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This invention relates to transformers and
more particularly to compensating arrangements
therefor whereby any desired ratio of trans-
formation may be obtained. - :

In the ideal transformer, the ratio of trans-
formation of primary to secondary veltage would

- be equal to the ratio of primary to secondary
turns, and the ratio of primary to secondary cur-
rent would be equal to the inverse ratio of the
number of turns. However, due to the exciting
current drawn by the transformer occasioned by
the internal drop snd losses, the true ratio of
transformation does not equal the turn ratio.

“Ratio errors can be reduced for given conditions
by using a turn ratio slightly different from the
marked ratio, that-is, in the case of a potential
transformer the number of secondary winding
turns may be slightly increased. or in the case of
a current transformer the number of secondary
turns may be. slightly decreased. The trans-
former is then said to be compensated for that
particular condition. The particular compensa-
tion for a given transformer depends “largely
upon the characteristics such as frequency, pow-
er factor, burden impedance, and primary voliage
or current. It is not always possible to secure
the exact compensation desired by this method,
for example, in the case of current transformers
having a relatively few turns in the secondary
windings; one turn may amount to something like
one per cent of the total number of turns, and
frequently. in order to secure the exact compen-
sation desired a fraction of a single turn is re-
quired. Such fractional turn compensation may
be obtained hy providing a secondary winding
having one turn linking only a fractional part
of the core structure.
calculate with a high degree of accuracy the
exact division to be made in the core for the
accommcdation of the effective fractional turn
because of certain variable factors entering into
the manufacture, assembly and use of & particu-
lar transformer. In addition, the effective part
turn compensation of such arrangements will not

be constant, but will change with different values’

It is extremely difficult to .
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tion of the core structure 0.
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of secondary current due to the changes in per- .

" meability of the magnetic circuit on either side

of the turn that encloses only part of the mag- -

netic circuit. Furthermore, a-transformer - pro-
vided with fractional turn compensation deter-

mined solely by the cross-sectional area of the.

core divisions has the disadvantage that once
the transformer is assembled the ratio cannot
be readjusted for further correction.

Tt is therefore an object of this invention to

50

provide a new and improved transformer in
which any desired ratio of transformation may
be obtained in a simple and effective manner. It
is & further object of the invention to provide &
partial turn compensated transformer in which
the partial turn ratio may be adjusted without
altering the core structure and the effect of the
partial turn will remain constant over the nor-
mal current range.

For a consideration of what I believe to be
novel and my invention, attention is directed to
the following description and the claims append-
ed thereto taken in connection with the accom-
panying drawing. o

In the drawing Fig. 1 is a diagrammatic view
of a current transformer constructed in ac-
cordance with the invention; apd Figs. 2, 3, 4,
and 5 sre diagrammatic' views illustrating addi-
tional ‘modifications of the invention.

1n the arrangement shown in Fig. 1, the trans-
former includes s rectangular laminated core 10
having a primary winding 1l and a secondary
winding §2. 'The core 18 is provided with an
opening 13 at right angles to the laminations so
that two short core sections 14 and 1§ forming
iwo parailel paths are formed in the core past
the opening. Thus, a unitary magnetic core is
provided with a portion defining two parallel
paths for the magnetic core flux, or the core has
two sections arranged to conduct the magnetic
core flux in parallel paths. The opening is pref-
erably located near a corner of the rectangular
core and near one end of the secondary winding
12. The end turn 16 of the secondary winding 12
is threaded through this opening and consti-
tutes a fractional turn, since it links but a por-
The winding
12 with the end turn 16, therefore, includes a por-
tion surrounding the entire core and a second
portion surrounding only one of the sections or
parallel flux paths. .

