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This invention relates to an inductance device
Or apparatus such as power transformers and its

object is to reduce the stray magnetic flux from
such apparatus.

Although the invention is ¢f general applica-f
tlon to stationary induction apparatus it will be
Hlustrated as applied to g power transiormer hav-

ing a shell-type core with the usual primary and
secondary windings surrounding a leg of the core.
As is well understood in the art there is 4 certain
amount of stray magnetic flux from such 8, core
which Is generally objectionable in that it may
be picked up by adjacent apparatus and gives
rise to disturbing potentials in a signaling cir-
cuit.

In accordance with this invention the stray
magnetic flux from such a device is substantiglly
reduced by the use of a closed circuit guxiliary
winding of one or more turns which surrounds
the core and the main winding and is coaxial
with the main winding and which is 80 arranged
as to have developed therein a current of the
broper magnitude, wave form and phase to set up
a field which opposes the external field of the
transformer. The preferred source of electro-
motive force for this auxiliary winding is ob-
tained by having a portion of this auxiliary wind-
ing enclosed only by that portion of the fiux path
In the core which is rich in harmonics of the

iundamental frequency of the stray field so that

the opbposing field set up by the auxiliary winding
will tend to neutralize not only the fundamental
frequency but the harmonics of the stray field.
In a shell-type core having its main winding con-
nected to a 60-cycle source of current to produce
a magnetic flux in the core, one portion of the
magnetic path in the core which will have a Aux
rich in harmoniecs is that portion of the core near
an outer corner thereof where the flux path is of
higher reluctance.

of the invention a portion of the auxiliary wind-
Ing is made to pass through an opening in the
CoTe near an outer corner thereof and in a direc—
tion perpendicular to the plane traversed by the
core flux so that the auxillary winding is enclosed
by the flux passing between said opening and the
adjacent outer corner of the core.
facture of such power transformers, the core is
usually made up of laminations held together by
clamping bolts. In practicing the present inven-
ticn one or more of these bolts may be placed at
the corners of the core structures and suitably
insulated from the core whereby these bolts may
constitute portions of the auxiliary winding above
described: Such bolts should be $o connected to-

In the preferred embodiment

In the manu-
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gether and so connected to the auxiliary winding
broper that the voltages developed in the holts
by reason of the flux traversing the core path be-
tween each bolt and the adjacent outer edge of

~ the core are additive and are also additive with

respect to the voltage developed in the turns of
the auxiliary winding by the stray field whereby
the field set up by the flow of current in the aux-
iliary winding will be in the proper directicn to
OPDPose and tend to neutralize the stray field.

The invention will be better understood by ref-
erence to the following detailed description taken
in connection with the accompanying drawings
In which: |

Fig. 1 is a perspective view of an unpotted shell-
type transformer in which the stray field is re-
duced by the auxiliary winding of this invention:

Fig. 2 is a schematic view of the transformer of
Fig. 1 in which the electromotive force developed
In the auxiliary winding 1s obtained from two of
the clamping core bolts: |

Fig. 3 is a top view of Flig. 1 : |

Fig. 4 is an enlarged plan view of a corner por-
tion of the laminated core of Flig. 1;
- Fig. 5 is a sectional view of the laminateq core
portion of Fig, 4 taken along the line 5—5 of
Pig, 4:

Fig, 6 is a modification of the transformer of
Fig. 1 in which only one core bolt is utilized as

30 part of the auxiliary winding:

35

Fig, 7 is similar to Fig. 6 except that four core
Polts are included as parts of the auxiliary wind-
ing;

