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UNITED STATES PATENT OFFICE

1,925,167
CURRENT TRANSFORMER

Arthur O. Austin, near Barberton, Ohio, assignor,
by mesne assignments, to The Ohio Brass Com-~
pany, Mansfield, Ohio, a corporation of New
Jersey

Application March %, 1930. Serial No. 433,921
24 Claims. (Cl. 171—119)

This invention relates to current transformers tential bushings, as shown in my prior Patent
for diverting relatively small amounts of energy No. 1,723,000, this difflculty is largely eliminated.
from high potential conductors and especially Current transformers may be used for several
to current transformers mounted in high poten- different purposes. In some cases, it may be

.5 tial bushings. desired to provide equipment in which the ratio 60

One object of the invention is to provide means of the current transformer can be readily
for regulating the ratio of transformation in the changed. In other cases, a very close correction
current transformer. for ratio or power factor may he desired so that

Another object of the invention is to provide the cwrent transformer may be utilized for

18- economical means for maintaining a substantially metering. In other cases, it may be desired to 6
constant transformation ratio for a given range equip a bushing with both a current transformer
of current passing through the bushing. and a capacitance coupling. In current trans-

Other objects and advantages will appear from formers as heretofore built, the ratio between
the following description. the current in the primary and secondary wind-

AB:  The invention is exemplified in the combina- ings usually varies as the current in the primary
tion and arrangement of parts shown in the ac- changes. In the present invention, means is
companying drawings and described in the fol- provided for correcting this objection. In order
lowing specification, and it is more particularly to obtain a correction of ratio, a compensating

. pointed out in the appended claims. system is provided which may be applied either

20 Tn the drawings: to the primary or the secondary circuit of the

Fg. 1 is a diagrammatic sectional view of a transformer or to both.
bushing insulator having one embodiment of the One form of correction circuit is illustrated in

(4

(G

<

present invention applied thereto. Fig. 1 in which the numeral 10 designates a bush-

. Fig. 2 is a view similar to Fig. 1 showing a ing insulator supported on a flange 11. The con-
23 slightly different form of the invention. ductor 12 passes through the bushing and is 82

Fig. 3 is a curve illustrating the operation of insulated thereby from the flange 11, Within

the invention. the bushing 10 is the primary winding 13 and

Fig. 4 is a view similar to Figs. 1 and 2 showing the secondary winding 14 of a current trans-
a slightly different arrangement of the shunt former similar to that more fully described in

2% circuit for the current transformer primary. my prior patent mentioned above. The conduc- 35
Fig. 5 is a view similar to Fig. 4 but showing tor 15 shunting the primary winding 13 is con~
another modification. : nected to the incoming lead 12 through an in-

Fig. 6 is a fragmentary vertical sectional view pedance 16. In series with the primary winding

.. of a bushing insulator having a modified form 13 is an impedance 17. Where the cross section
=Y of the invention applied thereto. of the iron in the current transformer is rather £0

Fig. 7 is a {ragmentary vertical sectional view small or worked at a high flux density, the sat-

of the core and primary winding of another form uration of the core tends to change the ratio

of the invention. between the current in the windings 13 and 14
40 Fig. 8 is a diagrammatic vertical sectional as the current in the winding 13 changes. For o
Y view showing another modification. many purposes, it is desirable to maintain a con-~ ©°
Figs. 9, 10, 11, 12 and 13 are diagrammatic stant ratio between the current in the conduc-
views of other modifications. tor 12 and the current in the secondary 14
In high voltage lines, it is frequently desirable throughout a particular range of current value
e to obtain an indication of the current flowing in the conductor 12. This is accomplished in .
““"in the high voltage conductors. This is general- the present invention by controlling the cur- 109
ly accomplished by the use of current trans- rent in the primary winding 13 by changing the
formers as is well known in the art. Current proportion of the total current in the conductor
transformers for high voltages, however, are ex- 12 which is caused to flow through the winding
Fa pensive, due to the insulation required between 13. Where it is desired to boost the current in 1053

the primary and secondary circuits of the trans- the secondary 14 to maintain a constant ratio
formers. Where the current in the high tension as the current in the conductor 12 increases,
winding is small, the characteristics of the so- this may be done by increasing the proportion
celled single turn current transformers are likely of the main current flowing in the primary 13.
. 10 be rather poor. In the type of current trans- The proportion of the current in the primary 13
*“?. formers which utilize the insulation of high po- is controlled by changing the relative values of 110
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the impedances 16 and 17 as the current in-
creases in the conductor 12.

