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UNITED STATES PATEN 

2496,880 

T OFFICE 
George E. Leland, Dayton, Ohio 

1 
This invention relates to a magnetically oper 

ated device and more particularly to a rotary 
one object of the invention is to provide a 

magnetically operated device in which the move 
ment of the armature by the magnet will impart 
rotatory movement to a part connected with the 
armature. w 

A further object of the invention is to provide 
such a device in which the energization of the 
magnet will impart to the armature both axial 
movement and rotatory movement. 
A further object of the invention is to provide 

such a device in which the movement of the 
armature by the magnet would impart rotatory 
movement to a shaft having means for control 
ling the movement of a device to be operated. 

Application June 26, 1944, serial No. 542,188 
19 Claims. (Cl 175-336) 2 

embodiment of the invention; Fig. 17 is a side 
elevation, partly broken away; Fig. 18 is a section 
taken on the line - 8 of Fig. 17; Fig. 19 is a 
section taken on line 9- of Fig. 16; Fig. 20 is . 
a sectional view of another embodiment of the 
invention; and Fig. 21 is a side elevation of the 
device of Fig. 20. 

In these drawings I have illustrated several 
embodiments of the invention showing its appli 

O cation to different uses. In each of these illus 
trative embodiments there is shown an electro 
magnet, an armature movable toward the magnet 
by the energization of the latter, and a shaft 
connected with the armature for rotation thereby 

S 

A further object of the invention is to provide 
such a device which will impart successive step 
by step movements in the same direction to a 
device to be operated. 
A further object of the invention is to provide 

such a device which will impart substantially 
continuous rotation to the armature or to a part 
connected therewith. A further object of the invention is to provide 
such a device one operation of which will move 
a part to be actuated to a predetermined position 
and the next succeeding operation of which will 
restore said part to its initial position. 
A further object of the invention is to provide 

such a device which will be of a simple compact 
construction. 
Other objects of the invention may appear as 

the device is described in detail. . . In the accompanying drawing Fig. 1 is an ele 
vation of one end of.a. device embodying the in 
vention; Fig. 2 is an elevation of the other end 
of said device; Fig. 3 is a section taken. On the 
line 3-3 of Fig. 1; Fig. 4 is a side elevation of 
the device; Fig. 5 is a section taken on the line 
5-5 of Fig. 1; Fig. 6 is a section taken on the line 

30 
, the device as a whole and the several parts thereof 

when the armature is moved by the magnet. The - 
shaft is preferably rigidly connected with the 
armature and the latter caused to rotate as it 
moves toward the magnet, thus imparting, both 
axial and rotatory movement to the shaft. The 
means 'for rotating the shaft comprises a plate 
connected with the armature and arranged in 
opposed relation to a part fixed with relation to 
the magnet, and balls between the plate and the 
fixed part, the plate or the fixed part, or both 
of them, being provided with cam surfaces so 
arranged with relation to the balls that the action 
of the cam surfaces on the balls will cause the 
plate and armature to rotate. The drawings . 
show the several devices in the preferred forms 
and arrangements but it is to be understood that 

may take various forms and arrangements with 
out departing from the spirit of the invention. 

6-6 of Fig. 5; Fig. 7 is an elevation of a modified 
form of the device; Fig. 8 is an elevation of the 
other end of the device of Fig. 7; Fig. 9 is a section 
taken on the line 9-9 of Fig. 7: Fig. 10 is a side 
view of the device of Fig. 7; Fig. 11 is a side eleva 
tion of another embodiment of the invention; 
Fig. 12 is a section taken on the line 2-2 of 
Fig. 11; Fig. 13 is a top plan view of a portion of . 
the upper plate of Fig. 11; Fig. 14 is a section 
taken on the line f4-4 of Fig. 11, and looking 
in the direction of the arrows; Fig.15 is a section 
taken on the line -s of Pig. 13; Fig. 16 is a 

45 

That embodiment of the invention illustrated 
in Figs. 1 to 6 comprises a stationary structure 
which includes an electro-magnet and supports 
other parts of the device. This structure is in 
the form of a metallic casing, including an an 
nular cup-shaped member 2 and a closure 22, 
which forms part of the magnet. The closure is 
rigidly secured to the member 2 and is provided 
with an inwardly extending axial enlargement 
23, and a magnetizing coil 23a is mounted in the 
casing about the enlargement 23. An armature 
24 is supported adjacent the enlarged portion 
of the magnet for movement toward and from 
the same, and a shaft 25 of non-magnetic metal, 
such as stainless steel, is connected with the 
armature for rotatory movement thereby, when 
the armature is moved toward the magnet. This 
movement may be imparted to the shaft in any 
suitable manner but preferably the armature is 
mounted for rotatory movement and is rigidly 
secured to the shaft. Rotatory movement is im 

top plan view, partly broken away, of another parted to the armature by the movement of the 
  