Fig. 8 illustrates an alternative arrangament
utilizing a different portion of the core structure
for inducing current in the auxiliary winding,
and |
Fig. 9 illustrates the transformer of Fig, 1 en-

closed in a suitable case.
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Referring more particularly to Fig. 1, the trans-
former disclosed is of the shell-type comprising
& core 10 made up of a plurality of laminations
of suitable magnetic material. The main wind-
ing Il may comprise superimposed brimary and
secondary windings which are wound around the
middle leg of the core in the usyal manner. The
laminations of the core are held tegether by bolts
12, 13, 14 and 15 and cooperating nuts. Each of
the bolts 12 and 13, is suitably insulated from the
core as shown, for example, in Fig, 5 where the
bolt 13 is insulated from the core (8 by means of
the insulating sleeve 16 and the insulatineg wash-
ers I7T and 18. From Fig. 4 it will be apparent
that bolt 13, for a purpose which will be described

later, is located substantially closer to the outer
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carner 18 of the core than 1o the inner corner
a0 thereof. BRolt i2 ab another corner of the core
structure is insulated irom
manner and placed in the same relative positions
as bolt 18. 1In Fig. 1 the other clamping bolts 4
and !5 need not be insulated iromn the core.

The core |8 and the main windings i are sur-
rounded by 2 single layer multiturn auxiliary
windine 21 which is wound coaxially with the
main winding. As shown in Figs. 1 and 2, one
terminal 22 of auxiliary winding 21 ig electrically
connected to the front end of belt 12 while the
other terminal 23 of winding 21 ig clectrically
connected to the front end of hoit 2. 'The rear
ends of holts 42 and {3 are electrically connecied
wy g strap 24, The sirap 24 and the turns of
quxiliary winding 21§

ohle insulating material. Auxiliary winding 2!
with the bolts 2 and [& and sirad 24 therefore
constitute o closed circuiv in which an electro-
motive force will be induced by reason of the fact
that a poriion of the auzxiliary winding 1s en-
closed by that portion of the flux path in core i8
which vasses between bolt 12 and the adjacent
corner edze of the core and between Lolt 12 and
the adjacent corner edge cf {he core.

Referring more particularly to the schematic
view cf the transformer shown in Tig, 2, only the
primary or magnetizing winding 25 ig disclosed,
while the superimposed seconCary winding is
omitted to simplify the drawings. Assume for
the moment that the terminals 22 and 32 of pri-
mary winding £8 are connhected to a 69-cycle
power source and tnav for & given half cycle of
the current therefrom the fiuX path in core (9
is ingdicated by the dotted lines 24 to 37 traveling
in directions indicated by the arrows thereon.
While most of the flux @a will take the paths in-
dicated by lines 34 and 3¢, a pcortion of the fiux
&p will take the paths indicated By lines 83 and
27 Bolts §2 and i3 are within the path of the
flux &, which induces a voitage in them so that a
current will flow if they are connecied In & closed
circuit. As shown in Fig. 2, ine two bolts 2 and
13 ore clectrically connected in a closed circult
including auxiliary winding 21 and strap 22 In
cuch o manner that the voliages developed in the
iwo bolts are additive, the direction of current
Acw in the two bolts being indicated by the solid
line arrows o8 and 38 of Fig. 2 for
rection in the core indicated In the same figure
with due consideration of time-phasg relations.

The turns of winding 21 are wound around core

i in such & direction that the voltage induced
in winding 21 by reason of the stray fieid from
core £0ig sdditive to the voltages inducad in bolts
12 and (2. |

The magnetizing current supplied the trains-
former, Fig. 2, by primary winding 25 may be
largely distorted depending on the flux densily
ot which the core is operated. Thig distortion
arises mainly from the hysteresis in the mag-
netic circuit. Because oi this distortion the stray
field ic rich in harmonics of the fundamental
rrequency of the current supplied ©0 primary
winding £9. | |

1t ig well known that the maghetizing current
of o transformer increases rapidly with the In-
crease of flux density in the core and that the
harmonics increase at & oreater rate than
fundamental. Since the external or stray field
of the transformer is a function ol the magnetiz-
ing currens, it is esseniial that the current in

auxiliary winding 21 change in the sarme mannor

as the magnetizing current of ihe transformer.
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Due to the particular location of the core bolis
19 and 13 at the corners of the shell-type core (0,
the electromotive force developed thereby In aux-
iliary winding 2{ is also rich In harmonics of the
sundamental frequency of the current supplied
from the primary winding 29,

