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This invention relates to a solenoid type of
electro-magnet wherein rotary motion may be de-
livered directly by the movement of the solenold
core or plunger. In practically all solenoids with
which I am familiar, the core or plunger moves

" within the electro-magnet In substantially a
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straight Hne or parallel to the axis of the mag-
net. In these prior-art solenoids, the initial mag-
netic pull on the plunger is relatively weak and
increases in strength until the electro-magnetic
influence on the plunger has reached its maxi-

mum pull. In many cases the movement termi- -

nates in a bang or blow. To get a movement of
the plunger of much length, the electro-magnet
has to be relatively long and this, in many cases,
means taking up valuable space. Also, with these

‘ \prior-art solenolds, in order to get rotary motion,

thhe plunger must be interconnected with other

levers, gears or equivalent means, and where the

\iapparatus through the medium of a system of
!

J' Joad is known ahnd a certain travel thereof is re-

quired, the magnetic influence on the plunger
must be sufficient at its weakest or starting point
to move the load. This results in an electro-
magnet which takes up a large amount of current
to produce the necessary pull at the start, with
the result that at the end of the pull the electro-
magnef.is over-excited and if the load is held for
any length of time, the electro-magnet is heated
up excessively. Hence, such a structure must be
made of proportions which will dissipate the heat.

It iz the principal object of my present inven-

tion to provide a solenold type of electro-magnet
in which the plunger is generally circular in form
and wherein the distribution of the metal in the
plunger is such that a relatively small and short
coil can be used and still obtain an extremely long
movement of the plunger which can deliver rotary
motion to a desired piece of apparatus directly
from the rotatable axis of the plunger.
* Another object of my invention is to provide a
solenoid which will directly deliver rotary motion
through a relatively large angle; for example, as
great as 300 degrees or more.

A stil} turther object of my invention is to pro-
vide & solenoid in which the rotary motion is
such that the torque delivered is generally uni-
form over its entire working range.

A turther object of my invention is‘ to provide

an electro-magnet of the solenoid type wherein
the plunger may be allowed a certain initial start
before picking up its load.

A turther object of my invention is to provide a
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the solenoid plunger at any desired degree of
arcuate movement of the plunger.

"These and other objects will be discerned from
a reading of the following specification taken in
connection with the annexed drawings wherein:

Figure 1 i3 a side view of one form of my in-
vention, showing the plunger in idle position.

Figure 2 is & plan view of Pigure 1, but show-
ing the plunger partially rotated.

Figure 3 is a view of Figure 1 looking from left
to right. )

Figure 4 is a view of Figure 1 looking from right
to left. ‘

Figure 5 is a view of the solenoid plunger.

Figure 8 is a side view of the fleld frame used
with the electro-magnet.

Figure 7 is a view of Figure 6 looking from right
toleft.

Figure 8 is a side view of the core carrying the
winding of the eleciro-magnet.

Figure 9 is a plan view similar to Figure 2, but
of & modified construction and wtih the plunger
in idle position.

Figure 10 is an end view of Figure 8.

Figure 11 is a side view of Figure 8 looking from
right to left.

Figure 12 {s a section on the line §12—{2 of Fig-
ure 11. .

Figure 13 is a view similar to Figure 5, showing
a modified form of solenoid plunger.

Referring now to the details wherein like num-
bers refer to corresponding parts in the various
views, | is a frame support member having feet
2 and $ for supporting the structure on & mount-
ing member. The frame | carries & fleld struc-
ture made up of laminations of good magnetic
material. The fleld has a bottom portion 4
which begins at the dotted line b and continues
around to the dotted line 8. The field also has &
top portion 7 terminating between the dotted
lnes 8 and 9. These laminations are held to-
gether at one end of the electro-magnet by rivets
10 and {1 which pass through binding strips 12
and 18 preferably of non-magnetic material. At
the opposite end, which is shown in Figure 7, the
laminations 4 are supplemented by additional
laminations (4 which extend upwardly into mag-
netic engagement with the end 8 of the upper
lamination 1. In this construction an opening or
orifice 16 is formed at one end of the field struc-
ture, while the other end is open between the
binding strips 12 and (3 as shown in Figure 3.