3 
latter toward the magnet and may be effected 
in any suitable manner, as by cam means con 
trolled by the aforesaid movement of the arma 
ture. In the present construction the rear wall 
26 of the casing is provided with an opening in 
line with the enlarged portion 23 of the magnet 
and the shaft 25 is mounted for both axial and 
rotatory movement in a bearing 2 in the en 
larged portion of the magnet. The armature 24 
is rigidly secured to the shaft, as by a pin P 
and is supported thereby in the opening in ther 
wall 26, the armature being circular in form so. 
that it may have rotatory movement as well as 
axial movement with relation to the magnet. 
In this form of the device the means for in 

parting rotatory movement to the armature com 
prises a plate 29, here shown as substantially tri 
angular in form, which is connected with the 
armature for axial movement therewith and, in 
the present instance, is rigidly secured to the 
armature for both axial and rotatory movement 
therewith. This plate is arranged on the outer 
side of and in opposed relation to the wall 26 
of the casing and the opposed surfaces of the 
wall and plate are each provided with a plurality, 
in the present instance three, arcuate recesses 
or grooves 30 and 3, the recesses in the plate 
being opposed to the corresponding recesses in 
the wall. The bottom wall of at least one of the 
recesses of each pair is inclined lengthwise of 
the recess, and preferably the bottom walls 32 
and 33, of both recesses, are inclined in opposite 
directions, as shown in Fig. 5. The recesses are 
so arranged that, when the armature is in its 
normal or inoperative position the shallow end 
portions of the recesses of each pair will be in 
overlapping relation one to the other. Rotatable 
elements, preferably balls 34, are supported in 
the respective pairs of recesses and are located 
between the shallow overlapping end portions of 
the recesses when the armature is in its normal 
position. When the magnet is energized and the 
armature moves toward the same the pressure 
of the plate on the balls causes the plate to ro 
tate as it moves axially, due to the inclined or 
cam surfaces of the recesses. The plate moves 
with relation to the balls and the balls move with 
relation to the recesses in the wall until each 
ball is in the deeper portions of its recesses, as 
shown in dotted lines in Fig. 5, at which time 

and prevent further rotation of the plate and 
armature. 
To increase the torque on the armature at the 

beginning of its axial movement, when the pull 
of the magnet thereon is relatively weak, the in 
clination of the bottom surface of each recess may 
be slightly greater adjacent the shallow end 
thereof than it is at the deeper end, as shown 

2,490,880 
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40 face. 
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4 
The reverse movement of the armature will of 

course move the shaft in a reverse direction, both 
axially and rotatorily, and this reverse movement 
is limited not only by the engagement of the 
balls with the ends of the recesses but also by a 
collar 87 secured to that end of the shaft opposite 
the arnature and preferably seated in a recess 
in the closure 22. A spring washer 38 confined 
between the collar 37 and the bottom of the 
recess in the closure urges the armature and the 
plate 29 toward the magnet and thus maintains 
the plate in proper engagement with the balls. 
To enable the armature and the parts connected 
therewith to be manually operated, when this is 

15 desirable, the end of the shaft adjacent the collar 
is provided with a slot or recess by means of which 

O 

... a manually actuated device may be connected therewith. 
The device of Figs. 1 to 6 is designed primarily 

to control the releasing levers of a bomb release, 
for military airplanes, of the type in which there 
are two levers, and 4, the lever 39 controlling 
the bomb releasing device and the lever con 
trolling the arming of the bomb, that is, the re 
leasing of the mechanism which operates the fir 
ing device. When both levers are released the 
bomb is dropped and armed and when the lever 
39 only is released the bomb is dropped in an 
unarmed condition. For the purpose of this con 

so trol the device is provided with a controlling or 
supporting member for the levers, which is here 
shown as a stud 4 connected directly with the 
armature, the stud and the levers being so ar 
ranged that a partial movement of the stud will 

is release one lever only and the full movement 
thereof will release both levers. Preferably the 
stud has a substantially cylindrical portion ad 
jacent the armature and the outer end portion 
thereof has a flat or slightly concave upper sur 