One way of accomplishing this result is by
the use of an air core reactance for the im-
pedance 16 or a metal core reactance, the core
of which does not become saturated as the cur-
rent increases. If at the same titne 17 is pro-
vided with an iron core, which does become sat-
urated as the current increases, it will be ap-
parent that the ratio between the impedances
16 and 17 will be increased with the increase in
current, and the relative portion of the current
flowing through the primary 13 will be cor-
respondingly increased. The impedance 17 may
consist of a current transformer having a re-
sistance 18 in its secondary circuit. Theé cur-
rent transformer 17 can have a magnetic cir-
cuit which becomes saturated as the current in-
creases so that a relatively larger portion of the
current will flow through the winding 13 as the
current in the conductor 12 increases, thus com-
pensating for the leakage of magnetic flux in
the current transformer 13-14 and maintainihg
a substantially constant ratio betwesn the cur-
rent in the conductor 12 and the current in
the secondary 14. The impedance 17 may be
in the form of a curreni transformer as de-
scribed or may simply be a reactance coil having
a core which becomes saturated as the current
increases. When a current transformer is used
for this purpose, its reactance may be readily
adjusted by changing the resistance 18 in the
secondary circuit. If desired, a relay may be
placed in the circuit. which will automatically
adjust the resistance 18 to lower the impedance
of the transformer as the current increases.
Thermal relays 18’ are shown in Fig. 1 arranged
to cut out successive portions of the resistance
18 as the current increases and thus reduce
the reactance 17. Thermal relays may be used
for varying the impedance in the branches of
the secondary circuit as well as the primary and
for changing the various adjustable impedances
shown in the other figures of the -drawings.

‘The marked improvement obtained by a corree-
tion of the kind described above is illustrated by
the curve shown in Fig. 3 in which the variation
in ratio between the current in the primary and
the current in the secondary of the main current
transformer without compensation is shown by
the curve A, while the curve B shows the substan-
tially constant ratio obtained when the com-
pensating circuits described above are employed.

The impedance members 16 and 17, instead of
consisting of reactances coils, may be formed of
resistance members as shown at 25" and 26, Fig. 2.
Reactances, however, have the advantage that the
IR losses are less than where resistances are
used. Where resistances are employed, the resist-
ance 25’ should have a positive cocflicient of
resistance for temperature changes, and the
rezistance 26 chould have a negative coefficient.
With this arrangement, the resistance of the
shunt 15 will increase and more current will flow
through the winding 13 as the current in the con-
ductor 12 increases. If it is desired to change the
ratio for different currents in the conductor 12,
this may readily be accomplished by properly
selecting resistances 25’ and 26. If it is desired
to increase the ratio beiween the current in the
conductor 12 and the current in the secondary 14,
as the current in the conductor 12 increases, this
may be done by reversing the characteristics of
the impedances 25’ and 26 from. that described
above. If, on the other hand, it is desired to de-
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crease the ratio with an increase in current, the
current transformer would have to be over-com-
pensated. By controlling the characteristics of
the transformer, there will be installations where
it is possible to use more sensitive relays or in-
struments during the normal operation of the
trangformer, and, at the same time, it will be pos-
sible to safe-guard the relays or instruments
against over-load due to abnormal conditions.
in the form of the invention shown in Fig. 2, the
ineoming lead 12 is adjustably connected at 19 to
the winding 20 of an auto transformer. One side
o7 the winding 20 of the transformer is connected
to the winding 13 of the main current trans-
former. The other lead 21 is adiustably connected
at 22 to the winding of the auto transformer and
Torms a shunt about the winding 13. Any type of
transformer may he used for supplying cur-
rent $o the shunt 21 and the connections may be
insides or outside of the bushing, as desired. With
the arrangement shown, it is very easy to change
the number of ampere turns of the primary wind-
inz 13 and the ratio of the current in the conductor
172 to the current in the secondary 14 by provid-
ing a suitable tap switch at the top of the bush-
ing as shown at 19’ and 22’ in Fig. 13. This
switeh may be arranged so that the ratio can be
ged while the bushing is in operation. The

serics

or

19’ or the point 227, or both. By making both the

points 19’ and 25 adjustable, but by different
sieps, it is possible to use one for fine adjustment
the other for cocarse adjustinent. - Relays 19"
wl 297 for changing the adjustments auto-
nasically may ke employed if desired. 1
Compensation for variations in ratio may be
provided in the secondary as well as in the pri-
mary circuit. The secondary circuit as shown in
Fiz. 2 may ke provided with an insulating trans-
former 23 and a shunt impedance 24 and 2 series
imredance 25. Normally the current in the sec-
ondary circuit 14 will be approximately prepor-
tional to that in the primary circuit 13. The
current in the secondary, however, will depend

