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METHOD AND ARRANGEMENT FOR VOLTAGE MEASUREMENT

FIELD OF THE INVENTION

The present invention relates to voltage measurement.

BACKGROUND OF THE INVENTION

Single pole insulated voltage transformers used in electricity distri-
bution networks are typically equipped with three windings. In addition to a pri-
mary winding, transformers have a secondary winding, i.e. a measuring wind-
ing, which is used for either measuring or protection purposes, and a tertiary
winding, i.e. an earth-fault winding, which is utilized for earth-fault protection
purposes. The terminals of the primary, measuring and earth-fault windings are
typically denoted as: A-N, a-n and da-dn, respectively. Figure 1 shows a termi-
nal diagram of a single pole insulated voltage transformer with three windings.
Typically all three windings are wound around the same magnetic (iron) core.
Figure 2 illustrates a principal construction of an exemplary single pole insu-
lated voltage transformer with three windings, i.e. a primary winding 20, an
earth-fault winding 30 and a measuring winding 40, wound around a core 50
and enclosed in a housing 60. The fact that all the windings 20, 30, 40 are
wound around the same magnetic core 50 makes the windings interlinked
through magnetic fluxes. Consequently, when a primary voltage is applied to
the primary winding 20, the secondary windings 30, 40 produce secondary
voltages that depend on the primary voltage and a turns ratio between the
secondary winding in question and the primary winding.

In a three-phase network, the earth-fault windings of three single
pole insulated voltage transformers are typically connected in “open-delta”
connection. This is due to the fact that during an earth-fault in the primary net-
work, the voltage between the open-delta terminals is related to a residual volt-
age of the network (voltage between earth and neutral point of the three-phase
system). This voltage is utilized in earth-fault protection relays. In addition, typi-
cally a resistor is connected between open-delta terminals in order to provide
necessary damping power in case of ferro-resonance. Figure 3 shows a typical
configuration of three single pole insulated voltage transformers 11, 12, 13
each with primary windings 21, 22, 23, measuring windings 41, 42, 43 and
earth-fault windings 31, 32, 33 connected to phases PA, PB, PC of a three-
phase network. Earth-fault windings 31, 32, 33 of the three single pole insu-
lated voltage transformers 11, 12, 13 are connected in open-delta connection.
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A resistor Rd is connected between open-delta terminals in order to provide
necessary damping power in case of ferro-resonance. The primary voltages of
the three phases PA, PB, PC of the three-phase network may then be obtained
on the basis of the secondary voltages measured from the measuring windings
41, 42, 43 and the turns ratio between the primary winding and the measuring
winding. However, due to various non-idealities of the transformers, the pri-
mary voltages obtained merely on the basis of measured secondary voltages
and the turns ratio between the primary winding and the secondary winding
may not accurately correspond to true primary voltages.

Document WO 2009/091803 discloses a transformer with two sec-
ondary windings. In the disclosed solution the transformer comprises a com-
pensation circuit which comprises a current transformer and an impedance in
order to improve an accuracy of a metering voltage by compensating for a
voltage drop across primary winding incurred by a load current of a power load
connected to a secondary winding. A drawback of the disclosed solution is that
it requires an additional current transformer and an impedance to be added to
the transformer structure.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is thus to provide a method and
an apparatus for implementing the method so as to overcome the above draw-
back or at least to alleviate it. The objects of the invention are achieved by a
method, a computer program product and an arrangement which are charac-
terized by what is stated in the independent claims. The preferred embodi-
ments of the invention are disclosed in the dependent claims.

The invention is based on the idea of applying a correction to the
measured secondary voltages on the basis of one or more parameters of the
voltage transformers and/or one or more quantities in a known relation to one
or more parameters of the voltage transformers, one or more parameters of a
circuit connected to the secondary windings and/or one or more quantities in
known relation to one or more parameters of the circuit connected to the sec-
ondary windings, and one or more parameters of a circuit connected to the
tertiary windings and/or one or more quantities in a known relation to one or
more parameters of the circuit connected to the tertiary windings.

An advantage of the method and arrangement of the invention is
that the measured secondary voltages can be corrected to take into account
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the parameters of the transformers, external wiring and/or burdens, for exam-
ple. After the correction the secondary voltages better correspond to the true
primary voltages. The invention does not require any changes to the trans-
former structure itself.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the accompanying draw-
ings, in which

Figure 1 shows a terminal diagram of a single pole insulated voltage
transformer with three windings;

Figure 2 shows a principal construction of a single pole insulated
voltage transformer with three windings;

Figure 3 shows a configuration of three single pole insulated voltage
transformers each with three windings;

Figure 4 shows an equivalent circuit of three single pole instrument
voltage transformers where secondary burden is star-connected;

Figure 5 shows an equivalent circuit of three single pole instrument
voltage transformers where secondary burden is delta-connected (after delta-
star conversion);

Figure 6 shows an equivalent circuit of three single pole instrument
voltage transformers where secondary burden is star-connected;

Figure 7 shows an equivalent circuit of three single pole instrument
voltage transformers where secondary burden is delta-connected (after delta-
star conversion);

Figure 8 shows an apparatus according to an embodiment of the in-
vention; and

Figure 9 shows an apparatus according to an embodiment of the in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

The application of the invention is not limited to any specific system,
but it can be used in connection with various electric systems. Moreover, the
use of the invention is not limited to systems or devices employing any specific
fundamental frequency or any specific voltage level.

According to an embodiment, secondary voltages are measured
from the secondary windings 41, 42, 43 and values of the primary voltages are
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determined on the basis of the measured secondary voltages. The determin-
ing of the values of the primary voltages then preferably comprises applying a
correction to the measured secondary voltages on the basis of one or more
parameters of the voltage transformers and/or one or more quantities in a
known relation to one or more parameters of the voltage transformers, one or
more parameters of a circuit connected to the secondary windings and/or one
or more quantities in a known relation to one or more parameters of the circuit
connected to the secondary windings, and one or more parameters of a circuit
connected to the tertiary windings and/or one or more quantities in a known
relation to one or more parameters of the circuit connected to the tertiary wind-
ings.

In order to analyze the behavior of an exemplary configuration of
three single pole insulated voltage transformers with three windings in a three-
phase network, the electrical equivalent schemes of Figures 4 and 5 can be
derived.

The secondary burden (impedance Zbs) is connected to the trans-
formers' secondary (measuring) winding 41, 42, 43 terminals. The connection
is made through wiring impedance Zws. Figure 4 illustrates a star-connected
burden, where the common neutral conductor is modeled with wiring imped-
ance Zwn. The equivalent scheme presented in Figure 5 can be used in case
the burden is delta connected. In this case the neutral conductor impedance
Zwn equals infinity. Zbs values can be obtained using delta-star conversion
for impedances.

