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MODIFICATIONS OF DIODE RECTIFIER CIRCUITS FOR CONTINUOUS
INSULATION MEASUREMENT IN LIVE AC IT NETWORKS

Purpose. In the paper there are described few systems of insulation resistance continuous measurement using an imposed DC test
signal delivered by diode rectifiers. Drawbacks of this technique are pointed out and ways of these shortcomings removal are pro-
posed. Methodology. An improved version of measuring circuit based on a single-phase diode rectifier is presented. Application of
logometric measuring devices is suggested. Results. A new insulation resistance continuous measuring system is insensitive to
network voltages variation and asymmetry. Modified circuit enables also implementation of a simple device for alarming the
monitored network’s insulation deterioration and/or earth-fault protection. Originality. Formulas describing performance of di-
ode rectifiers under asymmetrical supply have not been available so far. Both innovations (i.e. single-phase diode rectifier and
logometric meter) have not been applied widely for implementation of continuous insulation monitoring in live AC IT networks.
Practical value. Use of both innovations will allow to eliminate unrequired dependence of measurement results on variable net-
work voltages as well as their possible asymmetry. Exploitation of diode rectifier circuits for earth fault location is also possible.
References 6, figures 9.

Key words: low voltage AC IT networks, insulation resistance, diode rectifier, insulation resistance decline alarming, earth
fault location.

Ilpeocmaenena paboma pasnvix 6eHMUILHBIX CXEM UIMEPEHUS CONPOMUBICHUS U30TAWUU Cemeli HU3K020 HANPAICEHUS C U30-
auposannoit neumpansio. Ilpugedenst hopmynvt 0na evluucienuUs IKGUBAIEHNMHO20 CORPOMUBTEHUA UBONAYUU NPU ACUMMEm-
puu aunelinblx nanpsaxycenuii cemu. Ilpeonoscenvt cnocodvl ycmpanenus HeOOCMAMKO8 IMUX CXeM C UCHOIb30BAHUEM 0OHO-
daznvix evinpamumeneii. Ilokazanvt 603modNcHOCIMU Peanu3auuu CUCMEMbl CUZHATUIAUUL 0 NOHUNCEHUU CORPOMUGTECHUA U30-
JAUUU U ROUCKA MeCMA 3aMbIKaHUA Ha 3emro. bubin. 6, puc. 9.

Knrwouegvie cn106a: ceTH HU3KOT0 HANPSIXKEHUS] ¢ M30JIMPOBAHHOI HETPabl0, CONPOTUBIIEHHE M30JISALNHU, THOAHBI BHINPSI-
MHUTEJb, CHTHAJIM3AIMS 0 MOHUKEHHH CONPOTUBJICHHS H30JISIIIH, IOUCK MeCTa 3aMBbIKAHUS HA 3eMJIIO0.

Introduction. Insulation monitoring is indispensable
for safe and reliable operation of electric systems. In low
voltage unearthed networks wide application has been
found by insulation monitors based on diode rectifiers. & — = =
However in recent years, in spite of numerous qualities of Eg‘ Ey

) . oy . =+ Ep |
this technology, leading position was taken by isometers S J i 1k |
B 0
CcT H CpT H C

Ry

U-mean =2 Ep ‘m )

)

exploiting superimposed test signal delivered by an auxil-
iary source. Most technical literature is devoted to these al g G ¢ |c | |
new methods [1]. Nevertheless it seems useful to remind |

traditional insulation monitors with rectifier circuits and ‘ TIS ‘
review possible ways of their improvement.

Problem definition. Main qualities of isometers L J
with diode rectifiers are simple construction, lack of an -
auxiliary test signal source, fast response, high accuracy Fig. 1. Scheme A of insulation resistance measurement
and insensitivity to ground capacitances [2]. However in a 3-phase network: TS —separating transformer, DR — full-
these devices have got also few shortcomings limiting ~— “2"° bridge rectifier, Ry — current limiting resistor, £, £, £,

phase voltages of the source, C,, Cp, C. — phase-to-ground
capacitances, G,, Gj, G. — phase insulation leakage conductances

DR|

their application.

This paper is aimed at analysis of existing measur-
ing systems and schemes improved by author, based on
single phase rectifiers.

Existing schemes. Scheme A. The most popular in-

provides information on the sought parameter R;. Its value
is given by formula

sulation monitoring scheme without an auxiliary test sig-
nal source is a system with full-wave bridge rectifier fed
by the monitored network (Fig. 1).

