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This invention relates generally o magnetic
drives, and more parbicularly to magnetic clutches for
controllably coupling two members bHogether and is particu~
larly adapted, among other uses, as a magnetic clutch tor
coupling a prime mover to a rotatable load whereby the
rotation of the load may be controlled.

Objects of this invention are to provide such
a magnetic clutch having improved operating characteristics;
to provide such a clutch which will drive the driven member
in synchronism with the driving member, will permit of
nonsynchronous drive between the members and will pexnit
one of the members to move freely with respect to the other;
to provide such improved characteristics by the addition
of a bonding meterial comprising a guantity of finely
divided magnetit_: material and a quantity of finely divided
solid lubricant; to profide a magnetic clutch having the
foregoing characteristics and further arranged to provide
a torgque which under one condition of excitation and
loading is a combination of the electromechanical effoct
of the bonding meterial amnd of the eddy current effeet of
the flux and at other excitations and loads the torgue
developed is entirely a consequence of electromechanical
effect; to provide such a high torgue ‘clutch which has a
low no-load drag; %o provide such structures wherein
centrifugal forcesm acting upon the bonding maberial serve
40 maintain it in the air gap regions, in readiness to
establish the bond between the relatively movable eclutch
slements; bto provide such struetures embodying improved means
whieh act upon the bonding material under unexcited condi-

tions of the unit to maintsin bonding material in the air

gap reglons, in readiness to esbablish the bond; and to
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generally improve magnetic drives of the character described.

Referring to the drawings:

Figure 1 is a view partislly in elevation and
partially in section, with some of the parts removed for
clariby, showilng a megnetic clutch embodying the inventionj;

Fig. 2 iz an exploded diagrsmmatic view of the
structure of Fig. 1l;

Fig. 3 18 a partial view of the clutch showing
meany for sealing the clutch interior;

Fig. 4 is a partial sectional view of the clutech
showing the herein defined magnetic fluid under non-excited
copditions;

Pig. 5 is a partial view similar to Fig. 4 but
showing the magnetic fluid under exeited condibions;

Figs. 6 and 7 are graphs illustrating ceriain
performanca‘characteriséics of clutches embodying the
invention;

Fig. 8 is a view in vertical transverse section
of a structure similar to that of Figures 1 through 5, bub
incorporating means to provide the field member with a
smooth periphery;

Flg. 9 is a view in axlial section of a further
mnodification of the 7invention corregponding generally to that
of Figs. 1 through 5 but differing therefrom \primarily in
that the field member is not circumferentially polarized;

Fig. 10 is‘ a view in axial section of a further
modification of the invention wherein the clutch members
are, generélly speaking, of'the plate type;

| Fig. 10A is a fragmentary view illustrating a

detail of Fig. 103

910
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Fig. 10B is a fragmentary view illustrating a
modified spring structure which may be used in the structure
of Fig. 10 a;xd

Fig. 1l 13 a view in axiel section of another

form of plate cluitch embodying the invention,

In accordance with the broader agpscts of the
present invention, it may be applied to a wide wvariety of
magnetic clubch constructions, which coastructions may be
generically classified as including a plurality of rela-
tively movable (and in most cases relatively rotatable)
moembers formed at leasst in part of magnetic material and ago
arranged ag to receive between adjacent faces thereof =
gantity of the hereinafter described bonding meterial.

When energized, the bonding material appears to provide a
magnatically egtablished elestiromechanical bond betwsen
the two members which, within certaln torgue limits, canses
the mambers to move synchronously and, beyond thess torque
limits, permita a slipping movement between the driving and
the driven ones of ths members.

Within the purview of the invention, the members
themselves may be variously constructed, the resuliant torqgue
may bs due entirely or in part to the aforesald bond, the
excitation may be variously applied, and may be either inter-
mittent or eonbtinuous, and the members may interchangeably
gserve ag driven or driving members. To 1llustrate the wids

adaptability of the invention, and the wide variety of struc-

“turea which may embody it, a numbsr of different cluteh atruc~

tures are disecloged herein, in an illustrative and not in

a limiting sense.
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The magnetic clutch or drive unit 1 of Figs. 1
through 5 is, except as disclosed below, of a usual
construction of the so-called eddy curreant type in the alr
gap region of which has been placed a guantity of fine
magnetie particles of the order of 8 microns in diameter,
and a guantity of a solld dry powdered lubricant such as
graphite, miea, soapsioune, potstone, steatite, French chalk,
lsmpblack, and so forth, or mixture thereof. The presence
of the magnetic particles in the alr gap tremendously ine
creases the torque which may be transmitted by a unit ot
given size. The use of the dry lubricant permits the
operation of the unit under slip conditions without undue
internal losges and particularly at non-excited or no-load
conditions such ag dry lubricant permits full slip without
an appreciable frictionél drag. The addition of this
powdered mixbure permits synchronous rotation of the rotor
2 and the drum 8 of the unit 1 in which condition there is
no eddy current driving effect between the two members and
the sole driving effect appears to be that produced as a
result of the presence of the magnetic material in the air
gap. It further permits operating under slip conditions
in which the dry luﬁricant prevents undue abrasion and
wearing of the unit, and no~load or non-exclted operatlon
with full slip in which the dry lubricant and magnetic
particles offer little if any resistance to relative ro-
tation of the rotor 2 and drum 8,