The tertiary (earth-fault) windings 31, 32, 33 are connected in “open-
delta” configuration for earth fault protection purposes. Resistor Rd is con-
nected between open-delta terminals in order to prevent ferro-resonance. Ter-
tiary burden (impedance Zbd) is connected to transformers' tertiary terminals.
The connection is made through wiring impedance Zwd.

Notations used in Figures 4 and 5:
Uap = Phase PA primary phase-to-earth voltage
Ubp = Phase PB primary phase-to-earth voltage

Ucp = Phase PC primary phase-to-earth voltage

Uas = Phase PA secondary phase-to-earth voltage
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Ubs = Phase PB secondary phase-to-earth voltage
Ucs = Phase PC secondary phase-to-earth voltage

Uat = Phase PA tertiary phase-to-earth voltage
Ubt = Phase PB tertiary phase-to-earth voltage
Uct = Phase PC tertiary phase-to-earth voltage

Z1= Impedance of the primary winding
Z2 = Impedance of the secondary winding
Z3 = Impedance of the tertiary winding
Zws = Secondary wiring impedance

Zwn = Wiring impedance of the neutral conductor of the secondary

Zwd = Tertiary wiring impedance

Zbs = Secondary burden impedance

Zbd = Tertiary burden impedance

Rd = Ferro-resonance damping resistance

N1 = Number of turns of wire in the primary winding

N2 = Number of turns of wire in the secondary winding

N3 = Number of turns of wire in the tertiary winding

iap = Phase PA primary phase current
ibp = Phase PB primary phase current
Icp = Phase PC primary phase current

Ias = Phase PA secondary phase current
Ibs = Phase PB secondary phase current
Ics = Phase PC secondary phase current

Ual= Voltage over the primary winding, phase PA
Ub1 = Voltage over the primary winding, phase PB
Uc1 = Voltage over the primary winding, phase PC

Ua2 = Voltage over the secondary winding, phase PA
Ub2 = Voltage over the secondary winding, phase PB
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Uc2 = Voltage over the secondary winding, phase PC

Ua3 = Voltage over the tertiary winding, phase PA
Ub3 = Voltage over the tertiary winding, phase PB
Uc3 = Voltage over the tertiary winding, phase PC

1d0 = Tertiary current through the damping resistor

Id1 = Tertiary current through the tertiary burden

Id = Total tertiary current

Ud = Open-delta voltage

UdO = Voltage over the damping resistor = Uat + Ubt + Uct

The transformers are modeled with their respective longitudinal im-
pedances Z1, Z2 and Z3, which include a winding resistance and a leakage
reactance. These are assumed to be similar for each phase transformer. Val-
ues for 21, Z2 and Z3 can be derived from short-circuit test results or ob-
tained from the manufacturer of the transformer, for example. The effect of an
external cabling/wiring for instrumentation can be taken into account by wiring
impedances Zws, Zwn and Zwd. Burden can be taken into account with im-
pedances Zbs and Zbd. From Figures 4 and 5, the following equations can be
written (equations with “a” apply for Figure 4, equations with “b” apply for Fig-
ure 5):

Phase a:
Eap ~Z1% Iap =Udal (eq 1)

Ua2 - (22 + zws) *Jas = Uas + Zwn* (Yas +Ibs + 7cs) (eq 2a)

Ua2 - (72 + Zws) *Jas =Uas (eq 2b)
Ua3-23*1d =Uat (eq 3)
N1*Iap= N2*las+ N3*Id (eq 4)
Uas = Zbs * Ias (eq 5a)
Uas = Zbs * las + Zwn* (fas + Ibs + jcs) (eq 5b)
Ua2 =(N2/N1)*Ual (eq 6)

Ua3=(N3/N1)*Ual (eq 7)
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Phase b:
Ubp — Z1* Ibp = Ubl

Ub2 - (~Z-2 + 2ws) * Jbs = Ubs + Zwn* (Yas + Ibs + fcs)

Ub2 —(Z2+ Zws)* Ibs = Ubs
Ub3—Z3*1d =Ubt

N1*Ibp = N2* [bs+ N3*Id

Ubs = Zbs * Ibs

Ubs = Zbs* Ibs + Zwn* (Fas + Ibs + jcs)
Ub2 = (N2/N1)*Ubl

Ub3 = (N3/N1)*Ubl

Phase c:
ﬁcp —Z1%Iep =Ucl

Uc2 - (22 + —Zws) *Jos =Ucs + Zwn* (?as +1bs+ 7cs)

Uc2 - (22 + Ews) *Jes = Ucs
Uc3—2Z3%1d =Uct
N1*Icp=N2*Ics+N3*Id

Ues = Zbs* Ics

Ucs = Zbs* Ics + Zwn * (?as +Ibs + jcs)
Uc2 =(N2/N)*Ucl

Uc3 =(N3/N1)*Ucl

And
1d0* Rd = (Uat + Ubt + Uct)

1d0* Rd — Zwd * Id1 = (Zbd + Zwd) * Id1

1d = 1d0+ 1d1

PCT/EP2011/055708

(eq 8)
(eq 9a)
(eq 9b)
(eq 10)
(eq 11)
(eq 12a)
(eq 12b)
(eq 13)
(eq 14)

(eq 15)
(eq 16a)
(eq 16b)
(eq 17)
(eq 18)
(eq 19a)
(eq 19b)
(eq 20)
(eq 21)

(eq 22)
(eq 23)
(eq 24)
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In equations 1 to 24 the known voltages are assumed to be:

Uas = Phase PA secondary phase-to-earth voltage
Ubs = Phase PB secondary phase-to-earth voltage
Ucs = Phase PC secondary phase-to-earth voltage

The known impedances and transformer-related values are:

Z1 = Impedance of the primary winding

Z2 = Impedance of the secondary winding

Z3= Impedance of the tertiary winding

Zws = Wiring impedance of the secondary circuit

Zwn = Wiring impedance of the secondary circuit, neutral conductor
Zwd = Wiring impedance of the open delta

Zbs = Secondary burden impedance

Zbd = Tertiary burden impedance

Rd = Ferro-resonance damping resistance

N1 = Number of turns of wire in the primary winding
N2 = Number of turns of wire in the secondary winding
N3 = Number of turns of wire in the tertiary winding

All other voltages and currents can be calculated as a function of
secondary phase-to-earth voltage and known impedances and transformer-
related values. Thus, accurate primary phase-to-earth voltages can be ob-
tained:

