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11 Claims.

This invention relates to variable inductors,

and particularly concerns variable inductors of
the signal transformer type in which two wind-
ings are relatively rotatable to vary the inductive
coupling therebetween for modifying the output
according to the relative rotation of the wind-
ings.

The usual purpose of variable inductors of this
type is to produce an output signal from a sec-
ondary winding that depends upon the signal ap-
pHed to the primary winding and is modified ac-
cording to the relative angular positions of the
two windings. Heretofore, relative rotation of
the two windings varied the output in more or
less sinusoidal fashion.

While a sine function is desirable in some ap-
plications of variable inductors, it is frequently
preferable to obtain an output signal that is a
linear function of the angular displacement.
That is, for a-constant input signal, the output
is substantially proportional to the relative dis-
placements of the primary and secondary wind-
ings.

In some cases, linear functions have been ap-
proximated by conventional variable inductors
wherein only the linear portion of the sine func-
tion is used. - At best, this provides only a rough
approximation of a linear function and is limited
to a range of displacement of less than 30 elec-
trical degrees about zero output. Such limita-
tion on the range of operation of the inductor
limits its efficiency and usefulness as an instru-
ment.

An important object of the invention is to
provide an improved variable inductor in which
the output is a linear function of the relative
displacement of the two windings of the inductor.

Another important object of the invention is
to provide an improved variable inductor in
which the flux linkage of the secondary winding
is substantially proportional to the relative an-
gular displacement of the primary and secondary
windings.

A further ob’ect of the invention is to provide
an improved variable inductor having a linear
characteristic relating input and output signals
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In the drawings,

Fig. 1 is a side elevation of a variable inductor
embodying the invention in one form, shown with
a portion of the casing removed and some parts
in section for purposes of clarity;

Fig. 2 is a vertical section of the variable in-
ductor taken on the line 2—2 of Fig. 1;

. Fig, 3 is a schematic winding diagram showing
the arrangement of the coils forming the primary
winding;

Fig. 4 is a schematic winding diagram showing
the arrangement of the coils forming the second-
ary winding;

Tig. 5 is a side elevation of a variable inductor
embodying a modified form of the invention,
shown with s portion of the casing removed and
some parts in section;

Pig. 6 is a vertical section of the variable in-

" ductor taken on the line 6—6 of Fig. 5;
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- Pig. 7 is a vertical section of the primary wind-
ing with the secondary core member removed;
Fig. 8 is an elevation view of the secondary

. core member;
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and which is of simple economical construction

and arranged for efficient operation.

Other objects of the invention, particularly
with regard to arrangement of parts for con-
venience, and other special advantages will be-
come apparent in connection with the following
description and accompanying drawings illus-
trated and embodied in the subject of the inven-
tion.

b5

Fig. 9 is a schematic winding dlagram showing
the arrangement of the coils forming the primary
winding of the modified form of the invention;

PFig. 10 is a schematic winding diagram showing
the arrangement of the secondary winding of the
modified form of the invention;

Pig. 11 is a side elevation of a further modined
form of the invention, shown with a portion. of
the casing removed and some parts in section;

PFig. 12 shows the relation of the field pattern
to the windings of the variable inductor shown
in Figs. 1 and 2, and the flux linkage with respect
to the secondary or pick-up winding for various
relative positions of the two windings; and -

Fig. 13 shows the relation of the fleld pattern
to the windings of the variable inductor shown
in Figs. 5 and 6, and the flux linkage with respect
to the secondary or pick-up winding for various
relative positions of the two windings,

In accordance with the invention, a pair of fer-
romagnetic members are supported for relative
rotation and are separated by an air gap. A pri-
mary winding is arranged on one of these mem-
bers to produce, when properly excited, a mag-
netic field in the air gap between the two mem-
bers. This winding is preferably so arranged as
to produce two opposite poles along the air gap
by either reversing connections or direction of
winding of the two coils forming the primary
winding.

A secondary winding is arranged on the other
member adjacent the air gap so the two windings
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are induétively coupled by the magnetic fleld in-

the air gap. Dependent upon the flux distribu-
tion of the magnetic field in the air gap, as de-
termined by the arrangement of the primary
winding, the characteristics of the secondary
winding are selected so that the flux linkage
thereof varies proportionately to the angular dis-
placement of the two windings upon their rela-
tive rotation.

