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ABSTRACT: Cables are the main coupling path of electromagnetic interference, and the electromagnetic interference generated by cable
conduction and radiation can interfere with the motor position encoder signal. Cable grounding can reduce the impact of this interference
on the encoder signal. Therefore, this article first obtains the shielding mechanism of single end grounding and double end grounding of
cables through theoretical analysis. Then, under two interference modes of plane wave radiation and adjacent cable radiation, the voltage
frequency response and interference voltage peak and amplitude of single end grounding and double end grounding of the cable were
compared. The results showed that the double end grounding of the cable shielding layer had better anti-electromagnetic interference
effect. In addition, based on the double end grounding, comparing the interference voltages of different grounding resistances, cable
lengths, shield thicknesses, and load conditions, some conclusions about the changes in interference voltage have been obtained.

1. INTRODUCTION

External electromagnetic interference sources can form con-
ducted interference in cables through radiative coupling.

Conducted interference propagates along the cable to the vicin-
ity of the motor, where the conducted interference from the ca-
ble will radiate outward to interfere with the signals of themotor
position encoder, affecting the power output of the ship [1–3].
Cable grounding can block the coupling path of electromag-
netic interference, thereby reducing the coupling between spa-
tial electromagnetic radiation and motor position encoder, in-
directly improving the anti-electromagnetic interference ability
of motor position encoder and the stability of motor operation.
Ref. [4] studied the influence of different cable grounding

methods on surge current. When the shielding layer was single-
end grounded or ungrounded, the induced current in the cable
was the same. When the cable was double-end grounded, the
induced current was reduced by 80% compared with the un-
grounded case. Ref. [5] investigated the amplitude-frequency
response of cable shielding layer grounding. The amplitude-
frequency response when the shielding layer was grounded
was lower than that when it was ungrounded, and effective
grounding reduced the high-frequency components and ampli-
tude of the induced voltage in the core wire. Ref. [6] con-
cluded through simulation and experiments that the double-end
grounding method of the cable was the most effective in sup-
pressing cable crosstalk. Based on double-end grounding, in-
creasing the grounding points had no obvious effect on sup-
pressing common-mode crosstalk. Ref. [7] studied the ground-
ing method of double-shielded cables. When the inner shield-
ing layer of the double-shielded cable was single-end grounded
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and the outer shielding layer double-end grounded, the induced
current was reduced by 95% compared with the ungrounded
shielding layer. Ref. [8] studied the electromagnetic shield-
ing effect of different grounding methods for cable shielding
layer and armor layer. The armor layer was preferably double-
end grounded, and the shielding layer could be single-end or
double-end grounded. When both the shielding layer and ar-
mor layer of the cable were double-end grounded, the suppres-
sion effect on electromagnetic interference (EMI) was the best.
Ref. [9] studied the anti-interference capability of coaxial ca-
bles, double coaxial cables, and triaxial cables with different
grounding methods based on lumped parameter equivalent cir-
cuits. Ref. [10] studied the variation law of induced current
in the shielding layer under single-end grounding, double-end
grounding, and equidistant multi-point grounding of cables.
Ref. [11] designed a cable combining a double-shielded cable
with a magnetic core, which further improved the shielding per-
formance compared with the double-end grounding method.
Although the above research has established the fundamental

advantages of double ended grounding, there is still a signifi-
cant gap between the general principle and its effective applica-
tion in complex real-world systems such as ship electric propul-
sion. To address this gap, a systematic, comparative analysis of
grounding methods specifically in the context of the conducted
and radiated interference paths that affect encoder signals is
presented in this paper. A comprehensive sensitivity analysis to
quantitatively evaluate the effects of grounding resistance, ca-
ble length, load impedance, and shielding thickness needs to be
conducted, providing a multidimensional perspective for elec-
tromagnetic compatibility (EMC) performance.
The electromagnetic interference sources and propagation