In case the secondary burden is star-connected and the common
neutral conductor wiring impedance is Zwn (refer to Figure 4), equations 25-27

apply:
(Eq. 25) Uap =
1IN2/Zbs*(3*N12* Zwn* Uas*Rd* Z3+6*N1%* Zwn*Uas* Z3* Zwd+

3*N12* Zwn* Uas* Z3* Zbd+2*N1%* Zwn* Uas*Rd* Zwd+N12* Zwn* Uas*Rd* Zbd+
3*N1%* Zwn* Ubs*Rd* Z3+6*N12* Zwn*Ubs* Z3* Zwd+
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3*N12*Zwn* Ubs* Z3* Zbd+2*N1%* Zwn* Ubs*Rd* Zwd+N12* Zwn* Ubs*Rd* Zbd+
3*N12*Zwn*Ucs*Rd* Z3+6*N12* Zwn* Ucs* Z3* Zwd3*N1%* Zwn* Ucs* Z3* Zbd+
2*N12*Zwn* Ucs*Rd* Zwd+N1%* Zwn*Ucs*Rd* Zbd+2* Z1*N3%* Zwd* Ubs* Zbs+
3*Z1*N3% Zbd* Zwn* Ubs+Z1*N3%* Zbd* Uas* Zws+3* Z1*N3%* Zbd* Zwn* Uas+
Z1*N3%Zbd*Uas*Z2+Z1*N3?* Zbd*Uas* Zbs+Z1*N3%*Rd*Uas* Zbs+

6* Z1*N3% Zwd* Zwn* Ucs+3* Z1*N3% Zbd* Zwn* Ucs+ Z 1*N3%* Zbd* Ubs* Z2+
Z1*N3%Zbd*Ucs* Z2+Z1*N3%** Zbd*Ucs* Zws+ Z 1*N3%* Zbd*Ucs* Zbs+
Z1*N3%*Zbd*Ubs* Zws+Z 1*N3%* Zbd* Ubs* Zbs+ Z1*N3%*Rd*Uas* Z2+
Z1*N3%*Rd*Uas* Zws+3* Z1*N3%*Rd* Zwn* Uas+3* Z 1*N3%*Rd* Zwn* Ubs+
3*Z1*N3#*Rd* Zwn*Ucs+Z 1*N3**Rd*Ubs* Z2+ Z1*N3?*Rd*Ucs* Z2+
Z1*N3%*Rd*Ucs* Zws+ Z1*N3>*Rd* Ucs* Zbs+ Z1*N3%*Rd* Ubs* Zws+
Z1*N3%*Rd*Ubs* Zbs+2*Z1*N32* Zwd* Uas* Z2+2* Z1*N3%* Zwd* Uas* Zws+
2*Z1*N3* Zwd* Uas* Zbs+6* Z1*N3%* Zwd* Zwn* Uas+
6*Z1*N32*Zwd* Zwn* Ubs+2* Z1*N3%* Zwd* Ubs* Z2+

2*Z1*N3%* Zwd* Ucs* Zws+2* Z1*N3%* Zwd* Ucs* Zbs+

2*Z1*N3%* Zwd* Ubs* Zws+2* Z1*N3%* Zwd* Ucs* Z2+3*N12*Uas* Z2*Rd* Z 3+
6*N1%*Uas* Z2*Z3* Zwd+3*N12*Uas* Z2* Z3* Zbd+2*N1%*Uas* Z2*Rd* Zwd+
N12*Uas*Z2*Rd*Zbd+3*N12*Uas* Zws*Rd* Z3+6*N1>*Uas* Zws* Z3* Zwd+
3*N1%*Uas*Zws* Z3*Zbd+2*N12* Uas* Zws*Rd* Zwd+N1%*Uas* Zws*Rd* Zbd+
3*N12*Uas* Zbs*Rd*Z3+6*N1?*Uas* Zbs* Z3* Zwd+3*N12*Uas* Zbs* Z3* Zbd+
2*N1?*Uas* Zbs*Rd* Zwd+N12*Uas* Zbs*Rd* Zbd+3* Z1*N2%* Uas*Rd* Z3+
6*Z1*N2?*Uas* Z3* Zwd+3* Z1*N2?*Uas* Z3* Zbd+2* Z1*N2**Uas*Rd* Zwd+
Z1*N2*Uas*Rd* Zbd)/N1/(3*Rd* Z3+6* Z3* Zwd+3* Z3* Zbd+2*Rd* Zwd+
Rd*Zbd)

(Eq. 26) Ubp =

1/N2/Zbs*(3*N1?*Zwn*Uas*Rd* Z3+6*N1%* Zwn* Uas* Z3* Zwd+

3*N12*Zwn* Uas* Z3* Zbd+2*N1%* Zwn*Uas*Rd* Zwd+N1%* Zwn* Uas*Rd* Zbd+
3*N1%*Zwn* Ubs*Rd* Z3+6*N12* Zwn* Ubs* Z3* Zwd+

3*N12*Zwn*Ubs* Z3*Zbd+2*N1* Zwn*Ubs*Rd* Zwd+N1% Zwn* Ubs*Rd* Zbd+
3*N12*Zwn*Ucs*Rd* Z3+6*N1%* Zwn*Ucs* Z3* Zwd+
3*N12*Zwn*Ucs* Z3* Zbd+2*N12* Zwn*Ucs*Rd* Zwd+N1%* Zwn* Ucs*Rd* Zbd+
2*Z1*N32* Zwd* Ubs* Zbs+3*Z1*N3%* Zbd* Zwn* Ubs+ Z1*N3%* Zbd* Uas* Zws+
3*Z1*N3%*Zbd* Zwn*Uas+Z1*N3* Zbd*Uas* Z2+ Z1*N3%* Zbd* Uas* Zbs+
Z1*N3#*Rd*Uas* Zbs+6*Z1*N3%* Zwd* Zwn* Ucs+3* Z1*N3%* Zbd* Zwn* Ucs+
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Z1*N3%* Zbd*Ubs* Z2+ Z1*N3%* Zbd*Ucs* Z2+ Z1*N3%* Zbd*Ucs* Zws+
Z1*N32*Zbd*Ucs* Zbs+Z 1*N3%* Zbd*Ubs* Zws+ Z 1*N3%* Zbd* Ubs* Zbs+
Z1*N3%*Rd*Uas*Z2+Z 1*N3%*Rd*Uas* Zws+3* Z1*N3**Rd* Zwn* Uas+
3*Z1*N3%*Rd* Zwn*Ubs+3* Z1*N3%*Rd* Zwn* Ucs+ Z 1*N32*Rd*Ubs* Z2+
Z1*N3%*Rd*Ucs* Z2+Z1*N3%*Rd*Ucs* Zws+ Z 1*N32*Rd*Ucs* Zbs+
Z1*N3%*Rd*Ubs* Zws+ Z 1*N3*Rd*Ubs* Zbs+2* Z1*N3%* Zwd* Uas* Z2+
2*Z1*N3%*Zwd* Uas* Zws+2* Z1*N3%*Zwd* Uas* Zbs+