A winding form 16, shown in Figure 8, carries
a winding 17. The heads 18 and I8 of the wind-

solenoid in which the load may be released from 58 ing form are slotted as shown in Figure 3 to allow
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for the passage of the core plunger 20 which, ag
shown 'in Figure 5, has an arm 214 with a hole 22
therein to recetve a shaft 28 which is pivoted on
opposite portions 24 and 25 of the frame mem-
ber {. The arm 21 has a hub projection that may
be of non-magnetic material which receives a set
screw 26 for fastening the plunger 20 to the
shaft 23.

As shown In Pigure 5, the plunger 20 is gen-
erally circular in form and hag g continually
varying cross-section tapering from one end to
the other. As a matter of fact, the form of
plunger is generally ke an Archimedes gpiral
and is made up of good magnetic material, either
in a single piece or of laminated stock. Ag shown
In Figures 1 and 4, the end 27 is normally posi-
tioned against a stop member 28 of non-magnetic
material held In the upright portion of the frame
I and, as shown in Figure 1, the other end 29
of the plunger 20 extends practically through
the form 16 and the winding 1.

The arm 21 of the plunger is provided with a
bumper-and-spacing member 30 which is adapted
to contact with the end 31 of the frame member
1 which, as shown in Pigure 6, Is slightly cut out
at 32 to provide a spacing for the end of the arm
21 and its hub carrying the set screw 26.

For returning the plunger and its load back
to idle position, a spring 36 is illustrated. The
reaction of the spring 36 is so small ag compared
with the torque reaction of the plunger as to
only slightly modify its pull thereof and the
plunger of course can be modified to compensate
for this, if compensation is found desirable,

Mounted on the end of the shaft 23 is a spool
33 having disc-type flanges 834 and 35 between
which the spring 86 1s coiled up, one end of the
spring being fastened to the spool 3% and the
other end to & stud 87 which is fastened to the
frame |. 'The spool 33 has a hub 38 carrying
a set screw 39 for fastening the spool to the
shaft 23.

By reason of the construction as above de-
scribed, I have found that the magnetic flux set
up by the winding {7 in combination with the
circular type of solenoid used, is such that the
movement of the plunger 20 delivers a fairly uni-
form torque in its arcuate movement; whereas,
with the ordinary type of solenoid, the plunger

moves with ever-increasing speed and force as °

it is drawn into the electro-magnet. .

In Figures 9 to 12 inclusive, the construction
of the electro-magnet and the plunger 20 and
field structure is the same as has already been
described, the differences residing in certain de-
tails. These details comprise a sleeve 40 having
a palr of spaced discs 41 and 42. Between the
discs and fastened to the sleeve is a spring 43
having its free end fastened to a stud or pin 44
which in turn is fastened to the frame member |,
The sleeve 40 has one end 45 which may be re-
duced in diameter and to which is attached the
arm 21 of the plunger 20. The shaft 23 has an
outboard bearing 46 and carries the same type
of spocl 83 as shown in Figure 1, having side
discs 34 ‘and 36 between which is positioned the
spring 36 which is also attached to the stud 44
to which the spring 43 is fastened.

The adjacent discs 35 and 41 carry automatic
engagement and disengagement parts between
the shaft 23 and the sleeve 45 carrying the plunger
20. ‘These engagement parts include a pawl 47
pivoted to the disc 41 and a pin 48 carried by the
disc 386. The pawl 47 has fastened thereto a
spring 49 which engages & circular portion 50
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rormi;lg part of the sleeve 48 as shown In Fig-
ure 12, :

It will be seen from Figure 12, that, normally,
the end of the pawl—when the solenoid is in
idle position—ig only a short distance away from
the pin 48. When the blunger 20 starts itg rotary
movement, there is no load applied to the plunger
until the pawl 41 engagés the pin 48. Then the
shaft 23 is started on itg rotary movement and
will continue for the ful] arcuate stroke of the
solenoid 20 unless released.

