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This invention relates to a solenoid and particularly to 
a device for translating reciprocating movement of a Sole 
noid into oscillating motion, such device being referred 
to hereinafter as a rotary shaft drive solenoid. 
The general object of the present invention is to pro 

vide a new and improved rotary shaft drive solenoid of 
simple inexpensive design and construction having im 
proved characteristics over prior art devies. 

Still another object of the present invention is the pro 
vision of a new and improved rotary shaft drive solenoid 
which can be constructed to yield different torque versus 
shaft position characteristics for different types of appli 
cations. 

Still another object of the present invention is to provi 
sion of a new and improved rotary shaft drive solenoid 
having an output shaft which will exert a large starting 
torque when the solenoid is actuated. 
Yet a further object of the present invention is the pro 

vision of a new and improved rotary shaft drive solenoid 
having a rotatable output shaft which is caused to rotate 
without imparting thereto any linear movement. 

In accordance with the present invention the Solenoid 
includes a hollow cylindrical winding with an armature 
disposed within the winding and centrally thereof for re 
ciprocal movement therewithin. A rotary shaft is pro 
vided in the solenoid which shaft is normally biased to a 
predetermined position. Connecting the shaft to the re 
ciprocably movable armature is a flexible tape or band of 
high tensile strength material, which band is wrapped 
around the shaft with one end of the band secured to 
the shaft and the other end secured to the plunger. When 
the plunger moves away from the shaft it pulls the band 
along with it and the band thereby rotates the shaft against 
its normal bias. 
By shaping the surface contour of the shaft in the area 

of engagement with the band, the torque characteristic of 
the solenoid can be adjusted. For instance, if the surface 
contour of the shaft is shaped so that the point of engage 
ment of the band with the shaft when the shaft is in its 
normal position is fairly remote from the axis of rotation 
of the shaft, upon energization of the solenoid there will 
be a relatively long lever arm through which the force 
exerted on the shaft by the band operates to thereby yield 
a relatively large starting torque to eliminate the usual 
small starting torque present in rotary shaft drive sole 
noids. 
The above and other objects, characteristics and fea 

tures of the present invention will be more fully under 
stood from the following description taken in connection 
with the accompanying illustrative drawing. 

In the drawing: 
FIG. 1 is an end view of a solenoid embodying the 

present invention; 
FIG. 2 is a sectional view taken along the line 2-2 

of FIG. 1 and showing the solenoid in its energized or ac 
tuated condition; 

FIG. 3 is a sectional view taken along the line 3-3 of 
FIG. 2; 
FIG. 4 is a sectional view similar to FIG. 2, but show 

ing the solenoid in its deemergized or normal condition; 
and 
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FiG. 5 is a sectional view taken along the line 5-5 

of FIG. 4. 
Referring now to the drawing in detail, a solenoid em 

bodying the present invention is generally designated 
therein by the reference numeral 0. The solenoid in 
cludes an electromagnetic coil or winding 2 having input 
leads 14, a plunger or armature 16 slidably disposed with 
in a low friction tube 8 which defines the core of the coil, 
an output shaft 20 rotatably mounted in bearings 22 and 
24 which bearings are supported by a bearing holder or 
block 26. The shaft 20 is connected to the armature 
16 by a flexible element 28 for imparting motion to the 
output shaft in response to motion of the plunger. The 
output shaft is biased to its normal position by a spring 
30 and the normal position is determined by comple 
mentary stops 32 and 34. Surrounding the coil in closing 
relation therewith is a housing 36 which is secured to 
the bearing support or block 26 as by a screw 38. The 
opposite end of the solenoid is enclosed by a cover plate 
40 which is seated in a depression in the bearing block. 
In order to increase the magnetic flux density passing 
through the plunger 16, a conical stop made of magnetic 
material is provided, which conical stop is designated by 
the reference character 42. If desired, a suitable mount 
ing bracket 44 may be secured to the housing 36, as, for 
example, by welding, and the mounting bracket 44 may 
have provision for threadedly supporting two screws 46 
which may be secured to any suitable plate or the like. 