The following data show that the electromotive
force induced in core belts {2 and 13 is rich in
narmonics of the fundamental frequency. Let @
represent the core section Iying between the core
window and belt £3; b the core section lying be-
tween kolt {3 and the adjacent outer corner of
the core; and ¢ the core seciion at the point
marked ¢ in Fig. 2. The following values are
the component voltages induced in one turn on
open circuit enclosing sections ¢, b and ¢ respec-
to the fiux density in the cen-
ter leg of the transiormer:

e

Millivolts in one turn
Center leg flux density | aonri
lines per sq. in. SeCLIon 60 180 200
C.P.8. | C.P.S. | C.P. 5.
70000 e e eam - 465 51 - 14,5
63,000 e am e - a 425 44 9. 5
56,000 o emenm o | 385 34 5.5
70,000 . o J 78 38 7.0
63,000 oo b 650 25 4.0
56,000 - e m e [ _ 45 16 2.5
70,000 - m [ 533 21 10
63,000 - - - e e mem }» ¢ |4 485 | 20 7.4
56,000 e iemae 430 20 2.4

Regarding phase relations, if the core bolt
t3 is considered merely as a secondary winding
of the transformer, the voltage induced in core
bolt 13 would be 180 cegrees out-of-phase with
the voltage appilied to the magnetizing winding
o8 ond 90 degrees cut-of-phase with the external
geld. To cobtain from the guxiliary winding 21
5 feld which iz 180 degrees out-of-phase with
respect to the external feld of the transformer,

it is necessary to provice Sul icient reactance in
the closed circuit comprising winding 21.

The
electrical connection of cere holis (2 and i3 with
+he multiturn winding 21 provides this react-
snce. A core bolt, such as bolt 12, 1s not well
coupled with the primary winding 25 and can
he considered in series with & leakage reactance.
By drawing sufficient current from the core bolis
9 ond {8 this leakage reactance is effective in
producing the proper phase relation, together
with that reactance provided by the multiturn
winding 24. To obtain a large current only a
fow turns of heavy wire are used in the auxiliary
winding 21 so that it has a low resistance,

In one particular embodiment where guxiliary
winding 21 comprised eight turis of heavy COD-
per wire uniformly spaced over substantially the
entire core structure 18, 1t was found by measure-
ment that the current in winding 21 was approx-
imately @ amperes.

Tt has been found in utilizing one embodiment

of this invention that the stray field of a shell-
type transformer using no metallic casing for
ihe transformer will have its external field re-
duced by an amount of 10 to 14 decibels for the
fundamental frequency and wiih a decibel loss
almost as large for the harmonics when an aux-
iliary winding of the type illustrated in Fig, 1 1S
employed.

Iowever, this invention may also be advan-
tageously employed for reducing the external field
of transformers that are ordinarily enclosed in a
metallic case. For example, in Fig, 9 a shell-
type transformer of Fig. 1 is shown enclosed in &
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suitable casing 48 of magnetic material such as
steel or Mumetal. |

The following measurements indicate the ex-
tent to which the external field may he reduced
by the employment of the guxiliary winding of
this invention. As indicated, one set of measure-
ments was taken for a transformer of the type
disclosed in Fig. 1 without any auxiliary wind-
Ing but with an enclosing casing of steel. An-
other set of measurements gives the external field

for a transformer of the type in Fig. 1 including

an auxiliary winding 21 electrically connected in
circuit with two of the core bolts as indicated
in that figure and with the transformer enclosed
In the same steel case as for the first set of
measurements. For the third set of measure-
ments the conditions are the same as for the
second set except that the transformer case was
of Mumetal instead of steel. The voltage values
given in the following tables are millivolts pick-
up with a small search coil six inches from each
side of the transformer indicated-

