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Abstract –In view of the electromagnetic interference
(EMI) of the signal shielded cable in the rail weighbridge,
the interference source is analyzed on the basis of the field
measurement and investigation, and methods of suppress-
ing the crosstalk voltage of the shielded cable are pro-
posed. First, the capacitive coupling model between the
power line and the shielded cable is established, and the
coupling model between the shielded layer and the core
is developed. Later, the distribution parameters of the
multi-conductor transmission line system are extracted by
the commercial software ANSYS based on the finite ele-
ment method. Then the coupling voltages of the shielded
layer and the core can be calculated; compared with the
measured results, the accuracy and effectiveness of the
proposed method are verified. Finally, the EMI suppres-
sion methods are proposed and its effectiveness is veri-
fied. The EMI of the shielded cable is very common in
engineering, and this method has a good reference value
for solving the similar problems.

Index Terms – Capacitive coupling, crosstalk voltage,
electromagnetic interference, rail weighbridge, shielded
cable.

I. INTRODUCTION
The electronic rail weighbridge is an electronic

weighing device for weighing railway vehicles and
goods [1]. China’s railway capacity is increasing with
the development of railway transportation, and it is nec-
essary to weigh the railway vehicles and their loaded
goods more efficiently and accurately; so the electronic
rail weighbridge must work in electromagnetic compat-
ibility (EMC). However, research on the influence of
shielding and grounding of railway field on electromag-
netic interference (EMI) is still in an initial stage [2-4].
Therefore, the research on crosstalk of shielded signal
cable of rail weighbridge has theoretical and practical
application values [5].

Nowadays, the crosstalk researches of multi-
conductor transmission lines are mainly concentrated in
the high frequency band [6-9]; so they cannot be applied
at low frequency for signal interference analysis. In some
articles, single-end grounding of signal cable is proposed
to solve the problem of EMI [10-12]. However, due to
the complex electromagnetic environment in actual rail-
way fields, even if the single-end grounding is used, there
is still serious interference; so there is still lack of sys-
tematic theoretical analysis of railway electromagnetic
environment. In a rail weighbridge EMI case, the rail
weighbridge is set beside the National Traction Power
Laboratory (NTPL) in Chengdu, China. The pressure
sensor on the rail weighbridge is an electronic device that
converts the weight of cargo and vehicles into an electri-
cal signal. It is supposed to show a zero signal when
there is nothing on the rail weighbridge, but in the EMI
case, it shows a 320-mV electrical signal. The electric
field intensity around the signal cable about 400 V/m is
also measured by using an electric field tester, showing
that the EMI is serious.

In Section II of this paper, the capacitive coupling
model of signal transmission cable and power line under
low frequency of railway weighbridge is established,
and the formula for calculating the potential of the
shielded layer as well as the crosstalk voltage between
the shielded layer and the core of the signal cable is
derived. In Section III, based on actual measurement
and the finite element software ANSYS [13, 14], the
coupling capacitance of multi-conductor line system is
extracted and the interference voltage is calculated. In
Section IV, the measures such as increasing the depth
of grounding rods and improving soil moisture are pro-
posed. Combined with an EMI case of railway weigh-
bridge, the cause of interference signal is analyzed and
eliminated. In Section V, the conclusion is drawn. The
theoretical correctness is verified by comparing with the
measured value in the field.
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Fig. 1. Circuit and signal interference diagram of the
pressure sensor.

II. SIGNAL CABLE INTERFERENCE
MODEL OF RAIL WEIGHBRIDGE

The working circuit and signal interference diagram of
the pressure sensor on the rail weighbridge is shown in
Figure 1. The pressure sensor is mainly composed of
four varistors to form the Wheatstone bridge (consists
of R1-R4 and DC power supply). Its function is to con-
vert the weight of the goods on the rail weighbridge
into electrical signals. These electrical signals are sent
through shielded cable to operational amplifier, filter, and
other signal processing device, and finally the display
will present the electrical signal to the user in terms of
voltage signal and the weight of the goods.