Referring to the winding 12, this winding is formed in 
the shape of a hollow cylinder with sleece 8 frictionally 
disposed within the central passage therein. The sleeve 
18 is preferably made of a low friction non-magnetic ma 
terial such as brass to provide a low friction seat for the 
armature or plunger 16. It will be seen that the face of 
the armature or plunger 6 confronting the conical stop 
42 is shaped as a hollow or concave cone complementary 
to the convex conical surface 48 of the conical stop 42, 
whereby the confronting surface area of the conical stop 
and of the plunger is relatively large to increase the mag 
netic attraction between them when the coil 12 is ener 
gized. Naturally, both the conical stop 42 and the plunger 
16 are made of magnetic material whereby to greatly in 
crease the magnetic forces present when the coil 12 is energized. 
As stated before, the element 28 for connecting the re 

ciprocably movable plunger 16 to the rotary output shaft 
20 is made of flexible material of high tensile strength. 
For instance, it could be a thin flexible strip of high ten 
sile strength stainless steel. In lieu thereof, fiberglass re 
inforced flexible plastic could be employed. As an al 
ternative, a high tensile strength thread or wire can be 
employed as the element 28. In either event, and as 
shown in the drawing, the strap 28 is secured to the 
plunger 16 by a pin 50 extending through the strap and 
into the plunger, although other securing means could be 
employed such as, for instance, a high strength adhesive 
or even Welding. The strap extends away from its area 
of Securement to the plunger longitudinally of the plunger 
and tangentially of the output shaft 20 into engagement 
therewith about which it is wrapped, the other end of the 
strap being secured to the surface of the output shaft in 
any suitable fashion such as, for instance, a pin 52. Thus 
it will be seen that as the plunger moves from its normal 
or deactuated position as shown in FIGS. 4 and 5, to its 
actuated or energized position as shown in FIGS. 2 and 3, 
the strap 16 will move to the left and thereby rotate 
the output shaft 20 in a clockwise direction as viewed in 
FIGS. 3 and 5. 

In Order to reduce friction within the solenoid the out 
put shaft 20 is mounted in low friction bearings 22 and 24 
Supported by the bearing block 26. As shown herein the 
output shaft 20 extends outwardly of the solenoid 10 at 



3 
both sides thereof. Naturally, if desired, the output shaft 
could be arranged to extend out of one side only, the 
other end of the shaft being disposed within a bearing 
which would then act as a thrust bearing as well as a 
rotary bearing. 
To prevent longitudinal movement of the output shaft 

29 the shaft is provided with grooves 54 adjacent the ex 
terior surfaces of the bearings 22 and 24 which grooves 
are adapted to receive snap rings 56 which serve to elimi 
nate longitudinal movement of the shaft. 

It will be noted that longitudinal movement of the out 
put shaft 20 is eliminated with the construction disclosed 
herein due to the fact that the rotation of the shaft is 
not dependent upon longitudinal movement thereof as in 
prior art devices. Heretofore, in rotary solenoids, in 
order to effect rotation of the output shaft the output shaft 
was connected to the plunger in such a fashion that the 
plunger and the shaft would move reciprocably together. 
To impart the rotary movement to the output shaft in 
prior art devices some track, usually in the form of a 
helix, is employed so that as the shaft is moved linearly, 
the interengagement between the track and the shaft 
would impart rotary movement. However, the linear 
novement of the shaft is often undesirable as it must be 
compensated for in the connection between the shaft and 
the device being rotated thereby. The means for effectu 
ating this compensation often took up valuable space and, 
further, space had to be provided for movement of the 
output shaft itself. 
With the rotation of the output shaft in the present in 

vention effectuated by applying a pure rotary moment to 
the output shaft through the means of the flexible strap 28 
there is no linear movement whatsoever. Thus no pro 
vision must be made to compensate for such movement 
and the size of the package can thereby be reduced. 

