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Influence of grading ring type and structure on
electric field distribution of 220 kV composite insulator

FANG Ziyi, HAO Jinpeng, WU Hong, WU Bo, YANG Kai
(State Grid Ningxia Electric Power Research Institute, Yinchuan 750011, China)

Abstract: Taking 220 kV rod-shaped suspension composite insulator as an example, we conducted simulation and
calculation on a 1/4 tower model for 220 kV line composite insulator by the COMSOL multiphysics software, and the
influences of the grading rings with different types and structures on the electric field distribution of composite insulator
were studied. The results show that the electric field uniformity effect of semicircular grading ring is slightly weaker than
that of the tubular grading ring, and the voltage equalizing effect of bird-proof grading ring is basically the same as that of
the tubular grading ring installed at low voltage end. The surface electric field intensity of composite insulator decreases
with the increase of pipe diameter of high-voltage end or double-end grading ring, and the decline decreases gradually.
When the diameter of high-voltage end grading ring increases, the surface electric field intensity of composite insulator
decreases at first and then increases. When the diameter of double-end grading ring increases, the surface electric field
intensity at high-voltage end decreases at first, then increases and finally decreases, while the surface electric field intensity
at low-voltage end keeps increasing. Increasing the covering depth of grading ring at high voltage end can improve the
surface electric field at the middle of the composite insulator, and lead to the increase of electric field at the connecting end,
which is not conducive to the safe operation of composite insulator.
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Fig.3 Simulated model of composite insulator
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Fig.7 Simplified model schematic diagram of tower
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Fig.8 Surface electric potential and electric field of

different tower types
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Tab.1 Maximum electric field intensity along
composite insulator after installing different types of

grading ring and its variation
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Tab.3 Maximum electric field intensity along composite
insulator with different pipe diameters of grading ring at

high-voltage end and its variation
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Fig.15 Surface electric potential and electric field of
composite insulator with different pipe diameters of
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Tab.4 Maximum electric field intensity along composite
insulator with different pipe diameters of grading ring at

low-voltage end and its variation

O T I HL 37 588 R d R AE/(kV/em) BARNEE/ %
1+ s Ui A 3 [ S 95
30 3.79 0.96 4299 +14.29
40 3.68 0.84 — —
60 3.82 0.67 +3.80 2024
100 3.82 0.50 +3.80  -4048

FH R 4 AT AN, 20 ity 35 1 A 58 42 040 T 3 K T
4 25 v P ity PR 9 T PR 37 5 FRE A KB e vk 5 1
K5 A ity 9 T H 37 56 55 D) — B0k /), K R 3 38 e
IR 12 AR Ak 1 5 1 9 R A IR HEL B 50 7 000~ 8 700
mm VSR N . B T8 A 481 A 5 (109 1 HL 37 0
FE AR S N 2G4 A% 1ok K I 35 R B R AN BE S 1) R 47 11
B4 4 B o R M A S 3 240 S 3 3 R AT g ok 3 5 2
N BR8] A AT 22 2% X A AT DA /D 1 3% B 1)
JEFR A R AR , PN 5 55 OR AR R
3.1.3  Fsp Y RIRE 123 W35 5 6 B ok

2 [ I e A 8 2% T e A ity 35 R R ) A
B 182 T g LA A 16 Fiw. M
K16 1T LU H 5 19 3ty 34 s A 387 420 K, 0 T H P
7E200~7 000 mm ¥ Bl P 1T B 55 ) 20z et 0 4 FH ik
U, R G4 % 1 L 2 AR & B A [F I
H M€ | BE B ZE 7 000~8 700 mm Y8 [l 4 f H 34 %
%, (073 52 O 4 2% 1 i 2L (1) L 34 B AR . AN [R) 799 ity
VIR E G E A Y%7 10 5 ORI T H 37 3 e
AN FR S Fror, Hod AR AR B N 5 SE R AR A I B
12 @=40 mm 3 JE IR E B T X EE .