It is sometimes advantageous to release the
load from the plunger at some arcuate distance,
and to do this, g circular member 81 is arcuately
adjustably "carried in the frame member | by
means of a slot 62 through which a set screw
83 passes. The member 51 has a release pin 84
extending over the path of movement of the pawl
41. By shifting the location of the member 5t
through the medium . of the screw 83 and the
slot 52, the pin 58 may be set to release the load
at any desired arcuate movement of the plunger
20. When this release takes place, the spring 3%
will return the shaft 23 back to normal position,
whereby a pin 65 will engage g stop stud 56.

When the current is cut off the winding 17,
the spring 43 will return the solenoid 20 back to
its normal position as heretofore described, Pref-
erably, the end §7 of the pawl is formed so that
on a return movement, it will readily pass under
the release pin 54 so the plunger core ¢an return
to normal position Independently of the shaft 283,

Figure 13 shows a modified form of solenoid
plunger which is open just sufficiently to allow
the electro-magnet 17 to be placed in operative
position on support members which are not shown
in this view. The outer boundary 58 and the in-
ner boundary 59 of the plunger in this particu-
lar form are circular, and the space 60 varies in
cross-sectional avea from substantially one end
of the plunger to the other, the largest sectional
area being at the winding-entering end of the
plunger as is clearly shown in this figure. Fur-
thermore, the central portion of the solenoid has
a different hub portion 61 than that shown in
Figure 3. In this form of construction of the
plunger, the gap between it and the fleld of the
electro-magnet is kept substantially constant,
and high efficiency of operation is secured if
the proper amount of metal is removed from the
portion 60, depending on the environment in
which the structure is to be used. In other words,
the distribution of the metal in the plunger will
change its torque characteristics over its working
range, but I prefer, especially for operating tun-
ing condensers, that the distribution of the metal
In the plunger be such that the torque is substan-
tially uniform throughout its movement. The
arm 21 is provided with g stop 30 and a no-load
stop 62,

;' It may be noted that the lever arm 21 in either

‘form of plunger illustrated acts to increase the

torque applied to the shaft, which is a decided
advantage over otlier types of solenoids. Fur-
thermore, it may be noted that in the usual type
of solenoid the plunger really has no bearing and
has what might be termed a sloppy motion,
whereas in the present construction the rotary
shaft carrying the plunger has bearings and thus
provides an even turning motion. By making the
diameter of the phinger 20 approximately four
Inches and the other parts to suit, I can obtain a
movement of approximately three hundred de-
grees, and it is very easy to obtain 180 degrees
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with a plunger enly two inches in diameter and &
winding only approximately one inch in length.
By reason of the construction shown in Figures
9 to 12 inclusive, it will be seen that I have pro-
vided an arrangement whereby the shaft 23 may
be released from engagement with the solenoid
plunger at any arcuate movement of the plunger,
thereby making the device applicable to many
classes of service, such as on counters or release
valves under temperature or thermostatic con-
trol, printing presses, book-binding equipment,
conveying or routing apparatus, magnetic switch
and relay control, and many other applications,
especially in operating the movable element of &

radio tuning condenser having a travel of 180

degrees.

If the
after the plunger reaches its maximum range of
movement and alternating current is used, it may
be advisable, in the form of plunger shown in
Figure 5, to provide the plunger with an adjust-

able magnet core-closing device whereby the field -

circuit of the electro-magnet may be substan-
tislly closed. By closing the magnetic circuit of
the electro-magnet, the impedance thereof is in-
creased and the current will be cut down, thereby
preventing the winding from overheating. How-
ever, for many uses this will not be necessary; it
probably would not be necessary with the form
shown in Figure 13. ; .

