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ABSTRACT In order to improve the operational safety and stability of power cables, it is necessary to
conduct targeted research on different grounding modes. Firstly, the appropriate cable parameters were
selected according to the specific use, and the model was established in ATP-EMTP according to the selected
cable parameters. Then, the availability of three grounding modes models of grounding at one end, grounding
at both ends and cross-connection grounding (cable core grounding, shielding layer grounding and armor
layer grounding) were compared and verified by simulation. Finally, by setting the shielding layers of
different thicknesses as a comparison, the impedance and current characteristics of the cables under three
different grounding methods were analyzed. The result indicates that the impedance values of the three
grounding methods are essentially the same. However, according to the current characteristics, when the
shielding layer and the armored layer are cross-connected and grounded, their current is much smaller than
that which is grounded by other grounding methods. Therefore, under the comprehensive consideration of
economic benefits, this grounding is the best choice. This study provides guidance for the grounding mode
of cable early laying and a reference for other cable related research.

INDEX TERMS ATP-EMTP, current, grounding mode, impedance, power cable.

I. INTRODUCTION

The main function of power cables is to transmit and dis-
tribute electrical energy. It is widely used in urban under-
ground power grids. In addition, it is also widely used in
power station lead-out lines and underwater transmission
lines. With the economic development of coastal cities and
islands, cables have become an important way of power
transmission between land and sea, and undertake the heavy
responsibility of offshore wind farm power transmission
channels [1]. In recent years, cross-linked polyethylene
(XLPE) insulated power cables have become more popu-
lar [2]. Compared with overhead lines, laying power cables
into the ground is simpler, saves urban space, and can greatly
reduce costs. With the proposal of the marine development
strategy, the combined sea-land transmission and distribution

The associate editor coordinating the review of this manuscript and

approving it for publication was Ahmed Aboushady

116642

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

network has been widely used. Especially for the transmis-
sion lines of some islands, the hybrid transmission mode of
submarine cable - land cable - overhead line is adopted [3].
Therefore, the carrying capacity and durability of the cable
are very important.

When building a cable line, the choice of the cable
grounding method is very important. The common grounding
method is shown in Fig. 1. By comparing the characteristics
of grounding methods such as grounding at one end of the
metal sheath, grounding at both ends, and cross-connection
grounding (grounding of the cable core, shielding layer, and
armoring layer), Dongjian Lv [4] pointed out that long-length
high-voltage submarine cables are suitable for metal sheath-
ing at both ends. The set position adopted a three-phase inter-
connected grounding scheme. Xie et al. [5], it concluded that
a bridge is suitable for a hybrid grounding method that com-
bines cross-connection grounding and single-point grounding
at one end or single-point grounding at the center. It can
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FIGURE 1. Common interconnection types of cables. a) One-end
grounding. b) Two-end grounding. c) Cross-interconnection grounding.

be seen that laying cables in different application scenarios
requires specific analysis.

The main purpose of cable grounding is to ensure safety
during cable operation and maintenance. Once the insulation
of the metal sheath of the high-voltage cable is damaged,
it will inevitably cause multi-point grounding of the metal
sheath, which will lead to a significant increase in the sheath
circulating current value, thereby accelerating the aging of
the cable insulation, shortening the service life and trans-
mission capacity of the cable, and threatening the safe and
stable operation of the power system [6], [7], [8]. There-
fore, before laying the cable, it is necessary to simulate and
calculate the grounding method of the cable to eliminate
the above-mentioned safety hazards. References [9] and [10]
simulated the single-ended grounding and cross-connected
grounding of three-phase cables through the electromagnetic
transient simulation software ATP, and obtained the correla-
tion between the circulating current value and the fault dis-
tance. In addition, the influence of soil resistivity, grounding
resistance and three-phase cable laying method on sheath
circulating current was studied, which provided reference for
circulating current monitoring and sheath fault diagnosis.

In addition, in order to reduce the circulating current and
the voltage at the end of the control cable, cross-connection
is generally used for long-distance power transmission. When
the cable fails, the fault current of the core wire in the cross-
connection operation mode is quite different from that of
the direct grounding. Therefore, it is extremely important to
accurately identify the faults of different cross-connection
segments for the cable fault determination. Wangetal. in [11],
ATP simulation modeling was used to study the direction and
magnitude of fault current in three-core cables in different
cross-connection sections. And the ATP simulation data was
summarized to get the fault current direction and magnitude
judgment rule of the cable when it was directly grounded
and grounded through a transition impedance, which real-
ized the precise location of faults in key parts of the cable
and reduced unnecessary power outages caused by cable
faults. Liu [12] analyzed the grounding characteristics of
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single-core power cables from the perspective of safety.
When the cable was grounded at both ends, the metal sheath
will form a loop with the ground. Compared with grounding
at one end, it will only produce smaller eddy current losses
in the metal sheath. Cross-connected grounding can prevent
large circulating current losses, and this method was often
applied to high-voltage, long-length cables [13]. This paper
further explores the impedance and current characteristics of
different grounding methods for specific cable models.

