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This invention relates to improvements in electro-
magnetic actuators having an armature which is adapted
to be rotated through a given arc or angle and thereby
actuate a control device or mechanism.

Actuators of the type under consideration are particu-
larly useful for the remote actuation of various types of
controls, such as electric switches, valves, indicators, rheo-
stats and other devices.

The primary object of the present invention is to pro-
duce a rotary electremagnetic actuator in which the pole
pieces and armature have a relationship adapted to pro-
duce a maximum magnetic flux when the coil of the
actuator is energized. :

A further object of the invention is to provide a rotary
electromagnetic actuator which is adapted to create a
relatively constant torque through a large angular dis-
placement and in which the armature has a low moment
of inertia.

Another object of the invention is to provide a rotary
electromagnetic actuator which has adequate power for
ordnance applications, has relatively small dimensions
and which is not affected in its operation by severe vibra-
tion or shock,

I have discovered that an effective rotary electromag-
netic actuator can be provided by locating the armature
air gap in the center of the core of the coil of the actua-
tor between a pair of pole pieces which extend from
opposite ends of the coil axially into the opening formed
by the coil. In this construction, the armature is ar-
ranged in overlapping relation to both pole pieces so
that maximum flux basses through- the armature when
the coil is energized and it engages both pole pieces.

In accordance with the invention, the improved actua-
tor includes an actuating coil having an axial opening,
a pair of similar fixed pole pieces of ferro-magnetic ma-
terial extending into the opening of the coil respectively
from the opposite ends of the coil. In this construction,
the inner-ends of the pole pieces are spaced apart to
provide an air gap in the center of the coil. The actua-
tor also includes a rotatable shaff of non-magnetic ma-
terial extending axially through the coil and the pole
pieces, each pole piece including similar spaced inner
end portions on opposite sides of the shaft having simi-
lar plain or flat surfaces parallel to each other and to
the shaft, and an armature of ferro-magnetic material
carried by the shaft and extending .into the spaces be-
tween the opposite plain surfaces of both pole pieces and
being rotatable therein with the shaft when the coil is
energized. -

In a preferred construction, the air gaps between the
pole pieces are arranged in the most central section of
the core of the electromagnet, in order to provide maxi-
mum efficiency, minimum inertia, and complete balance.
In this construction, the inner-end portions of the pole
pieces are tapered toward the base, from the armature
air gap or gaps so as to provide maximum flux density
at the armature air gap; and the armature is provided
with a‘step-like section or projection which extends part-
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ly into the air gap between the pole pieces in the un-
energized position of the armature and which moves com-
pletely into the gap between the pole pieces when the
actuator is energized. In the unenergized position, the
step or steps provide a magnetic shunt which increases
the initial pull on the armature.

The improved actuator of the present invention in-
cludes other features and advantages which are described
in detail hereinafter in connection with the accompany-
ing drawings forming a part of this application.

In the drawings:

Fig. 1 is a horizontal sectional view of the improved
electromagnetic actnator taken on the line 1—1 of Fig.
2 showing the rotor shaft and armature in its unenergized
position;

Fig. 2 is a vertical sectional view through the improved
electromagnetic actuator taken on the line 2—2 of Fig. 1;

Fig. 3 is an exploded view in perspective of the rotor
shaft, armature and the pole pieces associated therewith.

Referring to Figs. 1 and 2 of the drawings, the im-
proved actuator comprises an outer cylindrical shell or
casing 10 surrounding a copper wire coil 12 wound on a
coil bobbin 14 of insulating material providing an axial
opening through the coil. Cenductors 15 supply electric
current to the coil 12. The coil and bobbin are held in
place in the casing 10 by means of annular end plates
16 and 18, the ends of the casing being flanged over the
periphery of the end plates at 20, A pair of similar
fixed pole pieces 22 and 24 having cylindrical shaped
outer ends or bases are fitted in the axia] openings in
the end plates 16 and 18, respectively, and fixed therein
in the positions shown in Fig. 2. The casing 16, the end
plates 16 and 18, and the pole pieces 22 and 24 are of
ferro-magnetic material.

