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Experimental Verification of Induction Phenomenon on Telecommunication 
Lines by Applying Its Occurrence Mechanisms Using an Artificial ELF 

Source Generator
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Abstract

In this paper, an electromagnetic induction on a telecommunication line by the distribution line of a power provision 
system or a feeder line of an electrified railway system has been verified through experiments. The basic cause of 
induction occurrence by these practical power provision systems is the returning current through the earth. This 
principle has been confirmed by the experiments documented in this paper which implemented these mechanisms to 
incur an induction. Experimental methods were used to produce the returning current through the earth. The experiment 
to find a relationship between inducing strength and the distance between the two phase lines in a power provision 
line has also been included to confirm that, when the distance is enlarged, the induction effect increases as the cross- 
nullification effect of magnetic fluxes decreases. An experiment for the existence of a shielding effect by another 
conduction length material has been addedas a protection measure against the induction.
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Ⅰ. Introduction

The induction phenomenon in Faraday’s law is a well- 
known principle used in the various industrial fields (for 
example, motor circulation, metallic heating, electric trans-
former) with beneficial applications. Counter measures 
are put into practice to protect telecommunication ser-
vices against an induced voltage due to the coupling of 
electromagnetic fields by a commercial AC power line 
or the feeder line of a traction system. A question that 
might be raised is whether the enforced voltage into 
telecommunication lines by a nearby power line in the 
fields is really due to the induction phenomenon [1, 2]. 
Experiments have been conducted to verify that the 
interference (electromagnetic force) on telecommunica-
tion lines located near power lines is due to the in-
duction coupling. This was done by using an arti-
ficially-made source generator and implementing the cir-
cuit configurations of induction occurrence mechanisms.

The main configurations of experiments to implement-
the induction occurrence mechanisms can be classified 
into three types: 1) The separation distance between the 
hot line and the feedback line of the source generator, 
2) Adding earthpoints to the feedback line, and 3) Using 
the ground itself as a feedback line. We conducted our 

experiment by changing the source level of voltage or 
current and also by changing the separation distance 
between the power line and the telecommunication line 
while going through 1), 2), 3) above.

Ⅱ. Application of Induction Occurrence Mechanism

2-1 Principle Consideration

2-1-1 Induction Generation

In an AC power provision, a nearby conductive cable 
comes to have an electromagnetic force that opposes the 
change of the magnetic flux crossing. This can be seen 
in Faraday’s law as represented in the equation (1) and 
Fig. 1.

][V
dt
de F

-=
(1)

e: Electromagnetic motive force(induced voltage) [V]
Φ: The quantum of magnetic flux interlink [Wb]

2-1-2 Cross-Nullification of Magnetic Fluxes

The power line is composed of two hot lines feeding 
electricity and a feedback line as a return path of con- 
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Fig. 1. The electromagnetic motive force generation oppo-
sing the change of source current by the induction 
phenomenon.

Fig. 2. The opposite direction of AC current flowing by hot 
lines.

sumed power as shown in Fig. 2. Each hot line has 
anopposing direction of flow to the other. In a real 
power provision line, they’re adjacent and located close 
together. This means that the magnetic fluxes of each 
line are nullified so that they have no inductive effect on 
other conductors such as nearby telecommunication lines.

2-1-3 The Consideration of Separation between the 
Hot Lines

The quantum of interlinks to an induced line by two-
hot lines changes if distance separates the lines (Fig. 3). 
The induced line receives an induction when the quan-
tum difference of magnetic flux interlinks to itself and 
is not nullified due to the distance x.

2-2 Practical Situations

The electromagnetic induction occurs due to the situa-
tion of practical fields showed in a Fig. 4.

Fig. 3. The influence of the distance, x, which retains the 
inducing effect with the remaining fluxes by the di-
fference of proximity of each line to the induced 
line.

 

(a) Distribution power line (b) Traction system structure

Fig. 4. The practical situations of returning current through 
the earth, which is a basic cause of induction.

The (a) case shows the induction source in the dis-
tribution line of power provision with the return current 
in the ground. Case (b) shows the induction source that 
can occur in the railway system due to the returning 
current to the earth leaking because of the contact of the 
rail with the soil. Induction equal to the quantity of the 
leakage occurs because the cross-nullification effect can 
not generate enough to cancel out the current leakage.

