Current and voltage transformers
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* VsamepurtenbHble TpaHCcdhopMaTopbl TOKa U
HaMPsXXeHUA NPUMEHSAIOT B Ka4ECTBE
npeobpa3oBartenen 60nbLUNX NEPEMEHHbIX
TOKOB U HaMpPsi>XeHNN B OTHOCUTENBbHO
Marble BENMUYUHBbI, UBMEPEHUE KOTOPbIX
BO3MOXXHO CTaHOAapPTHbIMW npndopamu
OTHOCUTENBbHO HEBONLLUMMMN NpeaenamMmm
N3MepPEHUN.




e secondary windings are rated for 5 A and 1A
e Also2,2.5,10,20A
* CT equivalent circuit and its simplification




* the leakage impedance of the primary winding
Z/x1 has no effect on the performance of the
transformer, and may be omitted.

* The load impedance Zb includes the
impedance of all the relays and meters
connected in the secondary winding



* CT phasor diagram

the voltage Em across the magnetizing impedance Zm 1s given
by

Em = Eb +Zx212
The magnetizing current Im 1s given by

Im =Em/ Zm
The primary current I1 (referred to the secondary winding) is
given by

[1 =12 +Im




* The per unit current transformation error
d@ﬁﬂ@d by -5 I,
E = ——
I I

* The ratio correction factor R is defined as the
constant by which the name plate turns ratio n
of a current transformer must be multiplied to
obtain the effective turns ratio

e Although € and R are complex humbers



Example

* Consider a current transformer with a turns
ratio of 500 : 5, a secondary leakage
impedance of (0.01+j0.1) and a resistive
burden of 2.0 . If the magnetizing impedance
is (4.0+j15) , then for a primary current
(referred to the secondary) of Il, find the error
and the correction factor.



* Since the magnetizing branch of a practical transformer is
nonlinear, Zm is not constant, and the actual excitation
characteristic of the transformer must be taken into account
in determining the factor R for a given situation.




 The magnetizing characteristic of a typical CT is shown in this
Figure
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e This veing da pioL vl e L. mdgneuzng current versus the
r.m.s. secondary voltage, Im for each Em must be obtained
from this curve, and then used in equations to calculate the
ratio correction factor



3 aHann3a nony4yeHHbIX ypaBHEHUN MOXXHO
caenatb crnegyruine BbiBOAbI:

 [Ipu Bo3pacTaHUM COMPOTUBIICHUS BTOPUIHON OOMOTKH HJIN
ee paspeie (1,=0) mpoucxonut Bospactanne MJIC | w, m10
| W, 5T0 B CBOIO OYepeb BBI3BIBAET PE3KOE yBeana&hnt
notroka @ . CONPOBOXKIAIOIIECECs

a) POCTOM IIOTEPH B CEPACYHUKE U €TO TIEPETPEB,

6)pOCT(6)M OJ1C E2, 94T0O MOKET BbI3BaTh ABAPUUHYIO CUTYAIIUIO
npo0os

* VYBEIUYECHHUE CONMPOTUBICHUS HArpy3KHW BTOPUYHOM LICIIH,
HaIpuMeEp, 3a CUET BKIKOYECHHUS OO0JIBILIOrO YHCiIa MPUOOpPOB,
IPUBOIUT K pocTy | 1 TeM CaMbIM K POCTY TOKOBOU H
yroBo# norpemnolTei. | Gyner TeM MEHBILE, YEM BBIIIE
MarHuTHas MPOHUIIAEMOCTh CEPJICUHMKA U UEM MEHBIIIE
MarHuTHBIC HOTEPH, a TAKXKE MPH YMEHBIIICHUH UHIYKIIUU [0
~0,05-0,15 Tn

* VYBEIWYCHUE UHIYKTUBHOTO COIIPOTUBIICHUS HArpy3KU
NPUBOAMT K YBEJIUUEHUIO YITIa U CIEI0BATEILHO K 5
YBEJIIMYCHUIO TOKOBOM MOTPEIIHOCTH M YMEHBIIICHHUIO YIIIOBOU
IIOIPEIIHOCTH.