paths of the motor position encoder are firstly analyzed. At the
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same time, the interference of external electromagnetic interfer-
ence sources on the encoder signal can be reduced through ca-
ble grounding. Then, through theoretical analysis, the shielding
mechanisms of single end grounding and double end ground-
ing of cables were obtained. Then, under two interference
modes of plane wave radiation and adjacent cable radiation,
a cable model is established to compare the frequency re-
sponse curves and interference voltage amplitudes of single end
grounding and double end grounding of the cable. The anti-
electromagnetic interference capabilities of different ground-
ing modes are obtained. Based on this, the interference voltage
amplitudes of cables with different grounding resistances, cable
lengths, shield thicknesses, and load conditions are compared
to obtain the anti-electromagnetic interference capabilities of
cables.

2. ANALYSIS OF ELECTROMAGNETIC INTERFER-
ENCE SOURCES IN MOTOR POSITION ENCODER
In the motor control system, insulated-gate bipolar transistor
(IGBT) will cause a sharp change in high-frequency voltage
when switching at high speed, resulting in a significant increase
in the voltage change rate du/dt in the circuit. This process
forms a circuit through the charging and discharging behavior
of parasitic capacitors, which in turn generates conducted inter-
ference [12–14]. At low frequencies, the parasitic capacitance
between the IGBT poles and ground is much larger than that at
high frequencies, making it difficult for common mode current
to pass through. However, in high frequency environments, the
capacitance reactance decreases, allowing common mode cur-
rent to pass smoothly. Therefore, common mode interference
mainly exists in the form of high-frequency interference. The
three-phase inverter has symmetry and can be analyzed sepa-
rately for one phase. The schematic diagrams of the common
mode and differential mode conducted interference propaga-
tion paths in the inverter motor system are shown in Fig. 1 and
Fig. 2.

FIGURE 1. Schematic diagram of common mode conducted interfer-
ence propagation path.

In the path diagram, C1 ∼ C6 represent the parasitic capac-
itance between the collector and emitter of six IGBTs; CD and
LD represent the parasitic capacitance and inductance between
the DC ports of the inverter; CD1 and CD2 represent the para-
sitic capacitance between the positive and negative cables on
the DC side and ground; RL1, CL1, RL2, and CL2 represent the
equivalent impedance at the line impedance stabilization net-
work (LISN) power supply; CUV and CUW represent the capac-

FIGURE 2. Schematic diagram of differential mode conducted interfer-
ence propagation path.

itance between the three-phase AC cables; C7 ∼ C9 represent
the parasitic capacitance between the IGBT poles and ground;
and C10 represents the parasitic capacitance between the three-
phase neutral point and ground.
The propagation paths of common mode conducted interfer-

ence in the inverter motor system are shown in Fig. 1. The com-
mon mode conducted interference of the inverter motor sys-
tem starts and ends at the common ground, passing through the
equivalent impedance of the LISN power supply, the parasitic
capacitance of the DC side positive and negative pole cables
to ground, or the parasitic capacitance between the IGBT pole
and ground, and then returning to the common ground through
the parasitic capacitance between the IGBT collector and emit-
ter (some paths do not have this component) and the parasitic
capacitance between three-phase neutral point and ground.
The propagation paths of differential mode conducted inter-

ference in the inverter motor system are shown in Fig. 2. Differ-
ential mode conducted interference starts from the differential
mode interference source and passes through the capacitance
between three-phase AC cables, motor windings, or directly
through the parasitic capacitance between the IGBT collector
and emitter. It then passes through a common path composed
of the equivalent impedance of the LISN power supply and par-
asitic parameters of the inverter DC port, and finally forms a
circuit through the parasitic capacitance between the IGBT col-
lector and emitter.
Based on the above analysis, it can be concluded that the

common mode conducted interference and differential mode
conducted interference at the inverter end will reach the vicin-
ity of the motor along the cable. The motor position encoder
rotates coaxially with the motor rotor, and the conducted inter-
ference will radiate outward, causing interference to the motor
position encoder signal. Cable grounding can cut off the ra-
diation coupling path and reduce the interference of external
interference sources on the motor position encoder signal.