6*Z1*N3% Zwd* Zwn*Uas+6* Z1*N3%* Zwd* Zwn* Ubs+

2* Z1*N3%* Zwd* Ubs* Z2+2* Z1*N3%* Zwd* Ucs* Zws+
2*Z1*N3%*Zwd*Ucs* Zbs+2* Z1*N3%* Zwd* Ubs* Zws+

2*Z1*N3%*Zwd* Ucs* Z2+3*N12*Ubs* Z2*Rd* Z3+6*N1%*Ubs* Z2* Z3* Zwd+
3*N12*Ubs* Z2* Z3* Zbd+2*N1%*Ubs* Z2*Rd* Zwd+N1%* Ubs* Z2*Rd* Zbd+
3*N12*Ubs* Zws*Rd* Z3+6*N1%*Ubs* Zws* Z3* Zwd+

3*N1%*Ubs* Zws* Z3* Zbd+2*N12*Ubs* Zws*Rd* Zwd+N1?*Ubs* Zws*Rd* Zbd+
3*N1%*Ubs* Zbs*Rd* Z3+6*N12*Ubs* Zbs* Z3* Zwd+3*N1%*Ubs* Zbs* Z3* Zbd+
2*N1%*Ubs* Zbs*Rd* Zwd+N1%*Ubs* Zbs*Rd* Zbd+3* Z1*N2?* Ubs*Rd* Z 3+
6*Z1*N22*Ubs* Z3* Zwd+3* Z1*N2?*Ubs* Z3* Zbd+2* Z1*N2* Ubs*Rd* Zwd+
Z1*N2%*Ubs*Rd* Zbd)/N1/(3*Rd*Z3+6* Z3* Zwd+3* Z3* Zbd+2*Rd* Zwd+

Rd* Zbd)

(Eq. 27) Ucp =

1/N2/Zbs*(3*N1%*Zwn* Uas*Rd* Z3+6*N1* Zwn*Uas* Z3* Zwd+
3*N12*Zwn*Uas* Z3* Zbd+2*N1%* Zwn* Uas*Rd* Zwd+N12* Zwn* Uas*Rd* Zbd+
3*N1%*Ucs* Z2*Rd* Z3+6*N1%*Ucs* Z2* 23* Zwd+3*N12*Ucs* Z2* Z3* Zbd+
2*N1%*Ucs*Z2*Rd* Zwd+N1%*Ucs* Z2*Rd* Zbd+3*N1%*Ucs* Zws*Rd* Z3+
6*N12*Ucs* Zws* Z3* Zwd+3*N12*Ucs* Zws* Z3* Zbd+
2*N1?*Ucs*Zws*Rd* Zwd+N1%*Ucs* Zws*Rd* Zbd+3*N12*Ucs* Zbs*Rd* Z3+
6*N12*Ucs* Zbs*Z3* Zwd+3*N1%*Ucs* Zbs* Z3* Zbd+
2*N1%*Ucs*Zbs*Rd* Zwd+N12*Ucs* Zbs*Rd* Zbd+3* Z1*N2?* Ucs*Rd* Z 3+
6*Z1*N2?*Ucs* Z3* Zwd+3* Z1*N2%* Ucs* Z3* Zbd+2* Z1*N2%* Ucs*Rd* Zwd+
Z1*N2**Ucs*Rd* Zbd+3*N12* Zwn* Ubs*Rd* Z3+6*N12* Zwn* Ubs* Z3* Zwd+
3*N12*Zwn*Ubs* Z3* Zbd+2*N1%* Zwn* Ubs*Rd* Zwd+N1%* Zwn* Ubs*Rd* Zbd+
3*N12*Zwn*Ucs*Rd* Z3+6*N1%* Zwn*Ucs* Z3* Zwd+
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3*N12*Zwn*Ucs* Z3* Zbd+2*N12* Zwn* Ucs*Rd* Zwd+N12* Zwn* Ucs*Rd* Zbd+
2* Z1*N32* Zwd* Ubs* Zbs+3* Z1*N3%* Zbd* Zwn* Ubs+ Z 1*N3%* Zbd*Uas* Zws+
3*Z1*N3% Zbd*Zwn*Uas+Z 1*N3%* Zbd* Uas* Z2+ Z1*N3%* Zbd* Uas* Zbs+
Z1*N3%*Rd*Uas* Zbs+6* Z1*N3% Zwd* Zwn* Ucs+3* Z1*N32* Zbd* Zwn* Ucs+
Z1*N3% Zbd*Ubs*Z2+Z1*N3%* Zbd*Ucs* Z2+ Z1*N3%* Zbd* Ucs* Zws+
Z1*N3%* Zbd*Ucs* Zbs+Z 1*N3%* Zbd* Ubs* Zws+ Z1*N3%* Zbd* Ubs* Zbs+
Z1*N3%*Rd*Uas*Z2+Z1*N3?*Rd*Uas* Zws+3* Z1*N3%*Rd* Zwn* Uas+
3*Z1*N3%*Rd*Zwn*Ubs+3*Z1*N3%*Rd* Zwn* Ucs+ Z 1*N3%*Rd* Ubs* Z2+
Z1*N3%*Rd*Ucs*Z2+Z1*N3?*Rd* Ucs* Zws+ Z1*N3>*Rd*Ucs* Zbs+
Z1*N3%*Rd*Ubs* Zws+Z 1*N3%*Rd* Ubs* Zbs+2* Z1*N3%* Zwd* Uas* Z2+
2*Z1*N3% Zwd*Uas* Zws+2* Z1*N3%* Zwd* Uas* Zbs+

6* Z1*N32* Zwd* Zwn*Uas+6* Z1*N3%* Zwd* Zwn* Ubs+

2*Z1*N3% Zwd*Ubs* Z2+2* Z1*N3%* Zwd* Ucs* Zws+

2*Z1*N3% Zwd*Ucs* Zbs+2* Z1*N3%* Zwd* Ubs* Zws+

2* Z1*N32* Zwd*Ucs* Z2)/N1/(3*Rd* Z3+6* Z3* Zwd+3* Z3* Zbd+2*Rd* Zwd+
Rd*Zbd)

In case the secondary burden is delta connected, the equivalent
scheme of Figure 5 can be utilized. The neutral conductor impedance Zwn
equals then infinity. Zbs values can be obtained using delta-star conversion for
impedances. Equations 28-30 apply:

