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V I  ABSTRACT 
An electric motor having a low speed shaft that rotates 
at a speed much slower than the speed of a high speed 
shaft comprises a stator having a cylindrical bore with a 
longitudinal axis and a rotor that carries the low speed 
shaft and rotates in the bore eccentrically about the axis 
so that there is contact and no magnetic gap between a 
relatively small portion of the rotor periphery and the 
periphery of the bore. A magnetic field, rotating at the 
speed of the high speed shaft, is applied to the periphery 
of the bore. The field has longitudinally extending mag- 
netic field components of opposite polarity so that 
around approximately 180" of the bore the field extends 
in a first direction, while around the other 180" of the 
bore the field extends in the opposite direction. The 
rotor includes permanent magnet pole faces at opposite 
ends of the bore. 

17 Claims, 7 Drawing Figures 
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nism with the high speed shafh and the rotor carries the 

ROTARY ELECTRIC DEVICE low speed shafta The synchronized rotating field is es- 
tablished by my well h o w n  commutating means, such 
as a commutating disc on the high speed shaft; the com- ORIGIN OF THE INVENTION 

The invention described herein was made by an em- 5 mutathg disc causes opposite polarity currents to be 
plsyee of the United States Government and may be alternately applied to brushes of electromagnets that are 
manufactured and used by or for the Government for equispaced aboui the pehpherry of the bore. It is to be 
governmental purposes without the payment of any understood, however, that any other suitable commu- 
royalties thereon or therefor. tating meam sack. as, for example, E coded light opaque 

10 disc with a light S Q ~ T C ~  and detector or alternating 
currents, either AC or DC, minus the commutator, can BACKGROUND OF THE HhVBPPrThBN 

The present invention relates generally to rotacy 
electric devices and more particularly to a device that 
includes a rotor member that is positioned to rotate ins 
and about, an axis of a bore so that there is contact 
between a relatively small portion of the rotor and the 
periphery of the bore. 

Numerous devices have been proposed and utilized 
to provide very high speed ratios, e.g., between 180 to 
1 and loo0 to 1, between rotating shafts. Most of the 
prior art devices have been mechanical, employing 
many gear sets or step pulleys. In addition, low speed 
motors have been proposed for the same purpose. These 
prior art devices are physically large and relatively 
inefficient in transferring power from one shaft to an- 
other. Inefficiency QCCUTS in the mechanical devices 
because of the considerable friction that exists between 
the large number of interacting moving parts. The elec- 
trical devices have also been relatively inefficient be- 
cause they have utilized an air gap between a rotor and 
a rotating magnetic field. The air gap has a high mag- 
netic reluctance to reduce the magnetic flux coupled to 
the rotor, resulting in a loss of energy. 

SUMMARY OF THE INVENTION 
In accordance with one aspect of the invention, an 

improved rotary electric device comprises a stator hav- 
ing a cylindrical bore member with a longitudinal axis. 
A rotor member is positioned to rotate in the bore about 
the axis so that there is contact between a relatively 
small portion of the rotor and the periphery of the bore. 
Preferably, both the bore and the rotor member are of 
circular cross section so that the rotor rotates eccentri- 
cally about the axis of the bore. A rotating magnetic 
field having field components extending longitudinally 
of the bore axis, is applied to the periphery of one of the 
members, preferably the periphery of the bore. A mag- 
netic force exists between the contacting magnetic pe- 
ripheries of the first member and the other member 
(preferably the rotor) to eccentrically drive the rotor 
about the periphery of the bore. Enhanced efficiency 
results because contact between the peripheries of the 
rotor and bore provides a low reluctance magnetic path 
having no air gap. 

The other member includes longitudinally spaced 
permanent magnetic pole faces that are alternately at- 
tracted to and repulsed from different portions of the 
periphery of the first member as the magnetic field, 
containing oppositely polarized longitudinal compo- 
nents, rotates about the periphery of the first member. 
In the alternative, the rotating field is longitudinally 
polarized in a single direction and extends only partidly 
around the first member and the other member has a 
high magnetic permeability, but is not permanently 
magnetized. 

