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[57] - ABSTRACT

An inductive device comprising a magnetic core and
windings for producing two or three substantially or-
thogonal magnetic fields at all points within the core.
The device may be utilized as an inductor or trans-
former in a variety of applications.

51 Claims, 23 Drawing Figures
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INDUCTIVE DEVICE HAVING ORTHOGONAL
WINDINGS

BACKGRCUND OF THE INVENTION

The present invention relates to structures for creat-
ing a two or three-dimensional magnetic field within a
magnetic core.

It is a fact, easily proven experimentally, that a mate-
rial totally magnetically saturated in one direction is still
magnetically active in directions perpendicular to the
existing field. For example, a piece of iron in unidirec-
tional magnetic saturation is still attracted to a perma-
nent magnet. Alternatively, the force required to sepa-
rate two identical horseshoe magnets, one of which is
attached to the side of the other, does not change appre-
ciably if the keeper of the magnet with the free poles is
in or out of place. Actually, such magnets are in the
remanance, rather than the saturated state; however,
contemporary permanent magnets are within 20% of
saturation at remanance.

It is also a fact that magnetic saturation is a vector
and, as such, has three orthogonal components. There is
therefore an X, Y and Z saturation which is fully consis-
tent with the spin theory of magnetism, since spin itself
is a vector. Saturation is defined as total spin alignment
in one axis, which does not imply that alignment has
occurred in the other two axes if the saturation is in the
direction of one axis only.

It is an object of the present invention to provide an
improved inductive device having a two or three-di-
mensional magnetic field; that is, a magnetic field com-
prised of two or three orthogonal components.

"It is a further object of the present invention to pro-
vide applications for an inductive device having a two
or three-dimensional magnetic field.

SUMMARY OF THE INVENTION

These objects, as well as other objects which will
become apparent in the discussion that follows, are
achieved, according to the present invention, by pro-
viding a magnetic core formed of ferromagnetic mate-
rial and means for producing two or three substantiaily
orthogonal magnetic fields at all points within the core.

As will be pointed out hereinbelow, an inductive
device of this type has unique properties which are not
found in conventional devices having only a. single,
uni-axial magnetic field. Also, this structure is useful in
an endless variety of applications above and beyond the
application of providing several independent inductors
or transformers-on the same magnetic core.

Specific examples of, and results of experiments thh
inductive devices having two and three orthogonal
magnetic fields are set forth in the following Descrip-
tion of the Preferred Embodiments. The experimental
results are-truly astonishing and were not predicted
with the known spin theory of magnetism. From: this
theory one would assume that saturation of ferromag-
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netic material in one direction would: have little effect,

or possibly would increase the rate of fall-off of induc-
tance due to saturation in another, orthogonal direction.
To the contrary, the experimental results demonstrate
that the maintenance of a magnetic field in-one direction
reduces the rate of fall-off of inductance in a winding
producing a field in an ortliogonal direction. In fact, if
two orthogonal fields-are maintained in the material, the
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inductance -of a winding producing a field in a third
orthogonal direction is increased substantially.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the pot core of an
inductive device in accordance with the present inven-
tion, showing the directions of two orthogonal mag-
netic fields.

FIG. 2 is a cross-sectional view of the pot core of
FIG. 1, showing the coils used to create two orthogonal
magnetic fields.

FIG. 3 is another cross-sectional view of the pot core
of FIG. 1, showing the coils used to create two orthog-
onal magnetic fields. ‘

FIG. 4 is a perspective view of a C-core having the
shape of a hollow, square picture frame, showing the
directions of two orthogonal magnetic fields.

FIG. 5 is a cross-sectional view of the C-core of FIG.
4, showing the coils used to create two orthogonal
magnetic fields.

FIG. 6 is another cross-sectional view of the C-core
of FIG. 4, showing the coils used to create two orthog-
onal magnetic fields.

FIG. 7 is a perspective view of a C-core having the
shape of a hollow, triangular picture frame.