3. THEORETICAL ANALYSIS OF ELECTROMAGNETIC
INTERFERENCE RESISTANCE OF CABLES WITH DIF-
FERENT GROUNDING METHODS
Further analyze the electromagnetic interference resistance
with different grounding methods of cables through theory and
simulation.
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3.1. Single End Grounding
The schematic diagram of single end grounding of cable shield-
ing layer is shown in Fig. 3, where the two ends of the cable core
are connected to the interference voltage source and the load.

FIGURE 3. Schematic diagram of single end grounding of cable.

The schematic diagram of the cable electric field shielding
circuit is shown in Fig. 4, which includes shielded cables and
source circuit wires.

FIGURE 4. Schematic diagram of cable electric field shielding circuit.

Source circuit wires are used to simulate electromagnetic in-
terference sources. Assume that the shielded cable is connected
to a sensitive circuit; the coupling capacitance of the source cir-
cuit conductor to the cable shielding layer is Cms; the coupling
capacitance of the shielding layer to the core wire is CS; and
the coupling capacitance of the shielding layer to ground is C2.
The interference voltage U1 on the source conductor is coupled
to the shielding layer throughCms, and then coupled to the core
wire throughCS. If the shielding layer is grounded andC2 short
circuited, U1 will be short circuited to ground by the shielding
layer through Cms and cannot be coupled with the core wire
anymore to avoid interfering with the core current, thus play-
ing the role of electric field shielding.

3.2. Double End Grounding
The schematic diagram of double end grounding of cable
shielding layer is shown in Fig. 5.
The schematic diagram and equivalent circuit of the ca-

ble magnetic field shielding circuit are shown in Fig. 6 and
Fig. 7. The grounding of both ends of the shielding layer will
also short-circuit the interference current on the surface of the
shielding layer to ground, which has an electric field shielding
effect. Current I1 flows through the core wire, and LS and rS
are the inductance and resistance of the shielding layer, respec-

FIGURE 5. Schematic diagram of cable double end grounding.

FIGURE 6. Schematic diagram of cable magnetic field shielding circuit.

FIGURE 7. Equivalent circuit of cable magnetic field shielding.

tively. If the shielding layer is not grounded or only one end is
grounded, there is no current in the shielding layer.
When the two ends of the shielding layer are grounded, I1

will split into two paths at point A to reach point B, and then
return to the source end. The current IS in the shielding layer is

IS =
jωMI1

jωLS + rS
(1)

According toM = LS, it can be inferred that

IS =
jωMI1

jωLS + rS
=

jωI1
jω + ω0

(2)

In the formula, ω0 = rS/LS is the cut-off frequency of the
shielding layer. When ω ≥ ω0, IS = I1, IG ≈ 0, and I1 al-
most entirely returns to the source end through the shielding
layer. The magnetic fields generated by I1 and IS outside the
shielding layer are equal in magnitude and opposite in direc-
tion, thus canceling each other out and suppressing the external
radiation of the interference source.
According to the above theoretical analysis, double end

grounding of cables can simultaneously shield electric and
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magnetic fields, and its anti-electromagnetic interference effect
is better than single end grounding.
In our application context of marine motor drives with

long cable and high-frequency interference, the benefit of
suppressing high-frequency EMI far outweighs the risk of
low-frequency ground loops. The inverter systems and encoder
are typically designed with a common reference ground, mini-
mizing low-frequency potential differences. Furthermore, the
interference of concern is primarily in the kHz to MHz range,
where the shielding effectiveness of double-end grounding is
most critical.

