INSTRUCTIONS

GEI-65093

Current Transformers
BUSHING AND CABLE TYPES

Fig. 1. Typical current transformer mounting, (viewed with cover
upside down)

INTRODUCTION

Current transformers (CT’s) are em-
ployed in power transformers as a sourcé
of current for relaying and metering
purposes and also in connection Wwith
winding temperature equipment__ and
line-drop compensators. They will safe-
ly carry a continuous current_ \and a
momentary overload equal _to, thatgof
the equipment in which they were, origi-
nally furnished.

Current transformers have,output cur-
rents in proportion to their primary cur-
rents and are designed with’varying de-
grees of accuracy, depending upon the
application. When furnished for a par-
ticular purpose a CT should not be used
in some other application without check-
ing its characteristics. Refer to the
American), Standards Association (ASA
C57.13), for, an explanation of accuracy
classifications) for relaying and meter-
ing"CTE’s.

RECEIVING, HANDLING
AND STORING

Current transformers are normally
shipped completely assembled and ready
for service except when ordered as re-
newal or supply parts. Those mounted
in removable bushing adapters are left
in the adapter when it is removed for
shipment and are to be re-installed
with the adapter as an assembly. CT’s
shipped separately should be examined
upon receipt and if injury or rough han-
dling is evident, file a damage claim
with the transportation company and
notify the nearest Apparatus Sales Of-
fice of the General Electric Company.

The crating or boxing used to ship a
CT should be removed carefully to
avoid damaging the windings. A sug-
gested method of handling is shown in
Fig. 2. Care should be taken during
handling and storing to keep the trans-
former flat at all times. Handling in

such a manner asgito deform its shape
or storing the CT omnpits round side will
usually resultypin an, increase in exciting
current. If the"€T is to be stored for
a period of (time, it should be placed
in a dryjlocation, out of the weather.

DESCRIPTION

Twoltypes of CT’s are commonly used
inppower transformers, the bushing-type
and Uthe cable-type. The bushing type
CT consists of a ribbon-wound core of
high-permeability, low-loss silicon steel
on which a coil is wound. With the CT
mounted around a transformer bushing,
this coil serves as the secondary and
the bushing conductor becomes a one-
turn primary winding. Mounting pads
of an insulating material are employed
to provide a cushioning effect for me-
chanical reasons and also for cooling
purposes.

Construction of cable-type CT’s is
identical to that of the bushing-type,
except for a smaller opening for the
primary. They are usually mounted in

Fig. 2. Suggested method of han-
dling CT. Place crosshar
under spacers when pro-
vided

These instructions do not purport to cover all details or variations in e quipment nor to provide for every possible contingency to be met in con-
nection with installation, operation or maintenance. Should further information be desired or should particular problems arise which are not cov-
ered sufficiently for the purchaser’s purposes, the matter should be referred to the General Electric Company.
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Fig. 3. CT polarity and lead

marking. Arrows show
instantaneous direction
of current

the transformer’s internal superstruc-

ture and use a cable as the primary. In
some cases the primary cable is looped
around so that it passes through the
core window two or more times.

In the case of bushing and cable type
CT’s, the term “current transformer”
normally refers only to the core and its
secondary winding. The CT in itself
does not provide adequate insulation for
full circuit voltage between primary and
secondary and therefore depends on the
bushing, cable, or other separate mate-
rial for this insulation.

Secondary windings are of the dis-
tributed type, with the turns equally
spaced around the circumference of the
core. This distribution gives the CT a
low leakage reactance, thus maintaining
a high degree of accuracy when the
transformer is subjected to overload
currents. The winding may be tapped to
obtain multi-ratio characteristics “when
required.

The relative instantaneous directions

CT outlet

of primary and secondary currents are
subtractive as shown in Fig. 3. The H,
mark on the secondary coil indicates the
polarity of the primary conductor with
reference to the secondary terminal.
When current in the primary conductor
flows toward the H, side of the CT, cur-
rent in the secondary coil flows out from
terminal X,. With any combination of
taps, the tap numerically nearest termi-
nal X, has the same polarity as X;.