Il. PARAMETER DESIGN AND MODELING

A. PARAMETER DESIGN OF SINGLE-CORE CABLE

Due to the harsh seabed environment and complex geological
structure, the design requirements of cables are strict. The
designed cable model is shown in Fig. 2, which needs to
include water-resisting copper conductor, conductor shield-
ing, XLPE insulation, insulation shielding, buffer water-
resisting layer, alloy lead sleeve, semi-conductive PE sheath,
armor cushion, armor copper wire and outer cover.

FIGURE 2. Chart of cable structure 1-Water-resisting copper conductor;
2-Conductor shielding; 3-XLPE insulation; 4-Insulation shielding; 5-Buffer
water-resisting layer; 6-Alloy lead sleeve; 7-Semi-conductive PE sheath;
8-Armor cushion; 9-Armor copper wire; 10-Outer cover.

According to GB/T 18890. 2-2015 standard, conductor
with nominal cross-sectional area of more than 800 mm?
should adopt segmented conductor structure. The insulation
material is cross-linked polyethylene (XLPE). The metal lead
sleeve can effectively prevent the infiltration of seawater,
and has good bending performance and corrosion resistance.
In addition, in order to better protect the cable, it is necessary
to install metal armor on the outer sheath, which can greatly
reduce the wear and impact consumption during the laying
of cables. The armor layer is composed of copper wire and
asphalt to ensure the requirements of cable transmission cur-
rent and traction tension. The specific parameters are shown
in Table 1.

B. SINGLE-CORE CABLE MODELING

The single-core cable model is established in the electromag-
netic transient simulation software ATP-EMTP. It is neces-
sary to set the power cable form to be single-core cable, the
number of phases to be 3, the laying form to be underground,
and the calculation model to be the PI model. This study
mainly studies the grounding characteristics, so the PI model
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TABLE 1. Cable parameters.

Serial Thickness Diameter and

Structure Tolerance
number (mm)
(mm)
1 Water-resisting copper 47.6£0.3
conductor
Semiconductive tape +
2 extrusion conductor 2x0.27+1.5 51.8+0.5
shielding
3 XLPE insulation 24.0 99.8+1.5
4 Insulation shielding 1.2 102.2+1.5
5 Buffer water-resisting 2%0.5 104.241.5
layer
6 Alloy lead sleeve 4.1 112.442.5
7 Semi-conductive PE 37 119.843.0
sheath
8 Armor cushion 2.0 122.8+3.0
9 Armor copper wire 3, 3y, 6,0 134.843.0
asphalt
10 PP outer cover 4.0 142.8+4.0

is selected. In addition, the parameters of the cable core
layer, insulating layer and armor layer are set respectively.
Since the cable cores are mostly split conductors, in order
to improve the accuracy of the model, the resistivity needs
to be corrected. In addition, the semiconductor layer can-
not be modeled in the ATP software. In order to facilitate
the calculation, the water blocking layer and the sheath in
Fig. 1 are combined, and the dielectric constant needs to be
corrected [14].

Modeling is performed according to the above steps, and
the model is obtained as shown in Fig. 3. Fig. 3(a) shows the
modeling structure diagram of the single-core cable. Fig. 3(b)
shows the cable laying position diagram.

a)
Cable core
Shielding layer
Armor layer
b) %
Ground
Cable

FIGURE 3. LCC model of single-core cable. a) Modeling structure diagram
of single-core cable. b) Cable laying position diagram.

C. SIMULATION SETTING OF THREE-PHASE
SINGLE-CORE CABLE

The single-core cable model is established by taking the cable
in Table 1 as an example. On this basis, it is necessary to
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modify some parameters to meet the simulation requirements
of three-phase cables. It is necessary to set the number of
single-core cables to 3 and the number of phases to 9.