By arranging the primary winding to produce
‘uniformly distributed flux in the gap and pro-
viding a full pitch secondary winding, the flux
linkage of the secondary winding is substantially
proportional to the relative displacement of the
two windings over 'a range of 60 electrical degrees
or more in either direction from a neutral or zero
position between the two poles. .

An even greater range may be obtained by pro-
ducing an unevenly distributed flux in the air gap
so the flux density varies at a uniform rate over
each pole face., This may be accomplished by
starting with a number of turns at one end of one
pole face and progressively increasing the num-
ber of turns toward the other end or by providing
a variable air gap and uniform windings there-
around. Thus, the flux density in the gap is sub-
stantially proportional to the distance along the
pole face. Preferably, two of these windings are
arranged so opposite pole faces extend in dif-
ferent directions along the.gap both with their
flux densities increasing according to the dis-
placement from the neutral point between the
two poles. By arranging a fractional pitch, e. g.
one-quarter pole pitch, lumped secondary winding
adjacent the air gap, the flux linkage of the sec-
andary winding varies linearly over a range of 150
electrical degrees or more on either side of the
neutral point providing a total operation range
of greater than 300 electrical degrees.

Referring now to Fig. 1, there is shown g vari-
able inductor having a two-part casing i1, the
parts of which may be secured as by bolts 12, 12
and having a flanged base portion I3 for mount-
ing the inductor on a suitable support. The cas-
ing 11 is formed with a groove 14 (Fig. 2) ex-
tending circumferentially around its inner wall
to carry a pile of ring shaped. ferromagnetic lam-

- inations insulated from the casing I by a suit-
able lining 16 and formed with slots 17, 1T adapt-
ed to receive coils 18 and 19 connected together
as at 21 to form a primary winding, the leads
from which may be connected to suitable ter-~
minals 22 and 23 mounted in but insulated from
the casing i1.

A shaft 24 is rotatably supported as by bush-
ings 25 and 26 in the casing 1I. A number of
ferromagnetic lamination discs 28 arranged to
form a core are supported on a sleeve 29 held on
the shaft 24 by bolt 31 and nut 32. The core
laminations 28 are so arranged that when sup-
ported on the shaft 24 they are separated from
the shell laminations 15 by a small air gap 33
extending entirely around the core.

The core laminations 28 are also formed with
suitable slots 34, 34 adapted to receive coils 35
and 36 having their ends connected as at 37 to
form a secondary winding with leads 38 and 39
extending through shaft 24 to slip rings 4! and
42, respectively. Brushes 43 and 44 may be
mounted on the casing {1 to contact slip rings
41 and 42, thereby providing output terminals
from the secondary winding.

As shown most clearly in Pig, 3, the coils of
the primary winding are lumped windings and
extend along approximately one-half of the air
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gap. The coils as shown in the drawings are
oppositely connected so they provide two pole
faces of opposite polarity extending along the
air gap. Since each of these coils surrounds a
portion of the shell formed by the ferromagnetic
laminations 1§ around the air gap, the flux den-
sity in the air gap along the two pole faces is
substantially uniform.

In Fig. 12, coils 18 and 19 of the stator wind-
ing are shown diagrammatically as developed in
a straight line along the air gap with the slots 17
in laminations 15 also developed in a straight line.
Directly below these windings is a curve repre-
senting the air gap flux (¢) produced by the
windings 18 and 19 at any selected instant. As
may be seen in Fig. 12, the air gap flux (¢) is
substantially uniform at points 101 and 102 along
the pole faces surrounded by coils 18 and 9.
Variations in the uniform flux occur only at
points 103 and 104 between the poles. Thus, for
a given excitation of the terminals 22 and 23,
coil 18 produces a uniform flux of a selected po-
larity along substantially one-half of the air gap,
whereas coil 19 produces a similar uniformly dis-
tributed magnetic field of opposite polarity along
the other half of the air gap. Since coils 18 and
19 are electrically. connected in series-aiding and
have equal turns, the two fields are of equal mag-
nitudes.