It will further be noted that the degree of rotation of 
the output shaft is dependent solely on the length of the 
periphery of the shaft contacting the flexible element 28 
and on the stroke of the plunger 16. For a given shaft 
the degree of rotation is dependent solely on the length of 
the plunger stroke. Hence for a very small increase in 
the length of the solenoid 10, which increase is due to 
the increase in stroke length of plunger 6, a substantial 
increase in the rotation of shaft 20 can be effected. With 
a solenoid of the design and construction described and 
illustrated herein rotation of the shaft 20 to a full 360' 
can be achieved and even larger rotations are possible. 
Smaller amounts of rotation of the order of 90 to 180 
are easily attainable. The only modification other than 
the change in plunger stroke necessary to increase the 
amount of rotation is the angular distance that the flexible 
element 28 is wrapped around the shaft 20, for it will be 
apparent that the minimum amount of wrap necessary 
must be equal to the angular distance of rotation of the 
shaft 20. However, as presently preferred, the flexible 
element 28 is wrapped around the shaft over an angular 
distance in excess of 360 to relieve the stress on the con 
necting means, pin 52, and on the flexible element 28 in 
the vicinity of such connecting means. . 

Still another characteristic of a solenoid embodying the 
present invention and particularly embodying the feature 
of the flexible element 28 imparting rotary motion to the 
shaft 20, so that the solenoid can be designed readily to 
rotate on its positive stroke either clockwise or counter 
clockwise. The choice of direction of rotation is de 
pendent solely on which way the flexible element is 
wrapped around the shaft 20. As viewed in FIG. 5, if 
the flexible element is wrapped around the shaft 20 in a 
counterclockwise direction then the shaft will rotate clock 
wise on the positive stroke. Conversely, if the flexible 
element is wrapped around the shaft 20 in a clockwise di 
rection then the shaft 20 will rotate in a counterclockwise 
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4. 
ment of the stops 32 and 34 so that they will not interfere 
with such rotation. 
Another advantage which stems from the fact that shaft 

20 moves only in a rotary fashion, there being no axial 
movement, is that the plunger may be permitted to move 
much greater distances than the prior art devices whereby 
to increase the efficiency of the solenoid. A study of the 
characteristics of plunger magnets will demonstrate that 
the maximum work can be achieved only with a sub 
stantial stroke. With prior art devices which yielded 
rotation of the output shaft only as a result of axial 
movement thereof, the length of the stroke had to be 
kept at a maximum in order to reduce the amount of 
axial displacement of the output shaft. Thus the work 
done by such a solenoid was intentionally kept quite small 
for a given magnet. However, with the present construc 
tion, the magnet plunger 6 can be permitted to move a 
Substantial distance since such movement does not cause 
a concomitant axial displacement of the output shaft but, 
instead, is converted into pure rotary movement of such 
shaft. Hence, for a given magnet a far more efficient 
Solenoid can be constructed. This increase in efficiency 
can manifest itself either in a smaller magnet (which 
would result in a smaller solenoid of lighter weight) or 
in a reduction in power input for a given magnet, or a 
Solenoid having the same size magnet with the same input 
but a far increased output. Naturally, a combination of 
these advantages can be achieved by proper design. 
As stated hereinbefore, the output shaft 20 is biased 

