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This invention relates to current transformers 
for diverting relatively small amounts of energy 
froin high potential conductors and especially 
to Current transformers mounted in high poten 
tial bushings. 
One object of the invention is to provide means 

foi' regulating the ratio of transformation in the 
Current transformer. 
Another object of the invention is to provide 

Constant transformation ratio for a given range 
of Current passing through the bushing. 
Other objects and advantages will appear from 

the following description. 
The invention is exemplified in the combina 

tion and arrangement of parts shown in the ac 
CO2 panying drawings and described in the foll 
lowing Specification, and it is more particularly 
pointed out in the appended claims, 

in the drawings: 
Fig. 1 is a diagrammatic sectional view of a 

bushing insulator having one embodiment of the 
preSeat invention applied thereto. 

Fig. 2 is a View similar to Fig. 1 showing a 
slightly different form of the invention. 

Sig. 3 is a curve illustrating the operation of 
the invention. 

Fig. 4 is a view similar to Figs. 1 and 2 showing 
a slightly different arrangement of the shunt 
circuit for the current transformer primary. 

Fig. 5 is a view similar to Fig. 4 but showing 
another modification. 

Fig. 6 is a fragmentary vertical Sectional view 
Of a bushing insulator having a modified form 
Of the invention applied thereto. 

Fig. 7 is a fragmentary vertical Sectional view 
of the core and primary Winding of another form 
of the invention. 

Fig. 8 is a diagrammatic vertical Sectional 
View ShOWing another modification. 

Figs. 9, 10, 11, 12 and 13 are diagrammatic 
views of other modifications. 

In high voltage lines, it is frequently desirable 
to obtain an indication of the current flowing 
in the high voltage conductors. This is general 
ly accolinished by the use of current trans 
for nei's 3S is We knoWn in the art. Current 
transformers for high voltages, however, are ex 
pensive, due to the insulation required between 
the priinary and Secondary circuits of the trans 
formers. Where the current in the high tension 
Winding is Small, the characteristics of the So 
called Single turn current transformers are likely 
to be rather poor. In the type of current trans 
formers which utilize the insulation of high po 

Serial No. 433,921 
(C. 71-119) 

tential bushings, as shown in my prior Patent 
No. 1,723,000, this difficulty is largely eliminated, 
Current transformers may be used for several 
different purposes. In Some cases, it may be 
desired to provide equipment in which the ratio 
of the current transformer can be readily 
changed. In other cases, a very close correction 
fol' ratio or power factor may be desired so that 
the current transformer may be utilized for 
ninetering. In other cases, it may be desired to 
equip a bushing With both a current transformer 
and a capacitance coupling. In current trans 
formerS as heretofore built, the ratio between 
the Current in the primary and secondary wind 
ings usually varies as the current in the primary 
changes. In the present invention, means is 
provided for correcting this objection. In order 
to obtain a correction of ratio, a compensating 
System is provided which may be applied either 
to the primary or the secondary circuit of the 
transformer Or to both. 
One form of correction circuit is illustrated in 