With this arrangement of the primary wind-
ings for producing a uniformly distributed flux in
the air gap and a full pole pitch lumped second-
ary winding adjacent the air gap, the flux linkage
of the secondary winding varies proportionately
to the relative angular displacement of the two
windings.

Referring again to Fig. 12, the secondary wind-
ings 35 and 36 as well as rotor laminations 28
are shown as being developed along a straight
air gap of the same length as the stator lamina- -
tions I5.

Since the two windings are supported for rela-
tive movement, as by turning the shaft 24, the
flux linkage of the secondary coil may be ad-
justed by turning the shaft. In the positions of
the windings shown in Figs. 1 and 12, the sec-
ondary coil 36 is linked equally with the flux pro-
duced by the primary coil 18 and that produced

by the primary coil 9. Since the flux produced

by these two primary coils is of opposite polarity,
the resultant effective linkage (y) is zero, as in-
dicated at 107 on the flux linkage curve corre-
sponding to the position of the center line of
the coil. However, for displacement in either
direction, the flux linkage with flux from one
of the coils is reduced, whereas that from the
other is increased.

For example, the coil 36 may be moved to a
position designated 36’ (Fig. 12) where it en- -
velops more flux from coil 19 and less from coil
18; the resultant flux linkage (y), has an indi-
cated negative value as represented by point 108
on the flux linkage curve. When the coil 36 is
in position designated 36’/, it envelops substan~
tially all of the flux produced by coil 19, so the
flux linkage (¢) reaches a maximum as repre-
sented by point 109 on the flux linkage curve. If
the coil 36 is moved in the opposite direction, the
resultant flux linkage increases in a positive di-
rection toward s maximum point where the coil
36 envelops all of the flux produced by primary
coi] 18,

Since the flux density in the air gap is uniform,
this increase and decrease in flux linkage of the
secondary coil 36 is proportional to the angular
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displacement of the shaft 24, It will be apparent
from an examination of Fig. 12 that the direc-
tion of the change in flux linkage will reverse
after the shaft 24 has been turned through an
angle of 90 degrees in either direction. 1t is not
practical to produce perfectly uniform flux in
the air gap, so the change in the flux linkage
may deviate from a linear function for angular
displacement of the shaft 24 exceeding 70 or 80
degrees. As shown in Fig. 12, the peaks of the
flux linkage curve are rounded due to the vari-
ations 103 and 104 in the flux.

The foregoing discussion in connection with
coil 36 applies equally to the secondary coil 35 and
since the two coils are connected, as shown in
Fig. 4, by a jumper 37 to add the voltages induced
in the two coils, the resultant output signal of
leads 38 and 39 is a voltage proportional to the
angular displacement of the shaft 24. Since the
voltage is proportional to the rate of change of
flux, it will be apparent that the variable induc-
tor described changes the voltage induced in the
secondary winding as a linear function of the
relative angular displacement of the two wind-
ings. In this manner, the electromotive force
induced in the coils 35 and 36 of the secondary
winding is substantially proportional to the an-
gular displacement of shaft 24 and the wvoltage
output from the variable jinductor that appears
at brushes 43 and 44 is a linear function of the
angular displacement of the shait 24,

As stated above, the linear response charac-
teristic of the variable inductor shown in Fig. 1
drops off for angular displacements between the
two windings exceeding 70 or 80 electrical de-
grees. Therefore, the effective range in which the
output is a linear function of angular displace-
ment is limited to a maximum of approximately
150 degrees.

1If it is desired to obtain an output signal over
a greater range of angular displacement, a vari-
able inductor, such as that shown in Fig. 5, may
be used. This modified variable inductor also
includes a two-part casing 5i held together by
suitable bolts 52, 52 and formed interiorly with
a circumferential groove 83 for supporting shell
laminatiohs 54 insulated from the casing 51 by
fiber lining 55.

A shaft 56 is journaled in the casing 51 as by

bushings 60 and 16. The shaft 56 has a bushing -

51 mounted thereon as by bolt 58 and nut 59
for carrying core laminations 61 spaced from the
shell laminations 54 by an air gap 62.
In this form of the invention, primary coils 63
and 64 are wound in suitable slots 65, 65 formed
in the shell laminations 54 to produce two oppo-
site poles, each extending approximately one-half
way around the air gap. However, the coils 63
and 64 are so arranged that the flux (¢) in the air
gap varies uniformly along the air gap as shown
in Fig. 13. This is accomplished by progressively
increasing the number of turns wound in each slot
§5 along the respective pole faces, as-shown most

clearly in Fig. 9. This type of winding is some-

times referred to as a stairstep winding.