As shown in Fig. 1 the lever 39 is sup 
ported On the concave surface of the outer por 
tion of the stud and extends across the major 
portion of that surface. The end of lever 4 
extends above the cylindrical inner portion of the 

45 stud and the lever mechanism, which is not 
shown, is of such a character that the lever 4 
is held in spaced relation to the stud as long 
as the lever 3 is supported by the stud. The end 
of the lever 40 is preferably curved forwardly 

50 and is so located with relation to the stud that the balls engage the end walls of the recesses . when the latter is moved out of engagement with 
the lever 39 and then stopped as soon as the 
lever 39 is released the lever 40 will move down 
wardly with the lever 39 until the curved end 
thereof contacts the cylindrical surface of the 
stud, slightly above the horizontal diameter of 
the stud, thus interrupting the downward move 
ment of lever 40, as shown in dotted lines in 
Fig. 1. By So interrupting the movement of the 

at 35. In the present instance each bottom Sur- 60 stud at the end of a predetermined movement 
face is curved and the curvature decreases as it thereof the lever 39 is released for operative 
approaches the deeper end of the recess. The movement and the lever 40 is held against opera 
plate and armature will be retained in the posi- tive movement. The means for interrupting the 
tions to which they have been rotated as long movement of the stud 4 may take various forms 
as the magnet is energized and for most pur- 65 and it is here shown as comprising a solenoid 42, 
poses it is desirable that they should be restored 
to their initial positions as soon as the magnet 
is deemergized. For this purpose a light Spring 
is so connected with the armature that it will 
be placed under tension by the rotation of the 
armature and will move the same in a reverse 
direction when the armature is released. In the 
arrangement here shown a coil spring 36 is con 
nected with the plate and with a fixed part adja cent the plate. 

of ordinary construction, the energization of 
which will move its Core 43 into the path of a 
stop connected with the armature and, in the 
present instance, comprising a shoulder 44 

70 formed on the edge of the plate 29. The solenoid 
42 may be mounted on any suitable Support ad 
jacent the edge of the plate 29, and it is con 
nected in a separate circuit controlled by a sepa 
rate switch. Thus by closing the circuit through 
the main magnet only and imparting uninter 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



5 
rupted movement to the armature, both levers 
will be released but if the solenoid 32 is energized 
in advance of the main magnet the lever 8 only . 
will be released. 
When the controlling device, such as the stud 

2,490,880 
, for connecting the same with a conductor of 

here shown, is connected directly with the arma- . 
ture, it is not necessary that the armature, shall 
be rigidly connected with the shaft, as the latter 
serves merely as a support for the armature and 
the parts carried thereby. The opposed surfaces 10 
of the enlargement 23 and the armature 2 may 
be of any suitable shape and are here shown as . 
conical to provide: a relatively long bearing for 

The device may be mounted on a supa . . . 
member 67 in a direction to successively open the 
several circuits, the shaft 66 and the shaft 7 of 
the magnetically operated device are provided 

the shaft. 
porting structure in any suitable manner, and, 
in the present instance, the closure 22 is provided 
with threaded holes 45 to receive screws. 

In Figs, 7 to 10 there is shown a slightly modi 
fied form of the device above described. In this 
device the structure 46, the shaft 47, the armature 
48, the plate 49, the balls 50, and the associated 
recesses, are of the construction and arrangement 
above described. However, the plate. 49 is en 
closed by a back wall 5 rigidly secured to the 
structure 46 and having a recessed portion to 
receive the plate and armature. The shaft 41 
rojects beyond that side of the structure 4 oppo 

site the armature and has rigidly secured thereto 
a lever 52. Said lever has three arms, and on 
one of these arms, 53, there is mounted a con 
trolling or actuating device which is here shown 
as a stud 54 on which is mounted a roller 55 Suit 
able for engaging, and releasing the end of and 
supporting the lever of a bomb release of a type 
slightly different from that above referred to and 
which utilizes a single lever in the release of the 
bombs. 
nected with one end of a spring 57 the other end 
of which is connected with a stud 5 on a fixed 
part of the device, which spring serves to move 
the lever, in a reverse direction and thus return 