The exact theory of the action of these materials,
defined bslow as bonding materials, is not known with absolute

corbtainty, but the results are definite\and positive. It is
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believed that the presence of this powdered materlal 1n the
coupling acts, under energized conditions, to provide
pillers or columns lying in the flux paths and which are
formed and held together by the flux flowing 1in such paths
between the magnetic polea of the rotor 2 and the drum 8§,
so that the drum 8 is connectedl mechanically and frie-
tionally to the rotor 2 by measns of such columns. Undexr
deenergized conditions of the coupling now being described,
the components of the bonding materlal have complete
freedom of movament and &0 do not cause a drag betwaen the
two relatively movable parts of the coupling.

Throughout this specification and claims the
torm “powdered bonding meterial® is used as comprising
seVerél different materials, oné having maguetic charac-
terigtics such as iron apd ahbther having lubricating but
substantiall&vnon-cohasive characteristics such as the
so0lid lubricants mentioned above, or mixbures of the lubri-
eants. In the pressently preoferred embodiments of the
invention, a prefsrred magnetic material is that known
commercially as Carbonyl E and a proferred solid lubricant
is powdered graphite. As aforesaid, Carbonyl E has a grain
size of aboﬁt 8 microns, and the graphite may bs of the
order of 200 mesh.

Different operating conditions determline the most
preferable ratio between the wWelight of magnetic particles
and the partieles of solid lubricant. Xor example, excellent
results have been obtained with structures of the type dia-
elosed in Figs. 1 through 5, using a 50«50 mixbture, as
meesured by volume, of Carbonyl E and graphite. The mesh
of the lubricant may vary between wide limits but experi-

mental results with the various structures diseloged herein
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indicate that the finer the pawdey the better the obbained
results., Mixtures containing a higher percentage of graphite
than that given above have been used with good results.
Similarly, in all cases, various factors determine the Op-‘
timum quantity of powdered mixture in relation to the size

of the magnetie drive and particularly to the volume of the

B air gap. Generally speaking, it is preferred to use a volume
b of powdered mixture vhich 1s substantially in excess of the
volume of the air gap, but which 1s also a minor fraction,

10 twenty-five per cent or less, of the free volume of the drum

{i.e., the drum volume minus the rotor volume).

Continuing with particular reference to Figs., 1
through 5, the formed columns which produce the bond are
believed to be composed almost entirely of the magnetic
material and are believed to bear agalnst the outer surface
of ths poles of the rotor 2 and against the inner surfae§
of the drum 8. The bearing of the columns so formed against
these surfaces apparently éets up a frictional engsgement
therebetween which opposes relative movement between these

26 column ends and the surfaces with which they are engaged.
It iz believed that the lower ends of the columns are in
atdition held magnetically to the spaced poles of the robtor
so that a force in addition to the frictional force maintaing
them to thess poles. For example, assume that the magnetic
column tends to slide off one sdge surface of a pole. As

soon as this occurs, the reluctance of the flux path tends

to increase and the pillar tends to remain on the pole amd to

have no relative movement therewith. The resistance to

reolative movement between the magnetic columns and the inner

30 gurface of the drum, bowever, is believed to be due primarily
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10 the frictionsl force between the ends of these columns
and the inner surface of the drum 8.

These frictional forces, at least within limits,
will be proportional to the strength of the magnetlc field
transmitted through the columns. During synchronous
\operation these columns appear to be the only driving force
betwesn the rotor 2 and the drum 8. Under slip conditions
of operation, however, it appears that the pillars nc
longer engege the drum 8 with sufficient foree to cause
simultaneous rotation between the rotor 2 and drum 8. Under
this operating condition, slipping is believed to occur
betweeon the ends of the magnetlic columns and the inner gur-
faces of the drum 8, and posaibly betwsen the ends of the
columns and the rotor poles; and the drum torque appears
40 be dus, in part, to tps #1iding engagement and, in pars,
t0 the torgus produced by eddy currents generated in the
drum 8 by the relative movement of the rotor 2 and dzrum 8.
Under this condition of operation, the solid lubricant
lubricates the frictional contact between the columns and the
surface or surfaces along which slipping occurs, and prevents
undue abrasion thereof.