to a normal position by a spring 30. The spring 30 is 
Secured to the shaft by being wrapped around stop 32 
which is pressed fit into shaft 20, the spring then being 
Wound several itnes around the output shaft and having 
its other end anchored to the bearing block 26 by being 
Wrapped around stop 34 pressed fit into such bearing 
block. The spring serves to bias the shaft 20 to a posi 
tion in which the stops 32 and 34 engage to thereby 
prevent further rotation. In this position, the connecting 
Strap 28 has pulled the armature 16 away from the conical 
Stop 48 to leave an air gap 58 therebetween. This con 
dition is shown in FIGS. 4 and 5. When energy is sup 
plied to Winding 12 through input leads 4, a magnetic 
field will be established which sets up an attractive force 
between the stationary conical stop 42 and the slidably 
movable armature 16. This force is sufficient to overcome 
the force exerted by the spring 30 through the strap 28 
on the armature 16 to thereby cause the armature to move 
to the left until it engages the conical stop. This move 
ment of the armature to the left will pull the connecting 
Strap 28 to the left and thereby serve to rotate the output 
shaft 20 in the clockwise direciton. The energized con 
dition of solenoid 10 is shown in FIGS. 2 and 3. The 
rotation of the output shaft 28 can be employed to operate 
any of a large number of devices. Upon the energy 
supply being discontinued to the winding 12, the magnetic 
field collapses to thereby substantially eliminate the mag 
netic attractive force between the conical stop 42 and the 
amature 6. Accordingly, the force exerted by the spring 
36 on the output shaft 20 is sufficient to rotate the out. 
put shaft in a counterclockwise direction until the stop 32 
engages the stop 34 at which point further rotary move 
ment of the shaft will be prevented. This counterclock 
Wise rotation of the output shaft 20 will pull the connect 
ing strap 28 to the right as viewed in the drawings and 
thereby pull the armature 16 to the right to restore it to 
igmal or deenergized position as shown in FIGS. 4 

C 

One of the critical characteristics in considering rotating 
Solenoids is the torque characteristic of the output shaft. 
It is fundamental that torque is equal to a twisting force 
times the lever arm through which the force operates. It 
is also basic and well known that the magnetic attraction 

direction on the positive stroke. Naturally, in effectuating 
the desired direction of rotation of the shaft 20 on the 
positive stroke, consideration must be given to the place 75 

between two parts is dependent upon the spacing between 
Such parts and the greater the spacing the less the mag 
netic attraction. Thus it will be seen that most rotary 



5. 
shaft drive solencids which depend upon the magnetic 
attraction between two relatively movable parts would 
have low starting torque due to the fact that the initial 
attraction between a movable plunger and a fixed magnetic 
slug would be relatively small as compared with the force 
at the end of the stroke. Because of the manner of con 
necting plunger 16 with rotary shaft 28 in applicant's 
rotary shaft drive solenoid, which manner, as herein 
before described, is the flexible band 28, this variation in 
force exerted by the plunger on the shaft can be compen 
sated for. The compensation takes the form of shaping 
the contour of the shaft 26) in the vicinity where the 
strap 28 is wrapped around a portion of the surface of the 
shaft 28. As shown herein the surface of the shaft 20 
underlying the strap 23 is shaped much like a cam. The 
shape is such that when the shaft is in its normal or de 
energized position with the stops 32 and 34 in stopping 
engagement, the strap or band 28 engages a high coin 
tour portion 66 of the shaft 20 so that when strap 23 
exerts a force on the shaft 29 due to the attraction of 
the plunger 6 due to the conical stop 42 by the actuation 
of the coil 12, the force is exerted through a relatively 
large lever arm. This will increase the amount of start 
ing torque to thereby overcome the initial or static friction 
resisting rotation of the shaft 28. However, once the 
shaft 25 starts to rotate and the plunger 5 moves closer 
to the conical stop 42, the frictional forces decrease and 
the force exerted by the plunger increases. At this point, 

, the lever arm through which the strap 23 operates to exert 
a turning force on the shaft 2 can be decreased and this 
decrease can be effected by reducing the diameter of the 
shaft in the area of contact during this portion of the 
stroke of the plunger. This is done by tapering off the 
high portion 68 at an appropriate point of the shaft rela 
tive to the strap 28. At the completion of the stroke the 
strap will be engaging the low part 63 of the shaft surface 
contour to thereby reduce the lever arm and hence main 
tain the torque at substantially constant value. 