In the arrangement thus far described it will
be obvious that if the secondary winding coil is
open circuited and a source of current is con-
nected across the primary winding 11, a primary
flux will thread the core structure with the total
flux dividing and passing the opening {3 there-
in in substantially direct proportion to the cross-

‘section of the core portions {4 and 15. Since only

the flux passing through the core portion i85
links with the secondary end turn 16, the turn
16 is in effect only a fractional turn as regards
the remaining turns of the secondary winding.
If the opening 13 were placed -in the exact cen-
ter of the core, then it is obvious that exactly
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one half of the total primary flux would thread
through the end turn 16 and it in effect would
constitute an exact one-half turn. This rela-
tionship, however, does not apply with a current
flowing through the secondary coil, as when the
secondary burden 1is’ connected. With a sec-
ondary current flowing a localized magnetic flux
will circulate in the core structure around the

opening 13, since the laminations comprise closed -

loops around the secondary conductor passing
therethrough. This local circulating flux will
-tend to unbalance the primary flux distribution
passing through the core portions 14 and 1B.
Depending upon the direction of the secondary

winding turns, the unbalance of primary flux.

in the core portions I4 and (6 will cause either
a greater or a iesser effectiveness of the fraction-
al turn 186. C

In order to maintain the desired balance of
- the primary flux passing through the core por-
tions on opposite sides of the transverse opening
18, with secondary current flowing, I provide an
auxiliary winding around the core comprising
loops 17 and {8 connected in a series opposing
relationship so that the voltages induced in the
two loops by the primary flux will be in opposi-
" tion. Thus, the loops or coils extend around each
of the core sections and are connected in series
opposition as regards to their voltages produced
by the core flux so as to maintain a predeter-
mined ratio between the core flux in each of
the parallel paths or core sections. Also, assum-
ing a total flux below a predetermined value
the two parallel flux paths are substantially non-
saturating. The auxiliary winding as shown in
Fig. 1 comprises a figure eight coil having a sin-
gle turn around each of the core portions {14 and
15, though it will be understood that the num-
ber of turns around each portion may be varled
In accordance with the degree of compensation
desired. If the number of turns in these two
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Indicated in Fig. 2, the coil 19 comprises one turn
whereas the coil 20 comprises two.turns where-
by one-third of the primary flux will be caused
to pass through the core portion 15 and two-
thirds through the core portion (4. The par-
tial turn 16 is thus made an effective one-third
turn instead of an effective one-half turn as in
the case of Fig. 1. ‘

This manner of effecting partial turn com-
pensation is particularly advantageous in that it
may be varied after the transformer has been
otherwise completely assembled. In usage the .
characteristics of the transformer may -be al-
tered whereby it may become necessary to read-
Just the compensation thereof.
rangement, the compensation may be readjusted
without completely disthantling the transformer
which would, in itself, further disturb the elec-
trical characteristics thereof.

In actual practice it is desirable that the space
factor of the transformer be maintained as high
as possible and for this reason it may be un-
desirable that the turns of the auxiliary winding
linking the inner core portion 4 be arranged
immediately adjacent the winding leg for the
main secondary winding 12. In the event that
this portion of the auxiliary winding requires a
plurality of turns, then the secondary winding
would have to be spaced a corresponding distance
from the leg in which the auxiliary winding is
provided. In PFig. 3 is shown a modification of
the invention in which the various portions of
the auxiliary winding may be longitudinally
displaced in order that the auxiliary winding
around the inner core portion may be arranged

~ beyond the physical limits of the secondary coil.
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- coils of the auxiliary winding are equal, the mag-

netic flux will divide equally through the two core
portions, since any difference in flux distribution
will produce a higher voltage in one of the aux-
iliary winding coils than in the other. This in
turn would produce a current flow in the aux-
illary=winding tending to reduce the greater flux
and jrictease the smaller in the two core portions.
ExactHalf turn compensation is thus provided
regardless of the exact location of the opening
13, as regards the width of ‘the core, so long as
neither core portion on the opposite sides of
the opening is allowed to become saturated. This
is a distinct advantage in that the exaét loca-
tion of the -opening 18 through the core struc-
ture for theé"bartial secondary turn 18 need not
be calculatéd-with extreme care, since the fux
linkages ‘with"the partial turn {8 are accurately
controlled by the auxiliary winding (7—i8 inde-
pendently of the relative cross-sectional areas
of the two core portions (4 and 6. )

If either more or less compensation is desired
than would be provided by the one-half turn,
the ratio of the number of turns in the two coils
of the auxiliary winding may be varied until the
desiréd compensation s effected. Thus, for ex-
afhiple, if it is found that the auxiliary winding
ha&ding one turn in each coll, as shown in Fig, 1,
does not provide enough compensation, that is,
less than a one-half effective turn is required,
the number of flux linkages with the partial sec-
ondary turn 6 can be diminished by increasing
the number of turns in the coll of the auxiliary
winding surrounding the core portion {9,
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-foregoing modification,