For the simulation of three-phase cables, it is neces-
sary to discuss the calculation methods of zero-sequence
and positive-sequence parameters of three-phase single-core
cables, calculate the electrical transposition (Snaking), and
select the matrix output in lis file (Matrix output). Ground
the sheath, all shields, then the total number is 3. The arrange-
ment is that three single-core cables are placed horizontally
under the surface of 1m, with 0.5m intervals, as shown
in Fig. 4.

Ground
Depth Gap Gap
Im 0.5m 0.5m

T Cables

FIGURE 4. The arrangement of three-phase single-core cables.

IlIl. THEORETICAL MODEL
A. IMPEDANCE CALCULATION
Through ATP calculation, the impedance Z and admittance
matrix Y of the three-phase balance of the single-core cable
are obtained. But when calculating the sequence parameters,
the transformation matrix usually used for the balance matrix
is not used. The transformation matrix used is 7;. According
to the transformation matrix 7;, the transformed modulus
impedance matrix Tl.TZT,' is obtained by using other mathe-
matical calculation tools. Similarly, the modulus admittance
matrix is T;T YT;T.

The zero-sequence and positive-sequence impedances of
the cable can be obtained by matrix transformation, and can
also be calculated by formula (1) and formula (2) respectively.

Zo = Zy + 27, (D
Zy =Zs — Zp (2)

In the formula, Zj is the zero-sequence impedance of the
cable; Z; is the positive-sequence impedance of the cable;
Zs is the diagonal element of the cable impedance matrix;
Zmn is the non-diagonal element of the cable impedance
matrix.

B. CURRENT CALCULATION

In the metal shielding layer of the cable, the transient ground
current is mainly composed of the capacitive current /. and
the induced circulating current /.
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In this paper, the single-core cable is used, and a capaci-
tance will be formed between the cable core and the metal
shielding layer of the large-length single-core cable, so the
grounding capacitance current /. will be formed under the
action of the AC voltage. The capacitor uses the cable core
and the metal shielding layer as the two poles, and the insu-
lating layer is the capacitor medium. The capacitor current /.
can be expressed by formula (3),

I. = jwCUyl 3)

In the formula, j is the imaginary unit; w is the angular
frequency; C is the cable capacitance per unit length; Up is
the phase voltage of the core wire; / is the cable length.

When the metal shielding layer fails, the circulating cur-
rent of the faulty phase will increase significantly. At the
same time, the other two-phase sheaths have no multi-point
grounding, and the circulating current can be ignored. At this
time, the circulating current of the faulty phase can be
expressed by formula (4),

_ Ey - Ep
" R+JX+R +Ry+R;

In the formula, E is the induced potential generated in the
metal shielding layer, E; is the induced potential generated
by the other two-phase core wires to the faulty phase metal
shielding layer, R and X are the resistance and self-inductance
of the metal shielding layer, respectively, R; is the metal
shielding layer. The grounding resistance when the shielding
layer fails, R; is the direct grounding of the metal shielding
layer, and Rj3 is the ground resistance.

“

N

IV. IMPEDANCE ANALYSIS IN CABLE

A. GROUNDING LINE CONSTRUCTION

Cables have different grounding methods, namely grounding
at one end, grounding at both ends, and cross-connecting
grounding (one complete transposition, two complete trans-
positions). Different grounding methods will bring different
impedances. In engineering, zero-sequence and positive-
sequence parameters are used for power flow, stability, and
short-circuit calculations. In this paper, ATP is used to build
grounding lines to calculate zero-sequence and positive-
sequence parameters of cables to verify the accuracy of the
model. The specific grounding circuit is shown in Fig. 5.

It can be seen from Fig. 5 that the first line shows that the
shielding layer and the armor layer are only grounded at one
end. The second line shows that the shielding layer and the
armor layer are grounded at both ends. The third line shows
the shielding layer and armor layer cross interconnection, and
both ends are grounded. The fourth line and the third line
grounding mode is the same, two complete transposition. The
grounding line was set up in ATP to simulate the grounding
characteristics of the cable. The cable model adopted the
LCC model of the three-phase single-core cable set up above.
The left end of all grounding modes was connected to the
current source 2 of 1A. The circuit used the current meter 3
to calculate the voltage of the left end, and the right end
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Two-end grounding ‘@y"*m
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FIGURE 5. The wiring diagram of different grounding modes. 1-LCC model
of three-phase single-core cable; 2-Current source; 3-Voltmeter;
4-Resistance; 5-Cross Connection Module.

was uniformly grounded. According to different grounding
modes, grounding and non-grounding were selected at the
left end, as shown in Fig. 6. Cross-connected grounding was
divided into one complete transposition and two complete
transpositions. Cross-connected connection module 5 was
used for cross transposition.