4. ANALYSIS OF ELECTROMAGNETIC INTERFER-
ENCE RESISTANCE OF CABLES WITH DIFFERENT
GROUNDING METHODS

4.1. Simulation Setup and Parameters
The cable models for two types of interference sources are es-
tablished, which includes plane wave radiation and adjacent ca-
ble radiation. The simulations are performed using the Tran-
sient Solver in CST Studio Suite. The hexahedral mesh is con-
figured to ensure at least 10 cells per minimum wavelength at
the maximum frequency of interest. The Open boundary condi-
tion is used on all sides to simulate free space radiation, with an
electric boundary condition applied at the bottom to represent
the ideal ground plane. Simulations are run until energy decay
reached below −40 dB to confirm the solver convergence.
The real research object is the propulsion motor encoder and

long cable system of an electric propulsion smart ship that is
currently under construction in China. Table 1 shows the posi-
tion relationship between propulsion motor and inverter. The
real cable length is 75m, and therefore it is employed in the re-
search. The height of the propulsion motor from the ground is
approximately 3 meters.

TABLE 1. Motor position and cable length.

Item Position Actual cable
length (m)X (m) Y (m) Z (m)

#1 Propulsion
Motor

24.87 4.00 2.95 75
#1 Inverter 66.70 6.65 6.40

4.2. Plane Wave Radiation
The plane wave radiation cable model established in CST is
shown in Fig. 8, with a cable length of 75m and model RG58.
Establish an ideal conductor simulation grounding directly be-
low the cable, with the cable at a height of 3m from the ground.
The incident direction of the plane wave is perpendicular to the
simulated ground.

FIGURE 8. Plane wave radiation cable model.

The schematic diagram of the single end grounding and dou-
ble end grounding circuit connection of the cable is shown in
Fig. 9.

(a)

(b)

FIGURE 9. Cable grounding circuit connection diagram. (a) Single end
grounding. (b) Double end grounding.

N1 and N2 are wire core pins used for current transmission;
N1_Screen and N2_Screen are shielding layer pins used for
grounding. Probe P1 detects voltage. The load resistance of
the cable is 50Ω, and an input power of 1W is set on the N1
side of the cable.
The voltage frequency response curves of the cable using

single end grounding and double end grounding in the ranges
of 0 ∼ 100MHz and 100 ∼ 800MHz are shown in Fig. 10.
The voltage oscillation amplitude is the largest in the range of
0 ∼ 10MHz. When the cable is single end grounded, the volt-
age oscillates in the range of 1.0V ∼ 11.0V. When the cable
is grounded at both ends, the voltage oscillates in the range of
4.3V∼ 5.0V. As the frequency increases from 90 ∼ 100MHz,
the amplitude of voltage oscillation decreases. This proves that
double-ended grounding can effectively suppress electromag-
netic interference and stabilize the voltage response of the ca-
ble.
In the 100–800MHz range, the voltage response range of

single-ended grounding is approximately 4.0V to 4.9V. Al-
though it has significantly flattened compared to its large oscil-
lations in the low-frequency range, there are still visible fluc-
tuations. Dual-ended grounding performs better in this high-
frequency range, further compressing the voltage fluctuation
within a small range of approximately 4.4V to 4.5V. This in-
dicates that dual-ended grounding can still provide excellent
shielding performance and signal stability at high frequencies.
The detailed peak voltage and oscillation amplitude for dif-

ferent end grounding methods are listed in Table 2.

4.3. Adjacent Cable Radiation
The schematic diagram of parallel cables is shown in Fig. 11.
Cable 1 is an interference cable, with one end connected to

an interference sourceES with an internal impedance ofZ0 and
the other end connected to a load resistance ZL1. Z0 is simpli-
fied to 0Ω to simulate a hard voltage source, representing the
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(a) (b)

(c) (d)

FIGURE 10. Voltage frequency response of cables with different grounding methods and frequencies. (a) Single end grounding at 0 ∼ 100MHz. (b)
Double end grounding at 0 ∼ 100MHz. (c) Single end grounding at 100 ∼ 800MHz. (d) Double end grounding at 100 ∼ 800MHz.

FIGURE 11. Schematic diagram of parallel ground cables.