The outer-end portions of the pole pieces 22 and 24
are provided with axial openings 25 (Fig. 3) which serve
as bearings for the rotor shaft of the actuator, which
comprises a non-ferrous or non-magnetic shaft 26 pro-
vided with a slot 27 intermediate its ends in which is
located a ferro-magnetic armature 28. The shaft 26, as
shown, includes a head 30 bearing against the base of
the pole piece 22 while its opposite end portion is pro-
vided with a retaining ring 32 which bears against the
base of the pole piece 24 to prevent endwise movement
of the shaft.

In Figs. 1 and 2, the armature 28 is shown in unener-
gized position with respect to the pole pieces, which po-
sition is normally maintained by means of a spring 33
biasing an actuating arm 34 against a stop 36. The
arm 34 is fixed to the lower projecting end of the rotor
shaft 26 and is normally employed for actuating an elec-
tric switch, relay valve, or other mechanism,

The structure of the pole pieces and armatare and
their relationship with Tespect to each other is shown in
Fig. 3 of the drawings, in which it will be seen that each
pole piece includes similar spaced inner-end portions
which extend on opposite sides of the rotor shaft, the
pole pieces together forming a slot within which the
armature operates. The pole piece 22, for example, in-
cludes inwardly-projecting segments or portions 33 and
39, while the pole piece 24 includes similar projections
or segments 40 and 41. These pairs of segments have
inside plain or flat surfaces which are parallel to each
other and to the shaft for engagement by surfaces of the
armature, the respective flat surfaces of one pole piece
being in the same plane as the corresponding surfaces of
the outer pole piece.

The armature 28 comprises a block of metal adapted to
operate freely inside the opening in the bobbin between
the pairs of projecting inner-end portions 38, 39, 40 and
41 ‘of the pole pieces. From the showing in Fig. 3, it
will be seen that the armature block is generally rectangu-
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lar-in shape and is cut to include a pair of flat beveled
surfaces 42 and 44 at one side and a pair of similar sur-
faces 46 and 48 at the opposite side. The surfaces 42
and 44 are in the same plane and the same fis true of the
surfaces 46 and 48, the two pairs of surfaces being parallel
fo each other. ~ When the actuator is energized, the sur-
faces 42 and 46, respectively, engage the inside surfaces
of the pole segments 38 and 39, while the surfaces 44 and
48 respectively engage the inside surfaces of the pole
segments 49 and 41. In each instance, the respective sur-
faces engaged are diagonally opposite each other, as will
be apparent from the showing in Fig. 1 of the drawings.

10

For example, the surface 44 engages the far inside por-

tion of the segment 48, as seen in Fig. 3, while the surface
48 engages the near inside portion of the segment 41.

The armature 28 also includes diagonally cpposite
steps or projections 58 and 5Z, intermediate the ends of
the armature, which are left when the beveled contact
surfaces are formed. These projections 50 and 52 re-
spectively move completely into the air gap 53 (Fig. 2)
between the pole pieces 22 and 24 when the actuator is
energized. The step-like sections or projections 50 and
52 extend partly into the air gap in the unenergized posi-
tion of the armature, as seen in Fig. 1. This arrange-
ment provides a magnetic shunt which increases the initial
pull on the armature when the actvator is energized.
The shape and number of such steps or projections can
be varied to obtain different degrees of torque at various
angular displacements from the closed position of the
armature.

Another feature of the invention is the shape-of the
segments of the pole pieces 22 and 24, as illustrated in
Fig. 3 of the drawings. Each of the four segments are
tapered away from the inner end of the segment, or from
the opposite pole piece, toward the base of the segment
beginning at about the middle of the end of the segment.
This tapering is effected on the side or portion of the
segment not engaged by the armature surface, as will be
apparent from the showing in Fig. 3. For example, note
that the segment 38 extends full length along the portion
engaged by the surface 42, this having a surface 54 which
will be adjacent and opposite the upper surface of the
projection or step 50, while the segment is provided with
a tapered or beveled surface 56. The tapering of the
segments of the pole pieces away from the air gap be-
tween the pole pieces and away from the armature air
gap or gaps, provides a maximum flux density at the
armature air gap, or gaps, that is the four air gaps facing
the surfaces 42, 44, 46 and 48, when the actuator is in
unenergized position.

The armature 28 is arranged to have a width so that
it fits somewhat loosely inside the cylindrical part of the
bobbin 14 and is readily movable in the slot 27 in the
shaft ‘26, so that when the actuator. is energized, the
armature will automatically adjust-itself in the slot with
respect to the segments of the pole pieces so that the
respective contact surfaces of the armature will engage
and fit the respective surfaces of the pole segments.