B. IMPEDANCE COMPARATIVE ANALYSIS OF POSITIVE
AND ZERO SEQUENCE

The impedance values of different grounding modes can be
obtained by simulation on the built grounding circuit diagram
shown in Fig. 6, as shown in Table 2.

TABLE 2. Impedance values of different grounding modes
(Unit: (2:m~1)).

Zero-sequence Positive sequence
impedance of impedance of cable
cable Z0 Z1

Grounding mode

1.523x10°
+2.176x10-4i

6.442x10°

One-end grounding +6.546x 104

2.383x10°
+6.908x 1075

. 2.378%10°
Two-end grounding 46.903%10°%
Cross-interconnection
grounding (one complete
transposition)

1.521x10°
+2.173x10%

1.803x10°
+1.679%10*

cross-interconnection
grounding (two complete
transposition)

3.606x10°+3.357x10%

In normal operation, the positive sequence current flows
through the cable core, so that the induced voltage in the
shielding layer counteracts each other, and the induced cur-
rent will decrease. If the zero sequence current flows through
the cable core, the cross transposition will not cause any
influence.
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This can also be seen in the impedance calculation parame-
ters of cables. In the calculation process of positive sequence
impedance, the cables are transposed. The ‘snaking’ is
selected in the parameters of the cable. In Fig. 5, the first
is the case where only one end of the shielding layer and
the armoring layer is grounded, and the second is the case
where both ends of the shielding layer and the armoring
layer are grounded. Since there is current in the shielding
layer, the resistance 2.383 x 105 © when both ends are
grounded is greater than 1.523 x 107> Q for single-ended
grounding, and the inductance 6.908 x 107> H is less than
2.176 x 10~* H for single-ended grounding. The third is
the case where the shielding layer and the armoring layer
are cross-connected, and both ends are grounded, and the
corresponding impedance is exactly the same as that of the
single-ended grounding.

For zero sequence impedance, the change trend of
impedance after single-end grounding and two-end ground-
ing of shielding layer and armor layer is the same as that
of positive sequence impedance. Because there is a current
in the shielding layer of two-end grounding, the resistance
increases and the inductance decreases. When the shielding
layer and the armor layer are interconnected, the correspond-
ing impedance and the grounding impedance at both ends are
the same, because the current flowing through the shielding
layer is the same in both cases. The fourth line and the third
line grounding mode is the same, two complete transposi-
tion. After two cross transpositions, the impedance value is
3.606 x 107 + 3.357 x 10~*i. Since the conductor length
required for two complete transpositions is twice that of one
complete transposition, the impedance value is also twice that
of one complete transposition.

Through positive sequence and zero sequence analysis,
it can be concluded that the model conforms to the basic laws
of electricity and the grounding characteristics of the cable,
which verifies the feasibility of the model and facilitates
subsequent calculations.

C. CANCEL THE IMPEDANCE ANALYSIS AFTER

THE CABLE CORE TRANSPOSITION

The thickness of the cable shielding layer was increased from
0.12 mm to 0.42 mm, and the cable core transposition was
removed. After the cable core transposition was removed,
a cable core interconnection was set as a comparison. For
the analysis, compared to “Vie + jVim™’, using the form of
“|V|£8” can compare and observe the grounding character-
istics better. The impedance values of phase A, phase B and
phase C of the cable are listed below when the thickness
is 0.12 mm and 0.42 mm respectively, see Tables 3 and
Table 4 for details.

According to the positive-sequence parameters, in the
case of one-end grounding, the impedance between the
three phases of the cable is not equal, which is because
the cable core is not displaced, and the difference between
the maximum and the minimum impedance is about
2.74 x 107> Q:m~!. The case of two-end grounding is
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TABLE 3. Positive sequence impedance value when a thickness of
0.12 mm for the cable shielding layer (Unit: (2-m~1)).