Polarity markings on CT windings
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* Consider the CTs shown in Figures (a) and (b) If the primary
current is 1000 A, and the two CT ratios are 1000 : 5 and 1000 :
5 respectively, the current in the burden impedance ZLis 10 A

Figure (a)

* If the CT secondaries are connected as shown in Figure (b), the
burden current becomes zero.
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Wye and delta connections In three-phase circuits, it 1s often
necessary to connect the CT secondaries in wye or delta
connections to obtain certain phase shifts and magnitude
changes between the CT secondary currents and those
required by the relays connected to the CTs.
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* Consider the CT connections shown 1n Figure The wye
connection shown in Figure (a) produces currents
proportional to phase currents in the phase burdens Zf and
a current proportional to 3Io 1n the neutral burden Zn. No
phase shifts are introduced by this connection.

* The delta connection shown 1n Figure (b) produces
currents proportional to (Ia —Ib), (Ib —Ic) and ( Ic —Ia)
in the three burdens Zf. If the primary currents are
balanced, (Ia —Ib) =V3|lalexp(jn/6), and a phase shift
of 30° 1s imntroduced between the primary currents and
the currents supplied to the burdens Zf. By reversing
the direction of the delta windings, a phase shift of
—30° can be obtained.



Principle of the magneto-optic current
transformer (MOCT)
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Most of the practical electronic CTs are based upon the relationship between
the magnetizing field produced by a current-carrying conductor and the plane
of polarization of polarized light passing through a fiber-optic block placed
around the conductor. In some designs, a fiber-optic cable goes around the
conductor (making several turns as necessary). The angle through which the
plane of polarization of the light rotates is detected at the receiving end



* This angular shift 1s electronically converted to a voltage,
which 1s proportional to the instantaneous value of the
magnetizing force around the current-carrying conductor, and
hence to the instantaneous value of the current. This voltage
may then be suitably amplified and filtered to provide a
replica of the current in the primary conductor. Alternatively,
the voltage may be sampled at a suitable rate to provide a
sampled-data representation of the primary current. It should
be clear that such an electronic CT is most suited to relays and
meters which can utilize low-power signals, or sampled data
of the signals. As will be seen later, this type of signal source
1s particularly suited for electronic relays and computer relays.
Electronic CTs are linear, and have a very wide dynamic
range, 1.. they are able to measure accurately currents at light
loads as well as those corresponding to very heavy faults.



Voltage transformers

* Voltage transformers — also known as potential transformers —
are normal transformers with the primary winding connected
directly to the high-voltage apparatus, and with one or more
secondary windings rated at the standard voltage of 69.3 V for
phase-to-neutral voltages or 120 V for phase to-phase voltages.

* Their performance, equivalent circuit and phasor diagrams are
similar to those of a power transformer. The error of
transformation of such a transformer 1s negligible for all
practical purposes in its entire operating range — from zero to
about 110% of its normal rating. We may consider such
transformers to be error-free from the point of view of
relaying. Voltage transformers are rather expensive, especially
at extra high voltages: 345 kV or above. Consequently, they
are usually found on low-, medium- and high-voltage systems.
At extra high voltages, capacitive



* Are the more usual sources for relaying and metering.

* In passing, we may mention a possible problem with voltage
transformers when used on ungrounded (or high-impedance
grounded) power systems. As shown in the Figure,

when a ground fault occurs on such

a system, the voltage transformers

connected to the unfaulted phases ¢
are subjected to a voltage equal to
the phase-to-phase voltage of the
power system. This usually drives _ ; / Faul
one of the transformers well into
saturation, and, because of the
excessive magnetizing current
drawn by this transformer, may
blow the protective fuse.




Coupling capacitor voltage transformers CCVT
Connections and equivalent circuit




The Thevenin voltage 1s given by
En = EpiC1/(Cy + C)

and the Thevenin source impedance is a capacitance of
(C1 +C2)

l
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Since the Thevenin impedance of a CCVT 1s capacitive, the
nonlinear magnetizing branch of the connected transformer
may give rise to Ferro resonant oscillations, especially under
light loads.

Zf, 1s usually provided to damp these oscillations.



