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ELECTROMAGNETIC CONVERTOR WITH
STATIONARY VARIABLE-RELUCTANCE
MEMBERS

BACKGROUND OF THE INVENTION

This invention relates to an energy conversion system
having a magnet with spaced-apart poles of opposite
polarity, the magnet being permanently magnetized to
create an external field having lines of permanent mag-
netic force extending between the poles of the magnet
and there being an electrical conductor positioned in
the permanent magnetic field. As is well known, if there
is relative movement between the magnetic field and
the conductor, such that the conductor is cut by the
magnetic lines of force, an ‘electrical voltage will be
induced in the conductor. If the ends of the conductor
are connected to an electrical load, an output current
will flow through the conductor and load.

More specifically, the present invention relates to the
manner in which the permanent magnetic field is shifted
by the application of electrical power to the system and
has for its principal object the provision of a new and
novel manner by which dc energy is used to cause a
shifting of the permanent magnetic field so as to induce
an output voltage and current.

For a given system of such type, the output power
will be a function of the number of times that there is a
relative movement of the magnetic field and output
conductor per unit time. The greater the number of
cycles of relative movement per unit time, the greater
will be the power output, up to the limit determined by
the time constant of the system, i.e., the time required
for the voltage to be induced in response to a sudden
cutting of a conductor by a relatively moving magnetic
field. '

It is a further object of the invention to provde an
energy conversion system capable of operating effi-
ciently at high frequencies. ‘

SUMMARY OF THE INVENTION

The primary object of the _present invention is
achieved by positioning a core member in the magnetic
field of a permanent magnet, the core member being
positioned in fixed relation to the magnet and by vary-
ing the magnetic reluctance of the core member at a
controlled rate. The changes in magnetic reluctance of
the core member will cause distortions in the permanent
magnetic field so that the pattern of the lines of force
will shift back and forth relative to the magnet. An
electrical conductor is also positioned in fixed relation
to the magnet and positioned in the field at a location
therein so that the warpage and shifting of the perma-
nent magnetic lines of force will cut across the conduc-
tor and induce a voltage therein as the reluctance of the
core is varied.

More specifically, it has been realized that unmagne-
tized core members of barium- or strontium- and ferric-
oxide material having a stable lamellar pattern of resid-
ual induced magnetic distribution and a path of least
magnetic reluctance across the shortest, or face-to-face,
direction, can be energized by a coil having windings
across its faces so that the path of least reluctance ex-
tends in an edge-to-edge direction, the direction of least
reluctance reverting to the stable direction when de-
energized by the coil. It has been further realized that
such variable reluctance property can be used to pro-

2
duce shifting of the pattern of a permanent magnetic
field.
The utilization of barium- or strontium- and ferric-
oxide material is also advantageous in that such material

5 has excellent high-frequency characteristics, permitting
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operating frequencies at the optimum frequency deter-
mined by the time constant of the system.

Other objects and advantages will be set forth in the
course of the following detailed description. :

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, forming a part of this application,
and in which like parts are designated by like reference
numerals throughout the same,

FIG. 1illustrates a magnetic core of a material having
a lamellar distribution of magnetism;

FIG. 2is a diagram of the stable magnetic distribution
of the core of FIG. 1;

FIG. 3 is a diagrammatic representation of the effect
of the core of FIGS. 1 and 2 when placed in a uniform
magpnetic field;

FIG. 4 illustrates the core of FIG. 1 with an excita-
tion coil wound therearound;

FIG. 5 is a diagrammatic representation of the mag-
netic field of the core of FIG. 4 when the excitation coil
is electrically energized;

FIG. 6 is a diagrammatic representation of the effect
of the core of FIGS. 4 and 5 on a unjform magnetic
field;

FIG. 7 is a perspective view of a magnetic generator
constructed in accordance with the invention and with
the excitation and output circuits being shown schemat-
ically;

FIG. 8 is a simplified illustration of the embodiment
of FIG. 7;