Fig. 1 in which the numeral 10 designates a bush 
ing insulator Supported on a flange 11. The con 
ductor 12 passes through the bushing and is 
insulated thereby from the flange 11. Within 
the bushing 10 is the primary winding 13 and 
the Secondary winding 14 of a current trans 
former Similar to that more fully described in 
my prior patent mentioned above. The conduc 
tor 15 Shunting the primary winding 13 is con 
nected to the incoming lead 12 through an in 
pedance 16. In Series with the primary Winding 
13 is an impedance 17. Where the cross section 
of the iron in the current transformer is rather 
Small or Worked at a high flux density, the sat 
uration of the core tends to change the ratio 
between the current in the windings 13 and 14 
as the current in the winding 13 changes. For 
many purposes, it is desirable to maintain a con 
Stant ratio between the current in the conduc 
tor 12 and the current in the secondary 14 
throughout a particular range of current value 
in the conductor 12. This is accomplished in 
the present invention by controlling the cur 
rent in the primary Winding 13 by changing the 
proportion of the total current in the conductor 
12 which is caused to flow through the winding 
13. Where it is desired to boost the current in 
the Secondary 14 to maintain a constant ratio 
as the current in the conductor 12 increases, 
this may be done by increasing the proportion 
of the main current flowing in the primary 13. 
The proportion of the current in the primary 13 
is controlled by changing the relative values of 
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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 in 
pedance 16 or a metal core reactance, the core 
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of which does not become Saturated as the cur 
rent increases. If at the same time 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. The 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 maintaining 
a substantially constant ratio between the cur 
rent in the conductor 12 and the current in 
the secondary 14. The impedance it may be 
in the form of a current transformer as de 
scribed or may simply be a reactance coil having 
a core which becomes Satuiated as the curi'ent 
increases. When a current transformer is used 
for this purpose, its reactance may be readily 
adjusted by changing the resistance 18 in tile 
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 correc 

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 reactanca coils, may be formed of 
resistance members as shown at 25' and 26, Fig. 2. 
Reactances, however, have the advantage that the 
I2R losses are less than where resistances are 
used. Where resistances are employed, the resist 
ance 25' should have a positive coefficient of 
resistance for temperature changes, and the 
itesistance 26 should have a negative coefficient. 
With this arrangement, the resistance of the 
Shunt 15 Will increase and nore 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 between 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 

1,925, 167 
crease the ratio with an increase in current, the 
current transformer would have to be over-con 
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 
t}ransformer, and, at the Same time, it will be pos 
sible to safe-guard the relays ol' instruments 
against Over-load due to abnormal conditions. 

in the form of the invention shown in Fig. 2, the 
inconing lead 12 is adjustably connected at 19 to 
the Winding 20 of an auto transformer. One side 
of the winding 23 of the transfornner is connected 
to the Winding 3 of the main cuirrent trans 
former. The other lead 21 is adjustably connected 
at 22 to the winding of the auto transformer and 
folls a gllint about the Winding 13. Any type of 
31ies transformer may be used for Supplying cur 
ch, to the shunt, 21 and the connections may be 
inside or outside of the bushing, as desired. With 
the aira: gament shown, it is very easy to change 
tig number of ampere turns of the primary wind 
iig 13 aid the ratio of the current ill the conductor 
i2 to the current in the Secondary 14 by provid 
ing a Suitable tap Switch at the top of the bush 
iing as shown at 19' and 22' in Fig. 13. This 
Switch may be arranged so that the ratio can be 

&inged While the pushing is in operation. The 
tCin may be designed to shift either the point 

19' or the point 22, or both. By making both the 
points 19' and 23' adjustable, but by different 
Steps, it is possible to use one for fine adjustment 

the other for coarse adjustment. Relays 19' 
(d 22'' for changing the adjustments auto 

raatically may be employed if desired. 
Connpengation for variations in ratio may be 

provided in the secondary as well as in the pri 
inary circuit. The secondary circuit as shown in 
Fig.2 may be provided with an insulating trans 
fo3rine 23 and a shunt impedance 24 and a Series 
ilipedance 25. Normally the current in the Sec 
Oidiary circuit 14 will be approximately propor 
tional to that in the primary circuit 13. The 
current in the secondary, however, will depend 
upon the useful magnetic flux but, as the current 
in the primary increases, the leakage of Inagnetic 
LIX 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 
iatio will not remain constant through the de 
sired range of the current in the primary unless 
a large and expensive current transformer is en 
ployed. This change in ratio may be compe:sated 
for by the impedances 24 and 25, similar to those 
shown at 25' and 26. Where the relative portion 
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 
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. It is evident that either resistance 
34 and 25 in Some cases could be used independent 
ly of the 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 
24' and 25'', Fig. 13. Where reactance coils are 
used, it is usually preferable to employ iron cores. 
For 25'' a reactance will be 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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1,925, 167 
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 transformer. The in pedance 25 is 
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 desirable 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 
pacitance 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 usual 
ly 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 amneter 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 
Wenient point. A limiting gap 3i 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 Compensating 
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 Winich does not be 
come Saturated for the range of Current paSS 
ing therethrough. Since the Coire 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 change 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 Sonne 
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 transmission of 
Carriet currents and for radio WOrk. If the re 
Sistance 33 has a positive coefficient, 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 
3 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 4 Will be 
slightly out of phase With the current in the con 
ductOr 12. i3y providing Suppleinental priinary 
turns 13 for the transformer in the shunt cir 
cuit, as ShoWin in Fig. 5, and by Varying the re 
lation. Of the inductive and non-inductive Wind 
ings 32 and 33, this phase dispia, Cenient lay be 
corrected and the current in the Secondary 
brought into step with the current in the pri 
nary. The reactance 32 and the resistance 33 
may be made adjustable for this purpose. 
Several different arrangementS may be used 