A second arm 56 of the lever is con 

one of the lamp circuits. Mounted in this plate 
is a shaft which is rigidly connected, on the 

inner side of the plate, with a movable contact 
member 7 which is provided with a series of 
contactfingers 38 corresponding to the fixed con 
tacts 64, the contact member 67 being connected 
with a suitable source of electric current. The 
shaft 66 and the contact member 67 may be 
rotated to bring all the contactfingers into en 
gagement with the corresponding fixed contacts 
4 in any suitable manner, as by a knob 69 secured 

to the shaft 6. 
For the purpose of moving the movable contact 

with cooperating members, one of which is actu 

30 

ated by the shaft 70 to operate the other mem 
ber. In the construction shown these members 
are in the nature of clutch members 7 and 2 
having on their adjacent faces a cooperating 
series of ratchet teeth. The clutch member 72 
is rigidly connected with the shaft 66 and the 
clutch member T is rigidly connected with the 
magnetically operated shaft 70. A spring 78 con 
nected with an arm 74 secured to the shaft TD 
tends to move the clutch member 7 to and retain 
the same in its normal position. The normal 
positions of the two clutch members are such that 
when the magnet is energized the axial movement 
of the shaft TO will move the clutch member. 

35 

40 

the shaft and armature to their initial positions 
when the magnet has been deemergized. The 
third arm 59 is for actuating a movable part of 
the mechanism with which the device is asso 
ciated, such as actuating a switch member asso 
ciated with the bomb release. The operation of 
this device is substantially the same as that of 
the device previously described except that the 
rotatory movement of the shaft is utilized to effect 
the desired control or operation. 
In Figs. 11 to 15 there is shown an embodiment 

of the invention adapted to impart step by step 
movement to a part to be actuated, this form of 
the device having been designed primarily for 
controlling lights which indicate to the bombar 
dier which bombs remain in the bomb bay. It is 
custoray to arrange at the bombardier's station 
a series of lamps which are associated respectively 
with the several bomb supporting devices in the 
bomb bay. As each bomb is released the asso 
ciated lamp is extinguished so that the bombar 
dier at all times knows which bombs remain in 
the bomb bay. The magnetically operated device 
of this embodiment is in general similar to the 
device shown in Figs. 7 to 10 and the structure 59 
is mounted in and supported by a plate 60 forming 
a part of a main supporting structure which also 
carries the device to be operated, that is, the 
switch for controlling the bomb lamps. This 
device to be operated comprises a plate 6 rigidly 
connected with the plate. 60 by studs 2 and spac 
ings sleeves 63. Mounted on the inner face of 
the plate. 6 is an arcuate series of fixed contacts 
4 each having means, such as an arm or finger 

.45 

50 

55 

60 

65 

70 

TS 

into operative relation with the clutch member 72 
and will then rotate both clutch members a dis 
tance sufficient to move the movable contact 6 
One step. When the magnet is deemergized the 
clutch member 7 is restored to its inoperative 
position but the clutch member 72 and the mov 
able contact member remain in the positions to 
which they are moved. Thus after the movable 
contact member has been moved to a position to 
close all the circuits the successive energization 
of the magnet will move the movable contact 
member step by step to successively open the lamp 
circuits. The plate Bi is provided with stops TS 
and 76 to limit the movement of the movable 
contact member and the end fingers of that con 
tact member are of increased width to check the 
movement of the contact member with one or 
more of the fingers in accurate contact position 
with relation to one or more of the fixed contacts 
4, and this increased width also strengthens the 
end fingers and tends to prevent distortion by 
their contact with the stops. In the present ar 
rangement the stop 6 is so positioned as to inter 
rupt the circuit opening movement of the contact 
member while the last of the contact fingers 68 is 
in engagement with the last of the fixed contacts . 
4, as in this instance it is desirable to maintain 

the illumination of one lamp. The plate 6 is 
also provided with a series of buttons TT corre 
sponding in size and shape to the fixed contacts 
which are arranged to be engaged by and to sup 
port the contact fingers 68 and the supporting 
member 67 while the fingers are out of engage 
ment with the fixed contacts. 
That embodiment of the device illustrated in 