It may be seen in Fig. 9 that coil 63 beginning
at lead 66 is wound for a certain number of turns
as represented at 67 in the first and second slots
along the pole face and an equivalent number of

turns as represented at 68 is wound in the first

and third slots. In this manner, the number of
turns effective along the pole face is gradually
reduced until an equivalent number of turns as
represented at 69 is wound in the first and last
slots along the pole face.
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It will be apparer\xt from an examination of Fig.
9 that the flux density in the air gap adjacent the
1ast slot is produced solely by the turns 69, where-
as that in the first slot is a maximum, since it is
the sum of the flux produced by all of the turns.

The coil 64 is similarly arranged starting from
lead 11 and gradually reducing the number of
effective turns producing flux in the air gap.
with this arrangement, each of the coils 63 and
64 produces a magnetic field in the air gap 62.
The flux density in the air gap is unevenly dis-
tributed and varies at a uniform rate along the
gap adjacent each of the coils due to the pro-
gressively increasing number of turns wound in
each slot.

Thus, starting from the lower center portion of
the shell laminations 54, as seen in Fig. 5, the
effective flux (¢) in the air gap at a point equally
spaced between the two coils 63 and 64 is zero as
represented by point 111 in Fig. 13. Since the
number of turns in each slot progressively in-
creases in both directions from this neutral point,
the flux density in the air gap increases at a uni-
form rate to positive maximum {12 in one direc-
tion and a negative maximum 113 in the other
direction. : :

Leads 66 and 76 from the coil 63 are connected
to terminals 17 and 18, whereas leads 11 and 19
from the coil 64 are connected to terminals 81 and
82, respectively. With this arrangement, the
coils may be excited in any desired fashion, but
are preferably arranged so the magnetic fields
produced in the air gap 62 are of opposite polarity
adjacent to pole faces provided by the two coils.

The core laminations 61 are provided with suit-
able slots 83, 83 adapted to receive a secondary
winding 848. The slots 83, 83 are so arranged that
the secondary winding 84 is only a fractional por-
tion of a pole pitch. This is preferably approxi-
mately one-quarter or one-third of the pole pitch,
as shown most clearly in Figs. 10 and 13. Output
leads 85 and 86 on the secondary winding 84 are
connected through the shaft 56 to slip rings 87
and 88 which engage brushes 89 and 81, providing
outputs from the variable inductor.

In the position of the secondary winding 84, as
shown in Figs. 5 and 13, a minimum flux produced
by the windings 63 and 64 links the secondary
winding 84. Since the fluxes from the windings
63 and 64 are of opposite polarity, the effective
fiux linkage of the secondary winding 84 is zero
as represented at point 115 on the flux linkage
curve of Fig. 13. Upon a change in the relative
angular positions of the primary and secondary
windings in either direction, the flux linkage of
the secondary winding 84 will increase, the polar-
ity of the increase being dependent upon the
direction of rotation. As the angular displace-
ment continues to increase, the flux linkage of the
secondary winding 84 continues to increase at a
uniform rate, because the flux density in the air
gap 62 increases at a uniform rate in either
direction.

As illustrated in Fig. 13 for the position of
coil 88 as represented by 84’, the flux linkage
(¢) has a value corresponding to point 16 on the
flux linkage curve. Similarly for positions 84’
and 84°'7, the flux linkage () corresponds to the
pcints 17 and (8. For corresponding positions
in the opposite direction, the flux linkage again
varies uniformly, but with opposite sign. Since
the induced voltage is proportional to the rate
of change of the flux linkage, the uniform varia-
tion of the flux linkage of the secondary winding
84 induces a uniform electromotive force thefe-
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in, providing an output potential at brushes 89

and 81 which is substantially proportional to the -

relative angular positions of the primary and
secondary windings corresponding in turn to
the angular displacement of shaft 58.