A separating transformer is fed by a line-to-line
voltage whereas its secondary winding is connected by
rectifier and current limiting resistor R, between one of
conductors and ground. Rectified current is a test signal
for determination of insulation-to-ground equivalent resis-
tance R;. Mean value Uy, ..., Of voltage across Ry resistor

\/E'Ebc _UO—mean )

Uofmean

The measurement result does not depend on insula-
tion capacitances as mean values of charging and dis-
charging currents are zero. However R; value depends on
two voltages at a time (£)., and U,) which is the main
shortcoming of this method. It is worth noting that for-
mula (1) is true at any possible distortion of U, voltage
waveform (Fig. 2).

Ri=Ry- 2
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Fig. 2. Waveforms of voltages in scheme A of insulation
resistance measurement in a 3-phase network (example):
A —voltage Uy, B — phase-to-phase voltage

Scheme B. Measurement scheme B (Fig. 3) ensures
continuous insulation monitoring too. Capacitor C is peri-
odically charged by phases B and C through diode D.
When the diode is blocked, the capacitor discharges
through elements connected in series: current limiting
resistor Ry and network insulation leakage resistances.

OEa

| o

Fig.3. Scheme B of insulation resistance measurement
in a 3-phase network: D — diode, C — capacitor,
Ro — current limiting resistor

Just as in scheme A mean value Uy, of voltage
across R resistor is
Ry

Uofmean = Ucfmean m s 3)
from where sought parameter R; is obtained
Ri = RO . UC—mean — UO—mean , (4)

UO—mean
where Uc. .., — mean value of voltage across the capaci-
tor.

Examples of voltages waveforms in this scheme are
shown in Fig.4. There is presented periodical process of
charging and discharging of the capacitor.

For C and R, meeting condition C-Ry >> T (T — pe-
riod of the network voltage), voltage across the capacitor
is practically constant. In this case formula (4) is as fol-
lows
R =R,- \/E'Ebc —Uo-mean . (5)

UO—mean
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Fig. 4. Waveforms of voltages in scheme B of insulation resis-
tance measurement in a 3-phase network (example):
A — voltage Uy, B — phase-to-phase voltage

Scheme C. Three-phase rectifier with star connected

diodes belongs to the most popular insulation monitoring
systems (Fig. 5) [3].
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Fig. 5. Scheme C of insulation resistance measurement
in a 3-phase network: D — diodes, Ry - current limiting resistor

In this scheme there conducts diode with the highest
potential of anode. Transition from one diode to another
one takes place immediately when their phase voltages
become equal.

For derivation of formula determining mean value of
U, voltage across R, resistor in a network with asymmet-
rical source voltages E,, E;, E, it is convenient to use ex-
pression for output voltage of a full-wave bridge rectifier
(Fig. 6) [4]:
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Fig. 6. Three-phase diode bridge rectifier: D, ... D¢ — diodes,
G, — insulation leakage conductance of the positive pole

V2 (E +Ey +E
Ut2-mean = ( < . e ca). (6)

In this system mean value of positive pole-to-ground
voltage [5] is

G; . U'12-mean . 7

G, +G; 2

Ul—mean -
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From (6) and (7) formula for mean value Uy, eq, of
voltage across R resistor in scheme C is obtained

Uomean = \/5 ) (Eab + Epe + Eca) . Ry . ®
2z Ro+R;
From (8) sought value is derived
R = [ﬁ(Eab +Ebc +Eca)
1

2z UO—mean

—IJ-RO. 9)

Elimination of shortcomings of schemes A, B, C.
Main shortcoming of methods A, B, C (except of lack of
self- monitoring) is dependence of calculated parameter R;
simultaneously on the network phase-to-phase voltages
and on U, voltage. These voltages are of course propor-
tional but when using formulas (2) and (4) their current
values must be known. If source voltages vary with time,
simultaneous readings of two voltmeters must be made.

Scale of U, voltmeter can be graduated in kOhms
only if network voltages are known and do not change.

In scheme C an additional difficulty can be caused
by possible asymmetry of the source voltages. In order to
accurately determine R; parameter from formula (9), all
three phase-to-phase voltages must be simultaneously
measured. The latter obstacle can be overcome by a sim-
ple modification proposed by the author.

In a three-phase rectifier with star connected di-
odes only two diodes fed by any phase-to-phase voltage
can be exploited [6] (Fig.7.).
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Fig. 7. Modified scheme of insulation resistance measurement
with two diodes in a 3-phase network

Let the rectifier be fed by phase b -to-phase ¢ volt-

age,

epe () =ey(t)—e, (1) =2 -E,, -sinat ,
and phase a voltage be determined by function
e, (1) = x/E -E, -sin(wt —a), where parameters E,, Ep., a
can assume any possible value.