Figs, 16 to 19 is adapted to impart continuous 
rotary movement to the armature or to a part : 
connected with the armature. The structure 8, 
shaft 8, armature 82, coil 83, balls 84, and their 
associated recesses, are substantially the same as 
those shown in Fig. 1 but minor changes have 
been made therein to permit of and to cause con 
tinuous rotary movement of the armature. The 
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plate 85, which is rigidly connected with the ar 
mature 82, is of polygonal shape so as to provide 
the same with a plurality of, in the present in 
stance five, angles or corners which constitute 
actuating points, as will be hereinafter described. 
The plate 85 is provided with a single annular 
recess or ball race 86 and the wall of the struc 
ture 80 is provided with a continuous ball race 
opposed to the race 86 and having an undulating 
bottom wall 88, which in the present instance is 
provided with five high points 89, the peaks of 
which are spaced equal distances one from the 
other. Each section of the bottom wall slopes 
from the peak of one high point to the point of 
greatest depth of the race 8T and then slopes 
upwardly to the peak of the succeeding high 
point. Arranged between the plate 85 and the 
structure 80 is a spacing device 90 having open 
ings to receive a plurality of balls 84 which move 
in the races 86 and 87, the centers of the openings 
being spaced apart the same distances as the 
peaks of the high points of the race 87. The de 
twice as a whole is preferably but not necessarily 
supported in an upright position with the struc 
ture 85 above the armature 82 So that the plate 
rests upon the balls. When the balls are in the 
positions shown in Fig. 19, in which positions 
they are in engagement with the high portions of 
the race T8 just beyond the peaks, the energiza 
tion of the magnet will cause the balls to move 
down the inclined surfaces of the race, thereby 
causing the plate 85, the Spacer 90 and armature 
82 to rotate and during the energization of the 
magnet these parts will acquire a momentum Suf 
ficient to carry each ball up the succeeding in- ; 
clined surface and over the peak of the next 
high point. Thus by again energizing the mag 
net just after the balls pass their respective high 
points another impulse is imparted to the arma 
ture, plate and balls which will carry the same 
through another step in the rotation thereof. By 
intermittently energizing the magnet as the balls 
pass over the respective high points of the race 
the armature and plate may be maintained in 
continuous rotation. 

In order to automatically close and open the 
magnet circuit at the proper intervals I have pro 
vided a Switch for connection in the magnet cir 
cuit and for operation by the plate 85. This switch 
comprises two resilient members 92 and 93 which 
are rigidly connected one with the other at One 
end of the switch and are mounted at that point 
on a fixed support, not shown. Adjacent their 
other ends the bars 92 and 93 are provided re 
spectively with contact points 94 and 95, the re 
siliency of the contact member 93 tending to 
move the contact point 95 to an inoperative posi 
tion. The contact member or bar 93 is arranged 
to be engaged successively by the corners or ac 
tuating points 96 of the plate 85. A stop 97 limits 
the movement of the contact bar 94 toward the 
plate 85 and when none of the corners or actuat 
ing points of the plate 85 are in contact with the 
bar 93 the contacts will be separated and the 
magnet will be deemergized. The contact points 
and balls are so arranged with relation to the 
undulations of the race 87 that the actuating 
points of the plate will engage the resilient bar 93 
as the balls move up the inclinations and thus 
move the contact 95 into engagement with the 
contact 94 just as the balls move Over the peaks 
of the respective high points of the race. The 
contact is effected an instant before the balls pass 
the high points but they will be on the down 
Wardly sloping surfaces by the time the energiza 

10 

s 

20 

25 

30 

40 

55 

8 
tion of the magnet imparts movement to the 
plate. Due to the fact that the contact 95 en 
gages the contact 94 before the movement of the 
bar 9 by the plate 85 has been completed the 
resilient bar 92 will yield and both contacts 4 
and 95 will be moved against the resilience there 
of. Thus after the magnets have been energized 
the circuit will be maintained closed until the 
actuating point 96 of the plate has moved far 
enough to permit the bar 92 to engage the stop 

and the bar 93 to move with relation to the 
bar 92 and separate the contacts. In this man 
ner the energization of the magnet is maintained 
for an interval long enough to impart the desired 
movement to the plate. The movement of the 
plate may be initiated by hand or in any other 
suitable manner. In the absence of other con 
trolling means the plate 85 could be rotated to 
a position which would move the balls over the 
high points and close the circuit through the 
magnet. Thereafter the rotation of the plate 
will make and break the circuit. A device of this 
kind could find its use in actuating light loads, 
such for example as display devices or amuse 
ment devices. The device to be operated may be 
connected with the shaft or rotatable plate in any 
suitable manner and in some cases the device 
to be operated might merely be placed upon and 
supported by a plate 85. 
That embodiment illustrated in Figs. 20 and 21 

is of such a character that the shaft and the part 
connected therewith may be moved to a given 
position by one energization of the device and 
then returned to its initial position by a second 
energization of the device, and it is useful for 
a variety of purposes, Such as opening a valve, or 
switch, by pressing a push button and then clos 
ing the same valve or switch by pressing a second 
push button. To accomplish this I have pro 
vided a duplex magnet which in the form here 
shown comprises a single core having op 
positely projecting axial portions about each of 
which is mounted a magnetizing coil, and 