. Phase A Phase B Phase C
Grounding mode . . .
impedance impedance impedance
One-end eroundin 2.310x10"* 2.036x10%  2.259x10*
& ¢ 2767 £-343 Z-144.1
Two-end eroundin 7.308 X107 7.312X10°  7.304X10°
¢ ¢ 2711 £-489 £-168.1
Cross-interconnection
grounding of the 2.353%x10* 1.887x10*  2.320x10*
shielding layer and the £80.1 £-34.6 Z£-147.5
armor layer
Cable core cross- 2.179x10* 2.179x10%  2.179x10*
connected grounding £86.0 £-34.0 Z£-154.1

similar to the one-end grounding. Three phases’ resistance
of two-end grounding cable are larger than that of one-
end grounding cable. The difference between the maximum
and the minimum impedance is 3 x 1077 Q-m~!. How-
ever, the impedance value is larger than the other ground-
ing modes. In the case of cross-interconnection between
the shielding and armor layers, three phases’ impedance
parameters of the cable are also unequal, and the difference
between the maximum and the minimum impedance is about
4.66 x 107> Q-m~!. When the cable cores are cross-
connected, the three-phase impedance value of the cable is
equal, which is a balanced transposition method, and the
grounding effect is the best. The impedance voltage of 220kV
power devices reaches 12% to 14%, and the impedance
voltage of several grounding methods is within a reasonable
range.

d 1

TABLE 4. Positive seq e imp e with a thickness of
0.42 mm for the cable shielding layer (Unit: (2-m~1)).

. Phase A Phase B Phase C
Grounding mode . . .
impedance impedance impedance
One-end eroundin 2.310x10* 2.036x10* 2.259x10*
& & £76.7 £-343 Z£-144.1
Two-end eroundin 6.791x10* 6.791x10* 6.788x10*
o-end gronading Z71.1 Z48.9 £-168.1
Cross-
I?ter;(;‘;“ec??}? 2353x10*  1.887x10*  2.320x10™
grounding of the £80.1 £-34.6 £-1475
shielding layer and
the armor layer
Cable core cross- 2.179x10* 2.179x10* 2.179x10*
connected grounding £86.0 £-34.0 Z£-154.1

From the comparison of Table 3 and Table 4, it can be
concluded that the impedance voltage value of the grounding
at both ends has a small increase, which is almost negligible,
and the impedance values of other grounding methods remain
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unchanged. It shows that the change of the thickness of the
shielding layer has little change in the impedance value of the
cable. The following is a further analysis of the cable current
to determine a better grounding method.

V. ANALYSIS OF THE CURRENT IN CABLE

A. CONSTRUCTION OF GROUNDING LINE

Now the small resistance of short circuit was replaced with
current measuring instrument to compare the current flowing
through the line. Schematic diagram of ammeter wiring is
shown in Fig. 6.

FIGURE 6. Schematic diagram of the ammeter wiring.

To further explore the characteristics of different grounding
methods, the grounding line as shown in Fig. 7 was estab-
lished. The cable core cross-connected application is less, and
its cost is higher, but the grounding characteristics are better.
This study listed this line as a comparison to verify the fea-
sibility of cross-interconnection grounding of the shielding
layer and the armor layer.

One-end grounding Two-end grounding

@ "‘ oy «Qﬂ "‘ i

Cross-interconnection grounding of the
shielding layer and the armor layer

.Z: Lce Lce
= e=g
S a( S S —

Cable core cross-connected grounding

iﬂ

-

-
-
Lo

=

1000 |&
[ 000 |&

of

FIGURE 7. Schematic diagram of the ammeter wiring.

B. COMPARATIVE ANALYSIS OF POSITIVE AND

ZERO SEQUENCE

According to the wiring mode of the diagram above, the
current values of different grounding modes can be obtained,
as shown in Table 5. By comparing the current value of
different grounding methods, the best grounding method was
better selected.

First, the state of positive sequence was analyzed. When
the shielding layer and the armor layer are grounded, the
current flowing through the shielding layer is 0.306 A, and
the current source currentis 1 A, so 30% of the current in the
shielding layer is 0.843 A current in the armor layer.
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TABLE 5. Positive seq e current values of different grounding
modes (Unit: A).
Grounding mode Shielding layer Armor layer
current current
One-end grounding / /
Two-end grounding 0.306 0.843
Cross-interconnection
grounding of the shielding 5%107 3x107
layer and the armor layer
Cable core cross-connected 8x10° 3%107

grounding

If both the shielding layer and the armor layer are cross-
transposition, the current in the shielding layeris 5 x 10~ A,
the current in the armor layer is 3 x 1077 A. It can be seen
that the effect of cross-transposition. The current is greatly
reduced, and the grounding characteristics are good.

Table 6 shows the zero-sequence current values for differ-
ent grounding methods.

TABLE 6. Zero sequence current values of different grounding
modes (Unit: A).