From the above, it will be seen that certain of
the details may be varied considerably without
departing from the spirit of my invention and the
scope of the appended claims.

What I claim is:

1. A solenoid type of electro-magnet compris-
ing a winding arranged on a spool having an ar-
cuately formed interior passageway, a fleld struc-
ture of magnetic material encircling the winding,

a rotatable shaft mounted adiacent one portlon

of the fleld structure, a circularly formed core
carried by said shaft, the core forming nearly a
complete circle and tapering from one end to the
other, the small end normally being positioned
within the arcuately formed passageway in the
spool and between opposite portions of the field
structure. :

2. A solenoid type of electro-magnet compris-
ing a winding arranged on a spool having an ar-
cuately formed Interior passageway, & field struc-
ture of magnetic material encircling the winding,
a rotatable shaft mounted adjacent one portion
of the fleld structure, a core carried by sald shaft
and having a form quite similar to a spiral of the
Archimedes type with its small end normally po-
sitioned within the arcusately formed passageway
in the spool and between opposite portions of the
fleld structure.

3. An electro-magnet for transmitting rotary
motion comprising, a winding having a hollow
winding form, a fleld structure of magnetic ma-
terial spanning the greater part of the winding
longitudinally of its length, a core of magnetic
material mounted on a shaft rotatable over a part
of said fleld structure, the core being arcuately
formed with one end normally extending a sub-
stantial distance through the hollow form and
adapted to project in one arcuate path over a
part of the field structure when the winding is
energized.

4. An electro-magnet for transmitting rotary
motion comprising, a winding having a hollow
winding form, a field structure of magnetic mate-
rial spanning the greater part of the winding

load 1s to be held for any length of time

longitudinally of its length, & core of magnetic

material mounted on a shaft rotatable over a part

of said fleld structure, the core tapering from end

to end with the small end normally extending

8 substantially through the hollow form and

adapted to project in an arcuate path over a part

of the field structure when the winding is ener-

glzed. {

5. An electro-magnet for transmitting rotary

10 motion comprising, a winding having a hollow

winding form, a field structure of magnetic mate-

rial spanning the greater part of the winding

_ longitudinally of its length, a core of magnetic

material mounted on a shaft rotatable over a part

15 of said field structure, the core having a form

similar to a spiral of the Archimedes type with

its small end normally extending substantially

through the hollow form and adapted to project

in an arcuate path over a part of the fleld struc-

20 ture when the winding is energized, and means

for returning the core to normal position after
it has been operated by the winding.

6. An electro-magnet for directly transmitting
rotary motion comprising a fleld structure of
25 magnetic material, a winding having a hollow

winding spool positioned within the conflnes of
said field structure, the fleld structire having
space openings at opposite ends of the winding in
alignment with the hollow form, a core of mag-
30 netic material rotatably mounted adjacent a part
of the fleld structure, the core being tapered and
circular and normally having its small epd pro-
jecting through one of said field openings within
the winding, with its large end normally adja-
35 cent the other opening of the field structure.
-7. An electro-magnet for directly transmitting
rotary motion comprising a fleld structure of
magnetic material, a winding having a hollow
arcuately formed winding spool positioned within
40 the confines of said fleld structure, the field
structure having space openings at opposite ends
of the spool, one space opening being bounded
by at least some of the magnetic material while
the other opening is formed by only two oppo-
sitely spaced magnetic parts, a core of magnetic
material having a form similar to a spiral of
Archimedes with the small end normally entering
the spool through the first-mentioned opening,
while the large end is normally positioned ad-
jacent one end of the second opening, a shaft ro-
tatably mounted on the structure and carrying
sald core, and means for returning the core to
normal position after having been actuated by
said winding.

