96203

ANALYSIS OF CONDUCTIVE INTERFERENCE, ON ELECTRONIC
EQUIPMENT, DUE TO LOW FREQUENCY CURRENTS
FLOWING THROUGH THE EARTHING INSTALLATION

Marco Carrescia
Palitecnico di Torine - Eiectrical Engineering Department
Corso Duca degli Abruzzi, 24 - 10129 Torine: {italia)
Tel.: 35/11/564-7143 - Fax: 011/564-7199

Giuseppe Molina
ENEL Societa per Azioni - Compartimento di Torino
Corso Regina Margherita, 267 - 10143 Torino (Halia)
Tel: 39/11/778-7615 - Fax: 011/778-7710

ABSTRACT

The present report-deals with sonie EMC problems relative 1o
the interferences involving earthing instailations. In particular,
50+60 Hz conduciive interferences are cxamined, in order to
evaluate how they can cause malfunctions of those electronic
systems which are very susceptible 1o extemal influences.

To this purpose, two different configurations of earthing sysiem

are analysed, chosen among those more frequently used.
The computation of the current derived from each single part of the
carthing sysiem (in normat conditton and in short-circuit condition)
and the corresponding elaboration of the equivalent electric circuit
allow to estimate the magnitude of such interferences as voltages
belween different points of the carthing svstem,

This evaluation, account taken of the electronic svstems earthing
modality, leads 10 2 significant determination of the most crifical
situations -of possible electronic malfunctions related 10 the
connection to the earthing system.

CONSIOERATIONS ON CONDUCTIVE INTERFERENCES

INVOLVING THE EARTHING SYSTEM

Usuaily, an imterference is considered “conducive” if. it is
produced on the supply nciwork of the equipment and ‘ransmitied
through the samc network.

Likewise, a noise caused by an electro-magnetic field far from the

equipment and conductively transmitted to an electronic device is

cansidered a conductive interfercnce.

Most electronic systems are connecied to the supply network, so
that the clectric and earthing installations become typical paths for
the transmission of conductive interferences.

Noises can be classified as:

*  common-mode interference, when an intefersnes voltage
appears between a phase and the ncutral (in maoncphase
systems, belween phase or neutral and the earth);

*  differentiat-mode interference, when an interference voltage
appears between different phases (in monophase system,
between the phase and the neutral),
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In nomal conditions, conduttive interferences can be caused
from leakage current of the cquipment connected (o the earthing
installation; this current, due for example 1o filter capacitors,
assumes a low value and therefore can flow permanentiv.
Conductive interferences can happen also when a unique conductar
is uiilised as a common return for different circuits.

In fauit conditions, conductive interferences can be caused by a
short-cireuit current flowing in the earthing svstenmt; the current
value ts higher and its duration depends on the circuit-breakers
operating time.

EARTHING INSTALLATIONS
Two different conftpurations of carthing insiailations, commonly
used in {talian electric instatlation, have been analysed,

TT earthing installation

For users supplied at low vollage (400 V), the carthing svstem
often consists of a simplc coppar piait with some electrades. Tn the
present paper, a 35 mm?® copper plait is considered {20 m long),
with two zinc plated sieel carth clectrodes (1,5 m long) at its cnds,
as shown in figure [
The altemative current injection points are indicated by the arrows,
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FIGURE 1- A TT EARTHING INSTALLATION
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TN earthing installation

For users suppited al medium voliage (15+22 kV), the earthing
systems generally consists in a ring with carth clectrodes at its
cormers, a first copper plait with earth elactrodes for the loads and a
second copper plafl connecting the previous parts.
In the present paper, copper plaits and zinc plated stest carth
electrodes having the same characteristics of the previous sttuation
are assumed,; their dimensions, the geometrical disposition and the
altemative current injection points are shown in figure 2.
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FIGURE 2 - A TN EARTHING INSTALLATION

EARTHING iINSTALLATION BEHAVIOUR

To analyse the earthing instaliation behaviour it has been used a
computation routine, based on Maxwell's sub-areps and images
method (), which it’s possible to describe synthetically every
earthing system without any limit of shape and extension.
The earth can be heterogensous, e.g. composed by two paraliel
layer with different resistivity.