The flux density in the air gap increases at a
uniform rate until the end of the respective pole
faces is reached, so the linear output of the varia-
ble inductor is faithful over a range exceeding
150 degrees in either direction. It will be appar-
ent, therefore, that this latter embodiment of
the invention provides a variable inductor having
a linear characteristic that is effective over a total
range exceeding 300 degrees.

Fig. 11 shows a modified form of variable induc-

“tor embodying the invention in which the mag-
netic reluctance of the air gap is varied to provide
a uniformly varying flux which in turn pro-
duces a change in the flux linkage of the second-~
ary winding which is substantially proportional
to the relative angular displacement of the pri-
mary and secondary windings. A ferromagnetic
shell formed of circular laminations 92 Is ar-
ranged to receive a rotor formed of circular lami-
nations 93 mounted eccentrically on shaft 94 that
is supported concentrically within casing 95 sur-
rounding the shell laminations 92. Since the
rotor Jaminations 93 are eccentric on the shaft 94
that coincides with the center of the circular
laminations 82, the rotor laminations 93 are ec-
centric with respect to shell laminations 92, there-
by producing a variable width air gap 96 between
-the two ferromagnetic members,

Primary coils 97 and 98 are wound on the
rotor laminations 93, each extending substantial-
ly half way around the rotor and arranged ad-
Jacent the air gap. A secondary or pickup coil
99 is wound on stator laminations 92 in the form
of a fractional pitch lumped winding with respect
to primary windings 97 and 98.

Since the width of the air gap 96 varies around
the circumference of the core laminations 93,
the reluctance of the magnetic circuit from one
of the primary coils through the air gap, the
stator laminations, back through the air gap to
the other coil, varies around the circumference
of the core. This has the effect of producing g
variable flux density in the air gap, the maximum
flux density occurring at the narrowest point of
the air gap and the minimum flux density at the
widest point thereof. With this arrangement it
will be apparent that the flux pattern in the air
gap will correspond to the flux diagram of Fig.
13, in which the zero point 111 corresponds to
the widest portion in the air-gap and point 11{’
corresponds to the narrowest point in the gap.
The wide and narrow portions are arranged in-
termediate the two primary windings 97 and 98,
so the flux in the air gap increases around the
circumference of the rotor in each direction from
the zero points. The increase is gradual in both
directions from the wider portion of the air gap
but more rapid adjacent the narrower portion
thereof, ]

In the position shown in Fig. 11, the pickup
winding 89 envelops equal portions of the flux
produced by the coils 97 and 98, so the resultant
flux linkage in the pickup winding 99 is zero. As

the. shaft 94 is turned, the eccentric rotor lami~-

nations 93 and primary windings 97 and 98 are
turned relative to the secondary winding 99. This
turning movement also moves the wide point of
the air gap with respect to the secondary wind-
ing 99, so the resultant flux linkage gradually
increases in proportion to the relative angular
displacement of the primary and secondary wind-
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ings until a maximum position is resched at a -

point adjacent the narrowest portion of the air
gap. ) :

As previously described in connection with the
other forms of the invention, the voltage induced
in-the secondary winding is proportional to the
rate of change of the flux linkage of the sece
ondary winding, therefore the voltage induced in
secondary winding 98 is proportional to relative
angular displacement of the primary and sec-

ondary windings as determined by the position of.

shaft 94,

In the variable inductors shown in Figs. 5 and

11, the flux distribution varles around the air
gap in a more or less linear fashion. Since the
pickup coll is a lumped fractional pitch wind-
ing, the voltage induced therein depends upon
the relative flux linkage at the particular posi-
tion of the secondary winding with respect to the
flux in the air gap. In both cases, the electro-
motive force induced in the secondary winding
is substantially proportional to the angular dis-
placement of the shaft supporting the rotor over
& range exceeding 150 degrees in either direction
from the zero point.

In both embodiments of the invention the pri-
mary and secondary windings are so related that

-the flux linkage of the secondary winding is sub-

stantially a linear function of the relative angu-

‘lar displacement of the two windings. It is con-

templated that this important feature of the
invention may be\accomplished by other specific
arrangements of variable inductors without de-
parting from the intended scope of the inven-
tion, as defined by the appended claims.