FIG. 8 is a circuit diagram showing connections to
coils of a pot core inductive device in accordance with
one embodiment of the present invention.

FIG. 9 is a graph of inductance as a function of cur-
rent in a pot core inductive device with coils connected
as shown in FIG. 8.

FIG. 10 is a circuit diagram showing connections to
coils of a pot core inductive device in accordance with
another embodiment of the present invention.

FIG. 11 is a graph of the ratio of output to input'(in
decibels) as a function of current in a pot core inductive
device with coils connected as shown in FIG. 10.

FIG. 12 is an elevational view of an inductive device,
in accordance with the present invention, having a mag-
netic core in the shape of a spheroid.

FIG. 13 is a perspective view of the core of an induc-
tive device in the shape of a cube.

FIG. 14 is a representational diagram of one form of
wiring in a spheroid core inductive device. '

FIG. 15 is a representational diagram of another form
of wiring in a spheroid core inductive device.

FIG. 16 is a perspective, exploded view of another
(inverse) type of spheroid core inductive device in ac-
cordance with the present invention.

FIG. 17 is a perspective, exploded view of another
cube-shaped core inductive device in accordance with
the present invention.

FIG. 18 is a circuit diagram showing connections to
the coils of a cube-shaped or spheroid core inductive
device in accordance with an embodiment of the pres-
ent invention.

FIG. 19 is a graph of inductance as a function of
cutrent in the coils of a cube-shaped core inductive
device with the coils connected as shown in FIG. 18.

FIG. 20 is a graph of inductance as a function of
current in the coils of a spheroid core inductive device
with the coils connected as shown in FIG. 18.

FIG. 21 is a circuit diagram for an orthogonal field
transformer in accordance with an embodiment of the
present invention.

FIG. 22 is a circuit diagram for an orthogonal field
inductive device, in accordance with another embodi-
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3
ment of the present invention, showing its use for deter-
mining the Fourier coefficients in a periodic signal. - -
FIG. 23 is a circuit diagram for an orthogonal field
inductive device, in accordance with still another em-
bodiment of the present invention, showing its use as a
variable delay.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the inductive device
according to the present invention will now be de-
scribed with reference to FIGS. 1-23 of the drawings.
In each of the device geometries, substantially all of the
core material is subject to either two or three orthogo-
nal magnetic fields. Some basic principles concerning
these devices will be described and a number of useful
applications suggested. However, it is not intended that
the present invention be limited to the specific applica-

tions disclosed. The present invention, which relates to.

structures for creating two and three-dimensional mag-
netic fields, is susceptible to a virtually limitless number
of practical applications, and it is intended to include all
such applications within its scope.

For the purposes of subsequent discussion, it is useful
to define two types of electrical windings: a “type A”
winding and a “type B” winding. A winding consists of
as many turns of insulated wire as are necessary or
desirable in the particular application involved.

A type A winding is defined as a winding which

encloses ferromagnetic material while it, itself, is only
partially enclosed by the material. Examples of type A
windings are the windings of a solenoid (bar magnet)
and windings placed on a toroid, or on a “C-core”. A
C-core may be viewed as a flattened toroid which is cut
50 as to permit one-half of the steel cross section to be
surrounded by a bobbin wound coil.
" A type B winding is defined as a winding which both
encloses magnetic material and is itself enclosed by the
material. As an example, a type B winding is found in a
pot core. Such a core contains a wound bobbin used to
excite the core material. A pot core may be viewed as a
cut toroid—i.e., an “O-shaped cross section”—rotated
through 360° about a line which is tangent to one edge.
This line forms the central axis of the pot core and, thus,
the bobbin within it. If the inner diameter of the bobbin
is to be increased, the rotation may be carried out away
from the axis of the bobbin so as to generate a void
parallel to the axis of rotation. The result is a pot core
with a central hole, which may be used to mount the
core or adjust its inductance.