In a preferred application of the invention, wherein a 
large speed ratio exists between a high speed shaft and 
an output shaft, the magnetic field rotates in synchro- 

be employed. An evm number of electromagnets is 
provided SO that the commutating means simulta- 
neously applies currents of I first polarity to one half of 

15 the electromagnets while enrrents of the second polar- 
ity are simuitaneou51y applied to the other half of the 
electromagnets. AI1 of the electromagnets responsive to 
currents of one polarity are positioned around 180" of 
the periphery ~f the bore, while the electromagnets 

20 responsive to the currents QE the other polarity are posi- 
tioned around the remahinag 180" of the bore periphery. 
En CJIE embodiment, the high speed shaft has a first 

section for ciersying the commutating disc; this section 
i s  coaxial with the axis. The high speed shaft has a sec- 

25 ond section oRset from the fmt section so it is concen- 
tric with the rotor and jo~rndled to a bearing for the 
rotor. The rotor curies the low speed shaft so that the 
low speed shaft is coaxial with the second section of the 
high speed 5haft, whereby the low speed shaft turns 

A further feature of the invention is that the speed 
ratios of the shafts can be changed at will by varying the 
diameter of either the bore or the rotor. In one embodi- 
ment, wherein the bore diameter is varied, the bore and 

35 rotor have corresponding tapered surfaces extending 
along the direction of the longitudinal axis. To vary the 
relative diameters of the bore and rotor, the tapered 
surface of the bore is translated dong the longitudinal 
axis. In a second embodhent, wherein the rotor diame- 

4 ter is changedCB, the stator is provided with a structure 
enablimg the rotor to be easily removed from the bore 
and replaced with a rotor of a different diameter. To 
assure contact between the peripheries of the rotor and 
bore, B mass of resilient material is preferably provided 

45 between bearings carried by the second section of the 
fist shaft and the rotor to urge the periphery of the 
rotor into engagement with the periphery of the bore. 
To provide additional speed change between the high 
speed shaft and a further shaft of the device, a spur gear, 

50 mounted on the low speed shaft, is connected to the 
further shaft, which is coaxial with the bore. The con- 
nection between the spur gear and further shaft is via 
another gear having internal teeth that are drivingly 
connected to teeth of the spur gear. 

It is, accordingly, an object s f  the present invention 
to provide a new and hproved highly efficient and 
small electrical device for establishing large speed ratios 
between shafts. 

It is another object of the invention to provide a new 
6 and improv~cl low speed, highly efficient and relatively 

Et is a further object ofthe invention to provide a new 
and improved electric device for enabling a high speed 
ratio between shafts to be attained, wherein the ratio 

These and other objects and advantages of this inven- 
tion will become apparent upon reading the following 
description of which the attached drawings form a part. 

30 eccentrically about the axis of the bore. 

55 

compact rotary &&rdC device. 

65 caa be changed at will. 
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commutating currents flow longitudinally of stator 16 
to establish the oppositely directed rotating magnetic 

FIG. 1 is a front view of a preferred embodiment of field components. 
a device in accordance with the present invention; In the situation illustrated in FIGS. 1-3, electromag- 

FIG. 2 is a side view, taken through the lines 2-2 of 5 nets 21-26 are activated so that they have a longitudinal 
FIG. 1; polarization opposite from the polarization of faces 17 

FIG. 3 is a Plan view of a Slip ring disc employed as and 18; electromagnets 27-32 are activated so that they 
part of a commutator in the device of FIG. 1; have the same polarization as faces 17 and 18. In re- 

FIG. 4 is a side view of a portion of a modification of sponse to electromagnets 21-32 being activated in this 
the invention, wherein the speed ratio of shafts con- 10 manner, the greatest attractive force exists between 

electromagnet 21 and the lowest portion of the periph- nected to the device are changed at will; 
is a side sectional view Of another embodiment era1 surface of rotor 14, Le., where the rotor and stator 

wherein the speed ratio of the shafts is changed at will contact each other and there is no magnetic air gap and 
by providing a rotor that is easily removed and re- minimum magnetic reluctance The greatest re- 

l5 pulsive forces between rotor 14 and stator 16 exist in the placed; 
FIG. 6 is a partial side sectional view of a modifica- gap along radii of rotor l4 passing through electromag- tion wherein a spur gear provides a further change in net 32, in the clockwise direction immediately next to 

electromagnet 21; the second greatest repulsive forces the speed ratio; and 
FIG. 7 is a sectional view, taken through the lines 