What is claimed is:

1. A variable inductor comprising two relatively
rotatable ferromagnetic members spaced from
each other to form a gap, a primary winding on
one of said members adapted to be connected to
a source of electromotive force for producing a
magnetic field in said gap and arranged in a man-
ner such that the flux density in said gap varies
substantially directly proportionately to the dis-
tance from a predetermined reference point, and
a concentrated secondary winding on the other of
said members arranged adjacent said gap, said
secondary winding having a pitch which is a frac-
tion of the pitch of said primary winding, and
means for relatively moving said windings with
respect to each other, whereby the flux linkage
of said secondary winding varies linearly upon
relative rotation of said members.

2. A variable inductor comprising two relatively
rotatable ferromagnetic members spaced from
each other to form a gap, a pair of coils on one
of said members connected together to form a
primary winding adapted to be connected to a
source of electromotive force for producing a pair
of opposite magnetic poles adjacent said gap and
arranged in such a manner such that the flux
density in said gap varies substantially directly
broportionately to the distance from g predeter-
mined reference point between said poles, and a
concentrated secondary winding on the other of

- said members arranged adjacent said gap, said

70
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secondary winding having a pitch which is a frac-
tion of the pitch of said primary winding, and
means for relatively moving said windings with
respect to each other, whereby the flux linkage
of said secondary winding varies linearly upon
relative rotation of said members.

3. A variable inductor comprising a ferromag-
netic shell member, a ferromagnetic core member
within said shell member, said members being
supported for relative rotation and spaced from
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each other to form a gap, a primary winding on
one of said members adapted to be connected to
a source of electromotive force for producing a
magnetic fleld in said gap and arranged on one
said member in & manner such that the fiux den-
sity in said gap varies substantially directly pro-
portionately to the distance from & predetermined
reference point, and a concentrated secondary
winding on the other of sald members arranged
adjacent said gap, said secondary winding having
a pitch which is a fraction of the pitch of said
primary winding, and means for relatively mov-
ing said windings with respect to each other,
whereby the flux linkage of said secondary wind-
ing varies linearly upon relative rotation of said
members. ’ :

4. A variable inductor comprising a ferromag-
netic shell. member, a ferromagnetic core member

within said shell member, said members being.

supported for relative rotation and spaced from
each other to form a gap, & pair of ‘coils on one
of said members connected together to form a
primary winding adapted to be connected to a
source of electromotive force for producing a pair
of opposite magnetic poles adjacent said gap and
arranged on said one member in a manner such
that the flux density in said gap varies substan-
tially directly proportionately to the distance
from a predetermined reference point between
said poles, and a concentrated secondary winding
on the other of said members arranged adjacent
said gap, said secondary winding having a pitch
which is a fraction of the pitch of said primary
winding, and means for relatively moving said
windings with respect to each other, whereby the
flux linkage of said secondary winding varies
linearly upon relative rotation of said members.

5. A variable inductor comprising a ferromag-
netic shell member, a ferromagnetic core mems-
per, said members being supported for relative
rotation and spaced from each other to form a
gap, a pair of coils wound on said shell member
along separate portions of said gap and connected
together to form a primary winding adapted to
be connected to a source of electromotive force for
producing & pair of opposite magnetic poles adja~-
cent said gap and arranged in a manner such that
the flux density in said gap varies substantially
directly proportionately to the distance from a
predetermined reference point between said poles,
and a concentrated secondary winding upon said
core member arranged adjacent said gap, said
secondary winding having a pitch which is a frac-
tion of the pitch of said primary winding, and
means for relatively moving said windings with
respect to each other, whereby the flux linkage
of said secondary winding varies linearly upon
relative rotation of said members.

6. A variable inductor comprising two relatively
rotatable ferromagnetic members spaced from
each other to form a gap, a primary winding in
the form of a conductor wound with 2 minimum
number of turns at a predetermined reference
point and a progressively greater number of turns
at successive equally spaced points extending in
one direction along said gap adapted to be con-
nected to a source of electromotive force for pro-
ducing a non-uniform magnetic field in said gap
wherein the flux density increases linearly from
said reference point, and a concentrated sec-
ondary winding on the other c¢f said members
arranged adjacent said gap, said secondary wind-
ing having a pitch which is a fraction of the pitch
of said primary winding, and means for relatively
moving said windings with respect to each other
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whereby the flux linkage of said secondary wind- -
ing varies linearly upon relative rotation of said
membpers.