From the analogy between electrostatic-field and current-field, a
linear equations systcm follows, sofvable by a PC.

Initially, in each situation it has been assumed the same earthing
system depth (0,5 m) and hormogencous earth (100 {im).

Elements of the earthing systemt: evaiustion of the

Electric eircuit equivalent of the earthing installation
The s0 oblained parameters allow to determine the electric cireyiy

squivalent of the earthing installation

On the basis of the longitudinal resistance R; of the conductors
(1,2 Q/km for the 35 mm? copper plait and 0,5 CYkm for the carty
electodes) and the earth resistance Ry, for each element forming
the earthing instaliation there is an “L" equivalent electric circuit;
the union of the “L.” circuits gives the cquivalent electric circuit of
the sarthing system.

For cxample, figure 3 shows a TT earthing installation structure,
the relative subdivision and the equivaleni clectric circuit of some
elements.
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FIGURE 8 - SUBDIVISION AND EQUIVALENT
ELECTRIC CIRCUIT OF A TT EARTHING SYSTEM

The fotlowing table { shows the characteristics values of the TT
earthing installation elements, based on the subdivision shown in
figure 3 and a 1000 A short-circuit current value.

TABLE | - CHARACTERISTICS OF A TT EARTHING
INSTALLATION ELEMENTS 5

current sharing and earth resistance

initially, each point of the earthing system is considered at the
same voltage, apart from the current injection point.

The used computation routine requires to subdivide the carthi ng
insta'lation into 17 elements (the higher is n, the better is the result
approximation), and allows to caleuiate the total valtage Vr, the
total earth resistance Rr and the share of current derived from cach
single part in which the earthing system has besn subdivided.

Consequently, the earth resistance of cach clement Ry, is given
by the following relation:

(") Computation routine realized by Dott. Patrocce, Enel Spa -
Compartimento di Toring

element n® RLI ¥T

Li [ . RTt

[rnohm} {¥1 [A] . fohm)
] 24 7673 I [
A 2.4 76713 B ile)
3 24 7673 79 a7
4 24 7673 T8 98
3 2.4 7673 78 98
) 2.4 7673 78 SR
3 2.4 7673 73 s
8 14 7673 75 37
9 24 7673 20 96
[ 24 7673 pili] ]
11 0,375 7672 48 6
12 0.375 7673 56 138
13 3.375 7673 48 160
' 0375 7673 36 - {3
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Agproximations

The above explained method, used to analyze the behaviour of
earthing instaliations, is affected by some approximations.
In particular, it is important to underling the fotlowing points:

o lhe copper plaits and the electrodes, considerced initially at the
same potential, cause voltapes between different clements of
the installation, depending on the value and on the current
injection point. These voltages can represent an interference for
the clectronic equipment connected Lo the earthing systern.

o the expression (1), giving the earth resistance Ky of cach
element forming the carthing inslallation, doesn't consider the
mutual influence among different elements.

COMPUTATION OF THE VOLTAGE BETWEEN
HFFERENT POINTS OF THE EARTHING INSTALLATION

On the base of the electric cireuit equivalent of the earthing
system, it is interesting to evaluate the voltages between diffarent
elements of the mstallation caused by a current imyection in a
predetermined pornt,

The circuit behaviour analysis has been realised with a routine fit
to resolve meshed network.

Voltages corresponding to normal condition of the
electric installation

1t has been examined the case of a 100 mA cuwent permanen:ly
derived by the earthing system. because of . he- leakages of the
connected electronic equipment.

The foliowing figure 4 shows the case of a TT earthing system.
The diagrams, corresponding to differeni current injection points
{as represented in figure 1), give the voltage belwesn a generic
point of the copper plait and the injection point, conventionally
assimed as potential reference (left scale).

It 1s interesting to observe that the higher is the distance from the
injection poinl, the smaller is the voltage per meler of conductor,
because of the increasing current sharc already derived to earth.