7-7 of FIG. 6. exist along radii of rotor 14 passing through electromag- 
2o net 31, in the clockwise direction, immediately next to 

electromagnet 32. As the arcuate distance from electro- 
magnet 21 increases, there is an increasing distance 

Reference is now made to FIGS. 1 and 2 ofthe draw- between the peripheries of rotor 14 and stator 16, with 
ings wherein there are illustrated central high speed 25 a resulting increase in air gap between the peripheries of 
shaft 111 and eccentric low speed shaft 12; shaft 11 is the rotor and stator, resulting in decreases in the attrac- 
journalled in and shaft 12 is an integral part of cylindri- tive and repulsive forces between the peripheries of the 
cal rotor 14 having a circular, peripheral wall. A por- stator and rotor. 
tion of the wall of rotor 14 contacts the periphery of As the magnetic field established by electromagnets 
cylindrical circular bore 15 of stator 16. Bore 15 has an 30 21-32 rotates so that different electromagnets are polar- 
internal diameter slightly greater than the diameter of ized in different directions, the periphery of rotor 14 
rotor 14 so that a gap exists between them and the rotor rolls on a different portion of stator 16. For example, if 
can roll on the inside of the bore. The diameters of rotor it is assumed that electromagnets 22-27 are polarized so 
14 and bore 15 determine the speed ratio between shafts that south and north poles thereof are respectively es- 
11 and 12 in accordance with: 35 tablished in proximity to faces 17 and 18, while electro- 

magnets 21 and 28-32 are energized so that north and 
south poles are respectively established in proximity to 
faces 17 and 18, rotor 14 rolls so that the greatest where: 
contact exists along a radial line from the center of the 

40 rotor through electromagnet 22. Because the greatest 

DESCR'PT1oN OF THE 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Dld(D15 - D14) 

D15 = diameter of bore 15, and 
D14 = diameter of rotor 14. 

Rotor l4 oppositely polarized permanent mag- 
net pole faces l7 and l8 which are disposed longitu?- 

field derived from stator 16; it is assumed that faces 17 

attractive force &tween rotor 14 and stator 16 occws at 
the contact region between the rotor and stator, where 
the magnetic Of the magnetic circuit is a 

The rotating magnetic field has oppositely directed 45 present motor is very efficient in transferring power 
from the electromagnets to the rotor. Efficiency can be 
hcreased by shaping the current supplied to the differ- 

nally in bore 15 to interact with a rotating magnetic 

and 18 respectively have north and south poles. minimum, and where no magnetic air gap exists, the 

components that extend longitudinally of bore 15 so 
that at any instant approximately one-half of the rotat- 
ing magnetic field, through a continuous 180" arc, ex- ent electromagnets as rotor 14 comes in close proximity 
tends axially in one direction along bore 15, while the to the electromagnets. In particular, the current could 
other half of the magnetic field extends in the opposite 50 be shaped SO that ~ ~ ~ x h u m  current is applied to the 
direction longitudinally of the bore through a continu- electromagnet in Contact with rotor 14 and Illhimum Or 
O U ~  180" arc, In the embodiment of FIGS. 1-3, the zero current is applied to the electromagnet farthest 
rotating magnetic field is established by twelve electro- from rotor 14. The current supplied to the different 
magnets 21-32 that are equispaced about the periphery electromagnets could progressively decrease from the 
of the stator 16. It should be understood, however, that 55 maximum to the minimum level, or current could be 
any number of electromagnets can be used to produce supplied only to the electromagnet in contact with rotor 
the rotating magnetic field. Each of electromagnets 14 and the electromagnets closest to it. 
21-32 extends longitudinally of stator 16 and includes a As stated supra, the speed ratio between central high 
core of high magnetic permeability, preferably fabri- speed shaft 11 and eccentric, low speed shaft 12 is the 
cated of soft iron, on which is wound a separate coil. 60 diameter of rotor 14 to the difference between the diam- 
Pole faces of adjacent ones of electromagnets 21-32 are eter of bore 15 and rotor 14. In an exemplary case, the 
spaced from each other by the non-magnetic material diameter of bore 15 is 3.000 inches, while the diameter 
forming the remainder of stator 16. Commutating cur- of rotor 14 is 2.995 inches. In such an example, the speed 
rent is supplied to the coils of electromagnets 21-32 by ratio between shafts 11 and 12 
any suitable means such as, for example, a commutating 65 

coded light opaque disc or alternating currents. The 
coils of electromagnets 21-32 are wound so that the 

disc (described infra), a photoelectric means including a (2.995/3.000 - 2.995) = 599 
rpm for shaft 11 to one rpm for shaft 12. It is thus seen 
that a very large speed ratio is obtained, resulting in a 
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very low output speed, with a highly efficient device 
occupying a very small volume. 