to correct, ratio aid piaSe angle SO that a cloS8 
2ation will be obtained over a wide range 

f Current in the prinary or for different, de 
3 angs on the Secondary. Where no compensat 
ing circuit is applied to the primary, the nase 
aiage of the cuireint in the Secondary is usually 
slighty Out Of Step With the current in the 
primary. The rail cuireint in the pinnary lead 
12 is made up of tWO cornponents, one of then 
througi tie Winding 3 Which ragnetizes the 
core, and the other through the Shint circuit 
15. Since the current in the lead 2 is deter 
liin3d 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 Shuiat 5, any change in the ratio 
Of the currents in 3 and 15 will affect the ratio 
Of the current in the piritsary 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 ange of the current in the Secondary 
Will be affected accordingly. The phase angle 
of the current i3 witi espect to the main cur 
rent i3 inay be changed by changing the phase 
angle of the current in the shunt path 15 with 
ireSpect to the current in the Winding 13. As an 
eXaipie, a transfor her which has a lagging 
phase angle inay have this phase angle redicad 
to Zei'O or even converted to a leading phase 
angie by allowing Sufficient, current to pass 
through a Suitable reactance in series with the 
Sh.Int, 15. By using both a reactance and a re 
Sistance for controlling the current in the shunt, 
it is poSSible not Only to correct phase angle but 
ratio aS Well. Where a close control is desired 
OVer a considerable irange of current in the pri 
nary, the reactance and resistance of the cir 

cuit inlay be Controlled by the use of thermal 
or other relays 52, 53 and 54, Fig. 4. 

... in Some cases it may be more advantageous 
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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 
cases, 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 Schenle 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 

2. o 

a closed magnetic circuit. 
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35 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 
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 

The ability to cor 
rect, both phase angle and ratio over a wide 
range of current makes the invention particu 
arly applicable in circuits where it is desired 
to reter currents and in which there may be 
very small currents for a portion of the time, or 
even a 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 
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 Sonne conbinations, there may 
be a material advantage in correcting one part 
of the ratio or phase angle curve by a reactance 
or impedance in the prinary 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. By 
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, 167 
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 desirable to run leads up to the top of 
the bushing from the primary Winding, One of 
wich 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 
3 at the top of the bushing 10 and a lead 38 
leads down from the incoming line to the pri 
mary 39 cf 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 extends 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 flux 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 flux inter 
feres with the useful flux set up by the coil 39. 
To overcome this effect, 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 
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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1,925,167 
nected to the tube 42 above the core, and with a 
lead 50 at its lower end electrically connected to 
the tube below the core. With this arrangement, 
the coil 43 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 cii'- 
cumferential flux Set up in the core 43 by the 
current in the conductor. 48 will tend to produce 
a Current in the interlinked turia 293 prising .33 
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 these 
lines of force will induce a voitage in the second 
ary Winding 45 producing the secondary current. 
This provides a very simple ai'i'angeize:ni, foi el 
ergizing the current transformer. A variable ini 
pedance 55 may be introduced in Series With the 
Winding 48 to control the amount of curiant tiere 
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, being retarded or 
accelerated as desired. If a conductor 63 passes 
outside of the core and is connected 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 jead. If the resistance 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 may be 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 nay, of course, be 
made up with taps or With coils, which may be 
arranged in series or multiple as desired. By 
controlling the characteristics of the in pedances 
64 and 66, a large correction may be effected for 
ratio and phase angle. If desired, a further in 
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 Secondairy, by the design of the several in 
pedances, it is possible to effect further correc 
tions by the use of irelays as previously described. 
Tn Fig. 10 an arrangetinent. Somewhat. Similar 