TABLE 2. Voltage peak and oscillation amplitude for plane wave radi-
ation.

Item
Single end
grounding

Double end
grounding

Voltage peak value 11.015V 4.994V
Oscillation amplitude
(90 ∼ 100MHz)

0.4963V 0.0232V

worst-case scenario for capacitive coupling from the interfering
cable. A low-impedance source can drive larger currents into
the parasitic capacitances between cables, leading to higher in-
duced voltages on the victim cable.
Cable 2 is a disturbed cable, with load resistances ZL2 con-

nected at both ends to receive radiated interference from the
interfering cable. The distance between the two cables is d;
the height above ground is h; and the length of the wires is L.
They form a closed-loop circuit through the common grounding
point.
The adjacent cable radiation model established in CST is

shown in Fig. 12. The cable length is 75m; the cable spac-
ing is 50mm; the interfering cable model is 8AWG; and the
disturbed cable model is RG58. An ideal conductor is installed

FIGURE 12. Radiation model of adjacent cables.

(a)

(b)

FIGURE 13. Grounding circuit connection diagram of disturbed cable.
(a) Single end grounding. (b) Double end grounding.

3 meters below the cable to simulate grounding. Convert the
cable model to CST design studio, with Z0 being 0Ω, ZL1 be-
ing 10Ω, and ZL2 being 50Ω. The connection diagram of the
single end grounding and double end grounding circuits of the
disturbed cable is shown in Fig. 13. Probe P1 detects the near-
end interference voltage, and P2 detects the far-end interfer-
ence voltage. Simulating 45 us, in order to clearly display the
interference voltage, the simulation results only show 44.8 us
∼ 45 us. The excitation source is a square wave voltage signal
with an amplitude of 600V, and other parameters are shown in
Table 3.

TABLE 3. Parameters of square wave voltage signal.

Parameters Parameters Values
Cycle Time (us) 0.01
Delay Time (us) 0
Rise Time (us) 0.0001

Holding Time (us) 0.005
Fall Time (us) 0.0001
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(a) (b)

FIGURE 14. Near-end interference voltage of disturbed cables with different groundingmethods. (a) Single end grounding. (b) Double end grounding.

(a) (b)

FIGURE 15. Far-end interference voltage of disturbed cables with different grounding methods. (a) Single end grounding. (b) Double end grounding.

TABLE 4. Voltage peak and oscillation amplitude for adjacent cable radiation.

Item Single end grounding Double end grounding
Voltage peak value for near-end 10.65V 5.95V
Oscillation amplitude for near-end 7.65V 0.145V
Voltage peak value for far-end 31V 5.92V
Oscillation amplitude for far-end 28.1V 0.11V

The near-end interference voltage and far-end interference
voltage of the disturbed cable under different grounding meth-
ods are shown in Fig. 14 and Fig. 15.
When the disturbed cable adopts single end grounding and

double end grounding methods, respectively, during the time
period of 44.8 us ∼ 45 us, the near-end interference voltage
oscillates in the range of −4.65V ∼ 10.65V and 5.66V ∼
5.95V, with oscillation amplitudes of 7.65V and 0.145V, re-
spectively. The far-end interference voltage oscillates in the
range of −31V ∼ 25.2V and −5.92V ∼ −5.7V, with os-
cillation amplitudes of 28.1V and 0.11V, respectively. When
the disturbed cable adopts double end grounding method, the
peak value and oscillation amplitude of the near-end interfer-
ence voltage and far-end interference voltage are smaller. It
is because double end grounding can more effectively form a
low impedance circuit through the shielding layer and quickly
discharge interference current. Cables are the main coupling
path of electromagnetic interference, and using a double end
grounding method can effectively reduce the radiation cou-
pling path and minimize the interference of external interfer-
ence sources on the motor position encoder signal. For high-
impedance noise sources, the induced voltage levels would be
different, but the fundamental shielding mechanisms and the
relative ranking of the grounding methods’ effectiveness would
remain valid.