Central high speed shaft 11 includes a first part 34, 
coaxial with axis 35 of stator 16, and a second part 36, 
coaxial with rotor 14 and eccentric shaft 12. Sections 34 
and 36 are respectively seated in roller bearings 38 and 
39, which in t m  are seated against the periphery of 
bores in the stator 16 and rotor 14; these bores are re- 
spectivdy coaxiaI with axes 35 and 37. To minimize 
endplay of shaft Bl, the shaft includes a flange 44l that 
extends transversely to axis 35 in a gap between face d l  
of rotor 14 and ara adjacent face of stator 16. 

In the embodiment of FIGS. 1-3, the poPdty of the 
commutating currents supplied to electromagnets 21-32 
is controlled by a commutating disc 42 fmedly mounted 
on section 34 of shaft BB. Disc 42 is fabricated of an 
electrically insdating material; in register on the oppo- 
site faces of disc 42 are electrically conducthg, aetajl, 
semi-circular segments 43 and 44 that are connected to 
each other by &tal segments &.'Extending completely 2o 
around the rim of disc 42, there are two spaced and 
electrically insulated metal rings 50, each ring abuts 
against a different face of disc 42 and Is integral with the 
segment 43 on the abutting face. Conducting segments 25 
43 and 44 are selectively connected to a DC power 
supply at teminds 4 and 47 by a pair of brushes & andl 
49 that selectively engage metal rings 90 on the rim of 
disc 42. The current flowing in the conducting segments 
of disc 42 is picked up by twdve sets of brushes equi- 
spaced about disc 4Z9 so that one set of brushes i s  pro- 
vided for each of electromagnets 21-32 Each set of 
brushes includes four brushes 51-5% brushes 51 and 52 
have a f is t  corresponding radial position on opposite 
sides of disc 42, while brushes 53 and 54 have a second 
corresponding radid position on the opposite sides of 
disc 42. The brushes and segments are arranged so that 
brushes 51 an8 92 engage segments 43, while brushes 53 
and 54 aie positioned to engage segments 44. Brushes 5% 
and !% are connected to each other and to the end ofthe 
winding of electromagnets 31-33 in closest proximity to 
face 17, while brushes 5% and 53 are connected to each 
other and to the other ends of the electromagnet whd- 
ings. The brushes and conducting segments of disc 42 
are arranged so that brushes 5: and 52 never engage 
conducting segments 43 while brushes 93 and 54 are 
engaging conducting segments 44, and vice versa. 

In the situation illustrated, wherein brushes 98 and 5% 
engage segments 43, positive current is applied from 
termind $6 through brush 48 through segment $3 on the 
left face of disc 42. T'is current flows from segment 43 
through brush SI to the ends of windings 27-32 adja- 
cent face 17. The current flows through the windings of 
electromagnets 27-32 maad thence to brushes 5% and 
segment 43 on the right side of disc 42. From segment 
43, on the right side of disc 42, the current flows 
through brush 49 back to t e m h d  47. Sirnultmeousasly, 
segments 44 on the two faces of disc 42 are connected to 
brushes 93 and 54 so that positive current flows from 
terminal 46 through brush 48 to segment 44 on the left 
side of disc 42 and thence from brush 53 to the end of 
electromagness 27-32 adjacent face 88. The current 
flows through the windings of electromagnets 27-32 
and flows from the ends of the windings of electromag- 
nets 27-32 adjacent face IT  back to brushes 54. From 
brushes 54, the current flows through segment 44 on the 
right side of disc 42 to brush $4 and thence to negative 
DC supply terminal 47. 