Current switchover from one diode to the other one
takes place when e,(f) voltage is zero. Within interval
0<t<T/2 diode Dy, is open. According to the I Kirchhoff
law leakage currents (to ground) balance is

(G +Go)-ttg +Ge (= epe +1ug )+ Gy - (ug —ep +¢, )+
dl/lo

_ _ (10)
+Cb'_+Cc'd( ebc+u0)+ca.d(ea eb+u0):0.
dt dt dt
Within interval 7/2<¢<T diode D, is open
(Gc +G0)'MO +Gb '(ebc +u0)+ Ga '(HO —ée. +€a)+

d(ebc+”0)+c d(eq —e.+up) :0.(11)
dt ¢ dt

duo
+C,-—+Cy-
c dt b

Using insulation equivalent parameters of AC side
G =G,+G,+G.and C; = C, + C, + C,, both equations
assume the following form

(Gi+G0)'”0+Ci'%+Ga '(ea _eb)+

(12)
dle, —e d(-e
+Ca'(ad—tb)+Gc'(_ebc)+Cc' (dtbC)z();
(G + Go) g + G- 0 4G ey e )+
dt (13)

d —
+C, ~%+Gb “epe +Cp -

debc -0.
t

After integrating equation (12) within limits 0<¢<7/2
and equation (13) within limits 7/2<¢<T both equations
should be added. As integrals of all capacitive currents
over period T are zero and mean value of any sinusoidal
function is also zero, the following equation is obtained

T
1 V2 E
(G +Go)'?j“odf =(Gi+Go)-Uo-mean =—— k.G, (14)
0
from which the final formula follows

‘/E'Ebc
= =Ry —Z (15)
Gi Uofmean

In this method the result depends on voltage Ej. of
two selected phases. Therefore neither any possible
asymmetry of source voltages vectors E,, E,, E. nor num-
ber of network’s phases play any role.

The main shortcoming of all presented schemes i.e.
necessity of simultaneous readings of network voltages
and U, voltage can be eliminated with help of a system
fulfilling division of two voltages values. Thus for
scheme C there can be used a logometer performing divi-

- Uofmean

2-E
sion of voltages u—Uo,mean and Ugy_,ean  SUP-
T

plied to its inputs 1 and 2 (Fig. 8). Therefore its indication
corresponds to the value given by formula (15). The other
way to avoid the problem is application of stabilized volt-
age source.
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Fig. 8. Application of a logometer (LM) for insulation resistance
continuous measurement in a 3-phase network

Additional advantages of A,B,C schemes. All pre-
sented schemes of continuous insulation monitoring with
diode rectifiers have got few valuable advantages which
have not been utilized fully in practice so far.

The first one is implementation of insulation level
deterioration alarming. For this purpose a DC overvoltage
relay should be connected in parallel with Ry resistor. For
the relay setting U, it would detect insulation resistance
drop below the threshold equal to
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E _UO—set , (16)
UO—set

where E — voltage of the rectified test current source. For

example in the scheme in Fig. § this is

\/E'Ebc
T

R t=R0.

i—sei

(17)

However a significant shortcoming of this simplest
solution is dependence of the alarm threshold on network
voltage (E) variation for a fixed relay setting Up,. Of
course this disadvantage can be eliminated with help of a
system fulfilling division of voltages or using stabilization
of voltage source. Another solution is application of volt-
age relay supervising sign of the voltages difference

0
UO—mean —-E- >
RO + Ri—set

E= =0.5- Ut2-mean-

which follows from (16).

The second advantage is possibility for implementa-
tion of ground faults location in AC IT networks. Ground
faults can be located by measuring rectified test current
with help of DC current clamp meter (e.g. Kyoritsu or
Fluke). This procedure is illustrated in Fig. 9.
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Fig. 9. Application of a scheme of insulation resistance continu-
ous measurement in a 3-phase network for ground fault location:
M — ground fault locator, 7K — DC current clamp meter

As mean value of voltage of all conductors against
ground is the same, mean values of leakage currents from
these conductors to ground are proportional to their insu-
lation-to-ground conductances. When searching for

How to cite this article:

ground fault one can close the clamps around single con-

ductors or multi-wire cables. Microprocessor device M

determines equivalent insulation resistance of the entire

network from (15) and insulation resistance of a single

conductor «x» from the following formula
1 U

R — — X—mean

G, I

X X—mean

(18)

Conclusions.

1. Traditional systems of insulation continuous
monitoring based on multiphase diode rectifiers are
sensitive to variation of network voltages and their
possible asymmetry.

2. Application of a single phase star diode rectifier en-
ables to eliminate the above mentioned difficulties.

3. Attention should also be turned to other qualities of
the presented schemes i.e. insulation level deterioration
alarming and ground fault location.
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