The structure of the shielded cable used in the rail
weighbridge is shown in Figure 1. It is composed of a
copper mesh shielding layer and two core wires. Under
ideal conditions, the shielding layer can protect the core
wires from external electrical signal interference. How-
ever, when the shielded cable is very close to other wires,
especially a power line with a large current, the power
line can be regarded as a source of interference. Through
capacitive coupling between multiple conductors, the
shielding layer of the shielded cable can be regarded as
the interfered object, and the induced charges will be
generated on it. If the grounding resistance R0 of the
shielding layer is large, the electric field of the induced
charges on the shielding layer will generate interference
voltage on the cable core [15].

A. The crosstalk model of shielded layer and power
line
When the signal cable is near the power line, due to
the capacitive coupling between multiple conductors, the
induced charges will be coupled on the shielded layer
[16]. As shown in Figure 2, the shielded layer O is close
to the power line. A, B, and C, respectively, represent the
fire, zero, and ground wires of the power line. The capac-
itance between the shielded layer and the power lines A,
B, and C is C12, C13, and C14, the capacitance of the

Fig. 2. Coupling model of power cord and shield wire.

shielded layer to the ground is C10, the interference volt-
age on the shielded layer is U1, and the voltages on the
three lines A, B, and C are U2, U3, and U4.

According to the model of multi-conductor trans-
mission lines, in a system consisting of three or more
charged conductors, the charge of any conductor is
affected not only by its own voltage but also by the volt-
ages of the other conductors [17]. Then the charge Q1 on
the shielded layer can be expressed as [18]

Q1 = β11U1 +β12U2 +β13U3 +β14U4 , (1)
where β 11 represents the electrostatic induction coeffi-
cient of the shielded layer; β 12, β 13, and β 14 represent
the mutual electrostatic induction coefficients of the sig-
nal cable and the three-phase transmission lines. The
relation between β 1n and C1n is [19]

β11 =C10 +C12 +C13 +C14, (2)
C1n =−β1n n = 2 , 3 , 4 , (3)

C10 = β11 +β12 +β13 +β14. (4)
According to the Thevenin theorem, the power line,

shielding layer, and the ground can be regarded as a two-
port network with an ideal voltage source in series with
a resistor. The parameters of the voltage source and the
resistor can be obtained by the following methods.

Consider two extreme cases: (1) perfect insulation
of signal cable to ground; (2) short circuit of signal cable
to ground. i1 represents the short-circuit current of the
signal cable when it short-circuits to the ground.

When the signal cable is perfectly insulated from the
ground, Q1= 0. According to eqn (1), the open-circuit
voltage of the signal cable is

U1 =−β12U2 +β13U3 +β14U4

β11
. (5)

When the signal cable is short-connected to the
ground, the signal cable voltage U1 is 0, and then its
induced charge is

Q1 = β12U2 +β13U3 +β14U4 . (6)
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In the case of alternating current 50 Hz, charge Q1
is related to short-circuit current i1 [20], which can be
expressed as

i1 =− jωQ1. (7)
According to the Thevenin theorem, the power line,

the shielded layer, and the ground can be regarded as
the two ends of the power supply with the open-circuit
voltage U1 and short-circuit current i1. The internal
impedance of power supply is

Z1 =
1

jωβ11
=

1
jω (C10 +C12 +C13 +C14)

. (8)

The grounding resistance R0 of the shielded layer of
the signal cable is related to the soil conductivity, tem-
perature, humidity and grounding wire wiring measures
at the grounding site [21, 22], and the grounding resis-
tance value must comply with the national standard [23].
At this time, the disturbance voltage on the shielded layer
of the signal cable is [24]

Um =U1
jωβ11R0

1+ jωβ11R0
. (9)

In the ideal case, the earth is equipotential, but,
in fact, there is a potential difference between any two
points on the earth; so, the shielded layer will have great
potential when the grounding device selection is inap-
propriate, the soil resistivity is excessive, or the poten-
tial gradient of the soil is large, especially near the
high power equipment. Therefore, the potential of the
shielded layer of the signal cable is equal to the vector
sum of the ground potential and the induced voltage, and
the calculation formula is as follows [25]:

Us =

√
(Ug)

2 +(Um)
2 , (10)

where Us represents the total disturbance voltage of the
shielded layer, Ug is the increased ground potential, and
Um is the induced voltage of the transmission line.