The detailed peak voltage and oscillation amplitude for near-
end and far-end interference voltage at different end grounding
methods are listed in Table 4.

5. SENSITIVITY ANALYSIS OF ELECTROMAGNETIC
INTERFERENCE
The sensitivity analysis of grounding resistance, cable length,
and load condition on the interference voltage are conducted in
this section. The grounding resistance of the cable shielding
layer refers to the resistance between the cable shielding layer
and grounding system, and is a key parameter for measuring
the grounding quality of the shielding layer. Based on the dou-
ble end grounding, the circuit connection diagram of the cable
shielding layer connected in series with a 1Ω resistance at both
ends is shown in Fig. 16.

FIGURE 16. Circuit connection diagram of shielding layer connected
in series with 1Ω grounding resistance.
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(a) (b)

(c) (d)

FIGURE 17. Near-end interference voltage when the shielding layer is connected in series with different resistances. (a) 1Ω. (b) 3Ω. (c) 5Ω. (d)
10Ω.

(a) (b)

(c) (d)

FIGURE 18. Far-end interference voltage when the shielding layer is connected in series with different resistances. (a) 1Ω. (b) 3Ω. (c) 5Ω. (d) 10Ω.

5.1. Grounding Resistance

Simulate the situation where the shielding layers at both ends
are connected in series with 1Ω, 3Ω, 5Ω, and 10Ω, and the
interference voltage at the near-end is shown in Fig. 17. The
trend of voltage variation under different grounding resistances
is consistent. When the grounding resistance of the shielding
layer is 1Ω, 3Ω, 5Ω, and 10Ω, and the peak values of the
near-end interference voltage of the disturbed cable are 11.65V,
22.2V, 28.91V, and 37.5V, respectively.
As the series resistance of the shielding layer increases, the

peak value of the near-end interference voltage also increases.
With the increase of resistance in series, the peak value and os-
cillation amplitude of the near-end interference voltage of the
shielding layer increase, indicating that the larger the ground-
ing resistance of the shielding layer is, the worse the anti-
electromagnetic interference effect is. This is because the ca-
ble shielding layer guides the interference current entering the
shielding layer to the ground through low-impedance ground-
ing. As the grounding resistance increases, the effect of guiding
the interference current in the shielding layer to the ground be-
comes worse, resulting in an increase in interference voltage.

The shielding layer is connected in series with different resis-
tances, and the far-end interference voltage is shown in Fig. 18.
During the time period of 9.9 us ∼ 10 us, when the series re-

sistance of the shielding layer increases from 1Ω to 10Ω, the
peak value and oscillation amplitude of the far-end interference
voltage significantly increase. When the shielding layer is con-
nected in series with a 1Ω resistance, the far-end interference
voltage oscillates within the range of−11.8V∼ −11.3V, with
an oscillation amplitude of 0.25V, and the voltage peak and os-
cillation amplitude are the smallest. As the grounding resis-
tance of the cable shielding layer increases, the peak and oscil-
lation amplitude of the near-end interference voltage and far-
end interference voltage of the disturbed cable both increase,
indicating that the larger the grounding resistance of the shield-
ing layer is, the worse the anti-electromagnetic interference ef-
fect is.
The detailed peak voltage and oscillation amplitude for each

grounding resistance are listed in Table 5.

5.2. Cable Length
The near-end interference voltage and far-end interference volt-
age with different cable lengths are shown in Fig. 19.
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TABLE 5. Voltage peak and oscillation amplitude for different grounding resistances.

Item 1Ω 3Ω 5Ω 10Ω
Voltage peak value for near-end 11.65V 22.2V 28.91V 37.5V

Voltage oscillation amplitude for near-end 0.225V 0.52V 0.814V 1.5V
Voltage peak value for far-end 11.79V 22.65V 29.7V 38.9V

Voltage oscillation amplitude for far-end 0.25V 0.924V 1.575V 3.05V

FIGURE 19. Interference voltage with different cable lengths. FIGURE 20. Interference voltage with different load resistances.

