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9 Claims.

This invention relates to a rotary solenoid and,
more particularly, to a solenoid wherein axial
movement resulting from attraction of an arma-
ture by a solenoid coil is transformed into rotary
movement.

Solenoids heretofore utilized have ordinarily
comprised a coil, and an.armature which is
axially displaced when the coil is energized, this
axial movement being utilized for various pur-
poses, such as to close ons or more sets of con-
tacts. In accordance with the present invention,
the axial movement of the armature is trans-
formed into intermittent  angular or rotary
movement which may be utilized, for example, to
actuate a timer mechanism by means of a suit-
able pawl and ratchet arrangement.

It is an object of the invention to improve the
construction and operation of rotary solenoids.

It is a further object of the invention to pro-
vide a novel mechanical linkage for transforming
the axial movement of the solenoid armature to
intermittent rotary movement. .

It is a still further object of the invention to
provide a rotary solenoid in which the space

occupied is reduced to & minimum and which may *

advantageously be used with an associated timing
apparatus.

It is a still further object of the invention to
provide a rotary solenoid which is simple in con-
struction, reliable in operation, and which may
be manufactured at low cost.
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_Other objects of the invention will be apparent .-

from the following description and accompany-
ing drawings taken in connection with the ap-
pended claims. s

The invention accordingly comprises the fea-
tures of construction, combination of elements,
arrangement of parts, and method of manu-
facture referred to above or which will be brought
out and exemplified in the disclosure hereinafter
set forth, including the illustrations in the draw-
ings, the scope of the invention being indicated
in the appended claims.

For a fuller understanding of the nature and
objects of the invention as well as for specific
fulfillment thereof, reference should be had to
the following detailed description taken in con-
nection with the accompanying drawings, in
which:

Figure 1 is a top view, partially broken away,
of the novel rotary solenoid with the parts in one
angular position;

Figure 2 is a sectional view taken along the
line 22 of Figure 1; :
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Pigure 3 is a perspective view of the para-
magnetic armature member; }

Figure 4 is a sectional view of the rotary
solenoid with the parts in a second angular posi-
tion; and

Figure 5 is a sectional view taken along the
line 5—5 of Figure 4.

Referring now to the drawings in detail, and
particularly to Figures 1 and 2, the rotary sole-
noid may comprise a base {0 and an adjustable
support, such as a plate {f, spaced therefrom
and parallel thereto. The base and support may
be interconnected by a plurality of serews 12 hav-
ing nuts {3 threaded thereon for holding the sup-
port {{ in the described parallel spaced position
with respect to the base 10. A core piece {5 is
mounted in a central aperture of the base (0 and

.a shaft 16 is journaled in the core 15 and support

tt. The shaft 16 is adapted for rotation in its
bearings and also for limited axial movement.
To this end, the upper part of the shaft has a
reduced end portion {1 which extends through a
suitable opening in the support {{ while an en-
larged central portion {8 of the shaft forms a
shoulder {9 for limiting the upward movement of
the shaft.

A generally circular plate 20 of non-magnetic
material and a paramagnetic armature member
2{ are fixed to the shaft and rotatable therewith.
As best shown in Figure 3, the armature may
comprise a cup-shaped body portion 22 which is

seated upon an enlarged butt portion 23 of the -

shaft. A plurality of lugs 24 are formed on the
body portion 22 and these lugs are fitted forcibly
into suitable openings in the plate 20 to provide
a rigid assembly comprising the shaft, plate 20
and armature 2. A solenoid coil 25 is disposed
circumferentially of the core {5 and maintained
in its proper position by structure which may
include insulating spacers 26, a metal plate 21,
and a dished retaining member 28 which is se-
cured to the base 10 by the serews 12. When the
coil 25 is energized, the paramagnetic armature
member 21 is attracted and the shaft moves
axially from the position shown in Figure 2 to
the position shown in Figure 4.