- Table A—where the transformer has no auxiliary
winding and is enclosed in g steel case

- Frequency, Bottom | Broad | Narrow
C.P.S. side side side
60 . 15.0 7.7 0.7
180 11.0 5.4 4,6
300 - - o 2.8 1.5 1.2

Table B—where the transformer is enclosed in
the same steel case above-mentioned but the
transformer is provided with the auxiliary
winding of Fig. 1

Frequency, Bottom | Broad | Narrow
C.P. 8. side side side
60 .. el 1.7 1.1 1.5
180 . 1,7 1.4 1.8
300 . .8 .5 .6

Table C—uwhere the transformer is enclosed in a
Mumetal case and is provided with the auril-
wary winding of Fig. 1

e

Frequency, ‘Bottom .| Broad | Narrow
C.P.S. side side side
60 . 0.14 0. 05 0. 06
180 .13 01 .08
300 . 11 .03 .04

It is to be understood that the number of core
bolts electrically connected in the closed circuit
Inciuding the auxiliary winding depends upon the
field strength desired from the auxiliary winding,
In Fig. 1 two cf the core bolts 12 and i3 are
electrically connected as part of the auxiliary
winding 21 while in the modification illustrated
in Fig. 6 only one core bolt is included in circuit
with the auxiliary winding and in Fig. 7 four
of the core bolts are connected in ecircuit with
the auxiliary winding.

A detalled description of the embodiments ji-
lustrated in Figs. 6 and 7 is believed unnecessary
since these figures are identical with the embodi-
ment of Fig. 2 except for the number of core bolts
electrically connected in the closed circuit com-
prising the auxiliary winding. In Figz. 6 the lam-
inated core 41 is surrounded by multiturn aux-
iliary winding 42 which is wound coaXxially with
the main magnetizing winding 43 angd the two
terminals of auxiliary winding 42 are electrically

O
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connected to the opposite ends of core bolt 44
whereby bolt 44 serves the same function as core
bolt 13 to produce in auxiliary winding 42 a cur-
rent of the proper magnitude, phase and wave
form to reduce the external field of the trans-
former. In Fig. 7 the laminated core 45 is sur-
rounded by a multiturn auxiliary winding 48§
wound coaxially with the magnetizing winding 47

and the four core bolts 48, 49, 50 and 51 sre

electrically connected in a closed cireuit compris-
ing auxiliary winding 46 in such a manner that
the electromotive forces induced in the four core
bolts are additive and so connected to the aux-
tliary winding 46 that the current produced
thereby in said winding is of the proper magni-
tude, phase and wave form to produce a substan-
tial reduction in the stray field of the transformer.
Bolts 44, 48, 49, 50 and 51 are insulated from the
core in the same manner as described for bolt
13 of Fig. 1.

A further alternative form of the mvention is
disclesed in Fig. 8 where the core 56 is of the shell-
type having a magnetizing winding 57 wound
around the center leg of the core. A multi-turn
single layer auxiliary winding 58 surrounds core
96 and is wound coaxlally with the magnetizing
winding 51. The core of IFig. 8 differs from the
cores of the earlier figures in that the clamping
bolts 69 and 60 for the core laminations also
hold In place against the core structure a strip
61 of magnetic material. One portion 62 of strip
El is located directly above c¢ne of the windows
In the core structure while another portion §3
of strip 61 is located directly above the other
window in the core structure: both portions 62
and 63 being spaced laterally from the core struc-
ture. The central portion 64 of strip §f is in
contact with the main core directly above the
center leg of the transformer core. The fux
traversing sections 62 and 63 of strip 61 will be
rich in harmonies of the fundamental frequency
of the stray field for the same reasons as the
flux traversing section b of the core of Fig. 2, As
shown in Fig, 8, the auxiliary winding 58 includes