When the cable lengths are 50m, 75m, and 100m, the near-
end interference voltage oscillates within the ranges of 3.21V
∼ 3.96V, 4.01V ∼ 4.34V, and 4.26V ∼ 4.80V, respectively.
As the cable length increases from 50m to 100m, the peak
value of the near-end interference voltage increases from 3.96V
to 4.8V, and the peak value of the far-end interference volt-
age increases from 4.01V to 4.96V. This is because the longer
the cable length is, the more parasitic parameters such as dis-
tributed capacitance and distributed inductance will accumu-
late, and the coupling ability to surrounding electromagnetic
interference will continue to increase, thereby introducingmore
interference energy into the cable, resulting in an increase in the
peak value of the interference voltage with the increase in cable
length.

5.3. Load Condition

The near-end interference voltage and far-end interference volt-
age under different load resistances are shown in Fig. 20.
When the load resistances are 30Ω, 50Ω, and 70Ω, respec-

tively, the peak values and amplitude of the near-end and far-
end interference voltages of the disturbed cable both show a
gradual increasing trend. The amplitude of the near-end inter-
ference voltage increases from 0.22V to 0.41V, and the ampli-
tude of the far-end interference voltage increases from 0.22V to
0.26V. As the load resistance of the disturbed cable increases,
the peak values and amplitude of the interference voltage also
increase. This is because when the load resistance of the dis-
turbed cable increases, its loop impedance increases, resulting
in an increase in the voltage drop generated by the induced cur-
rent coupled to the cable loop through the load resistance, which
ultimately becomes an increase in the peak values and ampli-
tude of the interference voltage.

5.4. Shield Thickness
The cable shielding layer is a woven copper mesh structure,
and its thickness is equivalent to 0.1mm, 0.2mm, and 0.3mm,
respectively, to analyze the impact of different shielding layer
thicknesses on the interference voltage. The interference volt-
ages under different shielding layer thicknesses of the disturbed
cable are shown in Fig. 21.

FIGURE 21. Interference voltage with different shield thicknesses.

The thicknesses of the shielding layers are 0.1mm, 0.2mm,
and 0.3mm, respectively. The near-end interference voltages
are basically stable at 5.68V, 2.85V, and 1.82V, while the far-
end interference voltages are basically stable at 5.74V, 2.85V,
and 1.81V, all of which decrease with the increase in shielding
layer thickness. Due to the increase in shielding layer thickness,
thicker shielding layers can more effectively reflect external in-
terference signals, reducing the probability of interference sig-
nals penetrating the shielding layer. At the same time, thicker
shielding layers can more fully absorb the interference energy
that has penetrated the surface layer, further weakening the in-
tensity of the interference signal.
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6. CONCLUSION
This article compares the anti-electromagnetic interference ca-
pabilities of different cable grounding methods under two types
of interference. It can be found that while double-end ground-
ing is overwhelmingly superior from 0–100MHz, its advantage
diminishes as frequencies approach 800MHz. On this basis,
further research has found that when the thickness of the shield-
ing layer increases from 0.1mm to 0.3mm, the thicker shield-
ing layer can more effectively reflect electromagnetic inter-
ference, and the near-end interference voltage decreases from
5.68V to 1.82V, significantly improving the anti-interference
effects. A multi-parameter sensitivity analysis delineates how
variations in grounding resistance, cable length, load condition,
and shield thickness proportionally affect interference voltage,
enabling optimized and cost-effective EMC design choices. By
integrating the specific interference sources, real cable layouts,
and the sensitivity of motor encoder signals, a simulationmodel
and design reference for marine system is provided. A compre-
hensive EMC strategy encompasses multi-level methods, in-
cluding high-quality shielding, appropriate connectors, and the
use of filters/chokes, which warrants further investigation.
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