95

100
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115

upon the useful magnetic flux but, as the current 120

in the primary increases, the leakage of magnetic
fAux will increase and the ratio of the current in
the primary to the current in the secondary will
increase, and in many cases the transformation

ratio will not remain constant through the de- 125

sired range of the current in the primary unless
a large and expensive current transformer is em-
nloyed. This change in ratio may be compensated
for by the impedances 24 and 25, similar to those
shown at 25’ and 26. Where the relative portion 1
of the current from the secondary winding 13
which flows through the shunt 24 decreases with
an increase in current in the main circuit, a
larger portion of the current will flow through

the primary of the transformer 23, thus com- 135

pensating for the change in ratio of the main
current transformer 13-14. This condition is ob-
tained where 24 is a resistance having a positive
coefficient, and 25 is a resistance having a nega-

tive coefficient. Ifisevident that either resistance 140

24 and 25 in some cases could be used independent-
lyofthe other. In general however, a wider range
of current may be covered by utilizing the two to-
gether. In place of resistances, reactances may

be used for the members 24 and 25 as shown at 145

24’ and 25’', Fig. 13. Where reactance coils are
used, it is usually preferable to employ iron cores.
For 25’ a reactance will e used which will be-
come saturated as the current increases so that it
will tend to permit more current to flow through
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the meters or relays operated by the secondary of
the main transformer. The reactance 24" may
have a core which is not saturated, or an air core,
as desired.: By utilizing an iron core for reactance
25"" which has a restricted portion or a magnetic
circuit composed of paths having different reluc-
tance, it is possible to control the rate of satura-
tion or impedance.

‘Where an external or series transformer is used,
as shown at the top of Fig. 2, to energize or
control the current in the primary of the bush-
ing transformer, a correction may be readily
effected by inserting impedance directly in the
two circuits which carry the current into the
bushing {ransformer. The impedance 25 i3
placed in the lead 21 and the impedance 26 is
placed in series with the winding 13. These im-~
pedances will automatically change the ratio of
current in the respective circuits as previously ex-
plained. By use of the impedances in connec-
tion with the adjustable transformer taps for
the transformer winding 20, a high degree of
correction and compensation for variations in
the current transformer may be obtained. In
some cases, it may be degirable to equip the bush-
ing not only with a current transformer but also
with: a capacitance tap as shown in Fig. 2. For
this purpose, the bushing is provided with a ca-
pacitahce member 27 insulated from the pri-
mary winding 13 and from ground. The capaci-
tance tap may be brought out entirely independ-
ently of the secondary winding 14, and where
this is done, the connection for the secondary
winding may be the same as that shown in Fig.
1. Generally, however, it is desirable to place
the secondary 14 of the current transformer and
the plate 27 forming the capacitance member
close together, and where this is done, it is usuai-
1y preferable to connect them electrically so as
to have the same potential. An arrangement of
this kind is shown in Fig. 2 in which one lead
from the secondary winding 14 is connected to
the-lead 28 from the capacitance member 27.
This lead passes through the primary of the in-
sulating transformer 23 and extends through the
primary 29 of a current transformer to ground.
The secondary of the insulating transformer 23
is connected to the ammeter or other load of the
main current transformer. The transformer 23
should have low electrostatic capacity between
its windings, either directly or through the core.
A step~down transformer for the capacitance tap
has a low voltage winding 30 which may be con-
nected with any instrument to be operated by the
capacitance tap. The winding 29 may be con-
nected to the primary winding of the transform-
er 23 either at its center or at any other con-
venient point. A limiting gap 21 is provided
across the primary winding 29. It is evident that
the ratio may be readily changed in the insulat-
ing transformer 23. Any change in the charac-
teristics caused by the insulating transformer
may be compensated for by the compensafing
means described above.