Ⅲ. Performance of Experiment

3-1 Constellation of Components

Two circuitry methods were added to our experiments 
to imitate the practical situations presented in the Fig. 4. 
One of them has an earth point at each end of the 
feedback line as marked in Fig. 5. The other one has no 
feedback line, but the return current will route wholly 
through the ground as shown in Fig. 6.

In these configurations, the separation distance, X, 
between the hot line and the feedback line is another 
important variable of this experiment. It is presumed 
that the induction effect will increase as the distance 
increases. The separate distance, D, between the hot line 
and the telecommunication line will be varied at each 
different distance X.

Fig. 5. Adding ground return points for simulation.
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Fig. 6. Using the ground as a feedback route.

3-2 Variable Dispositions

The change of induced voltage is measured as a pro-
cess of each variable, taken in steps like Table 1. The 
source is set up so that 100 A current will flow.(The 
practical current flowing in the case of Fig. 6 is 1.6 A, 
although the source level is set as 100 A). The values 
of 'Ch 1' are used because the 'Ch 2' values are almost 
the same [3, 4].

E Float Leakage Ground
X 1 2 5 10 1 2 5 10 1 2 5 10

D

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Table 1. The experiment variable disposition.         [m]

Float without grounding points in Fig. 5 was also 
included to see the effect only by the change in X. Lea-
kage corresponds to Fig. 5. Ground corresponds to Fig. 
6.

Ⅳ. Analysis of Induction Effect

4-1 Result Measurement Data

The resulting induced voltage values are showed in 
Table 2.

4-2 Induction Effect by the Change of ‘X’

By changing the X in the experiment circuit, we found 
the data corresponding to the constellation of results seen 
in Fig. 2 (including the float case). The changes of 
induced voltage according to the change in X in each 
D state for the case of float are represented below in 
Fig. 7.

D[m] X[m]
E 1 2 5 10

0.0
Float 1.134 1.164 1.292 1.481
Leakage 1.128 1.307 1.536 1.872
Ground 4.120 4.130 4.140 4.100

0.3
Float 0.645 0.792 0.925 1.125
Leakage 0.727 0.864 1.089 1.290
Ground 4.120 4.150 4.150 4.110

0.5
Float 0.573 0.664 0.793 1.014
Leakage 0.630 0.714 0.937 1.175
Ground 4.150 4.110 4.120 4.130

1.0
Float 0.511 0.666 0.675 0.898
Leakage 0.588 0.672 0.876 1.056
Ground 4.160 4.160 4.120 4.130

Table 2. The resulting induced voltages.             [V] 

Fig. 7. Changes by X in the case of ‘Float’.

In each D case, the voltage is increasing as X is in-
creasing. The level of voltage becomes higher as the D 
becomes smaller. For leakage, the variation by X is 
represented in Fig. 8 below. The voltage increases as X 
increases. The level of voltage is higher when D is 
smaller.

Comparing Fig. 7 and Fig. 8, the difference in the 
voltage levels for float and leakage becomes greater as 
D increases. The induced voltage in the case of leakage 
becomes much higher than that of float as it did when 
X was increased. From the sephenomena, it can be said 
that the induction effect will be more apparent when D 
is smallest and when X is largest, in other words, when 
the cross-nullification of the magnetic flux interlinks is 
smallest.

In the case of ground, the data shows that X does not-
have an effect because there is not a physical line for 
a cross-nullification. It has an induction effect by only 
a single hot line.
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Fig. 8. Changes by X in the case of ‘Leakage’.

4-3 Induction Effect with Earth Return Points

In Table 3 below, OX represents the situation where 
only X varies. EX represents the case that includes an 
earth return leakage. Δ is the difference of EX to OX to 
show an enhancement by the earth return leakage. ER 
represents the average values of all X cases on each D 
case when the earth is used as a return path.

It is shown that EX is about 0.4 V greater than OX 
at D=0 and X=10 as the maximum status, 0.2 V greater 
at D=0, and 0.12 V greater for all D’s.

Fig. 9 shows the total scale of differences among the 
mechanisms with the characteristics of each separation 
distance(X and D). The lower part of the graph is the 
voltage area. Around 1.5 V represents the compared 
groups of mechanisms that are the cases of only X va-
riation(OX) and X variation with the earth return(EX). 
Each group corresponds to each variation of X. It also 
contains the variations according to the changes in D. 