Cneé or more turns wound around strip portion

€2 and one or more turns wound around  strip
portion 63. Assuming the direction of the flux in
core 96 is the same as that indicated by the dotted
lines in Fig. 2, the direction the turns 65 are
wound around strip 62 and the direction the turns
66 are wound around strip 63 and the direction
the main portion of winding 58 is wound around
core 96 are such that the electromotive force
Induced in turns 65 is additive with respect to
the voltage induced in turns §8 and the sum of
these two voltages is additive to the voltage de-
veloped in the main portion of winding 58 due to
the external field of the transformer. The ar-
rangement of Fig. 8 will, therefore, produce a sub-
stantial reduction in the external field of the
transformer in the same manner and to the same
extent as is secured by the earlier described em-
bodiments of the invention.

It is also to be understood that this invention
Inay possess still other embodiments commen-
surate with the scope of the appended claims.

What is claimed is: --

1. An inductance device comprising a magnetic
core, a maln winding wound only on one portion
Of said core and adapted to be traversed by al-
ternating current of a definite frequency, said
core having such a configuration that a second
portion of said core external to saig winding is
traversed by a flux rich in harmonics of the fun-
damental frequency of said current, and means
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for reducing the stray field from said core, said
means comprising a. closed circuit of negligible re-
sistance comprising an auxiliary winding sur-
rounding said core and said main winding and co-
axial with said main winding, a portion of said
squxiliary winding being enclosed only by said
second core portion, said auxiliary winding por-
tion and the remainder of said auxiliary winding
being so connected that the current flow in sald

guxiliary winding produced by the flux travers-
ing said second core portion produces a magnetic

field opposed to the stray field of sald device.

9 An inductance device comprising a magneuic
core, 8 main winding wound on only one portion
of said core and adapted to be traversed by alter-
nating current of a definite frequency, said core
having such a configuration that a second por-
tion of said core external to said main winding
is traversed by flux in which harmonics are pres-
ent with respect to the fundamental frequency
in ratios of substantially the same order of mag-
nitude as in the stray field of said device, and
means for reducing the stray field from sald
core, said means comprising a closed circuit of
negligible resistance comprising an auxiliary
winding surrounding said core and said main
winding and coaxial with said maln winding, a
portion of said auxiiiary winding being enclosed
only by said second core portion, said auxiliary
winding portion and the remainder of sald auxil-
iary winding being so connected that the current
flow in said auxiliary winding produced by the
- flux traversing said second core portion produces
a magnetic field which 1s substantially 180 degrees
out-of-phase with respect to the stray field.

3  An inductance device comprising a substan-
tially rectangular-shaped core of magnetic ma-
terial defining two closed magnetic paths hav-
ing 8 common path through a central portion of
said core, a main winding on said central portion,
and means for reducing the stray field from sald
device, said means comprising a closed circult
multiturn auxiliary winding embracing said core
and with the main portion of said auxiliary wind-
ing wound coaxially with said main winding, said
auxiliary winding having a portion threading
through said core near an cuter corner thereof in
o direction substantially perpendicuiar to the
plane of the flux through said core.

4. An inductance device comprising a sudstan-
tially rectangular-shaped core of magnetic ma-
terial defining two closed magnetic paths having
5 common path through a central portion of sald
core, a main winding on said central portion, and

mesns for reducing the stray field from said de- -

vice, said means comprising a closed circuit multi-
turn auxiliary winding embracing said core and
with the main portion of said auxiliary winding
wound coaxially with said main winding, said
guxiliary winding having a portion threading
through said core near an outer corner thereo:
in o direction substantially perpendicular to the
plane of the flux through said core, the direc-
tion the turns of said auxiliary winding are
wound on said core being such that the electro-
motive force developed in the portion of sald auxX-
iliary winding threaded through the core produces
o current in said auxiliary winding which sets
up a magnetic field opposing the stray field of
said device. |

