T A 75 R R o £ B 7

480 cm™ &b ) IR IS AR 3R sl—o&,ﬂmu%qﬂaﬁf&



78 BB MR IAREE S5 R -0 1 S kP 2 A 4 251 ) S T AL 7S

IR 2024,57(4)

Fmigeh e
Jig s R I C-O-C

4000 3000 2000 1000 0
WA /em?!

(a) FTHI JHL A R 5 PR A 5

OTH CH, " IC-H T
———\
|

AN
gl EC-c\
g ic-0-C

SHRANZE

4000 3000 2000 1000 0
WU/ em!

(b) FHTHT R A0 2-2 B 5 JE A7
12 FTIR MIAEER
Fig.12 FTIR test results

WA Eied. 2dZhEE, REPIRERE
PR I 58 A 0 395 09 4 4 1) 5 AT R A e 3t 3l S B, X R
B 22 A3 2 H A S T R A SR A o) A S 3 R )
W7 3, 3 2 A K A RN T T A8 4 I [ A 7 AN A
TR ) R A K i

Xof AR ST 5 280 L R B e ™ B PR 2-2 0
TORE AN A7 S R AT 20 AR il i, B AT A
SRS E G 2D, W1 mm &by EE, 1 mm
PALPN N E B 2 5 2040 e i 0k 25 1 40 B 12(b) B
e M 12(0) P LLE 5 Si—O FTH 3 g 2% L i i
J ) C-H . C—C— A1 C-O—C £5 W Wiz 0 g 52 % ¢y Ak
JE RN JE 2R, B N R 1 R
IR UG 5 B 20 T R A7 O, UL ISR R AR T A &
P )AL, A SR AR 5 A bl O 4 2 LT In) P 5
KA E, X 5 SEM 45 51 —5,
2,6 HRES

13 ] A7 0 i 5 AR 2-2 SRR R R A L 43
T i 28, 12 i1 28 B 15 R AE i b ) Hp 20 S0 I 1) 78
IO B 13 7] LA t, BRI AR FE A
350~500°C , %5 FF 11 5 5 75 1% 55 X [A] 3 R
B, 2 B T I S I AR R AR IR . IR AT 4
J& N 1300°C Ao Ay, £E & e FE S BN (30~
800°C ) AN 4> kA #if , IR L Bk B 2R RE A% S o 25 4R
HRA & B AR B A T A5 S R T B AR

BEr i AR O AW IR & 8N 22.17%, &
e EREAMBERSE NRERD N
19.35%, 1 [6] J2 A1 N = 30 S8 B I 10 &5 & 4 0
19.79% F121.30%. 53 fift B0 S0 T 25 & |8 i b
JZ 0] P2 328 HE I, 150 BA A S8R IR ER A 1) R A B
fift 3% 5 SEM 2 FTIR Jlik 45 5 — % .

1004

954

904

B R /%

851

80

5 T T T T T T T T T
0 100 200 300 400 500 600 700 800
T JEE/°C
13 EFOBESRE - 2TEBEMRIINAESIER
Fig.13 Thermogravimetric analysis results of

core rods in sample 2-2
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