In Fig. 4 the shunt about the primary wind-
‘ing 13 of the current transformer is provided
with an inductive reactance 32 which may have
an air core or an iron core wnich does not be-
come saturated for the range of current pass-
ing therethrough. Since the core for the trans-
former winding 13 has a limited magnetic cir-
cuit, the magnetic circuit will approach satura-
tion so that the ratio of the current fiowing in the
winding 13 and in the shunt about the wind-
ing will ehange as the current. in-the incoming

3

lead 12 increases, a larger proportion of the cur-
rent flowing through the winding 13 for the
higher current values. This will compensate for
the variation in transformation ratio and in some
cases, a sufficient compensation may be secured
in this way without the use of additional imped-
ance in series with the winding 13. In some in-
stances it may be found advantageous to place a
resistance shunt 33 in parallel and a resistance
51 in series with the reactance 32. This resist-
ance shunt will serve to provide a non-inductive
path through the bushing for the transmissicn of
carrier currents and for radio work. If the re-
sistance 33 has a positive ccefficient, it will sup-
plement the action of the reactance 32 in chang-
ing the proportion of the current flowing through
the winding 13 as a current in the main conduc-
tor 12 increases. The shunt about the winding
13 may also be utilized for correction of varia-
tion in phase angle between the current in the
conductor 12 and the current in the secondary
winding 14. Without some corrective means, the
current in the .secondary winding 14 will be
slightly out of phase with the current in the con-
ductor 12. By providing supplemental primary
turns 13 for the transformer in the shunt cir-
cuit, as shown in Fig. 5, and by varying the re-
lation of the inductive and non-inductive wind-
ings 32 and 33, this phase dispiacement may be

corrected and the current in the secondary 1

brought into step with the current in the pri-
mary. The reactance 32 and the resistance 33
may be made adjustable for this purpose.

Several different arrangements may be used
to corrzct ratio and phase angle so that a close
aation will be obtained over a wide range
{ current in the primary or for different de-
mangs on the secondary. Where no compenszat-
ing circuit is applied {0 the primary, the phase
angle of the curreat in the secondary is usually
slightly out of step with the current in the
primary. The main currenf in the primary lead
12 is made up of two components, cne of them
through the winding 13 which magnetizes the
core, and the other through the shunt circuit
15. Since the current in the lead 12 is deter-
minad by the source and the load, and is prac~
tically independent of changes in the current
transformer but is divided between the winding
13 and the ghunt 15, any change in the ratio
of the currents in 13 and 15 will afect the ratio
of the current in the primary 12 to the current
induced in the secondary. Furthermore, if the
phase angle in the winding 13 is changed with
respect to the current in the main winding 12,
the phase angle of the current in the secondary
will be affected accordingly. The phase angle
of the current 13 with respect to the main cur-
rent 12 may bz changed by changing the phase
angie of the current in the shunt path 15 with
respect (o the current in the winding 13. As an
example, a ilransformer which has a lsgging
phase angle may have this phase angle reduced
to zero or even converted to a leading phase
angie by aliowing sufficient current to pass
through a suitable reactance in series with the
shunt 15. By using bath a reactance and a re-
sistance for controlling the currant in the shunt,
it is possible not only to correct phasge angle but
ratio as well. Where a close control is desired
over a considerable range of current in the pri-
mary, the reactance and resistance of the cir-
cuit may be controlled by the use of thermal
or other relays 52, 52 and 54, Fig. 4.

-In some cases it may be more advantagecus
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~ mental winding as at 13’ in Fig. 5.
' rent in this supplemental winding may be con-

4

to control ratio and phase angle by regulating
the impedance in series or in multiple with the
load or burden on the secondary circuit as shown
in Fig. 1. While single relays may be usually
used to correct both phase angle and ratio, re-
lays may be used separately for the correction
of phase angle and ratio if desired; these re-
lays being applied to either the primary cir-
cuit or the secondary circuit as desired. In some
cagses, it may be desirable to provide relays which
will insert a resistance or reactance after a cer-
tain current is reached, and other relays which
will reduce the resistance or reactance again
after the current exceeds a given higher value.
In some transformers equipped with primary
shunt control, the ratio. may be too high for the
small currents and for the very high currents
but too low for the intermediate currents. It
is evident that by proper relays, the variations
in ratio under these conditions may be cor-
rected. The same general scheme may be ap-
plied for correcting the phase angle as well as
ratio. Since the relays in general will affect
only a portion of the circuit, their failure to
operate in any instance will not affect the func-
tioning of the transformer in general but only
the correction.