The induced voltage levels of OX and EX are shown 
as a pair for comparison on each case of D. You can 
see at a glance that the induced voltage level of EX is 
slightly higher than that of OX in each pair, the induced 
voltage decreases as D increases, and they increase as X 
increasesas shown in the trend of groups. The induced 
voltages for the complete earth return(ER) are compa-
ratively at a much higher level over 4 voltages. This is 

D 0 m 0.3 m 0.6 m 1 m
X\L OX EX Δ OX EX Δ OX EX Δ OX EX Δ

1 m 1.13 1.13 0.00 0.65 0.73 0.08 0.57 0.63 0.06 0.51 0.59 0.08
2 m 1.16 1.31 0.15 0.79 0.86 0.07 0.66 0.71 0.05 0.67 0.67 0.00
5 m 1.29 1.54 0.25 0.92 1.09 0.17 0.79 0.94 0.15 0.98 0.88 —0.10

10 m 1.48 1.87 0.39 1.13 1.29 0.16 1.01 1.18 0.17 0.90 1.06 0.16
AVG. 1.27 1.46 0.20 0.87 0.99 0.12 0.76 0.87 0.11 0.77 0.80 0.04

ER 4.12 4.13 4.13 4.14

Table 3. Comparison between induction mechanisms.                                                      [Vrms]

around 4 times the maximum values of other mecha-
nisms, which are usually 1 V or more. The strongest in-
duction effect appeared in this case since the quantum 
of electromagnetic flux cross-links almost perfectly. The 
hot line current is maximized.

Ⅴ. The Experiment of Shielding Effect as for a  
Protection Measure against an Induction Interference

An experiment was performed as shown in Fig. 10, 
where another conduction length material (see Fig. 11) 
was placed between the hot line and the telecommu-
nication line (see Fig. 5 and 6). The result was com-
pared to the state without the inserted conduction length 
material.

Fig. 9. Total scale view of mechanisms.

Fig. 10. The arrangement of the conduction material.
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Fig. 11. A conduction length material for a shielding effect.

Return
path

X D Si kiMaterial X O
Float 10 0.0 1.481 1.279 0.864
Leakage 10 0.0 1.872 1.550 0.828
Ground 1 0.0 4.120 3.250 0.789

kia 0.827

Table 4. Comparison results from the existing conduc-
tion material.

The comparison results are shown in Table 4.
The conditions for the data shown are D=0 and X=10 

(but this is not meaningful when the feedback current is 
through the ground), and the source is 100 A for Ch 1. 
(which is most effective). The induced voltage of each 
return path when the conductive length material was 
used is lower than when the material wasn’t used. From 
this result, we know that some conductive material can 
protect against the induced voltage on telecommunica-
tion lines by a power line.

The ratio of the with material voltage to the without 
material voltage becomes a shielding coefficient, ki. The 
ki is 0.864 for float, 0.828 for leakage, and 0.789 for 
ground. The averaged coefficient, kia, is 0.827. This co-
efficient means that the induced voltage is lessened as 
(1—ki)×100 %.

Ⅵ. Conclusion

This paper provides the extended results of induction 
phenomenon that were dealt with as a basic confir-
mation of existence at [4]. The experimentsin this paper 
have been conduced by applying the following practical 
induction occurrence mechanisms: 1) Enlarging the dis-
tance between two hot lines in a power line, 2) Adding 
a grounding point at the load position to make a return 
current leakage to the earth, and 3) Using the ground to 
flow the return current through the earth without using 
a physical conductor.

Our results confirmed that the induced voltage in-

creases as the distance between two hot lines (X) in-
creases. The induction effect is greatest when X is 
largest, at the smallest separation between the hot line 
and the telecommunication line (D). The induced voltage 
can be strengthened even more when a returning current 
path through the earth exists and is made greater by a 
mechanism from 2) or 3).

We have also verified that an induction can occur in 
the real fields of power provisions (the distribution line 
of a commercial power system or the feeder line of a 
traction system) by applying the generating mechanisms 
from the experiments. The induction effect can be more 
powerful when the system environment is configured so 
as to make the cross-nullification of each hot line’s 
magnetic fluxes least. Another conduction length mate-
rial can be used to reduce the amount of induced vol-
tage in order to protect a telecommunication line.

This research was supported by the ICT Standardi-
zation program of MKE(The Ministry of Knowledge 
Economy).
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