CT OUTLET

Secondary leads from relaying and
metering CT’s are brought out through
a low-voltage CT outlet (Fig. 4) which
is located on the cover or sidewall of
the main transformer. Nameplates in-
side the outlet cover list the turns ratios
for the various taps of each CT and
another nameplate on the outside of
this cover identifies each lead with fe-
spect to its stud number.

The standard CT wiring terminates
in this outlet except when the\trans-
former is provided with load*tap-chang-
ing equipment or an auxiliary, terminal
box, in which case two leads from each
CT are wired down toffthese, compart-
ments. For shipment, edch CT is shorted
in the outlet with _a, jumper and this
jumper is not to be removed until the
CT is connected to its burden.

APPLICATION DATA

The seecondary. current of a CT will
be slightly‘less” than its turns ratio
wouldf'indicate” owing to the error in-
troduced! by¥the exciting current re-
quirements/of its core steel. For certain
relay applications it may be necessary
to, determine the extent of this ratio
errorsffor a given burden and tap set-
ting at a specified primary current.
Typical ratio-correction-factor and ex-
citation curves are available and will be
furnished upon request. From these
curves it is possible to determine the
ratio of the CT with accuracy sufficient

Fig. 5. Double mounting. Wood-
en block takes the place
of future CT

for most relay applications (refer to

ASA standards C57.13).

For metering applications, CT’s can
be designed with a slot or opening in
the core which permits the use of a
compensating winding to correct for
ratio and phase-angle errors. This spe-
cial winding links only a portion of the
core and allows the CT to be adjusted
to meet a given ASA metering accuracy
class on the rated burden. This arrange-
ment thus provides a higher accuracy
in the normal operating range than can
be obtained with a relaying-type CT of
the same physical size. Overcurrent ac-
curacy, however, may be slightly less
than with the relaying-type construc-
tion. Ratio and phase-angle curves ob-
tained from typical current transformer
test data are available upon request,

INSTALLATION

All CT’s shipped separately should
have their condition checked prior to
installation. If it is suspected that mois-
ture has entered either during transit or
storage, it is recommended that the CT
be oven dried for at least 24 hours at
a temperature not to exceed 90C. To
obtain the proper polarity, the CT must
be installed with its H, polarity mark
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Fig. 6. Position of slot in sup-
porting plates

in the correct position as indicated on
the main transformer nameplate.

Have all tools and tackle ready be-
fore starting the installation so that the
work can be performed as quickly as
possible. Do not expose the CT or the
interior of the main transformer to the
atmosphere any longer than necessary.
Mounting and wiring details for CT’s
furnished as supply parts are covered
by the Supply Parts Assembly drawing.
Note that when two CT’s are mounted
on a single bushing (Fig. 5) the slots
in the supporting plates are to be posi-
tioned as shown in Fig. 6. Locking
strips are provided for securing the
mounting bolts and hardware. Any leads
not being used should be insulated so
that they will not come in contact with
any other leads or grounded parts.

CONNECTIONS

CAUTION: The secondary circuit of
an energized current transformer MUST
NOT be ovened at any time. It must
be closed through a load or by the
short-circuiting link provided. If the
secondary is opened with current flow-
ing in the primary, an excessive peak
voltage of many thousands of voltsgmay
be developed in the secondary that will
present a hazard to operating personnel
and can magnetize the core andypossibly
damage the insulation.

Current transformers rémoved,ds part
of a bushing adapter assémbly have
their leads tagged(for identification and
are to be re-conmectéd atfthe sleeve-

oP2X
VOLTMETER

Fig.> 8. Connections for checking excitation char-
acteristics with primary current

type disconnect terminals (see Fig. 7).
After connecting, these bare terminals
are to be insulated with three half-lap
wraps of cotton tape followed by an
application of G-E A15B15A sticker
(air-drying Glyptal®).