The correction may be applied to a supple-
The cur-

troiled by relays as previously described. It is
preferable to control the current in a supple-
mental winding or in a shunt circuit rather than

by changing the number of turns in the primary

> winding as in the latter case heavy currents must

be handled.
The correcting means above described may be
used in conjunction with the means for chang-

_ ing the number of turns in the primary wind-

o~

ing as disclosed in my prior application, Serial
Number 406,281. 'The correcting means may be
applied to other types of current transformers
besides those illustrated, such as those having
a closed magnetic circuit. - The ability to cor-
rect both phase angle and ratio over a wide
range of current makes the invention particu-
larly applicable in circuits where it is desired
to meter currents and in which there may bhe

~ very small currents for & portion of the time, or

even g reversal in the direction of energy flow
or in which the power factor is low.

In some cases it may be advisable to use the
combination of current transformer and -ca-

_ pacitance tap for obtaining both current and

Kilt)

potential for metering. Where the voltage is
well balanced, the potential for metering may
be taken from a phase so that minimum phase
angle correction will be required for the poten-
tial circuit. If potential is supplied by the
capacitance tap transformer, it will be neces-
sary to correct phase angle for the potential in
this circuit. In some combinations, there may
be a material advantage in correcting one part
of the ratio or phase angle curve by a reactance
or impedance in the primary side, and in others
in the secondary circuit. Likewise, relays may
be used for correcting one portion of the ratio
or phase angle curve in the secondary and an-
other portion by operation in the primary. DBy
designing a properly constructed impedance
which may be placed either in the primary cir-
cuit to control the shunt or in series with the
load on the secondary side, it is possible to
correct the ratio over a considerable range. This
is .particularly true where the magnetic mate-

1,925,187

rial in the reactance or impedance is such that
the saturation will produce a voltage component
which will tend to maintain a proper ratio. It
is evident that where magnetic material is used
in the reactance having a very short path, a high
flux may be made to develop with fewer ampere
turns than where the magnetic path is longer.
By making up a core of magnetic material,
where the length of the magnetic path is small
for the quantity of magnetic material and the
number of ampere turns, it will be seen that
the voltage component of the reactance may be
controlled over a considerable range of current.
It is evident that the same results may be ob-
tained by using several different magnetic cir-
cuits in series or by using a proper section of
iron core such that the flux and saturation prog-
ress at the proper rate. The same results may
be accomplished by using magnetic materials
of different permeability.

Instead of placing the primary winding of the
current transformer in a gap in the main con-
ductor, as indicated in Figs. 1 and 2, it is some-
times degirable to run leads up to the top of
the bushing irom the primary winding, one of
which is connected to the incoming conductor
and the other of which connects to a conductor
which extends through the bushing without in-
terruption. 'This arrangement is shown in Fig. 6
in which the bushing 10 is provided with auxil-
iary sleeves or baffles 35 and 36. The incoming
transmission line is connected to the reservoir
27 at the top of the bushing 10 and a lead 38
leads down from the incoming line to the pri-
mary 39 ¢f the current transformer. A lead 40
extends up from the opposite end of the primary
winding and is connected to an insulated con-
ductor 41 which exiends down through the cen-
tral tube 42 but is insulated from the tube at
its lower end. By this arrangement, it will be
seen that the current goes down through the
lead 38 and back through the lead 40 and then
again down through the lead 41. A magnetic core
43 is provided within the primary winding 39 and
a magnetic shell 44 provides a portion of the
return circuit for the magnetic flux in the core
43. The secondary winding of the current trans-
former is shown at 45. In an arrangement of
this kind, it is found that the current flowing
through the conductor 41 sets up a circumfer-
ential filux in the core 43 which tends to saturate
the iron of the core without producing any effect
upon the secondary winding 45. The saturation
of the core by this circumferential fiux inter-
feres with the useful flux set up by the coil 39.
To overcome this eifect, a jumper 46 is elec-
trically connected with the tube 42, both above
and below the core 43, and extends outside of
the core so that the tube 42 and the jumper
46 forms a short-circuit turn interlinked with
the core 43.

It will be seen that the circumferential magnetic
flux in the core 43 will be interlinked with this
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short-circuit turn so that a current would tend .

to flow in this short-circuit turn opposing the cir-
cumferential flux in the core, and thus keeping
this flux down so that it will not saturate the core
and interfere with the useful flux extending
lengthwise of the core.