-loop 28 connected
- ship arranged around the core portion 29 to the

Two centrally located openings 2f and 22 are
provided transversely through the core struc-
ture 10 and in longitudinal alignment with each
other. The opening 21 is adjacent the secondary
winding 12 and opening 22 is preferably located -
beyond the outer limit of the secondary winding.
Two auxillary windings are provided in this in.
stance which cooperate in such a manner as to
produce a result similar to that of the single
winding as described in ‘connection with the
The first auxiliary
winding comprises a loop 23 surrounding the
core portion 24 to the right of the obening 21,
and an opposing series connected loop 25 sur-
rounding the core portion 23 between the open-
ings 21 and 22. The second auxiliary winding
comprises one loop 27 surrounding the core por-
tion 26 between the openings 21 and 22 adjacent
the loop 25 of the first winding and a second
in a series opposing relation-

left of the lower opening 22. The effect of the
first winding 23—25 is to cause the same amount
of primary flux to flow through the core por-
tion 24 ang the core portion 26, and similarly,
the effect of the second auxiliary winding 27—28
is to cause the same amount of primary flux to
flow through the core portion 29 as flows through
the portion 26. 'With the first and second wind-
ings having single turns in each coil, as shown -
in the drawing, they cooperate to force one-third
of the total primary flux through the core por-
tion 24 to the right of the opening 21 and two-

thirds of the total flux through the core to the =

left of the opening 21.

The flux passing through
the core portion to the

left of the opening 21 is

divided equally so that one-half of it passes
through the core portion 26 and one-half
through the core portion 29. Thus one-third of

With this ar- -
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‘the total primary flux passes to the left of the
lower opening 22 while two-thirds of the total
flux passes to the right of the lower opening 22.
By the arrangement indicated then, one third
of the total primary flux will link with the par-
tial turn I8 of the secondary winding., 1t is
obvious that by varying the number of turng

of the. coil 23 of the first winding and coil 2¢ of -

the second winding, any desired flux linkage
with the partial turn. 6 may be obtained. It is
obvious of course that the number of turns of
-each auxiliary winding coil surrounding the in-
termediate core portion 28 between the two
openings 21 and 22 should be the same. As in
the preceding modification, care should be taken
in selecting the size of the ¢ore and in locating
the openings 2f and 22 so that no part of the
core will become saturated.-

Referring now to Fig. 4, an additional modi-
fication of the .invention is disclosed in which
the augxiliary compensating winding for the
transformer comprises individual short circuited
turns. As in the first modification & single
opening 32 is provided transversely through the
laminations of the core structure {8 through
which opening is threaded the end turn (6 of
the transformer secondary winding (2. The
core portion 33 to the right of the opening 32 is
surrounded by a short citcuited coil 3§ while
the core portion 35 to the left of the opening
32 is surrounded by a short circuited coil 36.
By selecting the proper resistance for the coils
34 and 36, the effective reluctance of the core
sections 33 and 35 may be varied to secure any
desired distribution of the primary fiux through
this leg of the core and hence, through the par-
tial secondary turn 6. For example, assume
first that the ccil 86 possesses zero resistance
while coil 34 possesses infinite resistance. Un-
der this condition any primary flux attempting
to pass through the core pertion 3% will induce
a current in the coil 36 which in turn will pro-
duce a secondary flux in. opposition to the pri-
meary flux so as to substantially neutralize the
primary flux passing therethrough. The coil 34

having infinite resistance will' have negligible
current induced therein and consequently, a-

negligible secondary flux will be created thereby.
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It is obvious, therefore, that the effective re- -

luctance of the core portion 33 will be relatively
low whereas the effective reluctance of the core
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potrtion 35 will be relatively high so that sub- -