As stated, the plate 20 is rotatable with the
shaft 16. However, the rotation of the shaft and
rlate is limited by stop means which confine the
rotation of the shaft and plate between a first
angwar position shown in Figure 1 and a secorA
angular position shown in Figure 5. To this end,
the plate 20 has a plurality of projections 3
formed therzon which protrude from the circum-
ference of the plate and are adapted to engage
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sleeves or spacers 32, Figure 5, on the screws 12,
Thus, when the plate 20 is in its first angular
position, Figure 1, the surfaces 33 of the projec-
tions engage the respective spacers 32 and, when
the plate is in its second angular position, Figure
5, the surfaces 34 of the projections engage the
respective spacers 32 thereby limiting the angular
movement or displacement of the plate and shaft
between such angular positions. The shaft and
plate 20 are urged toward the first angular posi-
tion shown in Figure 1 by a helical spring 35,
one end of which is secured at 36 in the support
11 and the other end of which is fastened at 37 in
the rotatable plate 20. X
In accordance with the invention, axial move~
ment of the shaft 16 resulting from energization
of the coil 25 is transformed into rotary move-
ment by a plurality of link members 40 which
interconnect the stationary support i1 and rotat-
able plate 20. In the example shown, three links
are utilized, each of which comprises a central
- rod-like portion 4! with ball-shaped poriions 42,
43 at the respective ends thereof. The plate 28
adjacent each ball 43 is cut away to form a socket
44, Figure 4, and a similar socket 45 is provided
in the support {{ for receiving the ball 42, To
facilitate the insertion and removal of the links,
-a channel 46 is formed in plate {§ which extends
radially outward from each socket 45, this chan-
nel being of suficient width to accommodate the
rod portion &1 but not the ball 42. A circular
opening 47 is provided at the cuter end of each
channel 46 which is of sufficient size to permit
the ball 42 to pass therethrough. Accordingly,
when assembling the solenocid, the ball 42 is
passed upwardly, Figure 2, through the opening
A7 after which the rod portion 4{ is forced in-
wardly through the channel 46 until the ball 72
seats in sorket 45. A similar structure including
a channel 46q, Figure 5, communicating with the
central shaft opening 41¢ in plate 20, may be
provided in connection with each of the sockess
44 to insure that the link structure may be readily
assembled and disassembled. When the links
are assembled, it will be apparent that one end
of each link is effectively pivoted in the stationary
support {i while the other end thereof is pivoted
in the rotatable plate 2@.
The sockets or pivot points 45 in the support
i are all spaced a uniform distance from tha
axis of the shaft 16 and, likewise, the socketfs or
pivot points 44 in plate 20 are spaced a uniform
distance from the axis of the shaft. The ar-
rangement of the sockets is such that, when the
shaft is in its first angular position, Figures 1 and
2, the links are uniformly tilted with respect to
the axis of the shaft. It will be recalled that the
parts are urged toward this position by the spring
35 and that, in this position, the surfaces 33 of
the stops 31 are in engagement with the spacers
32. When the coil 25 is energized, the armature
member 21 is attracted with the result that the
shaft and plate 20 move downwardly to the re-
spective positions shown in Figure 4. This down-
ward movement causes the distance between the
pivot points 44, 45 to increase with the result that
the links tend to straighten out and become
parallel to the axis of the shaft. This applies
a torque to the plate 20 causing it to move in a
clockwise direction against the force exerted by
spring 35 from the first angular position shown in
Figure 1 to the second angular position shown in
PFigure 5. When the coil 25 is deenergized, the
spring 35 urges the plate 20 in a counterclockwise
direction from the second angular position shown
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4 .
by Figure 5 to the first angular position illus-
trated in Figure 1 and the links return to their
original tilted positions. Accordingly, each ener-
gization of the solenoid causes an angular move-
ment of the plate 20 and the shaft {6 which is
rotatable therewith, the plate and shaft return-
ing to their original positionis upon deenergiza-
tion of the coil. This angular movement of the
shaft may be utilized to actuate a timer, such as
the device indicated diagrammatically at 50, Fig-
ure 2. Alternatively, the intermittent rotary
movement may be utilized to drive any other
suitable mechanical device or to effect operation
of contacts.

It will be apparent that the scope of this in-
vention should not be restricted to the specific
embodiment shown. Thus, assuming the respec-
tive ends of each link to be fixed in the pivots 44,
45 and that such links are tilted as in Figure 2,
movement of plate 20 toward support {{ would
further tilt the links and tend to move the plate
20 in a counterclockwise direction, Figure 1,
while, conversely, movement of the plate 20 away
from support {i would straighten out the links,
that is, the links would tend to become parallel
with the axis of the shaft {8, thereby moving the
plate 20 in a clockwise direction, Figure 1. In the
example shown, the plate 20 is moved away from
support {{ by energization of the solenoid snd
toward support {{ by action of the spring 3§,
However, from the preceding description, it will
be apparent that the plate 20 could as well be
moved toward the support by solenoid action
and away from the support by spring action, pro-
vided each link were permanently fixed in its
pivots 46 and 45. Alternatively, if considerable
amounts of power were required in both direc-
tions of angular movement, solenoid action
could be utilized to move the plate 28 in both di-
rections, that is, both toward and away from the
support {1.

It is to be further understood that the number
of links utilized is not critical but that a greater
or less number may be used as desired. In addi-

5 tion, the term “link” in the appended claims is

to be broadly construed to include equivalent
mechanical means for interconnecting the plate
29 and support {{ to cause rotation of the shaft
and plate in response to axial movement thereof.

While a preferred embodiment of the invention
is described herein, it is contemplated that con-
siderable variation may be made in the method
of procedure and the construction of parts with-
out departing from the spirit of the invention. In
the following description and in the claims, parts
will be identified by specific names for conven-
ience, but they are intended to be as generic in
their application to similar parts as the art will
permit.

What is claimed as new and desired to be se-
cured by Letters Patent is:

1. In a rotary solenoid, a stationary support, a
shaft journaled in said support and adapted for
axial movement with respect thereto, means
rotatable with said shaft including a paramag-
netic armature member and a plate, stop means
for establishing first and second limiting posi-
tions for the angular movement of said shaft,
a link interconnecting said support and .said
plate, said link being radially offset from sald
shaft, and a coil for attracting said armature
member to effect axial movement of said shaft
thereby to move said link and cause rotation of
said plate between said first angular position and

78 said second angular position.