2. Supported in opposed relation to the ends of 
the core are two armatures 103 and 04 which 
are rigidly connected with a shaft 05 so that 
when one armature is attracted the other arma 
ture will be moved away from the core and the 
shaft will move with the armatures. The plates 

and 0 are rigidly connected with the re 
spective armatures and balls l are supported in 
inclined recesses in the lates and in the walls 
of the casing 99, which encloses tha coils, so that 
as each armature moves toward the core rotatory 
movement will be imparted to the plates, arma 
tures and shaft. The arrangement of the ball 
races is Such that the armature 3 will rotate 
in one direction as it moves toward the core and 
the armature 04 will move in the opposite direc 
tion as it moves toward the core. Thus by ener 
gizing the coil of the armature 3 and the shaft 
will be moved axially in one direction and rota 
torily in one direction, the armature 04 rotat 
ing in the same direction. When the coil f2 is 
energized and the armature 4 is moved toward 
the core the shaft will move axially in a reverse 
direction and the armature 4 will rotate in a 
direction reverse to that in which it was rotated 
by the armature 3, thus restoring the parts to 
the positions they occupied prior to the energi 
zation of the coil ff. 
While I have shown and described several en 

bodiments of my invention I wish it to be un 
is derstood that I do not desire to be limited to the 
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details thereof as various other modifications may 
be apparent to persons skilled in the art. 

Having now fully described my invention, what 
I claim as new and desire to secure by Letters 
Patent, is: 

1. A device comprising an electro-magnet, an 
armature for said magnet mounted for axial 

relation to the first 
10 mentioned part, said parts 

having in their opposed surfaces a plurality of 

movement and for rotatory movement with rela 
tion thereto, a member fixed with relation to said . 
magnet, a second member connected with said O 

armature for movement thereby toward the first 
mentioned member, said members having a plu 
rality of pairs of opposed inclined surfaces, and 
rotatable elements supported between said mem 
bers in rolling engagement with the inclined 
surfaces of the respective pairs of surfaces to 
cause said second member to rotate when it is 
moved toward the first mentioned member by 
said magnet. 

2. A device comprising a structure including an 
electro-magnet, an armature supported by said 
structure for movement toward and from said 
magnet, parts connected respectively with said 
armature and said structure and arranged in op 
posed relation one to the other, said parts having 
a plurality of pairs of opposed inclined sur 
faces, and rotatable elements arranged between 

- said parts in rolling engagement with the in 
clined surfaces of the respective pairs of sur 
faces, the arrangement of said rotatable elements 
with relation to said inclined surfaces being such 
that the relative movement of said inclined sur 
faces and Said rotatable elements by the move 
ment of said armature toward said magnet will 
impart rotary movement to said armature. 

3. A device comprising a structure including an 
electro-magnet, an armature supported by said 
structure for movement toward said magnet, 
parts connected respectively with said armature 
and said structure and arranged in opposed re 
lation one to the other, said parts having a plu 
rality of pairs of opposed recesses, the recesses 
of each pair being provided with elongate in 
clined bottom surfaces, and rotatable elements 
seated in the recesses of the respective pairs of . 
recesses and supported normally at the shallow 
ends of said recesses, whereby the movement 
of said armature toward said magnet will im 
part rotary movement to the part connected with 
said armature. 
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pairs of recesses, the recesses of each pair hav 
ing inclined bottom surfaces, and balls supported 
in the respective pairs of recesses and so ar 
ranged with relation thereto that the axial move 
ment of the first mentioned part with said arma 
ture wilr impart rotatory movement to said first 
mentioned part. 

"6. A device comprising a structure including an 
electro-magnet, an armature supported by said : 
structure for axial movement by said magnet, a 
plate connected with said armature for axial 
movement therewith, said plate and a wall of said 
structure having a plurality of pairs of opposed 
arcuate recesses, the bottom surfaces of each pair 
of recesses being inclined in opposite directions 
with the shallow portions of said recesses nor 
mally in overlapping relation one to the other, 
and balls arranged normally between said over 
lapping portions of the recesses of the respective 
pairs of recesses to cause said plate to rotate when 
it is moved toward said wall of said structure. 