All CT secondary windings should be
grounded unless doing so will interfere
with proper operation of the associated
circuit. Where multi-ratio CT’s are used
and two of its secondary leads are
wired down to an auxiliary compart-
ment, it will be necessary for the user
to select the desired ratio and make
appropriate connections in the CT out-
let box in order to complete the exter-
nal wiring.

In some cases, all of the leads from
multi-ratio CT’s are wired down to spe-
cial short-circuiting terminal boards
which permit connecting the CT to its
load or changing taps while energized:
The terminals are provided, with
knurled set screws which can be insert-
ed through a copper strip to \shert
and/or ground the CT as reguired. ‘Aft-
er all connections have been)madey,re-
move the shorting screwsy and), store
them in the holes provided at, eachyend
of the board. Always, (replacef’these
screws before attempting ‘to, remove the
burden from the CT,

MAINTENANCE

Current “transformers generally will
not require attention other than occa-
sional inspection to) see that all connec-
tions aremeleanfand tight and that the
leads Have/net been damaged. However,
if it should /become necessary to use
any’of thegfollowing procedures while
primary ‘current is flowing in a CT, it
is ‘again’ emphasized that great care
should be taken in changing burdens or
tapsto see that the secondary is not
accidentally open-circuited,

EXCITATION TESTS

The excitation characteristics of the
current transformer may be checked,
either in or out of the power trans-
former, by forcing a current of the
proper frequency through the primary
or secondary. When current is applied
through the primary, the developed av-

|

Fig. 7. CT mounted in remov-
able bushing adapter

erage voltage can be measured across
any two secondary leads as shown in
Fig. 8. When energized through the sec-
ondary, see Fig. 9, the CT acts like an
ideal autotransformer, thus the current
can be applied to and the voltage meas-
ured from any combination of taps.

This excitation test is an open-circuit
test and should be performed without
any burden except an averaging type

voltmeter connected to the current
transformer. An averaging or rectifier
type voltmeter such as the DP-2X

(which is composed of a d.c. instrument
with a rectifier and is calibrated in
terms of RMS sine wave voltage) is
recommended so that the results ob-
tained will be independent of the har-
monics in the applied current or those
developed by the CT. The results ob-
tained may be reduced to a common
basis or number of secondary turns
since both the ampere turns and the
volts per turn are constant for any one
value of excitation. In making this test,
it is always desirable to demagnetize
the core beforehand. This is done auto-
matically by checking the excitation at
the saturation voltage first and then
reducing the current slowly to check
the next point without interrupting the
circuit and continuing in this manner
until the lowest point desired has been

VARIABLE
RESISTOR

P3
AMMETER

Fig. 9. Connections for checking excitation char-
acteristics with secondary current
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Fig. 10. Connections for demagnetizing with pri-

mary current

taken. It is to be noted that the power
transformer must be out of service since
the excitation current must be under
control. The exciting currents obtained
from this test should check within 35
to 50 per cent of the values on the
typical curve (available on request or
included with the drawings). If the ex-
citing current is very much greater than
this, it could indicate a shorted turn
which might seriously affect the ratio.

RATIO TESTS
(Except Metering Types)

If it is desired to make a ratio check
with a specific burden, this may be
performed either by passing primary
current through the bushing or cable as
in Fig. 10 without the variable resistor
or by applying a voltage to the second-
ary as in Fig. 11 with the primary open-
circuited. If the burden is small in
magnitvde it is advisable to connect a
resistance, Rw (equal to the resistance
between points 1 and 2 through the
transformer), in series with the burden.
The ratio correction factor at a secorid-
ary current, Ig, will be equal to the quos
tient of the two meter readings ,as
RCF = (Ip /N)1/Is . The errofyintro=
duced by the method of Fig. 11 is neg-
ligible with resistor Ry in thegeircuit:
It is preferable to demagnetize' the cére
prior to testing.