When an electric current is passed through the copper
wire of the coil 12 to energize the actuator, a magnetic
flux is generated and flows through the ferro-magnetic
materials provided by the outer shell 10, the end plates
16 and 18, the pole pieces 22 and 24, and the armature 28.
The polarities: of the pole pieces 22 and 24 are such as to
provide a magneto-motive force which attracts the arma-
ture 28, thus causing the non-magnetic shaft 26 to rotate
until the armature closes a magnetic circuit across the
pole pieces, thereby swinging the actvating arm 34 to
actuate a switch or other device.

The rotary magnetic actuator of the present invention
provides means for obtaining a mechanical torque from
an electromagnetic circuit whose air gaps are so arranged
as to work in the most central section of the core of the
electromagnet, thus delivering maximum efficiency, mini-
mum inertia, and complete balance, T

15

20

25

30

35

40

45

50

65

60

85

70

5

4

The shell of the actuator may be provided with a suit-
able bracket for mounting the actuator in a fixed position,
or a suitable mounting may be provided for the end of
the shaft 26, so that it is held in fixed position against
rotation, while the casing of the actuator is rotated when
current is supplied. ~The rotation of the casing may be
transmitted by belt or other means to operate a switch or
other device or devices.

Iclaim:

1. In a .rotary electromagnetic actuator, an actuating
coil having an axial opening therethrough, a pair of
similar fixed pole pieces of ferro-magnetic material ex-
tending into said opening respectively from the opposite
ends of the actuating coil, the inner ends of the pole pieces
being spaced apart to provide an air gap therebetween in
the lengthwise central section of- the coil, a rotatable
shaft of non-magnetic material extending axially through
said coil and pole pieces, each pole piece including two
similar spaced inner-end portions respectively on opposite
sides of said shaft, said inner-end portions having similar
parallel flat inwardly-facing engagement surfaces, and an
armature of ferro-magnetic material carried by said shaft
and located entirely in the coil opening between the en-
gagement surfaces of the inner end portions of said pole
pieces in overlapping relationship with respect to both
pole pieces, said armature and shaft being arranged for
rotation together and said armature including flat sur-
faces adapted to respectively and simultaneously engage
the flat engagement surfaces of the inner-end portions of
both pole pieces on opposite sides of said shaft when the
coil is energized.

2. A rotary electromagnetic actuator as claimed in
claim 1 in which the inner-end portions of each pole piece
being tapered away from the air gap and its flat engage-
ment surface, thereby providing maximum flux density at
the position of the air gap.

3. Tn a rotary electromagnetic actuator, an actuating
coil having an axial opening therethrough, a pair of similar
fixed pole pieces of ferro-magnetic material extending into
said opening respectively from the opposite ends of the
actuating coil, the inner ends of the pole pieces being
spaced apart to provide an air gap therebetween, a ro-
tatable shaft of non-magnetic material extending axially
through said coil and pole pieces, each pole piece includ-
ing similar spaced inner-end portions on opposite sides of
said shaft, said inner-end portions having similar flat sur-
faces parallel to each other and to the shaft, the flat
surfaces of one pole piece being respectively in the same
plane as the flat surfaces of the other pole piece, and
an armature of ferro-magnetic material carried by said
shaft and located entirely in the coil opening between
the flat surfaces of said pole pieces in overlapping rela-
tionship with respect to both pole pieces, said armature
including oppositely arranged projections extending into
the air gap between the inner ends of the pole pieces for
increasing the pull on the armature when the coil is
energized, said armature and shaft being arranged for
rotation together and said armature including surfaces
adapted to respectively engage the flat surfaces of both
pole pieces on opposite sides of said shaft when the coil
is energized. :

4, In a rotary electromagnetic actuator, an actuating
coil having an axial opening therethrough, a pair of
similar fixed pole pieces of ferro-magnetic material ex-
tending into said opening respectively from the opposite
ends of the actuating icoil, the inner ends of the pole pieces
being spaced apart to provide an air gap therebetween,
a rotatable shaft of non-magnetic material extending
axially through said coil and pole pieces, each pole piece
including similar spaced inner-end portions on opposite
sides of said shaft, said inner-end portions having similar
flat surfaces parallel to each other and to the shaft, the
flat surfaces of one polé piece being respectively in the
same plane as the flat surfaces of the other pole piece,
said shaft having an elongated opening therethrough at
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the position of said surfaces, and an armature of ferro-

agnetic material extending through sajd opening and
having portions projecting on oppasite sides of the shaft
between the flat surfaces of said pole pieces and in over-
lapping relationship with respect to both pole pieces, said
armature being movable in said opening for automatic
adjustment with respect to the pole pieces, said armature
and shaft being arranged for rotation together and said
armature including surfaces adapted to respectively en-
gage the flat surfaces of both pole pieces on CppOosits
sides of said shaft when the coil is energized.

