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LABORATORY TESTS OF AN INSULATION MONITORING DEVICE
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ABSTRACT. The IT system is safe only in the presence of an insulation monitoring device which monitors the level of insulation resistance and turns off the voltage, if
it is lowered below a pre-set value. The Insulation Monitoring Device ensures the safety of a person in contact with a live conductive part only, if it is triggered at the
moment and switches off the voltage. That is why, time response is an important parameter of the device.

This article examines the response time of an apparatus in laboratory conditions. The operation of the device in a three-phase network is presented. Statistically, the
most common electrical injury from is the when is a person is in contact with a live conductive part. The resulting single-phase leakage is described for the three
possible cases: with a small network length or negligible capacity, with a large network length or high capacity and operating the device together with a compensator,
that reduces the capacitive leakage current.

The experiments were carried out with an insulation monitoring device, which was made on universal board with electronic components

Keywords: IT system, Insulation Monitoring Device, Insulation resistance.

NABOPATOPHU U3CNEOBAHUA HA ANAPAT 3A KOHTPOI HA U3ONALUATA
Padu TeHes
Qunuan Kvpdxanu Ha MuHHo-2eonoxku yHusepcumem "Cs. Mear Puncku” — Copus, 6600 Kvpdxanu

PE3IOME. MpexaTta ¢ u3onupaH 3Be3fieH LieHTbp € Ge3onacHa camo NpU HanMMuMeTO Ha anapaT 3a KOHTPON Ha M3onauumsTa, KOWTO Crneayu HUBOTO Ha
W30MaLMOHHOTO CLMPOTUBNEHNE U W3KMIOYBA HAMPEXEHUETO, ako TO CE NOHKW NMOA NMPeABapUTENHO 3adafieHa CTOMHOCT. AnapaTbT 3a KOHTPON Ha u3onauusiTta
ocurypsiga 6e30MacHoCT Ha YOBEK AOMPAN Ce 40 TOKOBOZELLaA YaCT efIMHCTBEHO, ako Ce 3aJeiCTBa Ha MOMEHTa 1 W3KIIouM HanpexeHueTo. ETo 3awo BpemeTo 3a
KO€eTo cpaBoTH anapaTta € OCHOBEH NapaMeTbp.

CratusaTa pasmexza onpefensHeTo Ha GbpaogelicTBieTo Ha anapata B nabopaTopHu ycnosusi. MokasaHa e paBoTaTa Ha YCTPOWCTBOTO B TpuchasHa Mpexa.
CTaTUCTUYeCK! Hal-4ecTo CPeLiaHoTo MopaxeHWe OT EneKTpUYeckn TOK € AONMUp Ha YoBeK [0 TokoBoewa uact. [lonyyeHata edHodasHa yTedka e
eKCrIepUMEHTUPaHa NPy TPUTE BB3MOXHI Cryyast: Ny Maska Abik/AHA HA MPEXaTa N He3HAYMTENEH KanauwTeT, Npy rofsMa AbkMHa Ha Mpexara Uin Handmne
Ha ronsaM kanauuTeT u paGoTa Ha YCTPONCTBOTO ChbBMECTHO C KOMMEHCATOP, KOWTO HaMans KanaLMTUBHIS TOK Ha yTedka.

ExcnepuMeHTUTe ca NPOBEAEHM C anapat 3a KOHTPON Ha U30MaLusTa, KOO € CbGpaH Ha YHUBEPCANHU NNaTkY 1 € U3MbIHEH U3LSATNO C eNEKTPOHHI KOMMOHEHTH.