5. An inductance device comprising a substan-
tially rectangular-shaped core oi laminations of
magnetic material defining two closed magnetic
paths having & common path through & central
portion of said core, & main winding on said cen-
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tral portion, clamping bolts for holding said Jami-
nations together, at least one of said bolfs being
insulated from said laminations and passing
through said laminations near an outer corner
of said core, an auxiliary winding embracing said
core and with the main portion of said auxiliary
windine wound coaxially with said main winding,
and a closed electrical circuit including said aux-
liary winding and said one bolb connected in

series. |
6. An inductance device comprising a substan-

tially rectangular-shaped core, a main winding
onn one limb of said core, a closed electrical cir-
cuit of negligible resistance comprising an auX-
iliary winding wound externally around said core
and woundé coaxially with said main winding, a
nortion of said auxiliary winding passing through
o, portion of said core external to said main wind-
ing and in a direction perpendicular to the plane
of the fAlux traversing said core, said auxiliary
winding portion being located closely adjacent
an. external corner of said core such that the dis~
tance between said external corner and sald auX-
iliary winding portion IS considerably less than
the distance between said auxiliary winding por-
tion and the adjacent inner corner of said core.

7. An inductance device comprising a substan-
tially rectangular-shaped core oi laminations of
magnetic material, clamping bolls for holding
said laminations together, a main winding on one
limb of said core, an auxiliary winding emprac-
ing the entire core structure and wound coaxial-
ly with said main winding, one of said bolts pass-
ing through a portion of said core external to
said main winding and being closely adjacent an
external corner of said core such that the dis-
tance between said external corner and said bolt
is considerably less than the distance between
said bolt and the adjacent inner corner of sald
core, said one boli being insulated from said
laminations, and a closed circuit including sald
auxiliary winding and said one bolt connected in
series.

8 An inductance device comprising a substan-
tially rectangular-shaped core of laminations of
magnetic material defining two closed magnetic
paths having a common path through a central
portion of said core, 2 main winding on sald cen-
tral portion, clamping bolts passing through said
1aminations for holding said laminations together,
said bolts being electrically insulated from sald
laminations, one of said bolts being locatea close-
iy adjacent one external corner of said core such
that the distance between said one external cor-
ner and said one bolt is considerably less than the
distance between said one bolt and the adjacent
inher corner of said core, a second of said bolts
neing located closely adjacent a second exiernal
corner of said core such that the distance between

gaid second externa] corner angd said second bolt

is considerably less than the distance between said
second bolt and the adjacent inner corner of
said core, a single layer multiturn gquxiliary wind-
ing surrounding the entire core structure and
wound coaxially with said main winding, the axial
length of said auxiliary winding being at least
equal to the axial length of said main winding,
and 2 closed circuit of negligible resistance com-
prising said first bolt, said second bolt and said
quxiliary winding connected in series, said first
bolt and said second bolt being so connected to
said auxiliary winding that the electromotive
forces induced in said bolts are additive to pro-

duce a current, flow through said auxiliary wind--

ing in the same direction as the current devel-



2,406,045

9

oped In said auxiliary winding due to the stray
field of said device, |

- 9. An inductance device comprising g mag-
netic cere, a main winding wound on one section
of said core and adapted to be traversed by alter-

nating current of a definite frequency, said core

external to said winding having a portion of in-
creased cross-sectional area as compared with
adjacent sections of said core, said core portion
having an aperture dividing the flux traversing
sald core portion into two paths, one path hav-
ing a higher reluctance than the other path
whereby said one path is traversed by flux rich
in harmonics of the fundamenta] frequency of

10

158
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sald current, and means for reducing the stray
field from said core, said means comprising a
closed circuit of negligible resistance comprising

an auxiliary winding surrounding said core and

sald main winding and coaxial with said main
winding, a portion of said auxiliary winding
threading through said aperture and enclosed
only by said one flux path, said auxiliary wind-
ing portion and the remainder of said auxiliary
winding being so connected that the current flow
in saild auxiliary winding caused by the flux trav-
ersing said one fiux path produces a magnetic
field opposed to the stray field of szaid device.
BRUCE E. STEVENS.
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