stantielly the entire primary flux will pass
through the portion 33 and consequently, link
with the secondary turn 6. Under this condi-
tion, the secondary turn i6 will constitute an
effective full .turn of the secondary winding.
Conversely, assume that the coil 3§ has zero
resistance and coil 26 infinite resistance. Then
substantially all of the prim’r flux will flow
through the core portion 35 the left of the
opening 32 and hence, none of the primary flux
will link with the secondary winding turn {86.
With no primary flux linking the secondary turn
16, it will have zerg effectiveness insofar as ef-
fecting any compensation in the transformation
ratio of the transformer. It is obvious, there-
fore, that by selectively proportioning the re-
sistances of the two coils 34 and 38, any desired
amount of primary flux may be directed through
the secondary winding turn (6 to effect any de-
sired compensation in the transformation ratio.
As in the preceding modifications, the location
of the opening 32 as regards the width of the
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mind that the core sections on the opposite sides
thereof should not be allowed to saturate during
the operation of the transformer. :

The resistances of the short circuited coils are.

preferably of a magnitude somewhat greater
than the total resistance of the secondary cir-
cuit divided by the number of secondary turns.
The values would normally range from 0.001 ohm
to 0.1 ohm. There are two conditions which con-
trol these resistances; the first is to keep the
values high enough so that the exciting current
of the main core is not appreciably affected by
the losses in the short circuited coils. The sec-
ond factor is to have the resistances low enough
so that substantially all of the ampere turns sup-
plied by the secondary turn through the opening
will be used in the short circuited coil in order
that the magnetomotive force from this source
glll have very little effect on the main primary
ux.

In the modifications of Figs. 1 to 4 inclusive,
transformers are disclosed having magnetic struc-
tures built up of conventional punched lamina-
tions. It is obvious, however, that the compen-
sating arrangements shown are equally appli-
cable for use with transformers having magnetic
structures of the wound ribbon type. In the
modification illustrated in Fig. 5, the transformer
comprises a wound ribbon magnetic core 4} pro-
vided with a primary winding 42 and a secondary
winding 43. The core structure is so wound as
to provide an opening 44 between adjacent layers
in the midportion of the core structure. For

‘effecting partial turn compensation for the trans-

former, the end turn 45 is threaded through the
opening 44 substantially as indicated. For se-
lectively controlling the amount of flux linking
with the end turn 45 of the secondary winding,

"any one of the compensating arrangements de-
scribed above may be applied. As indicated in

the drawing, a figure eight coil such as shown in
Fig. 1 is provided comprising loops 4€ and 47
connected together in a series opposing relation-
ship. In a manner substantially as described
apove in connection with the modification shown

in Fig. 1 the flgure eight coil will contro! the -

primary flux linkages with the end turn 45 of the
secondary winding irrespective of the actual
amount of the magnetic material which it sur-
rounds. Again it should be kept in mind, how-
ever, that the core structure should be so divided
that neither portion will operate under a con-
dition of saturation. By selectively varying the

- number of turns of the coils 46 and 47, any
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core need only be roughly calculated, keeping in 75

amount of compensation may be obtained to vary
the transfermation ratio as desired.

Having described the principle of operation
of . my invention together with the apparatus
which I now consider to represent the best em-
bodiment thereof, I desire to have it understood
that the apparatus shown is merely illustrative
and that the invention may be carried out by
other mieans.

What I claim as new and desire to secure by

Letters Patent of the United States is:

* 1. An electric transformer including s unitary
magnetic core, a portion of said magnetic core
defining two parallel paths for the magnetic core
fiux, a winding on said core having one portion
surrounding said core and a second portion sur-
rounding only one of said parallel paths, an aux-
iliary winding arranged around said core portion
having one coil surrounding each of said two
parallel paths, said coils being connected in se-
ries opposition as regards their voltages produced
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by the core fiux, and the number of turns of each

of said auxiliary winding coils belng such &s io
produce a predetermined distribution of mag-
netic flux between saldtwo parallel paths.

2. A transformer including a laminated mag-
netic core, & portion of sald core being provided
with an opening therethrough extending {rans-
versely to the laminations to divide said core
portion into two sections, a secondary winding
having & portion surrounding the entire core and
one portion surrounding only one of said sec-
tions, and an suxiliary winding including coils
surrounding each of said sections and extending
through said opening, said suxillary winding

‘ serving to maintain a predetermined balance in
the flux density in said two sections,

3. A transformer including & magnetic core
having two sections arranged to conduct the
magnetic core flux in parallel paths, 2 secondary
winding surrounding said core and having .one

- turn linking only one of said sections, and an
auxiliary winding having colls extending around
each of said core sections and connected together
in a series opposing relationship so as to main-
tain a predetermined proportion of the total core
flux in said core section linked by said one sec-
cndary turn.