it will therefore be seen that by a proper selection of 
the Surface contour of the shaft 289 a substantially uniform 
torque can be applied to the output shaft by the flexible 
strap 28 working through a variabie lever arin. Likewise, 
any other torque characteristic can be built in to my novel 
rotary shaft drive Solenoid by a proper contouring of 
the shaft 23 in the area of engagement with the strap 23. 
The solenoid it illustrated in the drawing is adapted 

to operate in response to energization by a D.C. source. 
However, the principles involved in the construction of 
the solenoid are equaily applicable to A.C. solenoids and 
the design changes necessary to make solenoid 10 operate 
in response to alternating current energy are well within 
the scope of persons skilled in the art. 
While we have herein shown and described the pre 

ferred embodiment of the present invention and have sug 
gested various modifications therein, it will be usaderstood 
that other changes and modifications may be made therein 
within the scope of the appended claims without departing 
from the spirit and scope of this invention. 
What we claim is: 
1. A rotary shaft drive solenoid comprising, an output 

shaft adapted to be rotated a predeterinined angular dis 
tance from a normal position to an operated position, a 
Teciprocably movable plunger, and means for connecting 
said plunger to said output shaft for rotating said shaft in 
response to linear movement of said plunger, said con 
necting means including a flexible band extending away 
from said shaft transversely thereof, said band having an 
end portion wrapped around said shaft at least said pre 
etermined angular distance when said shaft is in said 

normal position and having the end of said end portion 
fixed to said shaft, at least part of the portion of said 
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shaft underlying said flexible band being of non-circular 
cross 82ction. 

2. A rotary shaft drive solenoid comprising, a hollow 
electrical coil adapted to be energized and deenergized, a 
plunger of magnetic material slidably disposed within said 
coil, a rotatable output shaft extending transversely of 
the line of movement of said plunger for rotation a pre 
determined angular distance from and to a first or normal 
position and to and from an actuated position, and a 
flexible band connected at one end to said plunger and at 
the other end to said shaft, said band being wrapped 
around said shaft at least said predetermined angular 
distance when said shaft is in said normal position, the 
portion of said shaft underlying said flexible band being of 
non-circular cross Sectioi. 

3. in a rotary shaft drive solenoid comprising, a hollow 
electrical coil adapted to be energized and deemergized, a 
stop of magnetic material fixed relative to said coil and 
disposed at least in part within said hollow coil, a plunger 
of magnetic material siidably disposed within said coil for 
movement from and to a normali or deemergized position 
in which said plunger is spaced from said stop and to and 
from an actuated or energized position in which said 
plunger is in engagement with said stop, a rotatable out 
pui siaaft extending transversely of the line of movement 
of said plunger for rotation a predetermined angular dis 
tance from and to a first or normal position and to and 
from a second or actuated position conconitantly with 
mowerient of said plunger from and to its normal position 
and to and from its actuated position, respectively, and a 
flexible band connected at one end to said plunger and 
at the other end to said shaft, said band being wrapped 
around said shaft at least said predetermined angular 
distance when said shaft is in said normal position, where 
by to impart said concomitant rotation to said shaft from 
said first to said second position in response to movement 
of said plunger from its normal to its actuated position, 
a pair of stops, one fixed to said shaft and the other fixed 
relative to said coil, said stops being engageable when 
said shaft is in said nortmai position for preventing rota 
tion of said shaft away from its actuated position beyond 
said normal position, and a spring wound around said shaft 
and having one end anchored to said stop fixed to said 
shaft and its other end anchored to the other of said stops, 
said spring biasing said shaft toward said normal position 
whereby to bias said plunger toward is normal position. 

4. in a rotary shaft drive solenoid comprising, a sole 
noid coil, a solenoid plunger movable axially of said coil, 
and a rotary shaft positioned with its axis of rotation 
transversely of the path of movement of said plunger, 
said plunger being movable longitudinally toward and 
away from said shaft; a length of flexible material con 
nacted to said plunger and operatively connected to said 
shaft transversely thereof for turning the shaft when said 
length of material is tensioned and in oved longitudinally 
with said plunger in a direction away from said shaft, 
said shaft and length of flexible material having parts 
which are in releasable engagement with each other at the 
start of the movement of the plunger away from the shaft 
for temporarily increasing the shaft-turning torque at the 
Start of the turning of the shaft when the solenoid coil is 
energized for moving the plunger. 
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