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Effects of Temperature Gradient and Electrical Tree Defects on the Electric
Field Distribution Characteristics of HVYDC Cable Joints
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Abstract: The structure of the cable intermediate joint is complex and prone to failure. Once micro-defects such as air gap and
impurities occur, it may cause electric field distortion and generate electrical trees or even increase the risk of breakdown. And cable
joints may cause insulation breakdown due to problems such as space charge accumulation and field strength reversal caused by
temperature gradient. Taking the £200 kV HVDC cable intermediate joint as the research object, the influence of electrical tree
defects in the growth and stagnation stages under different temperature gradients (AT) on the steady-state and transient electric field
distribution characteristics of cable joints was studied by finite element simulation software. The results show that when AT reaches a
certain value, field strength reversal occurs in SIR and XLPE insulation. Under the steady-state electric field, the maximum value of
the local electric field caused by the electrical tree during the growth period is much higher than that without defects. The maximum
value of the local electric field caused by the electrical tree in the hysteresis period is slightly higher than the field strength when
there is no defect. Under the transient electric field, when AT>20 °C, the maximum electric field intensity of the electrical tree in the
growth stage gradually decreases with the increase of the polarity reversal time. When AT<20 °C, the maximum electric field
intensity decreases first and then increases. With the increase of polarity reversal time, the maximum electric field intensity of the
electrical tree in the stagnation stage decreases first and then increases, and the maximum electric field intensity appears at 120 s.
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Tablel Geometric parameters of cable joints
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Fig. 2 Electric Tree Electric Field Simulation Model
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Table 2 Conductivity correlation functions of XLPE and SIR
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Table 3 Characteristic parameters related to cable joints
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Fig. 4 Schematic diagram of cable joint cutting position

ANFIAT T I H 75 o A 15 L L] 5.
ME 5 FTLE H, AT X% XLPE fil SIR B}
R AT A AR BRI . HAT>10°CHY, B
HFAT HI K42 2 AMN 7 58T 46 KT 755,
I it o AR I 5, HL M 2 B
HWiln. 4AT=10 °CHF, XLPE Pyfil ¥ e 37 i B s K
TAHMUR IR, RO H I BRI, it
I, SIR A B 5 /N TSR FE iR, B
C& IR . b, SIR ZAT K%
KT XLPE, X235 85 T & AT 2T
XLPE.

= s =

7 (KV/mm)
= B

' L . . . .
¥ 2 M X B N N MO 40 45 50 55 &0 &
4k/mm o4z /mm

(2) XLPE (b) SIR

B 5 REAT T XLPE Ml SIR #4353 47 &
Fig. 5 Distribution of electric field in XLPE and SIR
insulation under different AT

2.2 FEUR A S B T A 2 HL 3 40 AT (1) 52 )

MAT>10 °CHY, FLAEHEk P 37 3 P e KA )
HILE XLPE. SIR b3 i)z 3 Fhbbklag 5L,
R4 BE 5 e A R i e, BE T B A, Rt

SC R A 5] B B B R R R XY B TR I Ak .
AT=0 °CINf &A= KB B FUR A5 A0 o B AR AL 1)
HVDC H4i Sk iaS il oA WK 6. A 6 AT LA
B, fEAKHE, AT A AL IR
K, %34 1180 kvimm, 378 & T 0 B P I Z AR R
WL AR B, R i Ak H 3 DR B R K
QWJMSMMW,%k?%ﬂ%Hﬁ&m%%ﬁ

kVimm
Al 1xs><1u3
%107

(a) FEMRA K BO I 0 A 1

kKVimm

£.

——— / 20
e ——
B e ——— 10
5

0

(b) FEA B KB B A
Bl 6 & LRI 3% 0 A
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electric tree branches
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