5.In a rotary electromagnetic actuator, an annular
actuating coil winding, a pair of similar fixed pole pieces
of ferro-magnetic material extending axially inside the
coil winding respectively from the opposite ends of the
winding, the inner ends of the pole pieces extending
toward each other and being spaced apart to provide an
air gap therebetween in the central section longitudinally
of the winding, each pole piece including a pair of similar
spaced inmer-end portions facing each other respectively
on opposite sides of the axis of the coil winding and form-
ing a gap therebetween, said inner-end portions having
similar elongated flat engagement surfaces, the flat en-
gagement surface of each inner end portion of one pole
piece being in the same plane as the engagement surface
of the corresponding end portion of the other pole piece,
a rotatable armature of ferro-magnetic material located
entirely within the coil winding and symmetrically with
respect to the longitudinal center and axis of the coil
winding, said armature extending in the gaps between the
end portions of both pole pieces and in overlapping re-
lationship symmetrically with respect to the inner-end
portions of both pole pieces, and means for mounting said
armature for rotation on the axis of the coil winding, said
armature including elongated flap engagement surfaces
adapted to respectively and simultaneously engage the
elongated flap engagement surfaces of both pole pieces
on opposite sides of the axis of the coil winding when
the coil winding is energized.

6. A rotary electromagnetic actuator as claimed in
claim 5, in which said armature includes similar opposite
projecting segments intermediate its ends extending partly
into the air gap between the inner ends of the pole pieces
for increasing the pull on the armature when the coil is
energized, said projecting segments being moved farther
into the air gap after the coil is energized.,

7. In a rotary electromagnetic actuator, an annular
actuating coil, a pair of similar fixed pole pieces of ferro-
magnetic material extending axially into the coil respec-
tively from its opposite ends, the inner ends of the pole
pieces being spaced apart at the lengthwise center of the
coil to provide an air gap between the inner ends of the
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pole pieces, each pole piece inside the coil including a pair
of similar laterally spaced portions including the inner
ends of the pole piece respectively on opposite sides of
the axis of the coil, said similar laterally spaced portions
having similar engagement surfaces, the engagement sur-
faces of the pair of spaced portions of cne pole piece being
respectively in line with the corresponding engagement
surfaces of the pair of spaced portions of the other pole
piece, an armature of ferro-magnetic material located
symmetrically with respect to the longitudinal center of
the coil between the pairs of spaced portions of said
pole pieces and in overlapping relationship lengthwise
with respect to the pairs of spaced portions of both pole
pieces, and means for mounting said armature for rota-
tion on the axis of the coil, said armature laterally over-
lapping each pair of spaced pole portions and including
engagement surfaces adapted to respectively engage the
éngagement surfaces of both of the spaced portions of
both pole pieces simultaneously when the coil is energized.

8. A rotary electromagnetic actuator as claimed in
claim 7, in which each spaced portion of each pole piece
is tapered toward its inner end to the border of its en-
gagement surface at the air gap, whereby maximum flux
density is obtained at the position of the air gap between
the inner ends of the pole pieces.

9. A rotary electromagnetic actuator as claimed in
claim 7, in which the engagement surface of each spaced
portion extends to its inner end, and in which the cross-
sectional area of each spaced portion decreases gradually
toward its inner end, whereby maximum flux density is
obtained at the longitudinal center of the coil.

10. A rotary electromagnetic actuator as claimed in
claim 7, including ferro-magnetic material connected to
the outer portion of each pole piece and extending over
and covering the end of the actuating coil thereat.

11. A rotary electromagnetic actuator as claimed in
claim 7, in which the engagement surface of each spaced
portion extends lengthwise thereof to its inner end, and
the engagement surfaces of the armature match and sub-
stantially fit the engagement surfaces of the spaced por-
tions of the pole pieces when the cojl is energized.
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