7. A device comprising a structure, including 
an electro-magnet, an armature supported by 
said structure for axial movement by said arma 
ture and for rotatory movement, a plate rigidly 
connected to said armature, said plate and a wall 
of Said structure having a plurality of pairs of 
opposed arcuate recesses, each provided with an 
inclined bottom Surface, and balls supported in 
the respective pairs of recesses and so arranged 
with relation thereto that the axial movement of 
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said plate with said armature will impart rotatory 
movement to both said plate and said armature. 

8. A device comprising a structure including 
an electro-magnet, an armature supported by 
said structure for axial movement by said mag 
net and for rotatory movement, a plate rigidly 
connected to said armature, said plate and a wall 
of said structure having a plurality of pairs of 

4. A device comprising a structure including 
an electro-magnet, an armature Supported by 
said structure for movement toward and from 
said magnet, parts connected respectively with 
said armature and said structure and arranged 
in opposed relation one to the other, said, parts 
having a plurality of pairs of recesses, the re 
cesses of each pair being provided with inclined 
bottom surfaces, that portion of each bottom 
surface which is adjacent the shallow end of its 
recess having a greater inclination than that por 
tion thereof which is adjacent the deeper end of 
said recess, and rotatable elements seated in the 
respective pairs of recesses and supported nor 
mally adjacent the shallow ends of said recesses, 
whereby the movement of said: armature toward 
said magnet will impart rotary movement to the 
part connected therewith. 

5. A device comprising a structure including 
an electro-magnet, an armature supported by. 
said structure for axial movement by said mag 

opposed arcuate recesses, each recess having an 
inclined bottom surface, balls supported in the 
respective pairs of recesses and so arranged with 
relation thereto that the axial movement. of said 
plate with said armature will impart rotatory 
movement to both said plate and said armature, 
and a part connected with said armature for con 
trolling a device to be operated. 

9. A device comprising a structure including 
an electro-magnet, a shaft mounted in said struc 
ture, an armature connected with said shaft for 
axial movement by said magnet, a plate secured 
to said armature, said plate and a wall of said 
structure having a plurality of pairs of opposed 
recesses, each having an elongate inclined bot 
tom surface, balls seated in the respective pairs 
of recesses and so arranged that the axial move 
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net, a part connected with said armature for 
axial movement therewith, a part fixed with re 
lation to said structure and arranged in opposed 75 

ment of said armature by said magnet will im 
part rotatory movement to said plate and said 
armature, and means for transmitting said rota 
tory movement to said shaft. 

10. A device comprising a structure including 
an electro-magnet, a shaft mounted in said struc 
ture, an armature connected with said shaft for 
axial movement by said magnet, a plate secured 
to said armature, said plate and a wall of said 
structure having a plurality of pairs of opposed 
recesses, each having an inclined bottom surface, 
balls seated in said recesses and so arranged that 
the axial movement of said armature will impart 
rotatory movement to said plate and said arma 
ture, means for transmitting said rotatory move 
ment to said shaft. and a member connected with 
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said shaft for controlling the operation of a de 
vice to be operated. 

11. A device comprising a structure including 
an electro-magnet and having an opening in one 
wall thereof, a shaft mounted in Said structure 
for both axial and rotatory movement, an arma 
ture rigidly secured to said shaft and Supported 
in the opening in said wall, a plate rigidly Secured 
to said armature in spaced relation to said wall, 
said plate and said wall having a plurality of 
pairs of opposed arcuate recesses, the bottom 
surfaces of the recesses of each pair being in 
clined in opposite directions, and the shallow por 
tions of said recesses being normally in overlap 
ping relation, and balls supported between the 
overlapping portions of the respective pairs of 
eCeSSeS. 
12. A device of the character described corn 

prising an electro-magnet and an armature, 
means for supporting said armature for both axial 
and rotary movement with relation to said mag 
net, said means including a stationary portion 
and a movable portion, said portions having co 
operating surfaces so shaped and related as to 
provide an accurately defined path of movement 
for said armature such that axial movement of 
said armature at constant speed toward said 
magnet will cause said armature to rotate at a 
rotational speed which substantially continuously 
increases throughout its path of movement. 

13. A device comprising an electro-magnet, an 
armature for said magnet mounted for axial 
movement and for rotary movement with rela 
tion thereto, a member fixed with relation to said 
magnet, a second member connected with said 
armature for movement thereby toward the first 
mentioned member, said members having a plu 
rality of pairs of opposed inclined surfaces and 
rotatable elements supported between said mem 
bers in rolling engagement with the inclined sur 
faces of the respective pairs of Surfaces to cause 
said second member to rotate when it is moved 
toward the first mentioned member by said mag 
net, and Spring means acting on said Second 
member to preload said rotatable elements and 
prevent the displacement thereof when said mag 
net is deemergized. 