FIGS. 9-13 are diagrammatic representations of the
magnetic field of the permanent magnet of FIG. 8 for
different energizations of the excitation coils;

FIG. 14 is a simplified illustration of the embodiment
of FIG. 7, illustrating a modification of the output coil;

FIG. 15 is a simplified illustration of the magnetic
generator of FIG: 7 with a keeper ring encircling the
ends of the variable-reluctance members;

FIGS. 16-18 are diagrammatic representations of the
magnetic field of the permanent magnet of FIG. 15 for
different energizations of the excitation coils;

FIG. 19 illustrates, in simplified form, a further modi-
fication of the invention, similar to FIG. 15, but with a
U-shaped keeper ring;

FIGS. 20-22 are diagrammatic representations of the
pattern of the permanent magnetic field for different
energizations of the excitation coils;

FIG. 23 illustrates, in simplified form, a further modi-
fication of the invention, with separate keeper members;

FIGS. 24-26 are diagrammatic representations of the
pattern of the permanent magnetic field for different
energizations of the excitation coils.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The ordinary stable distribution of magnetism along a
bar is solenoidal, i.e., the molecules of the magnet are
oriented so that the lines of magnetic force extend the
length of the magnet with the lines of force passing
through the surface of the magnet primarily at the poles
located at the ends of the bar.

Magnetic materials are available, however, wherein
the stable distribution of induced magnetism is lamellar,
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with the molecules having a stable orientation in a di-
rection such that the lines of force extend through the
shortest direction of the magnet, i.e., from face to face,
so that opposed faces have opposite magnetic polarities.

The present invention utilizes the magnetic properties
of materials having a lamellar distribution of magne-
tism.

As for example, permanent magnetic ceramic mate-
rial comprised of barium-oxide and iron-oxide, or stron-
tium-oxide and iron oxide may be used to make magnets
having a lamellar magnetic distribution. For example,
iron-oxide and barium-carbonate are blended, pelletized
and calcined in a rotary gas furnace to form barium-iron
oxide crystals by chemical reaction at high tempera-
tures. The pellets are then pulverized and ball milled to
permanent magnet particles approximately 0.00004 inch
in diameter. After dewatering, the particles are pressed
in slurry form, at very high pressure in the direction of
the thickness of the desired shape and in a powerful
magnetic field which causes the particles to magneti-
cally orient themselves in the pressed direction. The
pressed magnet is then dried and sintered at tempera-
tures about 2000° F. for several days. The material may
then be permanently magnetized, with a field of at least
10,000 oersteds or 20,000 ampere/turns per inch being
required for saturation. The induced magnetism will
have a stable lamellar distribution through the shortest
polar direction, from face to face of the magnet.

Permanent magnetic material with a grain orientation
as just described is commercially available, in magne-
tized or unmagnetized form, as for example, from Cru-
cible Magnetics Division of Colt Industries, Elizabeth-
town, Kentucky.

The magnetic behavior of such material is illustrated
in FIGS. 1-6, wherein a magnetic core 10, having a
thickness 7, width w, and length / is shown, the core 10
having been formed in a manner as described above. As
shown in FIG. 2, the individual particles of which the
core 10 is composed set up a field effect in the direction
of the shortest polar direction of the core, i.e., between
the opposed faces 11 and parallel to the side edges 12 of
the core, as indicated by the arrows on FIG. 2.

FIG. 3 illustrates the effect if an unmagnetized core
10 is placed in a uniform magnetic field 13 created as by
opposed polarity poles 15 and 16 of permanent magnets,
the lines of force of field 13 being represented by lines
17. The magnetic reluctance of core 10 is less than that
of air and the lines of force will pass through the core in
the direction of stable magnetic orientation of the core
imposed therein during manufacture.

If a coil 18 is placed around the core so that the axis
of the coil is parallel to the faces 11 of the core and
switch 19 is closed so that the coil is electrically ener-
gized from battery 20, as in FIG. 4, the current in the
coil will set up a magnetic field which will induce mag-
netic lines of force in the core which extend generally
parallel to the faces 11 so that opposed side edges 12 of
the core become the magnetic poles, FIG. 5.