In the modification shown in Fig. 7, the current

from the main circuit passes directly through the
conductor 47 extending through the central tube
42 but insulated from the tube. A primary wind-
ing 48 is wound about the core 43 and is provided
with a lead 49 at its upper end, electrically con-
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nected to the tube 42 above the core, and with a
lead 59 at its lower end electrically connected to
the tube below the core. With this arrangement,
the coil 48 with its leads 49 and 50 forms a closed
turn interlinked with the core 43 but including
the turns 48 of the primary winding. The cir-
cumferential flux set up in the core 43 by the
current in the conductor 48 will tend to produc\,
g -current in the interlinked turn compris :
parts 48, 49 and 50, but in this case this current
will be directed circumferentially about the core
43 so that it will in turn induce lines of force in
longitudinal direction in the core 43, and thes
lines of force will induce a voltage in the °030;1(}
ary winding 45 producing the secondary current.
This provides a very simple arrangement or en-
ergizing the current transformer. A variasble im-
pedance 55 may be introduced in series with the
winding 48 to control the amount of current there
in as shown in Fig. 8. This impedance may be
automatically controlled by relays in the manner
previously explained if desired.

Figure 9 shows one form of primary in which
the current in the main lead 60 is divided between
several circuits. The current of the several cir-
cuits being combined again in the lead 61 as it
leaves the primary of the current transformer. In
general, the current flowing in lead 62 passes
through the center of the magnetic core. This
sets up a tangential flux in the core which may
be controlled to a large extent by the design of
the magnetic path in the core, heing retarded or
accelerated as desired. If a conductor 63 passes
outside of the core and is connecied to the lead
62 at both ends, the voltage set up by the tan-
gential flux in the core will cause current to flow
in this iead. If the resistancs 64 in the circuit 63
is low, the current flowing in this conductor will
be approximately equal to that in 62 and will tend
to neutralize the flux set up by current passing
through 62. It is evident that the current in 60
and 61 may be practically double that in either
lead 62 or 63 which may be an advantage where
heavy currents must be carried. If an imped-
ance 64 is placed in series with the winding 63,
the relative current in 62 and 63 may be con-
trolled to a very large extent.

Some of the various methods described above
may be used to change the relative amounts of
current flowing in the different branch circuits
for different- values in 60 and 61, to control the
ratio and phase angle over a wide range of cur-
rent. The potential set up in the circuit formed
by leads 62 and 63, which includes the magnetic
circuit -energized by the current in 62, may be
used to magnetize the magnetic core with lines
of force extending in a longitudinal direction of
the core by using the potential to force a current
around the winding 65. The current in the wind-
ing 65 may be controlled by the number of turns
and by a series impedance 66.

Current in the winding 65 miay he utilized to
increase the current carrying capacity of the
transformer circuit.. Where a high current must
be passed through the current transformer, the
winding 65 may be made for a comparatively
small current capacity by supplying the proper
number of turns. This winding may, of course, be
made up with taps or with coils, which may be
arranged in series or muliiple as desired. By
controlling the characteristics of the impedances
64 and 66, a large correction may he effected for
ratio and phase angle. If desired, a further im-
pedance 67 may be interposed in the conductor
62.. In addition to.controlling the effective cur-

5

rent in the primary which affects the current in
the secondary, by the design of the several im-
pedances, it is possible to effect further correc-
tiong by the use of relays as previously described.

In Fig. 10 an arrangement somewhat similar
to that in Fig. 9 is shown. In this arrangement,
however, the imain current fows through & wind-
ing 68 which magnetizes the core and in a circuit
69 which ezbends outside of the core.  Afler pass-
ing through the winding 68 and lead 79, the cur-

rent theq passes down through the core of the
magnetic circuit threongh lead 71, The current in
his lead tends to set up a tangential flux in the
0 Py cloging the circeuit with a winding 72
so as to include the tangential flux in the circuit
v 71 and 72, it is possible to use the po-~
sntial generated to force current through the
agnetized winding 73, The current in the wind-
ing 73 may be regulated by an impedance 74 and
used as a main magnetizing circuit or a corrective
circuit as desived. An arrangement of this kind
nﬁay have a eparticular advantage where it is de-
ired to change the magnetizing force generated
paltlf’ularly by winding 88. As the leads from
the winding 88 are returned by conductor 79, it is
possible to make up this winding with taps or with
several coils which may be arranged to provide
the desired energizing force

In the modification shown in Fig. 11, the wind-
ing 14 is tapwved out at 75 and the portion 76 of
the winding is connected with a variable imped-
ance 77 which may be controlled by hand or by
automatic means, in & manner previously de-
scribed. By regulating the impedance 77, various

amounts of the flux in the transformer will e
exvended in inducing current flowing through the
upper portion 78 of the coil, thus varying the
amount available for inducing current in the
main secondary circuit. By proper values of the
impedance 77, the ratio and phase angle of the
transformer may be regulated.