(Eq. 28) Uap =
1/3*(-3*N1%*Z3*Rd* Zws* Ucs+6*N1%* Z3*Rd* Z2* Uas-3*N1%* Z3*Rd* Z2* Ubs-
3*N12*Z3*Zbd* Z2*Ubs-3*N12*Z3* Zbd* Zws* Ucs-6*N12* Z3* Zwd* Z2*Ucs+
12*N1%*Z3* Zwd* Zws*Uas-6*N12* Z3* Zwd* Zws* Ubs+
6*N12*Z3*Zbd* Z2* Uas+3* Zbs* Z1*N3%* Zbd* Uas+6*N1%* Z3*Rd* Zws* Uas-
3*N12*Z3*Rd*Zws* Ubs-N1%*Z2* Ucs*Rd* Zbd-2*N12*Z2* Ucs*Rd* Zwd+
3*Zbs* Z1*N3%* Zbd* Ubs+6* Zbs* Z1*N3%* Zwd* Ucs +
6* Zbs* Z1*N3%*Zwd*Uas-3*N1%*Z3*Rd*Z2*Ucs +6* Zbs* Z1*N3% Zwd* Ubs+
3*Zbs* Z1*N32*Rd*Ucs+3* Zbs* Z1*N3%* Zbd* Ucs+3* Zbs* Z1*N3**Rd* Ubs+
3*Zbs*Z1*N3?*Rd*Uas+18* Zbs*N12*Z3* Zwd* Uas+3* Zbs*N1**Uas*Rd* Zbd-
6*N12*Z3* Zwd* Zws* Ucs+6* Zbs*N1%*Uas*Rd* Zwd+9* Zbs*N1%*Z3*Rd* Uas+
9* Zbs*N12*Z3*Zbd*Uas-3* Z1*N2?*Ucs*Rd* Z3+12* Z1*N2** Uas* Zwd* Z3-
3*Z1*N2**Ucs* Zbd* Z3-6* Z1*N2?* Ucs* Zwd* Z3+2* Z1*N2** Uas*Rd* Zbd+
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4*Z1*N2%*Uas*Rd* Zwd+6* Z1*N22*Uas* Zbd* Z3-Z1*N2%*Ucs*Rd* Zbd-
2*Z1*N2%Ucs*Rd* Zwd-3* Z1*N22* Ubs*Rd* Z3-N1%* Zws* Ubs*Rd* Zbd-
6*N1%*Z3* Zwd* Z2*Ubs-2*N12* Zws* Ubs*Rd* Zwd+6* Z1*N2?* Uas*Rd* Z 3+
12*N1%*Z3*Zwd*Z2*Uas-6* Z1*N22* Ubs* Zwd* Z3-2* Z1*N22* Ubs*Rd* Zwd-
3*Z1*N22*Ubs* Zbd* Z3-2*N1%* Zws* Ucs*Rd* Zwd+2*N12*Z2*Uas*Rd* Zbd+
4*N1**Z2*Uas*Rd* Zwd-Z1*N2*Ubs*Rd* Zbd-N12* Zws*Ucs*Rd* Zbd-
3*N12*Z3* Zbd* Zws* Ubs-N12*Z2*Ubs*Rd* Zbd-2*N12* Z2* Ubs*Rd* Zwd+
2*N1%*Zws* Uas*Rd* Zbd+4*N1%* Zws* Uas*Rd* Zwd-3*N1?*Z3* Zbd* Z2*Ucs+
6*N1%*Z3* Zbd* Zws* Uas)/N1/Zbs/N2/(6* Zwd* Z3+3* Zbd* Z3+2*Rd* Zwd+
Rd*Zbd+3*Rd*Z3)

(Eq. 29) Ubp =

-1/3*(3*N1%*Z3*Rd* Zws* Ucs+3*N12* Z3*Rd* Z2* Uas-6*N1%* Z3*Rd* Z2* Ubs-
6*N1%*Z3*Zbd*Z2* Ubs+3*N1%* Z3* Zbd* Zws* Ucs+6*N1%*Z3* Zwd* Z2*Ucs+
6*N1%*Z3* Zwd* Zws* Uas-12*N12* Z3* Zwd* Zws* Ubs+

3*N1%*Z3* Zbd*Z2*Uas-3* Zbs* Z1*N3%* Zbd* Uas+3*N1%* Z3*Rd* Zws* Uas-
6*N1%*Z3*Rd* Zws* Ubs+N12*Z2*Ucs*Rd* Zbd+2*N12*Z2*Ucs*Rd* Zwd-
3*Zbs*Z1*N3* Zbd* Ubs-6* Zbs* Z1*N3%* Zwd* Ucs-6* Zbs* Z1*N3%* Zwd* Uas+
3*N12*Z3*Rd*Z2*Ucs-6* Zbs* Z 1*N32* Zwd* Ubs-3* Zbs* Z1*N3**Rd* Ucs-
3*Zbs*Z1*N3%* Zbd* Ucs-3* Zbs* Z1*N32*Rd* Ubs-3* Zbs* Z1*N3%*Rd* Uas+
6*N1%*Z3*Zwd* Zws*Ucs+3*Z1*N22*Ucs*Rd* Z3+6* Z1*N2**Uas* Zwd* Z 3+
3*Z1*N2%*Ucs*Zbd* Z3+6* Z1*N22*Ucs* Zwd* Z3+ Z1*N22*Uas*Rd* Zbd+
2*Z1*N2?*Uas*Rd* Zwd+3* Z1*N2%*Uas* Zbd* Z3+Z 1*N2?*Ucs*Rd* Zbd+
2*Z1*N2%#*Ucs*Rd* Zwd-6* Z1*N2%* Ubs*Rd* Z3-2*N1%* Zws* Ubs*Rd* Zbd-
12*N1%* Z3*Zwd* Z2* Ubs-4*N1** Zws* Ubs*Rd* Zwd +3*Z1*N2%*Uas*Rd* Z3+
6*N1%*Z3*Zwd* Z2*Uas-12* Z1*N22* Ubs* Zwd* Z3-4* Z 1*N2%* Ubs*Rd* Zwd-
6*Z1*N22*Ubs* Zbd* Z3+2*N1?* Zws* Ucs*Rd* Zwd+N12* Z2*Uas*Rd* Zbd+
2*N1%*Z2*Uas*Rd* Zwd-2* Z1*N22* Ubs*Rd* Zbd-9*N12* Zbs* Z3*Rd* Ubs-
9*N12*Zbs*Z3* Zbd* Ubs-6*N12*Ubs* Zbs*Rd* Zwd-3*N1%*Ubs* Zbs*Rd* Zbd-
18*N1%* Zbs* Z3*Zwd* Ubs+N12* Zws* Ucs*Rd* Zbd-6*N1%* Z3* Zbd* Zws* Ubs-
2*N12*Z2*Ubs*Rd* Zbd-4*N1%* Z2* Ubs*Rd* Zwd+N1?* Zws*Uas*Rd* Zbd+
2*N12*Zws*Uas*Rd* Zwd+3*N12*Z3* Zbd* Z2*Ucs+3*N1%* Z3* Zbd* Zws* Uas)/
N1/Zbs/N2/(6* Zwd* Z3+3* Zbd* Z3+2*Rd* Zwd+Rd* Zbd+3*Rd* Z3)