30 
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As shaft secrion 34 rotates, disc 42 rotates to selec- 

tively supply the current from terminals 46 and 47 to the 
coils of electromagnets 21-32 so that at any instant of 
time, half of the electromagnets are responsive to cur- 
rent of one polarity while the other half of the electro- 
magnets are responsive simultaneously to current of the 
opposite polarity. Because of the equal spacing of elec- 
tromagnets 21-32 about the periphery of bore 15, all of 
the electromagnets responsive to currents of one polar- 
ity are positioned 180" g ~ u n d  the bore periphery, while 
the electromagnets responsive to currents of the other 
polarity are positioned around the remaining 180" of the 
bore periphery. 

In accordance with another aspect of the invention, 
as illustrated in FIGS. 4 and 5, the ratio of center high 
speed shaft 11 to the eccentric low speed shaft 12 can be 
changed at will by varying the diameter of either the 
bore OF the rotor. In the embodiment of FIG. 4, the 
diameter of the bore Is varied, while in the embodiment 
o f  FIG. 5, the diameter of the rotor is varied. In FIGS. 
4 and 9, the e lectr~mag~~et~  and commutating circuitry 
are not s'aaowm to facilitate the drawing and description. 

Referring more particularly to FIG. 4, rotor 61, on 
which eccemtdc low speed shaft 12 is integrally 
mounted coaxially with the center of the rotor, includes 
outwardly tapering sides 62 and 63. Stator 64 includes 
tapered i n t e ~ k -  swfaces 65 and 64 that respectively 
comcspond with sides 62 and 63. In cross section, the 
tapers of surfaces 62 and 65 and surfaces 63 and 66 are 
the s m e 9  and in any particular cross section, these sur- 
faces lie in parallel planes. Rotor 64 is divided into two 
segments 67 and 68 ep~hiich respectively carry surfaces 

Segments 67 a d  68 we translatable relative to each 
other to adjust the effective diameter of stator 64 rela- 
tive to the Fied diameter of rotor 61, while providing a 
constant gap between sudaces 62 and 6§ and 63 and 66, 
regardless of the spacing bdween segments 67 and 68. 
Lead screws 69 form one suitable means for varying the 
spacing between sapen t s  67 and 68. With segments 67 
and 68 adjusted so that they are in closest proximity to 
each other, so that the inner faces of segments 67 and 68 
are in abutting relationship, the effective diameter of 
stator 64 is greatest, so that the speed ratio between 
shafts BL and 81 is a nlaximum. In contrast, when seg- 
ments 67 and 68 have maximum spacing between them, 
whereby the outer edges of segments 67 and 68 are 
aligned with the vertical wdls of rotor 61, the diameter 
of stator 64 i3 effectively a minimum and a minimum 
speed ratio exists between shafts 11 and 12. 

"0 provide eccentric turning of rotor 61 about the 
longitudinal axis of shaft 11 md stator 64, shaft 11 is 
provided with a slotted center that is formed as a cup 71 
having ai axis between the axis of shafts 81 and 12. Cup 
71 includes B ring 72 having an inner diameter contact- 
ing the periphery of stab shaft 73 that extends from the 
side of rotor 61 ~ppos ik  from shaft 8% stub shaft 73 has 
an axis coincident with the axis of shaft 12 and rotor 61. 

Reference is now made to PIG. 5 of the drawings 
wherein there is illustrated a sectional view of an em- 
bodiment ofthe invention wherein the diameter of rotor 
81 can be changed at wihl by easily removing one low 
speed shaft assembly and inserting another low speed 
shaft assembly in its place; the different output shaft 
assemblies have differing outer diameters. Rotor 81 
includes low speed shaft 12 and a cylindrical ring 82 
formed of a material having a high geometric permea- 
bility. A portion of the outer periphery of ring 82 
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contacts the interior wall 83 of a bore formed in stator permeability material. In such a case, only one half of 
84, the bore has a center line coincident with the center the electromagnets are energized at any one time, and 
line of shaft segment 34 of high speed shaft 11. Ring 82 these electromagnets are energized with a current of a 
is concentric with the axis of shaft 12 and segment 35 of single polarity. For example, current is supplied to elec- 
shaft 11. Ring 85, lnaving an inner diameter slightly 5 tromagnets 21-26 while no current is supplied to elec- 
greater than the outer diameter of bearings 39, carried tromagnets 27-32 when rotor 14 is in the position illus- 
by shaft segment 3% has opposite Permanently magne- trated in FIG. 1. To cause rotor 14 to roll in a counter- 
tized longitudinal faces in the same manner that faces 17 clockwise direction on the periphery of bore 15, the 
and 18, in FIG. 2, are magnetized. current supplied to the electromagnets is shifted so that 