7. A variable inductor comprising two relatively
rotatable ferromagnetic members spaced from
each.other to form a gap, a conductor wound on
one of said members with a minimum number of
turns adjacent a reference point and a pregres-
sively greater number of turns at successive
equally spaced points extending in one direction,
a second conductor wound on said member with
a minimum number of turns adjacent said refer-
ence point and a progressively greater number of
turns at successive equally spaced points extend-
ing in the opposite direction, said conductors being
connected together and having their terminals
adapted to be connected to a source of electro-
motive force to produce a non-uniform magnetic
field in said gap wherein the flux density increases
linearly in either direction from said reference
point, and a secondary winding on the other of
said members whereby the flux linkage of said
secondary winding varies linearly upon relative
rotation of said members.

. 8. A variable inductor comprising a ferromag-
netic shell member and a ferromagnetic core
member within said shell member, said members
being supported for relative rotation and spaced
from each other to form a gap, a conductor wound
on said shell member adjacent said gap with a
minimum number of turns adjacent a predeter-
mined reference point and a progressively greater
number of turns at successive equally spaced

- points extending in one direction from said poing
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to form a primary winding adapted tc be con-
nected to a source of electromotive foree for pro-
ducing a non-uniform magnetic field in said gap
wherein the flux density increases linearly in one
direction from said reference point, and a con-
centrated fractional pitch secondary winding on
said core member, and means for obtaining rela-
tive movement between said windings, whereby
the flux linkage of said secondary winding varies
linearly upon relative rotation of sald members.

9. In a variable inductor comprising a ferro-
magnetic shell member and a ferromagnetic core
member, said members being supported for rela-
tive rotation and spaced from each otiier to form
a gap, a conductor wound on said shell member
adjacent one portion of said gap with a minimum
number of turns adjacent a reference point and
a progressively greater number of turns at suc-
cessive equally spaced points extending in one
direction along said gap, a second conductor
wound with a minimum number of turns adjacent
said reference point and a progressively greafer
number of turns at successive equally spaced
points extending in the oprosite direction along
said gap, said conductors being connected together
to form a primary winding adapted to be con-
nected to a source of electromotive force for pro-
ducing 2 non-uniform magnetic field in said gap
wherein the flux density increases linearly in
either direction from said reference point, and a
fractional pitch secondary winding on said core
member adjacent said gap whereby the flux link-
age of said secondary winding varies substan-
tially directly proportionately to the relative
angular positions of said members.

10, In a variable inductor, 2 winding for pro-
ducing a non-uniform magnetic field in which the
flux density increases linearly in both directions
from a selected reference point of minimum flux
comprising a first conductor wound with: a mini-
mum humber of turns adjacent said reference




3,466,600

point and a progressively greater number of turns

at successive equally spaced points extending in
one direction from said reference point, and a
second conductor wound with a minimum num-
ber of turns adjacent sald reference point and a 5
progressively greater number of turns at suc-
cessive equally spaced points extending in the
opposite direction from said reference point, said
conductors being adapted to be connected to a
source of electromotive force whereby the flux 10
density produced by said conductors at any point

in either direction is substantially directly propor-
tional to the distance of said point from said ref-
erence point. .

11, In a variable inductor having a pair of rela- 15
tively rotatable ferromagnetic members spaced
from each other to form a gap wherein one of said
members has uniformly spaced raised portions
projecting toward said gap to form slots extend-

* ing transversely of and adjacent to said gap, a op
winding for producing a non-uniform magnetic
field in sald gap comprising a first conductor
wound with a certain number of turns in one of
sald slois and progressively fewer turns in suc-
cessively adjacent slots extending in one direc-

; |
12
tion along said gap, and a second conductor
wound with a certain number of turns in a slot
in the opposite direction from said one slot and
progressively fewer turns in successively adjacent
slots extending in said opposite direction along
said gap, sald conductors being connected together
and having their terminals adapted to be con-
nected to a source of electromotive force.

- ’ ROBERT S. CURRY, Jr.
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