4. A transformer including a magnetic- core
having two non-saturating sections arranged to
conduct the magnetic core flux in parallel paths;
a secondary winding having a portion linked by
the total core flux and a second portion linked
only by the core flux in one of said paths, and
an auxiliary: winding having portions provided
on each of said core sections, said auxiliary wind-
ing portions being so arranged as to effect a dis-
tribution of the core flux between sald parallel
paths in a’ predetermined ratio irrespective of
the relative cross-sectional areas of said paths.

5. A transformer including a magnetic core
having two sections arranged to. conduct: the
magnetic core flux in parallel paths, a secondary
winding having a portion linked by the total flux
and a portion linked by the flux in only one of
said paths, and an auxiliary winding surround-
ing each of said parallel paths so as to maintain

a predetermined ratio of distribution of the mag- ..
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8. A transformer including & unitary magnetic
core, an opening in said coré providing two non-
saturating parallel paths in a portion of said
core for the magnetic core fiux, and auxiliary
windings extending through said opening and
eround said core sections for maintaining sub-
stantially constant the flux distribution through
said paths throughout the normal current range

of said transformer.

9, A transformer comprising a core having an -
opening formed therein, a winding on said core,
said winding havimg a plurality of turns com-
pletely surrounding said core, at least one .turn
of said winding passing through said opening in
said core and means extending through said
opening and around the core portions on the
opposite sides thereof for maintaining substan-
tially constant the ratio of the flux linkages with
said turn passing through said opening relatlv
to the tofal core flux. :

10. A transformer combprising a core having an
cpening formed therein, a primary and & second-
ary winding on said core, said secondary wind-
ing having a portion thereof completely sur-
rounding said core and another portion passing
through said opening in said core, and means for
maintaining a predetermined ratio between the

- .primary core flux linking with said winding por-
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netic flux in said parallel paths throughout the

normal current range of said transformer.

6. A transformer including a magnetic core
having two sections arranged to conduct the
magnetic core flux in parallel paths, a secondary

. winding having a portion linked by the total core
flux and a second portion linked only by the flux
~ in one of said paths, and a short circuited wind-
ing arrangement surrounding each of said core
sections so as to maintain a predtermined ratio
between the core flux in each of said parallel
paths. : ' ‘ .

7. A transformer including a magnetic core
having an opening extending therethrough pro-
'viding two non-saturating parallel paths for the
magnetic core flux, an auxiliary winding having
a coil surrounding each of the magnetic core
sections on opposite sides of sald opening, said
coils being connected together in a series oppos-
ing relationship.
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tion passing through said opening and the total
primary core flux. .

11. A transformer including a magnetic core,
s portion of said core being provided with a .
pair of spaced apart openings extending trans-
versely through said core, a first auxiliary wind--
ing having one coil surrounding the core section
deflned by the first of said openings and one side
of said core and a second coil connected in a
series ‘opposing relationship to said first coil
arranged around the core section deflned by said
two openings, a second auxiliary winding having
a first coil arranged around the core section
defined by said second opening and the oppo-
site side of said core and a second coil connected
in a series opposing relationship with said first -
coil of said second winding and surrounding said
core section defined by said two openings.

12. A transformer including a magnetic core,

- g portion of said core being provided with an

opening extending through said core to divide
said core into two parallel flux paths, a second-
ary winding having ‘a portion surrounding the
entire core and one portion surrounding only
one of said paths, and separate short circuited
coils provided around said two parallel flux
paths, the resistance of said coils being such as to.
effect a predetermined ratio of the flux dis-
tribution through said parallel flux paths.

13. A current transformer including a mag-
netic core having two sections arranged to con-
duct the core flux in parallel paths and a short
circuited winding surrounding each of said sec-~
tions, the resistance of said windings be!ng such :
as to effect a predetermined ratio of the flux
distribution through said parallel flux paths.

FRANKLIN R. D’ENTREMONT.