14. A device comprising an electro-magnet, a 
rotatable armature supported for axial movement 
toward and from said magnet, means controlled 
by said axial movement of Said armature for 
imparting rotatory movement thereto, a member 
Connected with said armature for rotatory move 
ment therewith to effect two functions, a part 
forming a stop connected with said armature for 
rotatory movement therewith, a second stop sup 
ported independently of said armature for move 
ment into and out of an operative position in 
which it will be engaged by the first mentioned 
stop after the first of said functions has been 
effected and before the second of said functions 
has been effected, and means for moving said sec 
Ond stop into and out of said operative position. 

15. A device comprising a casing having op 
posed walls, a core carried by one of said walls 
and extending into said casing, a magnetizing 
Coil extending about Said core, the shaft mounted 
in Said core for both axial movement and rotary 
movement, an armature rigidly secured to said 
shaft and extending through the opposing wall 
of Said casing, a part rigi with said armature 
and overlapping the outer surface of the last 
mentioned wall, and means cooperating with said 
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tary movement to said armature when the later 
is moved axially. 

16. A mechanism comprising a supporting 
structure, an electro-magnet supported by said 
structure, an axially movable armature for said 
magnet, means eontrolled by the axial movement 
to said armature toward said magnet for inpart 
ing rotatory movement to said armature, a shaft 
connected with said armature for axial move 
ment and rotatory movement thereby, a device 
to be operated including a shaft substantially in 
alinement with the first mentioned shaft, clutch 
members secured to the adjacent ends of the re 
spective shafts and having on their adjacent 
faces cooperating series of ratchet teeth, whereby 
the movements of the first mentioned shaft by 
said armature will move the clutch member 
thereof into engagement with the other clutch 
member and then actuate the latter. 
1. A mechanism comprising a supporting 

structure, an electro-magnet supported by said 
structure, an axially movable armature for said 
magnet, means controlled by the axial movement 
to said armature toward said magnet for impart 
ing rotatory movement to said armature, a shaft 
connected with said armature for axial move 
ment and rotatory movement thereby, a device 
to be operated including a shaft substantially in 
alinement with the first mentioned shaft, clutch 
members secured to the adjacent ends of the re 
spective shafts and having on their adjacent 
faces cooperating series of ratchet teeth, whereby 
the movements of the first mentioned shaft by 
said armature will move the clutch member 
thereof into engagement with the other clutch 
member and then actuate the latter, and yield 
able means for moving the clutch member of the 
first mentioned shaft out of engagement with said 
other clutch member and for rotating the same 
in a reverse direction. 

18. A unitary device comprising two separately 
energizable electro-magnets arranged side by side, 
separate armatures supported at the outer sides 
of said magnets and movable axially in opposite 
directions by the respective magnets, a shaft rig 
idly connected with said armatures to cause both 
armatures to move axially in the same direction 
upon the energization of either magnet, means 
controlled by the movement of one of said arma 
tures toward its magnet for rotating said shaft 
in one direction, and means controlled by the 
movement of the other of said armatures toward 
its magnet for rotating said shaft in the other 
direction, each of said means including a part 
fixed with relation to said magnets, a part carried 
by said armature in opposed relation to the first 
mentioned part, said parts having a plurality of 
pairs of opposed inclined surfaces and rotatable 
elements supported between and in rolling en 
gagement with the inclined surfaces of the re 
spective pairs of surfaces. 

19. A unitary structure comprising a single 
Core, separately energizable coils supported about 
the respective ends of said core, an armature at 
each end of said core, separate means including 
a shaft rigidly connected with both armatures 
for supporting each of the respective armatures 
for axial movement toward said core by the ener 
gization of the adjacent coll, means controlled by 
the axial movement of the respective armatures 
for imparting rotary movement thereto in oppo 
site directions, each of said controlled means in 
cluding a part fixed with relation to said core and 
a part secured to one of said armatures, said part and said last-mentioned wall to impart ro- 7s parts having a plurality of pairs of opposed in 
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clined surfaces, and rotatable elements supported 
between said parts in rolling engagement with 
the respective pairs of inclined surfaces and so 
arranged with relation thereto that the axial 
movement of either of said armatures by the en 
ergization of the adjacent coil will impart rotary 
movement to both armatures. 
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