KniouoBu AYMU: Mpexa C U30nupaH 3Be3aeH LIeHTbP, anapaTt 3a KOHTPON Ha u3onauuaTta, M3onaynuoHHO CbnpoTuBeH1e

Introduction Exposition
The task of an insulation monitoring device is to shut down The device is connected to a 220 V network. To determine
the controlled network voltage when its insulation resistance the performance of the device the circuit shown in Fig. 1 is
drops below a pre-set value. The most common electrical used. The timer uses a pulse counter M3C-54. The device
injury is when a person is in contact with a live conductive part. system is vibrational with a polarised relay acting as a drive
This is single-phase leakage for the IT network, and the less unit. When the AC current flows through the polarised relay,
time the current passes through the person, the smaller the the anchor of the electromagnet starts to vibrate between the
risk of injury. It is assumed that the body resistance is about 1 poles of a permanent magnet at 50 Hz. The anchor of the
kQ and the response time of an insulation monitoring device is electromagnet is connected to an axis that actuates the
regulated according to BDS 10880-83 (Table 1). gearing drive mechanism. Before the measurement, the
counter is reset. When the instrument is turned off, the arrows
Table 1. Response time according to BDS are read. The big arrow shows the tenths and hundredths of a

second, the small arrow shows the seconds. If the
measurement is carried out at a frequency other than 50 Hz, a
correction should be made according to the formula:

Response time [s],

Nominal network voltage [V] not more than

To 1000 0.1

=522 (1)

where; t1 - the indication of the instrument;
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f - is the frequency of the network under which the
measurement is performed.
A drawback of the network diagram thus realized is a
certain increase in the measurement error at the expense of
the inertia of the transformer, which is an inductive element of

- coil resistance of the M3C-54 2200 plus minus 220 Q
counter;

- electric insulation strength 500 V;

- insulation resistance of not less than 20 MQ;

- pulse count M3C-54 starts counting the pulses at power

the circuit. +6 V.
Technical characteristics of the M3C-54 counter:
- reading error, not more than 0.1% of the reading;
220V R
—Y Y —
220V

Normally closed contact

of the shut-off relay

£ SWITCH

= GROUND

Fig. 1. Connection scheme of the M3C-54 counter to measure performance

The counter is powered by an AC voltage of 30 V, which is
produced by a transformer. The normally closed contact of the
relay and the double switch are connected to the counter. One
contact of the open switch is connected to the voltage source,
in this case the transformer and the counter, respectively. The
second contact is connected to the network that is being
controlled and ground. When the circuits is closed, a low
insulation resistance is simulated and the counter begins
counting from that moment, the isolation monitoring device is
triggered, the relay switches on, and the normally closed
contact interrupts the operation of the counter. Time is
reported. The following data were obtained from the
experiment (Table 2).

Table 2. Response time of the apparatus

Insulation resistance, Rr Response time [ms]
40 kQ 200
30 kQ 140
20 kQ 120
10 kQ 90

Operating the device in a three-phase network. Laboratory
tests

The device is plugged into a three-phase network to test its
functional capabilities. A dangerous event exemplifying the
touching of a person to a live conductive part is simulated with
a resistor with a value of 1000 Q. Statistically, this is the most
common case of injury and represents a one-phase leak to
ground.

The current flowing through the human body can be
considered as being composed of two components: la - active
current determined by the insulating resistance of the phases
of the network and the capacitive component lc. Capacitive
leakage current develops because any two conductors
separated in space have a certain amount of capacitance
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between them. The electrical capacity of the network depends
linearly on its length or on an average of 1 km of network, the
capacity of each phase on earth is approximately 1 pF.
According to the BDS, the insulation control devices operating
in a three-phase IT network must be equipped with a
compensating device. The principle of compensation is
illustrated in Fig. 2. A choke coil is used whose inductance is
sized relative to the network to which the apparatus is
connected.

It is assumedrl = r2 =r3 = . If a person touches
one of the phases of the network, the current that passes
through his body is determined by the total capacity of the
network C and the inductance L of the compensating choke
coil which is connected to the neutral point of the secondary
winding of the power transformer T. The total current passing
through the man is the geometric sum of the capacitance
current and the inductive current.

ih = iC + iL (2)

To fully compensate the capacitive current it is necessary:

iC+iL=O (3)

A condition for this is the current resonance:
(4)

In this case, the currents have a phase difference of 180
degrees and as a result the current through the human body is
In=0. The condition 1n=0 is purely theoretical. Due to losses in
the coils there is always some capacitive current that is not
compensated (Fig. 2c). In practice, the total current passing
through a person in contact with a live conductive part, is a
geometric sum of the active, capacitive and inductive currents.