Tube 86 of resilient material, such as rubber, is 10 electromagnets 22-27 are supplied with current while 
wedged in the space between the inner Periphery of electromagnets 21 and 28-32 are deenergized. In this 
ring and the outer dimeter Of bearing 39 to urge the way, only attractive forces exist between the periphery 
ring radially outwardly into contact with the inner wall of rotor 14 and the inner peripheral wall of stator 16, 
of ring 82, the outer wall of which engages the interior and no repulsive forces exist between these surfaces. 
periphery of bore 83. The outward, radial force exerted 15 Maximum attractive force exists where there is zero air 
by tube 86 On ring 85 the ring and Output shaft l2 gap between rotor 14 and stator 16, on the face of the 
to form an effectively unitmy structure. To lock low electromagnet adjacent an electromagnet that is not 
speed shaft 12 to stator a, and prevent rotational slip- 

ring 87 having external teeth that mesh with internal 20 eral specific of the invention, it will be 
teeth of ring 88 that is formed on a face of housing 84. clear that variations in the details of the embodiments 

shafts 11 and 12, shaft 12 is slid away from stator 84, out departing from the true spirit and scope of the in- along the longitudinal axis of the shaft, and a different vention as defined in the appended claims. For example, shaft assembly is inserted in its place. The different shaft 25 the positions of the permanent magnet and electromag- 
assembly has a ring 82 with an outer diameter different nets can be reversed so that an annular permanent mag- from the outer diameter of the ring on the previous shaft net is on stator 16 and the electromagnets are on rotor assembly. The radial thicknesses of both rings 82 are the 14. same, Magnetic ring assembly 85 remains in situ while 
the different shaft assemblies are removed from and 30 
inserted into the bore of stator Resilient tube 86 

interior of ring 8% to enable the different diameter rings 
to be inserted. 

energized. 
page ofthe low speed shaft, the shaft is provided with a While there have been described and illustrated sev- 

If it is to change the speed ratio between specifically illustrated and described may made with- 

What is claimed is: 
1. A rotary electric device for establishing high speed 

stator having a cylindrical bore member with a longitu- 
dinal axis, a rotor member positioned to roll in the bore 

Additional variations in the rotational speed of a high 35 about the axis so that there is contact and no magnetic 

exerts sufficient radial force against ring 85 and the ratios between a pair of rotating shafts comprising a 

speed shaft and a low speed shaft can be attained by air gap between a small portion of the rotor 
employing a reduceion gear assembly of the type illus- and the periphery of the bore, a high speed shaft, the 
trated in FIGS. 6 and 7. In the modification of FIGS. 6 high speed shaft having a first section r o h h b b  coupled 
and 7, a spur gear 91 is fixedly mounted on eccentric, in the stator axially aligned with the axis and a second 
low speed shaft 12. Spur gear 91 includes two sets of 40 section offset from the f b t  section and rohbblY cou- 
diametrically opposed teeth 92 and 93 that engage teeth pled in the rotor member, a low to 
on the interior of gear 94. The interior diameter of ring the rotor in coaxial alignment with the second section of 
9$ exceeds the exterior diameter of spur gear 91 and the high speed shaft for Providing eccentric turning of 
gear 94 is mounted so that its axis is coincident with the the low speed shaft, means for applying a rotating mag- 
axis of shaft 11 and stator 16 and gear 94 is eccentric 45 netic field to the periphery of one of the members, said 
relative to gear 91. Teeth 95 and 96 on the interior of field having a longitudinally extending magnetic field 
gear 94 are not diametrically opposite from each other component, the other of said members including longi- 
so that while teeth 93 and 96 engage each other, teeth 92 tudinally spaced magnetic pole faces that are alternately 
and 95 do not engage each other. attracted to different portions of the periphery of the 