FH R 5 AT AN, 1 ity 35 e B 45 4% () B A8 A 28
T AN v vt AR A DA B AU e ity 22 A TR R s, BE S R
Uity 387 1B A A5 IR 488 K, v I H ity 94 T EEL 37 5 R
KAA W/ AR N B E R B — G2
W/ o Ut B R IR R A R o B A S OK, HL
BRI RS R ER S B A L% 70
ME, X B S ERRA AT R FEEEHLER
B U 27 U T H 37 5 DA R 34 A 3R T H 3 ) R
R EFE AR AR A IR
3.2 HEFRERHIEMN
321 &/EHPEIRAZEN GRS

MM R A AT e 38 IR T AR,
AN TR 35 i A B 45 0 A 4 446 2% 1 oL 34 R HA 37 B T 1)

1404

—— ®=30mm
- - -®»=40mm
-------- D=60mm
== @=100mm

oo

0 2000 4000 6000 800

/K

#a 2% 1 B /mm
()5 TH] HL 34
e g
4.0 | gsgoﬁﬁ
35 = 100mm
5o
2 2578
520 ‘}-‘i a
2 1.5y
1.0 |I

0 2000 4000 = 6000 ~ 8000 -
Y251 5 B 2 /mm
(b)HF I L3
l6 ARHERERTENESELEFAEBETET
Fig.16  Surface electric potential and electric field of
composite insulator with different pipe diameters of

grading ring at both end

x5 MRNEREETRNESH/LT
AHBEERKEREEN
Tab.5 Maximum electric field intensity along composite
insulator with different pipe diameters of grading rings at

both end and its variation
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Tab.6 Maximum electric field intensity along composite
insulator with different diameters of grading ring at high-
voltage end and its variation

Dl T PR32 388 3 A K AR/ (K V /em) AL/ %
154 I 3 R 3 )i e
240 438 0.84 +19.02 0
300 3.68 0.84 — —
360 4.42 0.87 42011 4357
440 5.57 0.89 +51.36  +5.95
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Fig.18 Surface electric potential and electric field of
composite insulator with different diameters of

grading ring at low-voltage end
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Tab.7 Maximum electric field intensity along composite
insulator with different diameters of grading ring at

low-voltage end and its variation
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Tab.8 Maximum electric field intensity along composite
insulator with different diameters of grading ring at

both end and its variation

D T T FEL370 388 3 die K AR/ (kY /em) AR/ % Dl I I L 90 R R AR/ (K V /em) AR/ %
1+ I 3 1% M B S (0 1+ I 3 % Hs B m AR
240 3.93 0.82 +6.79 -2.38 240 4.41 0.80 19.84 -4.76
300 3.68 0.84 — — 300 3.68 0.84 — —
360 4.12 0.95 +11.96  +13.10 360 4.36 1.03 18.48 22.62
440 4.04 1.06 +9.78 +26.19 440 4.90 1.10 33.15 30.95
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Fig.19 Surface electric potential and electric field of
composite insulator with different diameters of

grading rings at both end
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Fig.20 Surface electric potential and electric field of
composite insulator with different covering depth of

grading ring at high-voltage end
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Tab.9 Maximum electric field intensity along the surface of
composite insulator with different covering depths of grading
ring at high-voltage end and its variation

Fig.21

composite insulator with different covering depth of

Surface electric potential and electric field of

grading ring at low-voltage end
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Tab.10 Maximum electric field intensity along the surface of
composite insulator with different covering depths of grading

ring at low-voltage end and its variation

i T B 37 3 BE B KB/ (K V/em) AW E /% . T 37 3 BE B K ABL/(KV/em) AR FE /%
5 R G 35 EEN KRN R 3 G 37 A I (9

50 7.39 0.85 — — 50 4.08 1.52 — —
110 4.62 0.85 -37.48 0 110 4.08 0.93 0 -38.82
170 5.30 0.87 -28.28 2.35 170 432 0.65 5.88 -57.24
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Fig.22 Surface electric potential and electric field of

composite insulator with different covering depth of

grading rings at both end
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Tab.11 Maximum electric field intensity along the surface of
composite insulator with different covering depths of
grading ring at both end

i I T P73 588 5 die KA/ (kV/em) AN L/ %
1+ s i % 35 [ R (95
50 7.27 1.50 — —
110 4.63 0.94 -36.31  -37.33
170 5.19 0.66 -28.61 -0.56
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