8. An electro-magnet structure for transmit-
ting rotary motion through an angle of at least
180 degrees at a substantially uniform arcuate
speed, the structure including a winding, mag-
netic material disposed around the winding form-
ing a flux path with openings in the path at op-
posite ends of the winding, a shaft rotatably sup-
ported exteriorly of the winding, a core forming
nearly a circle but tapering from end to end,
with its small end normally passing through one
of the openings in the flux path and well within
the winding, while the larger end of the core is
normally positioned adjacent the other of sald
openings and connected to said shaft, and means

" connected to said shaft for retarding its rotation
70 and returning the core to normal position after
having been moved by energization of the wind-
ing.

9. An electro-magnet for transmitting rotary
motion having an energizing winding and a shaft
rotatably mounted outside the winding, a sleeve
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rotatably carried on the shaft, a circular type
of plunger core fastened to the sleeve, means for
completing a driving connection between the
sleeve and shaft, and means for releasing the
driving connection between the sleeve and shaft
at a predetermined arcuate movement of the
shaft,

10. An electro-magnet for transmitting rotary
motion having an energizing winding and a shaft
rotatably mounted outside the winding, a sleeve
rotatably carried on the shaft, g cirgular type of
plunger core fastened to the sleeve, means for
completing & driving’ connection between the
sleeve and shaft, means for releasing the driving
connection between the sleeve and shaft at a pre-
determined arcuate movement of the shaft, and
means for returning the shaft to initial starting
position after it is released from sald sleeve and
plunger core. !

11. An electro-magnet as set forth in claim 9,
further characterized in that the sleeve carries
a pair of spaced discs between which is positioned
a spring, one end of which is anchored to the
sleeve, while the other end is fastened to a fixed
member of the electro-magnet, and further de-
fined in that a spring-actuated pawl is carried
by one of said discs for completing the driving
cennection with a pin carried by a member fas-
tened to said shaft. )

12. An electro-magnet as set forth in claim 9,
further characterized in that the release means
comprises a member arcuately adjustably car-
ried on the magnet structure, the member having
a pin extending over the path of movement of a
spring-actuated pawl which acts as part of the
driving connection between the shaft gnd sleeve,
the drive connection being completed by a stop
device carried by a member fastened to the shaft.

13. An electro-magnet for transmitting rotary
motion having an energizing winding and a shaft
rotatably mounted outside the winding, a sleeve
rotatably carried on the shaft, a circular type
of plunger core fastened.to the sleeve, a pair of
spaced discs carried by the sleeve, another pair
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of spaced discs fastened to the shaft adjacent the
sleeve discs, a spring-actuated pawl positioned
between immediately adjacent discs of the two
pairs of discs, one of these last-mentioned discs

8 having the pawl pivotally mounted thereon, while
the other disc has a pin adapted to be engaged
by the pawl, a return spring located between the
discs of each pair and both springs being an-
chored to a stationary member of the magnet,

10 while the other end of one spring is operatively
connected to the shaft and the end of the other
spring is connected to the sleeve, a disc-like mem-
ber adjustably carried by the magnet structure
and having a release pin extending into the path

15 of movement of the pawl, the pawl being formed
50 it can pass under the release pin to allow the
plunger core to return to normaj position inde-
pendently of the shaft.

14. A solenoid type of electro-magnet having

20 an arcuately formed plunger with an arm at one
end extending inwardly toward the axial center
of the plunger, a rotatable shaft fastened to the
inner extremity of said arm for transmitting
power from the plunger to a load, and means

25 for allowing the plunger and shaft to move g
certain amount before picking up the load.

15. A solenoid type of electro-magnet having
an arcuately formed winding form with a single
winding thereon, a plunger in the form of a ring

30 which is open a distance approximately equal to
the length of the winding form, the ring having
a central portion carried on s rotatable shaft,
and an arm connecting the central portion to
one end of the open ring.

36 16. A solenoid type of electro-magnet having g
single winding with a circularly formed winding
form and an open-ring plunger fastened at its
center to a rotatable shaft, the ring being hollow
for the major portion of its length, the hollow

40 part varying in cross-sectional area along its
length, the greatest sectional area being at the
winding-entering end.

STANLEY S. CRAMER.