The speed reduction attained with the arrangement of 50 one n ~ m b e r  as the magnetic field rotates about the 
FIGS. 6 and 7 occurs because low speed shaft 12 does Periphery ofthe one member. 
not rotate about the center line of stator 16, but rotates 2. The device of claim 1 Wherein the rotating field has 
eccentrically relative to housing 16 and the center line OPPOsitelY directed, 1ongitudinallY extending field COm- 
of gear 94. Stub shaft 97 having an axis coincident with Ponents and the 1ongitudinW Spaced Pole faces of the 
the axis of stator 16 and an integral part of gear 94 can 55 other member are permanently magnetized, whereby 
rotate in the same or opposite direction from shaft 11. the other member is alternately attracted to and re- 
~ i n a l  rotational direction is determined by the ratio of pulsed from different portions of the periphery of the 
the difference in diameter between spur gear 91 and one member. 
gear 94 to the difference in diameter between rotor 14 3. The device of claim 1 wherein the rotor and bore 
and stator 16. If the difference between gears 91 and 94 60 have circular cross sections of differing diameters so 
is larger than the difference between rotor 14 and stator that the rotor rotates eccentrically about the axis. 
16, the rotation is clockwise; if the difference is smaller, 4. The device of claim 3 wherein the means for apply- 
the rotation is counterclockwise; and if the differences ing the rotating field includes means for synchronizing 
are the same, there is no rotation. the field rotation with the high speed shaft rotation, 

While the preferred embodiment of the invention 65 whereby the speed ratio between the high speed shaft 
involves the use of a permanently magnetized rotor, it is and the low speed shaft equals the diameter of the rotor 
to be understood that the principles of the invention are member of the difference in diameters of the bore and 
also applicable to a rotor fabricated of a high magnetic rotor members. 

shaft 
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5. The device of claim 4 further including means for 14. The device of claim 1 wherein the rotating mag- 

effectively varying the diameter of a first of the mem- netic field is applied to the stator member and the r o t x  
bers. member has a constant polarity magnetic field. 
6. The device of claim 5 wherein the first member is 15. The device of claim 14 wherein the rotor member 

the bore member. 5 includes oppositely polarized permanent magnet pole 
7. The device of claim 6 wherein the bore and rotor faces adjacent opposite ends of the bore member, the 

members having corresponding tapered surfaces ex- bore member including an even number (N) of electro- 
tending along the axis, and means for translating a ta- magnets equispaced about the periphery of the bore 
pered surface of the bore member in the direction of the member, said means for applying including means for 
axis to control the relative diameters of the tapered 10 applying currents of a first polarity to N/2 of the elec- 
surfaces of the bore and rotor members. tromagnets positioned approximately around 180" of 

8. The device of claim 5 wherein the first member is the periphery of the bore member and for applying 
the rotor. currents of a second polarity to the other N/2 electro- 
9. The device of claim 8 wherein the stator member magnets positioned approximately around the other 

includes means for enabling the rotor to be removed 15 180" of the periphery of the bore member, said electro- 
from the bore means. magnets being positioned so that opposite pole faces 
LO. The device of claim 9 wherein the rotor member thereof are adjacent opposite ends of the bore member. 

includes a longitudinally extending circular rim of mag- 16. The device of claim 95 wherein the means for 
netic material, pole faces of the rotor element being applying includes: four contact brushes for each of the 
contained on a cylindrical member contacting only a 20 electromagnets, a commutating disc mounted on the 
relatively small portion of an interior face of the rim and first section of the high speed shaft for alternately ap- 
having a circular cross section with a diameter less than plying opposite polarity currents to the four brushes of 
the inner diameter of the rim. each electromagnet. 
18. The device of claim 1 further including a spur 17. The device of claim 16 wherein the commutating 

gear mounted on the low speed shaft, another shaft 25 disc includes two opposed faces, a pair of diametrically 
coaxial with the bore member having an internal gear opposed electrically interconnected semicircular elec- 
drivingly connected to the spur gear. trical conductors of different diameters on each of the 
12. The device of claim 1 further including resilient faces to form an electrical slip ring, the conductors on 

means for urging the periphery of the rotor member the opposed two faces being in register, a first pair of 
into engagement with the periphery of the bore mem- 30 said brushes for each electromagnet being positioned to 
ber. contact the conductors of one diameter on the two 
13. The device of claim 12 wherein the second section opposed faces, a second pair of said brushes for each 

is journalled to a bearing for the rotor member, said electromagnet being positioned to contact the conduc- 
urging means including a mass of resilient material be- tors of the second diameter on the two opposed faces. 

. 

tween the bearing and the rotor member. 35 * * * * *  
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