B. The coupling voltage of the shielded layer and core
of the signal cable
For the sensor signal cable, the disturbance voltage on
the shielded layer produces interference voltage on the
core through electric field coupling, which will have
a serious impact on the useful signal after amplifica-
tion. The electric field intensity model generated by the
shielded layer voltage is shown in Figure 3. The shielded
layer with line charge density τ is 2l in length, and the
center point of the conductor is selected as the origin to
establish a Cartesian coordinate system.

According to the Coulomb’s law and the concept of
potential, the potential ϕ generated by point q on the
shielded layer to any point P is [26]

ϕ =−
∫ P

q
~E •d~l =

τ

4πε0
ln[

sinθ1(1− cosθ2)

sinθ2(1− cosθ1)
] , (11)

sinθ1 =
r√

r2 +(z+ l)2
, (12)

Fig. 3. A model of the electric field generated by the
voltage of shielded layer.

cosθ1 =
z+ l√

r2 +(z+ l)2
, (13)

sinθ2 =
r√

r2 +(z− l)2
, (14)

cosθ2 =
z− l√

r2 +(z− l)2
, (15)

where r and z are the horizontal and vertical distances of
points P and q, the angle between the point q and the y-
axis is θ , the angles between the two ends of the shielded
layer and y-axis are, respectively, θ 1 and θ 2, and ε0 is
the vacuum permittivity. Replacing eqn (12)-(15) into
eqn (11), it can be derived:

ϕ =
τ

4πε0
ln

[√
r2 +(z− l)2 − (z− l)√
r2 +(z+ l)2 − (z+ l)

]
. (16)

In the actual situation, on the surface of the shielded
layer, z<< l and r<< l, eqn (16) can be derived:

ϕ =
τ

2πε0
ln

2l
r
. (17)

According to the Gauss law, the electric field E can
be expressed as

E =
τ

2πε0

1
r
. (18)



YANG, ZHU, LU, XIAO: STUDY ON THE ELECTROMAGNETIC INTERFERENCE OF SHIELDED CABLE IN RAIL WEIGHBRIDGE 218

Then the interference voltage Ud on the core of the
signal cable can be obtained:

Ud = Ed, (19)
where d is the distance between the shielded layer and
the core of the signal cable.

III. ANALYSIS OF TEST AND SIMULATION
RESULTS

A. A case study on the EMI of rail weighbridge
We have participated in an EMI case of a rail weigh-
bridge. The physical layout of the rail weighbridge is
shown in Figure 4. In the figure, the pressure sensor of
the yellow rail weighbridge is connected with the outer
chassis through a signal cable. The power line and sig-
nal cable behind the outer chassis are very close to each
other. The internal structure of the outer chassis is shown
in Figure 5. The collected data is transmitted to the
amplifier through CH0, CH1, CH2, and CH3 channels.

It was found that even without cargo on the rail
weighbridge, the voltage signal still displayed an inter-
ference voltage on the core of the cable, as shown in Fig-
ure 6. The exact value of the interference voltage derived
from the exported table was 320 mV in maximum. The
crosstalk voltage of the shielded layer was measured to
be about 105 V, and the electromagnetic intensity beside
the signal cable was measured to be about 400 V/m by
using the electric field tester, as shown in Figure 7. There
was a great interference voltage on the core of the signal
cable, which affected the normal usage of the rail weigh-
bridge.

B. Simulation and coupling capacitance extraction
In this case, the signal cable adopts RVVP double-core
shielded cable, the insulating material is PVC (polyvinyl
chloride), the shielding layer is copper braid, the cable
diameter d is 7.6 mm, the diameter of the core is 3
mm, the power line adopts RVV three-core cable, the

Fig. 4. Layout of the device for rail weighbridge.