(Eq. 30) Ucp =
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-1/3*(-6*N12*Z3*Rd* Zws* Ucs+3*N12* Z3*Rd* Z2* Uas+

3*N12*Z3*Rd* Z2*Ubs+3*N12*Z3* Zbd* Z2* Ubs-6*N12* Z3* Zbd* Zws* Ucs-
12*N12*Z3* Zwd* Z2* Ucs+6*N1%* Z3* Zwd* Zws* Uas+

6*N1%*Z3*Zwd* Zws*Ubs+3*N1%* Z3* Zbd* Z2* Uas-3* Zbs* Z1*N3%* Zbd* Uas+
3*N1# Z3*Rd* Zws* Uas+3*N12* Z3*Rd* Zws* Ubs-2*N1%* Z2*Ucs*Rd* Zbd-
4*N1%#*Z22*Ucs*Rd* Zwd-3* Zbs* Z1*N32* Zbd* Ubs-6* Zbs* Z1*N3%* Zwd* Ucs-
6*Zbs*Z1*N3% Zwd*Uas-6*N12* Z3*Rd* Z2* Ucs-6* Zbs* Z1*N3%* Zwd* Ubs-
3*Zbs*Z1*N3*Rd*Ucs-3* Zbs* Z1*N3% Zbd*Ucs-3* Zbs* Z1*N3%Rd* Ubs-
3*Zbs*Z1*N3%*Rd*Uas-12*N1%* Z3* Zwd* Zws* Ucs-6* Z1*N2%* Ucs*Rd* Z 3+
6*Z1*N22*Uas* Zwd* Z3-6* Z1*N2%*Ucs* Zbd* Z3-12* Z1*N2%* Ucs* Zwd* Z3+
Z1*N2**Uas*Rd* Zbd+2* Z1*N2%** Uas*Rd* Zwd+3* Z1*N2?* Uas* Zbd* Z 3-
2*Z1*N2?*Ucs*Rd* Zbd-4* Z1*N2%* Ucs*Rd* Zwd+3* Z1*N2%*Ubs*Rd* Z3+
N1%*Zws* Ubs*Rd* Zbd+6*N1%* Z3* Zwd* Z2* Ubs+2*N1%* Zws* Ubs*Rd* Zwd+
3*Z1*N22*Uas*Rd*Z3+6*N12*Z3* Zwd* Z2* Uas+6* Z1*N2% Ubs* Zwd* Z 3+
2*Z1*N22*Ubs*Rd* Zwd+3* Z1*N22*Ubs* Zbd* Z3-4*N1%* Zws* Ucs*Rd* Zwd+
N1%*Z2*Uas*Rd* Zbd+2*N1%* Z2* Uas*Rd* Zwd+ Z1*N2%* Ubs*Rd* Zbd-
2*N1%*Zws* Ucs*Rd* Zbd+3*N12* Z3* Zbd* Zws* Ubs+N1%* Z2* Ubs*Rd* Zbd+
2*N1#Z2*Ubs*Rd* Zwd+N1% Zws*Uas*Rd* Zbd+2*N1%* Zws* Uas*Rd* Zwd-
6*N1%*Z3*Zbd*Z2*Ucs+3*N1%* Z3* Zbd* Zws* Uas-18*N12* Zbs* Z3* Zwd* Ucs-
9*N1%* Zbs* Z3* Zbd*Ucs-6*N1%** Zbs* Ucs*Rd* Zwd-3*N1%* Zbs*Ucs*Rd* Zbd-
9*N1%* Zbs* Z3*Rd*Ucs)/N1/ Zbs/N2/(6* Zwd* Z3+3* Zbd* Z3+2*Rd* Zwd+
Rd*Zbd+3*Rd*Z3)

As can be seen from the above equations for Uap, Ubp and Ucp, in
order to calculate primary phase-to-earth voltages from measured secondary
voltages Uas, Ubs and Ucs, the latter voltages are preferably corrected by one
or more parameters of the transformers comprising for example:

Z1 = Impedance of the primary winding

Z2 = Impedance of the secondary winding

Z3 = Impedance of the tertiary winding

N1 = Number of turns of wire in the primary winding
N2 = Number of turns of wire in the secondary winding
N3 = Number of turns of wire in the tertiary winding
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and/or by one or more parameters of the external wiring and/or bur-

den:

the circuit connected to the secondary windings comprising for ex-
ample:

Zws = Wiring impedance of the secondary circuit

Zwn = Wiring impedance of the secondary circuit, neutral conductor

Zbs = Secondary burden impedance

the circuit connected to the tertiary windings comprising for exam-
ple:

Zwd = Wiring impedance of the open delta
Zbd = Tertiary burden impedance
Rd = Ferroresonance (tertiary) damping resistance.

In addition, all the phases are coupled, i.e. the phase voltage of
phase PA, for example, is affected by phases PB and PC through open-delta
winding.

According to an embodiment, the measured secondary voltages
Uas, Ubs, Ucs can be corrected, e.g. by utilizing exemplary equations 25-27
or 28-30, to take into account the parameters of the transformers and/or exter-
nal wiring and/or burdens. After correction the secondary voltages can match
the true primary voltages Uap, Ubp and Ucp.

In addition to the secondary voltages, the parameters of transform-
ers and external wiring and burdens also affect the measurement accuracy of
the open-delta voltage. The correct value of the residual voltage can be calcu-
lated utilizing equations 25 to 30 by calculating the sum of the corrected sec-
ondary  voltages: residual voltage = (eq25+eq26+eq27)/3 or
(eq28+eq29+eq30)/3.

It should be noted, however, that the correction applied to the
measured secondary voltages may be based on any combination of one or
more of the parameters described above. Thus, one or more parameters in
equations 25-30 may be excluded or replaced with one or more other parame-
ters. Also further parameters may be used. The basic idea of the invention is
not limited to any particular combination of parameters used or any particular
equation. In addition, one or more quantities in a known relation to one or more
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of said parameters may be used when applying the correction to the measured
secondary voltages. Such one or more quantities in a known relation to one or
more of said parameters may then replace the one or more parameters in
question in equations 25-30 or corresponding equations. Examples of quanti-
ties in a known relation to one or more of said parameters of the transformers
and/or of the external wiring and/or burden comprise secondary currents
measured from the secondary windings and a tertiary current measured from
the tertiary windings. The use of these quantities is described in more detail in
the following examples:

In case secondary and tertiary currents are measured as shown in
the exemplary electrical equivalent schemes of Figures 6 and 7:

las = Phase PA secondary phase current

Ibs = Phase PB secondary phase current

Ics = Phase PC secondary phase current

Id = Id0 + Id1 = Total tertiary current

Id0 = Tertiary current through damping resistor
Id1 = Tertiary current through tertiary burden