A typical pot core is illustrated in FIG. 1. The core,
which may be made of ferrite, steel or some other ferro-
magnetic material, comprises an outer cylindrical pot
wall 30, a center post 32 and a pot cover 34. The center
post 32 may be provided at its center with a post hole 36
and the cover 34 with a cover hole 38. An annularspace
40 is formed between the pot wall 30 and the center post
32. In this space is arranged a bobbin (not shown) which
supports one or more coils of suitably dimensioned
electrical wire. It may be seen that, when the pot core
cover 34 is in place, the bobbon coil or coils form a type
B winding, because they are completely enclosed by the
core material. The magnetic field generated by this type
B winding passes upwardly through the center post as
indicated by the arrow 42, outwardly across the cover
as indicated by the arrows 44, downwardly in the pot
wall as indicated by the arrows 46, and inwardly on the
bottom as indicated by the arrows 48. The field may, of
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course, pass in the opposite direction depending upon
the direction’ of flow of the current through the wind-
ing.

Now, since the post hole 36 and cover hole 38 may be
considered to be the central hole of a toroid, it is possi-
ble to provide the pot core with an additional winding
which passes through the central hole in one direction
and back around the outside of the pot wall 30. Such a
winding will be a type A winding because it is not com-
pletely enclosed by the pot core material. This winding
will generate annular magnétic fields in the post and pot
wall, as indicated by the arrows 50 and 52, respectively,
and circular magnetic fields in the pot core cover and
bottom as indicated by the arrows 54 and 56, respec-
tively. If both the type A and type B windings are ex-
cited at the same time two mutually orthogonal mag-
netic fields will be present everywhere within the pot
core material.

FIGS. 2 and 3 are cross-sectional views of the pot

" core shown in FIG. 1 with the type B and type A wind-

ings in place. The type B winding 58 is a simple coil
which, as mentioned above, is normally wound on a
bobbin. The type A winding 60 extends through the
center of the pot core (where all the winding turns are
concentrated) and is wrapped around the outside with
the winding turns evenly distributed around the circum-
ference of the core.

FIG. 4 represents a core configuration in the form of
a “hollow picture frame” which may be either rectan-
gular or square in external shape (as shown). This mag-
netic core is made of four separate C-core sections 62,
64, 66 and 68 with their ends mitered together. Like the
pot core, each section has a cover 70:which is removed
to permit insertion of a type B winding.

The directions of the magnetic fields generated by a
type A wind type B winding are shown by the arrows
72 and 74, respectively. It will be seen that this hollow
picture frame core configuration is really a rectangular
version of a pot core having a large center hole.

FIGS. 5 and 6 are horizontal and vertical sections
through the core of FIG. 4 with the type B and type A
windings in place. The type B wmdmg 76 can be bobbin
loaded, after which the core pieces are assembled and
banded so that the “C” is held together and the frame
formed. The type A winding 78 is then toroidally
wound. Ideally, the device should have equal A and B
winding reluctances and equal A and B winding areas.

FIG. 7 illustrates a variation of the hollow picture
frame core. This core 80 is triangular in shape, rather
than rectangular (s'cjuare) as is the core shown in FIG. 4.
This tnangular core is, of course, constructed and
wound in the same manner.

From a consideration of FIGS. 1-7 it will be seen that
all of the cores of these orthogonal field inductive de-
vices are actually just variations of the same basic struc-
ture or geometry. In each case, the core is'formed of an
“0O”-shaped cross-section rotated through 360° about an
axis which is spaced from the outer edge of the cross
section. This rotation encloses a circuitous space within
the “O” for the type B winding and surrounds an open-
ing, which extends along the axis, for the type A wind-
ing. As used herein, the term “O”-shaped cross-section
is intended to'include box shaped:cross secitons or any

. other shape which has a center opening. Whereas in the

pot core configuration illustrated in FIGS. 1-3 the “O”-
shaped cross-section—i.e., the material cross-section 81
indicated in FIG. 3—is rotated in a circle to form cylin-
drical surfaces, in. the embodiments illustrated in FIGS.
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