2,581,905

2, In a rotary solenoid, a stationary support,
a shaft journaled in said support and adapted
for longitudinal movement, stop means for estah-
lishing first and second angular positions limiting

the rotation of said shaft, means rotatable with .

said shaft including a plate and a paramagnetic
armature member, a plurality of links intercon-
necting said support and said plate, said links
being spaced a uniform distance from the axis
of said shaft, and a solenoid coil for attracting
said armature member to effect longitudinal
movement of said shaft thereby to move said
links and cause rotation of said shaft between
said first angular position and said second angu-
lar position.

3. In a rotary solenoid, a stationary support, a
shaft journaled in said support and adapted for
axial movement, means including a plate and a
paramagnetic armature member rotatable with
said shaft, a plurality of stops for limiting said
rotation between a first angular position and a
second angular position, means for biasing said
shaft toward said first angular position, a plu-
rality of links interconnecting said support and
sald plate, said links being spaced a uniform dis-
tance from the axis of said shaft and being tilted
with respect to said axis when the shaft is in said
first angular position, and a solenoid coil for at-
tracting said armature member to effect axial
movement of said shaft, said axial movement in-
creasing the distance between said plate and said
support thereby straightening said links and caus-
ing the shaft to move to said second angular
position.

4. In g rotary solenoid, a stationary support, a
shaft mounted for axial and rotary movement
with respect to said support, a rotatable member
fixed to said shaft, stop means establishing first
and second limiting positions for the angular
movement of said shaft, means for biasing said
shaft toward said first angular position, a link
pivoted at one end thereof on said stationary sup-
port and at the other end thereof upon said ro-
tatable member, said link being tilted with respect
to the shaft axis when the shaft is in said first
angular position, and means for moving said shaft
axially in such direction as to increase the dis-
tance between said pivot points thereby displac-
ing the shaft to said second angular position.

5. In a rotary solenoid, a stationary support, a 3

shaft mounted for axial and rotary movement
with respect to said support, means rotatable
with said shaft including a plate and armature
member, stop means establishing first and second
limiting positions for the angular movement of
sald shaft, means for biasing said shaft towards
sald first angular position, a plurality of links
radially offset from said shaft and tilted with
respect to the axis of said shaft, each link inter-
connecting saild plate and said stationary sup-
port, and a solenoid coil for attracting said arma-
ture member to cause axial movement of said
shaft, said axial movement forcing the links
toward a parallel position with respect to the
shaft axis thereby moving said plate member to
said second angular position.

6. In a rotary solenoid, a stationary support, a
shaft mounted for axial and rotarv movement
with respect to said support, means rotatable with
sald shaft including a plate and a paramagnetic
member, stop means establishing first and second
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limiting positions for the angular movement of
said shaft, means for biasing said shaft towards
said first angular position, a plurality of links
interconnecting said stationary support and said
plate, said links being uniformly tilted with re-
spect to the shaft axis when the shaft is in said
first angular position, and a solenoid coil for mov-
ing said shaft axially in such direction as to in-
crease the distance between said plate and said
support, said axial movement straightening out
said links to displace the shaft to said second
angular position. '

7. In a rotary solenoid, a stationary support, a
shaft mounted for axial and rotary movement
with respect to said support, means rotatable
with said shaft including a plate and a para-
magnetic member, stop means establishing first
and second limiting positions for the angular
movement of said shaft, means for biasing said
shaft towards said first angular position, a plu-
rality of links spaced a uniform distance from the
shaft and uniformly tilted with respect thereto,
each link being pivoted at one end thereof on
said support and at the other end thereof upon
said plate, and magnetic means for attracting
said paramagnetic member to effect axial move-
ment of said shaft and increase the distance be-
tween said pivot points thereby displacing the
shaft to said second angular position.

8. A rotary solenoid comprising, in combina-
tion, a support, a shaft mounted for axial and
rotary movement with respect to said support,
means rotatable with said shaft including a plate
and a paramagnetic member, magnetic means for
attracting said member to cause axial displace-
ment of said shaft, and a link spaced from said
shaft and interconnecting said support and said
plate to effect rotary movement of said shaft in
response to said axial displacement.

9. A rotary solenoid comprising, in combina-
tion, a support, a shaft mounted for axial and
rotary movement with respect to said support,
means rotatable with said shaft including a plate
and a paramagnetic member, stop means for
establishing first and second limiting position
for the rotary movement of said shaft, a plurality
of links spaced a uniform distance from said
shaft and tilted with respect thereto when the
shaft is in sald first angular position, each link
being pivoted at one end thereof on said support
and at the other end thereof on said plate, a so-
lenoid coil for attracting said member to effect
axial displacement of said shaft and increase the
distance between said pivot points, said axial
movement straightening the links to cause rota-
tion of said shaft to its second angular position.

GLENN W. CARPENTER.
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