FIG. 6 illustrates the effect of the core 10 if it is posi-
tioned in magnetic field 13 as in FIG. 3 and the coil 15
is electrically energized. Again, a number of the lines of
force 14 will extend through the core but primarily now
in the lesser reluctance direction therethrough of the
lines of force set up by coil 15.

If the coil 15 is now de-energized, by opening switch
16, the residual field pattern of the magnetism induced
in the core by coil 15 will not remain in an edge-to-edge
pattern, but will seek and revert to its normal stable
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orientation across the shortest polar direction of the
core, i.e., as in FIG. 2, so that the magnetic lines 14 of
field 13 again extend through the core, from face to face
thereof as illustrated in FIG. 3.

Thus, the core 10 with its stable lamellar magnetic
distribution comprises a variable-reluctance member in
which the magnetic reluctanee from face to face differs
from the magnetic reluctance from edge to edge and, as
compared thereto, is relatively high or low depending
on whether the coil 15 is electrically energized or de-
energized, respectively.

As is seen in FIGS. 3 and 5, the pattern of the lines of
force 17 of the magnetic field 13 will shift back and
forth as coil 18 is energized and de-energized. If an
electrical conductor 21 is disposed in the field, as shown
in FIGS. 3 and 6, in fixed relation to the poles 15 and 16
and core 10 and extending perpendicularly to the plane
of these figures, and positioned to be cut by some of the
lines of force 17 as the field pattern shifts, a voltage will
be induced therein by the lines of force each time the
coil is energized or de-energized.

The principle described abave is utilized in one form
of the present invention, as illustrated in FIG. 7. In this
instance, a permanent magnet 25 is formed of a plurality
of individual core pieces 26 each having a lamellar
distribution of magnetism and stacked face to face with
adjacent faces being of opposite polarity so that a com-
posite bar magnet is formed having poles of opposite
polarity at the ends 27 and 28 of the bar. The bar magnet
is permanently magnetized and, if the core material is
barium- and ferric-oxide, a residual permanent magne-
tism in the order of 2950 gauss (lines per square inch)
may be induced therein. Merely by way of illustration,
the magnet 25 may be made of core pieces 26 each being
one inch thick, two inches wide and eight inches long,
so that the magnet after magnetization will have a resid-
ual magnetism in the order of 63,000 gauss. Core pieces
of barium- or strontium- and ferric-oxide are preferably
used in the formation of the permanent magnet 25 be-
cause of the low hysteresis losses at very high frequen-
cies, for the reasons set forth more fully below.

Variable-reluctance members 29, 30, 31 and 32 are
disposed at the ends of the bar magnet 25. Each of these
members may be made of two core pieces, e.g., 29a and
295, each having a lamellar distribution of magnetism,
placed face to face against each other. The side edges 33
of the core pieces are formed at an angle to the faces 34
of the core pieces so that the side edges 33 will be flush
against the sides of the bar magnet, with no air gap
therebetween, with the faces 34 of the core pieces being
inclined at an angle to the longitudinal axis of the bar
magnet. The side edges 35 of the core pieces opposite
from the side edges 33 will thus be disposed away and
outwardly from the bar magnet 25. The core pieces of
these variable-reluctance members are unmagnetized.
Although the members 29-32 are illustrated as made up
of two core pieces, a single piece, or more than two may
be used. Preferably the cross-sectional area of the cores,
in a plane normal to faces 34 is the same as the cross-sec-
tional area of the bar magnet 25.

Coil 39 is disposed around variable-reluctance mem-
ber 29, with the axis of the coil being parallel to the
planes of the faces 34 of member 29, the coil having a
suitable number of turns to produce the desired amount
of magnetic induction of the member 29 when supplied
with electrical current. Coils 40, 41 and 42 are similarly
associated with variable-reluctance members 30, 31 and
32, respectively.