Fig. 5. Internal structure diagram of external chassis of
rail weighbridge.

Fig. 6. Four channels of interference voltage signal dis-
played on the screen.

cable diameter is 7.9 mm, and the diameter of the core is
2.8 mm. The two cables are 1-mm apart in close prox-
imity and 0.5 mm above the ground. The finite element
model of the shielded cable and power line is shown in
Figure 8.

Through the analysis of finite element software
ANSYS [27], the ground wire, fire wire, and zero wire in
the power line constitute the multi-conductor transmis-
sion lines coupling system. The coupling capacitance
between them can be extracted as 27.83, 27.62, and 6.29
pF, which represent C12, C13, and C14, respectively, and
the coupling capacitance C10 is 71.31 pF. Some actual
parameters are obtained in the measurement: ϕ is 105 V,



219 ACES JOURNAL, Vol. 37, No. 2, February 2022

Fig. 7. Testing picture of the electric field intensity.

Fig. 8. Power line, signal cable, and ground modeled by
finite element method.

l is 5 m, and r is 7.9 mm. According to formula (9)
mentioned above, the shield-power cord crosstalk volt-
age Um is 102.1 V. According to formulae (16) and (17),
the electric field intensity of the shielded layer E is 413
V/m. Substituting the diameter d of the shielded cable
as 7.6 mm into formula (19), the crosstalk voltage of the
core of the signal cable which is represented by Ud is
316 mV.

The calculated values of the proposed method are
basically consistent with the measured data, which veri-
fied the accuracy of the proposed method for interference
prediction of railway weighbridge system.

IV. APPLICATION AND MEASURES FOR
IMPROVEMENT

From the above, we know that the power line of the rail
weighbridge system will generate interference voltage in
the signal cable, resulting in a large error in the output
signal voltage. The coupling capacitance of the shielded
layer and the core, the length of the signal cable are fixed,
they are not easy to be changed. Therefore, measures to
reduce low-frequency crosstalk voltage of core can be
mainly divided into increasing shielding protection mea-
sures and reducing ground potential [28, 29], as follows.

1) To improve the joint between the signal cable and
the equipment, using the shielded cable with good
shielded performance can reduce the coupling path
of EMI.

2) To improve the grounding condition, increasing the
contact area and depth of the grounding rod can
reduce the soil resistivity.

3) When the surface potential gradient of the shielded
cable is large, it is suitable to increase the number of
grounding rods to reduce the surface potential dif-
ference.

After on-site inspection, there are some high-power
equipment in the laboratory; so the induced voltage of
the earth’s surface is large, the depth grounding rod is
not enough, and the soil is dry. Therefore, the meth-
ods of increasing the grounding depth from 0.1 to 0.6
m, increasing the moisture of soil, increasing the number
of grounding rods from 1 to 4, and replacing the joints of
the shielded cable are adopted.

After the improvement, the test shows that the inter-
ference voltage is basically reduced to 2 mV, and the
electric field intensity near the power line is reduced to

Fig. 9. Comparison of interference voltage of the signal
before and after improvement.
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about 5 V/m. The comparison of the signal interference
voltage before and after the improvement in the display
is shown in Figure 9, in which the solid blue line is the
interference voltage before suppression, and the dashed
red line is the interference voltage after suppression in
the absence of pressure. By comparison, the maximum
crosstalk voltage decreases from 320 to 2 mV, and the
inhibition effect of the proposed method is significant.

V. CONCLUSION
This paper studies the EMI of the signal cable in

railway weighbridge. The multi-conductor transmission
lines model is established with the power line and signal
cable, and the use of software for the simulation and cal-
culation verifies the validity of the model. Then, as to an
actual case of EMI, some applications such as replacing
the shielded cable’s joints and improving the grounding
devices to restrain EMI had been proposed. Finally, the
interference voltage on the signal cable had been elim-
inated. The inhibition effect of the proposed method is
significant. This kind of EMI for shielded cable is very
common in engineering, and the methods have good ref-
erence value for solving the similar problems.
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