Fig. 12 is similar to Fig. 11 except that the
regulating impedance 77 is supplied by a supple-
mental secondary winding 78 instead of a wind-
ing 76 in series with the mam winding 14.

I claim:

1. The combination wuh ai alte rnatmg current
circuit of a current transformer energized by said
circuit and having a primary and a secondary
winding, the effect of said current transformer
on the total current in said circuit being negligible
and a corractive circuis for said transformer com-
prising an impedance in shunt with the primary
winding of said transfermer.

2. The combination with an alternating cur-
rent circuit of a current transiformer energized by
said circuit but constituting a practically negli-
gible part of the total normal load on said cir-
cuit and having primary and secondary windings,
said primary winding having a main and a shunt
circuit, the ratio of the impedance in said main
and shunt circuit being variable to compensate
for variations in the transformation ratio of said
transformer for different current values.

3. The combination with an alternating cur-
cent circuit of a current iransformer energized
by said circuit but constituting a practically neg-
ligible part of the total normal load on said cir-
cuit and having primary and secondary wind-
ings, of a corrective circuit for said transformer
comprising an impedance in parallel with the
primary winding of said transformer, the ratio of
the impedance in the series circuit of said primary
winding to the impedance in shunt with said
primary winding being variable and decreasing as
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the combined current in the two circuits increases
to increase the proportion of the total current
flowing through said primary winding.

4, The combination with an alternating cur-
rent circuit of a current transformer energized by
said circuit but constituting a practically negli-
gible part of the total normal load on said circuit
and having a primary and a secondary winding,
of a divided circuit for said primary winding, the
branches of which circuit have impedances there-
in which relatively vary automatically with the
current flowing in said transformer to change the
ratio of said impedances so as to vary the propor-
tion of the total current flowing in the different
branches of said circuit.

5. The combination with an alternating cur-
rent circuit of a current transformer energized by
said circuit but constituting a practically negli-
gible part of the tofal normal load on said cir-
cuit and having primary and secondary windings,
of a divided circuit for one of said windings, one
branch of said divided circuit having an im-
pedance which increases with the amount of cur-
rent flowing therein while the impedance of the
other branch of said circuit does not increase pro-
portionately.

6. The combination with an alternating cur-
rent circuit of a current transformer energized
by said circuit but constituting a practically
negligible part of the total normal load on said
circuit and having primary and secondary wind-
ings, of a divided circuit for one of said windings,
a resistance in one branch of said circuit having
a positive coefficient of resistance for tempera-
ture changes, and a resistance in the other branch
of said circuit having a negative coeflicient of
resistance for temperature changes.

7. The combination with a current transformer
having primary and secondary windings, of a
divided circuit for one of said windings, one

“branch of said divided circuit having a reactance

element therein provided with a core which be-
comes saturated for the higher values of current
in said branch while the other branch of said
circuit is not so provided.

8. The combination with a bushing insulator,
of an  alternating current -circuit extending
through said insulator, a current transformer
disposed in said insulator and energized by said
circuit but having a practically negligible effect
on the total current in said circuit, said trans-
former having primary and secondary windings,
and means for diverting varying proportions of
the current flowing in one of said windings as the
amount of current in said transformer changes
to compensate for variations in the transforma-
tion ratio of said transformer.

9. The combination with a bushing insulator
having a current transformer therein, of a
capacitance tap for said transformer, a correc-
tion impedance in the secondary circuit of said
transformer, electrical connection between said
secondary circuit and said capacitance tap and
an insulating transformer for said secondary cir-
cuit.

10. The combination with a bushing insulator,
of a current transformer disposed within said
insulator, a high potential conductor connected
with the primary of said current transformer
and extending through said bushing insulator, a
shunt circuit for diverting a portion of the cur-
rent in said high potential conductor about the
primary of said current transformer, and means
for increasing the portion of the current of said
high potential conductor which passes through
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the primary of said current transformer as the
current in said high potential conductor in-
creases while the total current passing through
said conductor is practically unaffected by said
means.

11. The combination with a bushing insulator,
of an alternating current circuit passing through
said insulator, a current transformer disposed
within said insulator and energized by said circuit

but forming only a practically negligible portion

of the total normal load on said circuit, an elec-
trical translating device connected with the sec-
ondary of said transformer, a shunt for divert-
ing a portion of the secondary current of said
transformer away from said translating device,
and means for decreasing the amount of current
so diverted as the current in said secondary in-
creases.