to that in Fig. 9 is shown. In this arrangement, 
however, the rain current flows through a wind 
ing 68 which magnetizes the core and in a circuit 
63 Wiscil extends outside of the core. After pass 
i:g through the Winding 68 and lead 70, the cur 
reini, then p3.SS-es dOWI) through the core of the 
Yagnetic circuit, though lead 71. The current in 
his lead tends to set up a tangential flux in the 
core. Sy closing the circuit. With a Winding 72 
So as to include the aingential flux in the circuit 
forined 

1. 

cy li and 72, it is possible to use the po 
tential generated to force current through the 
riaginetized Windirig '33. The current in the Wind 
ing "S 23.3 be regulated by an impedance 74 and 
used as a nain naginetizing circuit Ol' a corrective 
circuit as desired. AI arrange inent of this kind 
23y ilave a particular advantage Where it is de 
Sired to change the laagnetizing force generated 
particularly by Wilding 58. As the leads from 
the Winding 63 are returned by conductor 70, it is 
possible to make up this winding With taps or with 
several coils which inay be arranged to provide 
the desired energizing force. 

In the Ghodification shown in Fig. 11, the Wind 
ing 4 is tapped 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 
autonatic rileans, in a nanner previously de 
Sciribed. By iregulating the impedance 77, various 
arounts of the fix in the transforinei Will e 
expended in inducing current flowing through the 
upper portion 76 of the coil, thus Varying the 
annount available for inducing current in the 
main secondary circuit. By proper values of the 
impedance 77, the ratio and phase angle of the 
transformer ray 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 main Winding 14. 

Claim: - : 

1. The combination with an alternating 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 corrective circuit, for said transformer coin 
prising an impedance in shunt With the primary 
Winding of Said transforiner. 

2. 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 cir 
cuit and having primary and Secondary Windings, 
Said primary Winding having a main and a shunt 
circuit, the ratio of the innipedance in Said main 
and shunt circuit being variable to compensate 
foi variations in the transformation ratio of Said 
transformer for different current values. 

3. The combination. Witin an alternating cur 
cent circuit of a current transformer 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 
iings, of a corrective circuit for said transformer 
comprising an in pedance 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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6 
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 foWing 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 total 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 coefficient 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 

1,925,167 
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 y Said 
eaS 

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 
CeaSeS. 

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 
el' 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 
primary 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 
nary Winding. 

18. The combination with a current transform 
el, of means for correcting the phase angle of 
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 con 
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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 froi Said primary winding such that 
the current left in Said primary winding will 
groduce the phase angle desired in the Second 
alry Of the transformer. 

20. The combination. With a conductor for 
aitei'ilating currentS, of a current transformer 
having a pirimary winding in series with said 
Conductor, and means for correcting the trans 
formation ratio of Said transformer, Said cor 
recting giaeans coin prising a Shlint 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 
cC'recting neans on the total current in said 
conductor being practically negligible. 

21. The combination with a conductor for al 
ternating currents, of a current transformer haw 
ing itS primary Winding in Series With Said con 
ductor, and means for correcting for errors in 
phase angle and transformation latio in the Sec 
Ondary of Said transformer, Said means compris 
ing a shunt for diverting a portion of the cur 
rent of Said inain 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 phase 
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 con 
pensate for variations in the performance of said 
trainsformer 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 el 
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. AUSTN. 
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