I,=1,+1, +1, (5)
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Fig. 2. Capacity compensation principle: (a) network scheme: (b) substitution scheme (c) vector flow diagram
To limit the capacitive current when changing the network o A}
capacity, it is necessary to change the inductance of the choke [N
so that the residual current is minimal.
220V ~
Experiment Description
In the experiments three identical divided coils were used.
The following scheme (Fig. 3) is applied to measure their o

inductance.

The active resistance of the windings is measured by an
ohmmeter. The network voltage measured by a voltmeter
showed 225 V. The data are given in Table 3.

Fig. 3. Determination of coil inductance by ammeter and
voltmeter method

Table 3. Choke coil parameters and the corresponding capacity that compensates

RIQ] [ [mA] Z= % Q] X, =VZ2 —R? [Q] L [H] C[uF]
441 40 5625 5608 18 0.567
345 65 3460 3443 11 0.925
260 115 1956 1939 6 1.64
225 150 1500 1483 5 2.15

To measure the current passing through a person in
contact with a live conductive part, the circuit shown in Fig. 4 is
used. The insulation monitoring device is connected to a three
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phase network through a 200 kQ limiting resistor. The body
resistance is simulated with Rn. In series with Rn an ammeter is
connected to measure the current.
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Fig. 4. A scheme that determines the current through the person

When the IT network is of a small length, the capacity of
the network may be disregarded. The current passing
through a person in contact with a live conductive part is
determined only by the active resistance of the network. The
value of Rn = 1000 Q, in this case simulates the body
resistance. In this measurement, the components C1, C2, C3
as well as L1, L2, L3 are not included in the network.

The second measurement was carried out with three
connected capacitors, one for each phase with a capacity of
0,5 pF. In this case capacitors carry capacitive conductivity
and the scheme simulates a network with a long length (a
network of significant capacity).

In the third measurement, three chokes with an
inductance of 18 H, one for each phase, whose purpose is to
compensate for the capacitive conductivity of the network,
are added to this scheme. The data are tabulated in Table 4.
An increase in current through the R resistance is seen
when the capacitors that introduce capacitive conductivity are
added to the circuit. In the presence of inductance coupled in
parallel to the capacitors, the current through Rn decreases
as the currents through the capacitor and the inductance are
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in antiphase. Full compensation of the capacitive component
of the current is virtually impossible due to losses in the core
and windings of the caoils.

Table 4. Current through a person

Insulation resistance [kQ] 40 30 20

Not count the capacitive 2% 35 49
current [mA]

Taking into account the

capacitive current [mA] 154

165 150

With compensation [mA] 62 64 78

Determining response time

Fig. 5 is a schematic diagram for determining the
performance of the apparatus when it is connected to a
three-phase network. The reported data is shown in Table 5.
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Fig. 5. Determining response time
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Table 5. Response time at different insulation resistance
values

Rd [kQ]

40 30 20

120

10 1
110

150 150 95

AT [ms]

For the determination of the response time, an interval meter is
used - L23. The change of R4 simulate a single-phase leakage
at different values of the insulation resistance. The double
button gives earth to one phase through the corresponding
resistor (single-phase leakage) and simultaneously includes
the interval meter.

The normally open contact of the relay closes the meter at
intervals. The data obtained are shown in Table 5.

When changing the insulation resistance, with its decrease,
the time for triggering the apparatus also decreases.

Conclusion

The experiments were carried out with an insulation
monitoring device that was assembled on universal boards and
made entirely of electronic components, which allows for a
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device with a small mass and gauge. With single-phase
leakage of 1 kQ (simulation of a person in contact with a live
conductive part), the device fits into BDS 10880-83 regarding
trigger time. When connected to a three-phase network, the
device works successfully with a compensator.
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