12. The combination with a bushing insulator,
of a current transformer disposed within said
insulator, a high potential conductor extending
through said insulator, the primary of said cur-
rent transformer being disposed in series with
said high potential conductor, a shunt for divert-~
ing a portion of the current of said high poten-
tial conductor about the primary of said current
transformer, and a reactance in series in said
shunt having a core which does not become satu-
rated for the values of current flowing therein.

13. The combination with a bushing insulator,
a high potential conductor extending through
said insulator, the primary of said current trans-
former being disposed in series in said high
potential conductor, a shunt circuit for diverting
a portion of the current of said high potential
conductor about said primary, a reactance dis-
posed in said shunt circuit and a resistance in
parallel with said reactance.

14. The combination with a current transform-
er, of a corrective circuit for said transformer
comprising a variable impedance and a thermal
relay for varying said impedance.

15. The combination with a current transform-
er having a divided circuit, of a variable imped-
ance for adjusting the ratio of the currents in the
branches of said circuit, and a thermal relay for
adjusting said impedance.

16. A current transformer having primary and
secondary windings, supplemental primary turns
in shunt with said primary winding, and means
for displacing the phase angle of the current in
said shunt turns relative to the current in said
rrimary winding.

17. A current transformer having a main pri-
mary winding, and a supplemental primary wind-
ing in shunt with said main primary winding,
and reactance in series with said supplemental
primary winding for displacing the phase angle
of the current in said supplemental primary
winding relative to the current in said main pri-
mary winding.

18. The combination with a current transform-
er, of means for correcting the phase angle of

80

)

100

106

1i0

115

120

125

180

135

the current in the secondary of said transformer

comprising supplemental primary turns in shunt
with the primary winding of said transformer,
and adjustable reactance in series with said sup-
plemental primary turns.

19. The combination with a conductor for alter-
nating currents, of a current transformer com-
prising a primary winding in series with said
conductor, and means for correcting for varia-
tions in the phase angle in the secondary of said
current transformer from the phase angle of the
current in said main conductor, said means com-
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prising a shunt in parallel with the primary wind-
ing of said transformer, said shunt being adapt-
ed to divert a portion of the current of said main
conductor from said primary winding such that
the current left in said primary winding will
produce the phase angle desired in the second-
ary of the transformer.

20. The combination with a conductor for
alternating currents, of a current transformer
having a primary winding in series with said
conductor, and means for correcting the trans-
{ormation ratio of said transformer, said cor-
recting means comprising a shunt for diverting
a portion of the current of said main conductor
from said primary winding such that the current
left in said primary winding will produce the
desired transformation ratio the effect of said
correcting means cn the total current in said
conductor being practically negligible.

21. The combination with a conductor for al-
ternating currents, of a current transformer hav-
ing its primary winding in series with said con-
ductor, and means for correcting for errors in
phase angle and transformation ratio in the sec-
ondary of said transformer, said means compris-
ing a shunt for diverting a portion of the cur-
rent of said main conductor from said primary
winding, said shunt having variable impedance
therein for adjusting the diverted portion of the
current so that the current remaining in the
primary winding will produce the desired phasza
angle and transformation ratio in the secondary
the corrective effect of said correcting means
being dependent upon the division of the current
in said conductor rather than upon a change in
the total current therein.-

22. The combination with an alternating cur-

7

rent circuit of a current transformer energized
by said circuit but constituting only a minor por-
tion of the normal load on said circuit so that
the effect of said transformer on the total current
in said circuit is practically negligible, said trans-
former having primary and secondary windings,
and a divided circuit from one of said windings,
the resistance in one branch of said circuit hav-
ing a higher positive coefficent of resistance for
temperature changes than in the other branch
of said circuit.

23. The combination with a transformer hav-
ing primary and secondary circuits, of a correc-
tion reactance connected with one of said cir-
cuits and controlled by its magnetic field to vary
as a function of the current flowing in the trans-
former circuit with which it is connected to com-
pensate for variations in the performance of said
transformer for different currents in said trans-
former cricuits.

24. The combination with a transformer hav-
ing primary and secondary circuits, of a shunt
for one of said circuits and a correction imped-
ance element for controlling the division of en-
ergy between the parallel circuits of which said
shunt is one branch and one of said transformer
circuits the other, said impedance element hav-
ing a magnetic core which varies the impedance
of the element as the core approaches saturation,

the characteristics of the core being so related --

to the transformer that the variations in the im-
pedance due to saturation of the core will com-
pensate for variations in the performance of the
transformer caused by varying magnetic losses in

said transformer as the current changes therein. :

ARTHUR O. AUSTIN.
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