RATIO AND PHASE ANGLE TESTS
(Metering Types)

Since the ac€uracy’ requirements for
metering applications{are normally
greater than can bejobtained from tests
using indicating instruments, it is nec-

MEDIUM

VARIABLE
RESISTOR

AMMETER

VOLTAGE SOURCGE

NORMAL
BURDEN

P3
AMMETER

VARIABLE
RESISTOR

ROF« (I%>I'_s

Fig. 11. Connections for checking ratio character-

istics with secondary current. See text

essary to use accurate measuring tech-
niques such as those listed in ASA
standards 57.13-94. Calculation of ratio
and phase-angle errors of a current
transformer compensated by partial
turns from the excitation characteristi€
is not recommended because the flux
density in the core is not a lingar func~
tion of secondary current. The compen-
sating effect requires the flow of see-
ondary current which is_nety, present
when taking an excitation curyve.

INSULATION RESISTANGE

Checking the current transformer for
accidental grounding orjlowleakage re-
sistance may_be most easily performed
with eitherda 500 or, 1000 volt “Meg-
ger”. Shoft circuit the secondary wind-
ings, disconnect all external leads from
the terminal“boards, and megger the
resistance between the secondary wind-
ing andstation ground. This resistance
should havela value in megohms. If the
resistance is unusually low the trans-
former,and secondary leads should be
inspected for accidental grounding.

DEMAGNETIZING

Current transformer cores can acquire
a residual magnetism which normally is
not removed by load currents. This
magnetism may be produced as a result
of energizing the primary with the sec-
ondary open-circuited or by the appli-
cation of a high overcurrent, especially
if a circuit breaker interrupts a high
instantaneous value of current. The bias
thus produced will increase the density
at which the core operates; therefore,
the exciting current increases, affecting
the accuracy of the CT. The resulting

error canjjbe neglected in many cases,
buttwhere the best accuracy is required
any. residilal magnetism should be re-
moved. This can be done by raising the
flux density to the saturation level and
then, gradually reducing it. Excitation
may be obtained with the power trans-
former either in or out of service.

To demagnetize the core with the
unit in service it is only necessary to
insert a variable resistance (of suitable
wattage) and an ammeter in series with
the burden as shown in Fig. 10. The
resistance should be increased from zero
to such a magnitude that the ammeter
reading will fall to at least one-half of
its original value. Then gradually re-
duce the resistance to zero and repeat
the process several times. To determine
the magnitude of the resistance re-
quired, obtain the CT saturation volt-
age from the excitation curve and di-
vide this figure by one-half of the pre-
vailing secondary current. This quotient
can then be adjusted according to the
tap being used. Thus, for example, if
the saturation level for a particular CT
is 100 volts on a given tap and the pre-
vailing secondary current is 5 amps, the
required resistance would be 100/2.5 or
40 ohms.

To demagnetize the core with the
unit out of service, refer to the CT ex-
citation curve and determine the
amount of secondary current required
to saturate the core. Taking into account
the turns ratio or tap being used, grad-
ually apply saturation current to either
the primary or secondary with the other
winding open-circuited (Figs. 8 and 9)
and then slowly reduce it to zero. Re-
peat several times.

TRANSFORMER DEPARTMENT
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such ‘@ manner as to deform its shape
or &torifigfthe CT on its round side will
Usuallypresult in an increase in exciting
current. If the CT ijs to be stored for
a period of time, st should be placed
iffa dry location, out of the weather.

DESCRIPTION

Two types of CT’s are commonly used
in power transformers, the bushing-type
and the cable-type: The bushing type
CT consists of @ ribbon-wound core of
h'\gh-permeability, low-loss silicon steel
on which a coil is wound. With the CT
mounted around 2 transformer bushing
this coil serves as the secondary and
the bushing conductor becomes a one:
turn primary winding. Mounting pad:
of an insulating material are employ e
to provide a cushioning effect for me
chanical reasons and also for coolin
purposes.

Construction of cable-type CT's
jdentical to that of the bushing-typ
except for 2 smaller opening for tl
primary- They are usually mounted
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