Furthermore, the asymmetry of diagrams 2 and 3 in respect of
the current injection point is caused by the current partition, which
is proportional 1o the inverse of the equivalent resistance,

meter abiuptly decreases, because of the current share drained by
the transformer room carthing installation {diagrams { and 2}
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FIGURE 5 - VO.TAGES
INA TN EARTHING INSTALLATION

Voltages corresponding te short-cireuit tenditions of

the electric installation

The carthing instailation behaviour is supposed to be linear: 0,
neglecting the short-circuit trangient, only the value of the current is .
changed int respect of the previous situation. '

The voltages between didferent points of the cartiing system
increase proportionally, as shown in the same figures 4 (TT
earthing system) and 5 (TN earthing system), related o the casg of
a 1008 A short-cireutt current (right scale).

EARTH RESISTIVITY INFLUENCE

The voltages indicated in figures 4 and 5 have beon calculated on
the base of a reference value o =100 ©im of the earth resistivity,

It 1s possible to demonstrate that the earth resistivity influence an
the voltages between different points of the earthing insiallation is
negligible,

To this purpose, it has been cansidered the exaniple shown in
figure 6, int which 2 simple circuit is shown, which represents a 35
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FIGURE 4 - VOLTAGES
INATT EARTHING INSTALLATION

In the case of 2 TN carthing system, one more gbservation can be
made. As shown in figure § (iefl scale), for x<10 m the vollage per

FIGURE & - EARTH RESISTIITY INFLUENCE:
REFERENCE CIRCUIT

From the circuit analysis it results:
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Pl el s ions
SR e T Sath =
Hy +2R, 2R, 2

It foliows that the smaller s the longiudinal resisiance R: in
respect of the earth resistance 2+, the smafler s the earth resisti ity
influence on the voltage #

Anyway, the relationship Vo can be expressed, on the
assumption that the function Rrip)-kp. is lincar. M results.

1.
LY
o R ——
R, +2p

The following diagram A {figure 7) shows the per-unit vollage
variance (rclated to the reference situations p =100 Qm)
corresponding to a given range of o

Similar econclusions can be reached for ihe siuation of
unhomogeneows earth, formed by two tayers having different
resistivity values. The diagram B, dashed in figure 7, shows the
per-unit voitage variance for a superficial carth layer with £=100
{2 (2 mdeep), and a deep layer having varving resistivity.

In both eases the per-unit voltage variance is negligible.
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FIGURE 7 - PER-UNIT VOLTAGE VARIANCE
DEPENDING ON EARTH RESISTIVITY

~ Similar computations made for the cases of the considered
carthing installations, with smaller clemenis  and belter
.- approximation, lead io the same rosults.

CONCLUSIONS
The following considerations can help to evaiuate whether the
conduclive interferences analysed in the present report can cause
malfunclions of clectronic equipment connected 1o different points
of the earthing installation.
*+  Generally, low-frequency conductive mierferences don't cause
any problem to clectronic equipmeni.
¢ In the case of floating systems {figure &) the voltage beivcen
different points of the earthing insiallation doesn't represent a
noise for the signal.
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FIGURE 8 - FLOATING SYSTEM

» Similarly, for single-point earthing (figure 9) any malfinetion
can be excluded, as cach potential moves in the same way,

FIGURE 8 - SINGLE-POINT EARTHING

= In multi-point earthing (figure 10), used as a return way for
equipment signals, the voltages between different pomts of the
carthing installation are in series with the signal. In"this case
the voltages du¢ 10 short-circuit currents can cause electronic
cquipment malfunctions, while voltages due to leakage currents
are not high enough to determine any malfunction. Yet, a
dedicated conductor used as a roturn path for the equipment
signals can weaken interferences and make them negligible.
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FIGURE 10 - MULTI-POINT EARTHING

Finaily, the results of the preseat research can be resumed in the
following way.

» For electric systems in normal condition, the leakage currents
are 50 small that the consequent voltages between points of the
earthing installation (some hundreds of microvoli} are not
harmful alsoe for the most suseeptible etectronic equiprment.

+  For clectric systems in short-circuit condrtion, the fault currents
can cause voltages of some volts between points of the earthing
installation. Anvway, possible malfunctions can be pvoided
using proper carthing techniques for the electronic equipment
{figure 11).
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FIGURE 11 - DEDICATED CONDUCTOR
USED AS A RETURN PATH FOR THE EQUIPMENT
SIGNALS

¢ The earth resisivity represcnts a negligible parameter, because
tt notably changes the total voltage, but it docsn’'t medify the
voltages between different points of the carthing installation.
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