Then the accurate primary phase-to-earth voltages can be obtained
utilizing the following equations:

In case the secondary burden is star-connected and the common
neutral conductor wiring impedance is Zwn as shown in Figure 6. Zws = Wir-
ing impedance of secondary circuit (in case the current measurement is not
done at the terminals of the voltage transformer):

(Eq. 31):
5 _ ﬁa& +(21N212 +22+2WS)'jas+(N21'N31‘21)'jd+§W}’l‘(jas+jbs +}cs)
7 N21 N21

(Eq. 32):
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g U ss . (Z1-N212 + Z2+ Zws) - Ins + (N21-N31-Z1) - La + Zwin - (Las + Los + L os)
7 N2 N21
(Eq. 33)
= Ues . (Z1-N21> + Z2+ Zws) Lo + (N21-N31-Z1) - Lo + Zwn- (Las + Ins + o)
Y N21 N21

In case the secondary burden is delta connected, the neutral con-
ductor impedance Zwn equals infinity as shown in Figure 7. Zws = Wiring im-
pedance of secondary circuit (in case the current measurement is not done at
the terminals of the voltage transformer):

— U +(El-zv:zl2 + 22+ Zws) - Tas +(N21-N31-Z1)- I 4

7. - Eq. 34

" N21 N21 (-39

J— 77 . 7 . 2 7 7z '—- 3 : '_ ._

G,y = Ut QLN+ 224 Zws) 1 + (N21-N3L-ZD) 10 e gy
N21 N21

JE— 77 . 7 . 2 7 Z '—" ' ._ ._

G, = Yo  ZUN2 4224 Zws) Lo + (N2UN3L-ZD-La g g

N21 N21

Where the following values are obtained e.g. from voltage trans-
former manufacturer or by measurements:

N21 = N2/N1

N31 = N3/N1

N1 = Number of turns of wire in primary winding
N2 = Number of turns of wire in secondary winding
N3 = Number of turns of wire in tertiary winding
Z1= Impedance of primary winding

Z2 = Impedance of secondary winding

23 = Impedance of tertiary winding
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The corrected secondary voltages can be derived by a well known
ratio conversion:

—U—axcorr =N21- Eap

5bscorr = N21 . Ebp

Ecscorr =N21- Ecp

Thus, according to an embodiment, when the secondary burden im-
pedances are star-connected, the correction to the measured secondary volt-
ages is applied on the basis of the impedance of the primary winding, the im-
pedance of the secondary winding, the secondary wiring impedance, the sec-
ondary neutral conductor impedance, the secondary currents and the tertiary
current, e.g. according to equations 31-33.

In a similar manner, according to another embodiment, when the
secondary burden impedances are delta-connected, the correction to the
measured secondary voltages is applied on the basis of the impedance of the
primary winding, the impedance of the secondary winding, the secondary wir-
ing impedance, the secondary currents and the tertiary current e.g. according
to equations 34-36.

An advantage of using the secondary currents measured from the
secondary windings and the tertiary current measured from the tertiary wind-
ings in the correction is that e.g. the burden impedance values are not needed.

Also the corrected value of residual voltage may be calculated by

calculating the sum of the corrected voltages:
The corrected residual voltage on a primary voltage level =

50c01‘r = (5ap + E!)p + (_]cp)/3

In case the ratio of the tertiary winding N3 to the primary winding N1
is N3/N1 = 1/sqrt(3), then
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the corrected residual voltage on a tertiary voltage level

EOcorr = (5ap + 5[;[) + ﬁcp) . N31

An apparatus according to any one of the above embodiments, or a
combination thereof, may be implemented as one unit or as two or more sepa-
rate units that are configured to implement the functionality of the various em-
bodiments. Here the term 'unit' refers generally to a physical or logical entity,
such as a physical device or a part thereof or a software routine. Figure 8 illus-
trates an example of a device 70 that receives as inputs measured secondary
voltages Uas, Ubs, Ucs and determines and outputs the values of the primary
voltages Uap, Ubp, Ucp applying the correction as described above in con-
nection with equations 25-30, for example. The necessary parameters of the
transformers and/or one or more parameters of the external wiring and/or bur-
den that are used in the correction procedure may be stored in the device 70.
Such parameters may be user definable via a suitable user interface (not
shown) to the device 70, for example. Figure 9 illustrates another example of
the device 70 which in this embodiment further receives measured secondary
currents ias, Ibs, Ics and tertiary current Id as inputs and uses also them in
the correction procedure as described above in connection with equations 31-
36, for example. Device 70 may be part of the transformer configuration 11, 12,
13 or a separate entity.

An apparatus according to any one of the embodiments, such as
device 70, may be implemented by means of a computer or corresponding
digital signal processing equipment provided with suitable software, for exam-
ple. Such a computer or digital signal processing equipment preferably com-
prises at least a working memory (RAM) providing storage area for arithmetical
operations and a central processing unit (CPU), such as a general-purpose
digital signal processor. The CPU may comprise a set of registers, an arithme-
tic logic unit, and a control unit. The control unit is controlled by a sequence of
program instructions transferred to the CPU from the RAM. The control unit
may contain a number of microinstructions for basic operations. The imple-
mentation of microinstructions may vary depending on the CPU design. The
program instructions may be coded by a programming language, which may
be a high-level programming language, such as C, Java, etc., or a low-level
programming language, such as a machine language, or an assembler. The
computer may also have an operating system which may provide system ser-
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vices to a computer program written with the program instructions. The com-
puter or another apparatus implementing the invention further preferably com-
prises suitable input means and output means. It is also possible to use a spe-
cific integrated circuit or circuits, and/or discrete components and devices for
implementing the functionality according to any one of the embodiments.