Grounding mode Shielding layer Armor layer current
current
One-end grounding / /
Two-end grounding 0.304 0.833
Cross-interconnection
grounding of the
shielding layer and the 0.1 0.277
armor layer
Cable core cross- 01 0277

connected grounding

Then, the situation of zero sequence current in the circuit
was analyzed. This transposition has no effect on the current
in the shielding layer and the armor layer. The current in
the shielding layer is 0.1 A, accounting for about 10% of
the current in the circuit. The current in the armor layer is
0.277 A, which is about 30%.

In addition to the above cross-interconnection of the shield-
ing layer and the armor layer, there is another transposi-
tion way in the cross-interconnection of cable grounding
is that the shielding layer and armor layer are not cross-
interconnection but the cable core for cross-interconnection.
The results showed that there was no change from the
cross-interconnection of the shield layer and the armor
layer, because the cable core was replaced when setting the
single-core cable above.

C. COMPARISON ANALYSIS OF CURRENT AFTER
CANCELING CABLE CORE TRANSPOSITION

Next the thickness of cable shielding layer was increased
from 0.12 mm to 0.42 mm, and the cable core transposition
was removed. After the cable core transposition was removed,
a cable core interconnection was set as a comparison. Positive
sequence current values can be obtained when the cable shield
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TABLE 7. Positive sequence current value when the thickness of cable
shielding layer is 0.12 mm (Unit: (A)).

Grounding mode Shielding layer Armor layer current
current
One-end grounding / /
Two-end grounding 0.306 0.827
Cross-interconnection
grounding of the
shielding layer and the 0.001 0.009
armor layer
Cable core cross- 3x10% 3x107

connected grounding

TABLE 8. Positive sequence current value when the thickness of cable
shielding layer is 0.42 mm (Unit: (A)).

Shielding layer

Grounding mode Armor layer current

current
One-end grounding / /
Two-end grounding 0.644 0.536
Cross-interconnection
grounding of the
shielding layer and the 0.003 0.008
armor layer
Cable core cross- 9x10° 3x107

connected grounding

thickness was 0.12 mm and 0.42 mm by ATP simulation,
as shown in Table 7 and Table 8.

According to the comparative analysis of Table 7 and 8,
increasing the thickness of the shielding layer will increase
the current of the shielding layer. The shielding layer is
designed to control the cable from failing to work normally
due to insulation damage, mechanical damage, fire or elec-
trical interference. Therefore, the increase of current can’t be
ignored to increase the thickness of shielding layer, and in
the design of cable should pay attention to the thickness of
the cable layer.

According to Table 8, in the case of eliminating the
cable core transposition, the current of the shielding
layer and armor layer is much reduced when they are
cross-interconnection grounding than when both ends are
grounded. According to the simulation results, by compar-
ing three phases, the size and phase of the current flow-
ing through the cable shielding layer are same. When the
cable core is cross-connected at high pressure conditions, the
current flowing through the shielding layer and the armor
layer is the minimum and negligible. The effect of cable core
cross-connected grounding is better, which is an ideal cross-
interconnection way, but in the process of connection needs a
large number of metal materials, and its cost is much higher
than cross-interconnection grounding of the shielding layer
and the armor layer.

VI. CONCLUSION

Based on ATP-EMTP, this paper made simulation and
analysis of different grounding modes of cable, and com-
pared three grounding modes of one-end grounding, two-end
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grounding and cross-interconnection grounding (cable core
grounding, shielding layer and armor layer grounding).
Finally, the impedance and current characteristics of cable
were analyzed, and set the different shielding thickness to
choose the appropriate grounding. This study provides guid-
ance for the grounding method of cable laying work in the
early stage, and provides reference for other cable related
research.

1) According to the relevant standards, the parameters
of the single-core cable was selected. Then the three-
phase cable LCC model was established in the ATP.

2) Grounding lines with different grounding methods
were built. They were calculated and analyzed from
zero order and positive order to verify the accuracy of
the model.

3) After confirming the model, the transposition of the
cable core was cancelled. Then the impedance charac-
teristics of the cable were analyzed. The results show
that several grounding methods have little difference,
and they all meet the requirements;

4) According to the above grounding model, the current
characteristics of the cable after the transposition of
the cable core cancelled were analyzed. The results
show that the ground current characteristic of the cross-
connection of the cable core is the best, and the loss dur-
ing operation is almost negligible. However, under the
premise of considering the cost, the cross-connected
grounding of the shielding layer and the armored layer
is more in line with the requirements of grounding
characteristics.
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