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Analysis on electric field distortion of 10 kV tubular insulated busbar with
typical defects

SUN Fengrui', XIAN Richang', XIAN Feng’, SUN Xiaowei’, XING Yawen'

(1. College of Electric and Electronic Engineering, Shandong University of Technology, Zibo 255000, China;
2. Shandong Qixing Electric Technology Development Co., Ltd., Zibo 255000, China)

Abstract: Moisture intrusion and residual conductive particles are common defects in the joints of tubular insulated busbars
in substations. These defects would cause distortion of electric field distribution at the joints, endangering insulation
performance and potentially leading to insulation breakdown, burning, and other accidents. In this paper, finite element
multi-physics simulation technology was used to construct a joint model of tubular busbar with wrapped insulation material
based on the actual structure. Three types of water films, with 10, 30, and 50 mm of lengths, and semi-circular conductive
impurities with 0.5 mm of radius, were placed at the interfaces between the metal shielding layer and the main insulation
layer, as well as between the main insulation layer and the inner sealing layer. COMSOL software was used to conduct
electric field simulation analysis, and the impact of different defects located at various interfaces on the electric field
distribution of tubular insulated busbar joint was studied. The results show that both water films and conductive impurities
can impact the electric field distribution at the insulation layer interfaces to different degrees. The electric field strength
inside the defects decreases, while the electric field strength at the defect edges increases dramatically. Among these, the
electric field distortion with conductive particles at the insulation interface is more severe than that with moisture intrusion,
making insulation breakdown faults more likely. Therefore, it is crucial to enhance the end sealing and strictly prevent the
presence of residual conductive particles.

Key words: tubular insulated busbar; joint; finite element simulation; typical defects; electric field distribution
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Table 1 Material parameters of each structure

] MXAEES BER(Sm)  JEE/mm
i 1x10* 5.8x107 4.00
4 4 1x10* 5.8x107 5.00
AN EN 48 1x10* 1.46x10° 3.00
W BE k2 2.09 3.92x10°"° 0.30
R El = 2.09 3.92x10°"° 1.80
B 2.10 1.00x10°"° 5.00
Bt SEa= 2.09 3.92x10" 1.50
IRz 1x10* 3.77x10’ 0.30
TR = 2.09 3.92x10" 1.80
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Fig.7 Electric field distribution around 10 mm of water film
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Fig.9 Electric field distribution around 50 mm of water film
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Fig.10 Electric field distribution on the surface of the

main insulation layer
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Fig.16 Distribution of electric field around 50 mm of
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Fig.17 Electric field distribution on the surface of

inner sealing layer

MR T K 12 N L 4a 2 2 403 TH 14 B, K5y
BRI EL G SN ELR B mEaHE
Tt ARG BUS SR R A R A
SN R, 7K S 5 AR TR AR T R HG A 4 25 b ) 7 AR
HL = BLAR N 7913, 75 S T B SE IR T, K IR 2 R4 AN
T £ %o R L ) 6 % A o kAT s, IR 48 % Ak
BHEBELGA P2 AERORRER , 75 R KR
3 KRBSHEMNMEIAHESERS S
3.1 SHEEHNIEE

TERT B 4 25 B2 42 Sk A AT B 1) I AR
T BN Sk AN R AT 1R 8, 2 2 Bl
TICRL B B TE 25 AN 4 ki b4 2 () {7 20 446 25 ) 2 42
Sk AR 2 A TR N BE R B B
AL o

NT ARG MGG LB NN EHES
T 4 25 J7 A8 S TR B 5 HUARORE B (%) L) 40 A 1 L
FEAZ P AL B B 24208 0.5 mm ()R BRAR L S
TORL , 15 B A7 B 5 7K AR B IR e B A B AR R, AR
PG HEARIES SR NER 2.

w2 SHEMNsiE

Table 2 Parameters of conductive particle
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semi conductive particles
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Fig.19 Interface electric field distribution in the presence of

semi conductive particles
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Fig.20 Electric field diagram of longitudinal section for

semi conductive particle
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