The invention can be implemented in existing system elements or
by using separate dedicated elements or devices in a centralized or distributed
manner. Present devices for electric systems may comprise processors and
memory that can be utilized in the functions according to embodiments of the
invention. Thus, all modifications and configurations required for implementing
an embodiment of the invention e.g. in existing devices may be performed as
software routines, which may be implemented as added or updated software
routines. If the functionality of the invention is implemented by software, such
software can be provided as a computer program product comprising computer
program code which, when run on a computer, causes the computer or a cor-
responding arrangement to perform the functionality according to the invention,
as described above. Such a computer program code may be stored or gener-
ally embodied on a computer readable medium, such as suitable memory, e.g.
a flash memory or a disc memory from which it is loadable to the unit or units
executing the program code. In addition, such a computer program code im-
plementing the invention may be loaded to the unit or units executing the com-
puter program code via a suitable data network, for example, and it may re-
place or update a possibly existing program code.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A method for voltage measurement with a transformer configura-
tion comprising three single pole voltage transformers (11, 12, 13) each having
at least a primary winding (21, 22, 23), a secondary winding (41, 42, 43) and a
tertiary winding (31, 32, 33), wherein the primary windings are connected to
primary voltages and the tertiary windings of the voltage transformers are
open-delta connected with each other, the method comprising:

measuring secondary voltages from the secondary windings (41, 42,
43); and

determining values of the primary voltages on the basis of the sec-
ondary voltages measured from the secondary windings (41, 42, 43) and a
turns ratio between the primary winding (21, 22, 23) and the secondary wind-
ing, characterized in that the determining of the values of the primary
voltages comprises:

applying a correction to the measured secondary voltages on the
basis of one or more parameters of the voltage transformers (11, 12, 13)
and/or one or more quantities in a known relation to one or more parameters of
the voltage transformers, one or more parameters of a circuit connected to the
secondary windings (41, 42, 43) and/or one or more quantities in a known rela-
tion to one or more parameters of the circuit connected to the secondary wind-
ings, and one or more parameters of a circuit connected to the tertiary wind-
ings (31, 32, 33) and/or one or more quantities in a known relation to one or
more parameters of the circuit connected to the tertiary windings.

2. A method as claimed in claim 1, characterized in that the
parameters of the voltage transformers (11, 12, 13) comprise an impedance of
the primary winding (21, 22, 23), an impedance of the secondary winding (41,
42, 43), an impedance of the tertiary winding (31, 32, 33), a number of turns of
wire in the primary winding, a number of turns of wire in the secondary winding
and a number of turns of wire in the tertiary winding.

3. Amethod as claimed inclaim1or2, characterized inthat
the parameters of the circuit connected to the secondary windings (41, 42, 43)
comprise a secondary burden impedance and/or a secondary wiring imped-
ance.

4. A method as claimed in claim 3, characterized in that the
parameters of the circuit connected to the secondary windings (41, 42, 43)
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comprise a secondary neutral conductor impedance when the secondary bur-
den impedances are star-connected.

5. A method as claimed in any one of claims 1 -4, character-
ized in that the parameters of the circuit connected to the tertiary windings
(31, 32, 33) comprise one or more of the following: a resistance of a tertiary
damping resistor, a tertiary burden impedance, a tertiary wiring impedance.

6. A method as claimed in any one of claims 1-5,character-
ized in that the correction to the measured secondary voltages is applied,
when the secondary burden impedances are star-connected, on the basis of
the impedance of the primary winding (21, 22, 23), the impedance of the sec-
ondary winding (41, 42, 43), the secondary wiring impedance, the secondary
neutral conductor impedance, secondary currents measured from the secon-
dary windings and a tertiary current measured from the tertiary windings.

7. A method as claimed in any one of claims 1 -5, character-
ized in that the correction to the measured secondary voltages is applied,
when the secondary burden impedances are delta-connected, on the basis of
the impedance of the primary winding (21, 22, 23), the impedance of the sec-
ondary winding (41, 42, 43), the secondary wiring impedance, secondary cur-
rents measured from the secondary windings and a tertiary current measured
from the tertiary windings.

8. A computer program product comprising computer program code,
wherein execution of the program code in a computer causes the computer to
carry out the steps of the method according to any one of claims 1 to 7.

9. An arrangement for voltage measurement with a transformer con-
figuration comprising three single pole voltage transformers (11, 12, 13) each
having at least a primary winding (21, 22, 23), a secondary winding (41, 42,
43) and a tertiary winding (31, 32, 33), wherein the primary windings are ar-
ranged to be connected to primary voltages and the tertiary windings of the
voltage transformers are open-delta connected with each other, the arrange-
ment comprising:

means (70) for determining values of the primary voltages on the
basis of secondary voltages measured from the secondary windings (41, 42,
43) and a turns ratio between the primary winding (21, 22, 23) and the secon-
dary winding, characterized in that the means (70) for determining the
values of the primary voltages are arranged to apply a correction to the meas-
ured secondary voltages on the basis of one or more parameters of the voltage
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transformers (11, 12, 13) and/or one or more quantities in a known relation to
one or more parameters of the voltage transformers, one or more parameters
of a circuit connected to the secondary windings (41, 42, 43) and/or one or
more quantities in a known relation to one or more parameters of the circuit
connected to the secondary windings, and one or more parameters of a circuit
connected to the tertiary windings (31, 32, 33) and/or one or more quantities in
a known relation to one or more parameters of the circuit connected to the ter-
tiary windings.

10. An arrangement as claimed in claim 9, characterized in
that the parameters of the voltage transformers (11, 12, 13) comprise an im-
pedance of the primary winding (21, 22, 23), an impedance of the secondary
winding (41, 42, 43), an impedance of the tertiary winding (31, 32, 33), a
number of turns of wire in the primary winding, a number of turns of wire in the
secondary winding and a number of turns of wire in the tertiary winding.

11. An arrangement as claimed in claim 9 or 10, character-
ized in that the parameters of the circuit connected to the secondary wind-
ings (41, 42, 43) comprise a secondary burden impedance and/or a secondary
wiring impedance.

12. An arrangement as claimed in claim 11, characterized
in that the parameters of the circuit connected to the secondary windings (41,
42, 43) comprise a secondary neutral conductor impedance when the secon-
dary burden impedances are star-connected.

13. An arrangement as claimed in any one of claims 9-12, char -
acterized in that the parameters of the circuit connected to the tertiary
windings (31, 32, 33) comprise one or more of the following: a resistance of a
tertiary damping resistor, a tertiary burden impedance, a tertiary wiring imped-
ance.

14. An arrangement as claimed in any one of claims 9-13,char -
acterized inthat the means (70) for determining the values of the primary
voltages are arranged to apply the correction to the measured secondary volt-
ages, when the secondary burden impedances are star-connected, on the ba-
sis of the impedance of the primary winding (21, 22, 23), the impedance of the
secondary winding (41, 42, 43), the secondary wiring impedance, the secon-
dary neutral conductor impedance, secondary currents measured from the
secondary windings and a tertiary current measured from the tertiary windings.

15. An arrangement as claimed in any one of claims 9-13,char -
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acterized inthatthe means (70) for determining the values of the primary
voltages are arranged to apply the correction to the measured secondary volt-
ages, when the secondary burden impedances are delta-connected, on the
basis of the impedance of the primary winding (21, 22, 23), the impedance of
the secondary winding (41, 42, 43), the secondary wiring impedance, secon-
dary currents measured from the secondary windings and a tertiary current
measured from the tertiary windings.

16. An arrangement as claimed in any one of claims 10 - 15,
characterized in that the arrangement comprises the transformer con-
figuration.
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