Under other operabing conditions, 1t 1is desirable
to cause the rotor 2 to be de-magnetlized so that there is no
rotation of the drum 8 by the rotor 2 or, in the cass of a
drive in the reversa direction through the unit 1, of the
rotor 2 by the drum 8. Experiments with the units now belng
described show that when a powdered dry lubricant is used,
as disclosed, the magnebic material columns will immedlately
collapse and disintegrate to thelr cemstituent particles,

These particles, and the lubricant particles are somewhat
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dustlike 1n character and freely float within the unit 1,
more or less as free floating particlss which do not tend
to adhere together in larger masgsses or groups and which show
no appreciable tendency to form a gummy subsbtance imposing
an undesired drag between the rotor and drum. Under such
conditions there is no substantial drag imposed by one
membsr on tha other member irreaspective of which member is
driven and the bonding material apparently floats within
the unit with no appreciable effect,

It may thus be seen that the presence of this
powlered material increases the torque which may be trans-
mitted through a magnstlic unit under driving conditions

either synchronous or with slip between the rctor 2 and

drum 8, and that under no-load or idling conditioms, 1%

does not impose an undegirable drag irrespective of whether
the rotor 2 or drum 8 is driven. It has been found that by
providing proper seals between the rotating parts, the
powdered material may be readily retaiheﬁ in the unit’l,

and that the units operate efficiently and over long periods
of time under severe loading conditions. BEven under heavy
duty loadings, the breakdown temperatures of the extremely
stable constituents of the bonding material are never
approached,

Moreover, because of the fresdom from frictional
drag under unexeited conditions, the internal heat which is
developed in the unit is materially reduced. Thus the
overall effect of the powdered mixture is to permit of a
muach smaller unit for any given load and the elimination

of speclal provisions for cooling.
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Considering now others of the detalls of the
gtruecture of Figs. 1 through 5, the drive unit 1 provides

an enclosed chember 3 which, except as defined heresinafter,

is fluid tight. The unit 1 comprises a rotor 2 suitably

secured 50 a shaft 4 as by means of a key 6 and a drum 8

B
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closely encompassing the periphery of the rotor 2. The

drum 8 is rotatably supported upon the shaft 4 by means of

spaced bearings 10 and is provided with a sheave or
pulley 12 adapted to receive a belt (not shown) for trans-
ﬁ% 10 mitting torque to or from a second sheave or pulley
{not shown).

As shown, the shaft 4 is adapted te be rotated

by a prime nover {not shown) and the pulley 12 is arranged

,! to be coupled'by means of a V~belt to a load (botbh not
shown). In a broader sénse?_the unit 1 may be driven from
2 prime mover ﬁy means of the pulley 12 in whicﬂfevant the
shaft 4 would be connected for driving a driven load.
In other instances, one element (i.e., the shaft or
pulley) of the unit 1 would be coupled to a noarotative

20 body, in which case it would serve as a controlled brake.

The rotor 2 comprises a pair of magnetic flux

i carrying members 14 and 16 having eylindrical hub portions
-§ . 18 fitted on the shaft 4 and keyed thereto by the afore-
{ mentioned key 6. The hub portions 18 are arranged in face-

: to-face relation and are each provided with a plurality of

cireumferentially spaced radially projecting integral finger
DA like arms 20 and 22, respectively, adjacent the opposite end
. portion of the hub portions 18 which provide a space for
receiving an energlzable exeibting winding 24, The arms 20

30 . and 22 are staggered relative to each other and their end
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portions are bent at substantially right angles to provide
spaced magnetic poles 26 and 28, respectively, ssparated by
substantial air geps 30. The oubter surfaces of the poles
26 and 28 lie along the surface which would be generated
by rotating one mide of a rectangle around the parallel
side as an axis when the axis is at the center of rotation
of the shaft 4. The lead wires 32 and 34 of the winding 24
ney behbroughh outwardly of the unit 1 through sultable
slip rings and brushes disgrammatically shown in Fig. 2
at 36 and‘38,

The drum comprises a cup-shaped element 40 having
a continuous sleeve portion 42 which forms the peripheral
well of the element 40 and a radially extending end wall 44
which forms the bobtom wall of the element 40, An annulaer
rlatelike menber 48 exﬁénds parallel to the wall 44 and serves
4o provide an end wall which cleoses the open and of element
40, being held thersto against a shoulder by mesans of a snap
ring 50. The sleeve portion 42 encompasses the poles 26 and
28 and is separated therefrom by a smell air gap 52. The
drum base 44 is provided with a central aperture having a
flange 54 extending outwardly of the wall 44, The outer
race of one of tﬁe SPaced vearings 10, which 1s‘shown as
being of the ball antifriction type, may be pregs={itted
within the inner confines of fha flange 54, While such a
ball type of bearing is shown, it will be apparent that a
roller typs, sleeve, or any other usual type of bearing could
be used, and the shown construction modified in accordance
with the teachings herein to accept sueh bearing type. The
outer surfacs of the flange 54 is threaded for serew

threadedly receiving the pulley 12 whereby it may rotate

vy

}

=
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conjointly with the drum 8, The wall 48 is likewlse provided
with a flange about its central aperture in which is press-

fitted the outer race of the other of the bearings 10,

Felt pads 56 baving a metallic outer holding ring

57 are press-fitted into the flanged central apertures of the

walls 4L and 48 adjacent the bearings 10, The pads 56 are

each provided with a central aperture whereby the felt pads

56 will closely encompass the shaft / and prevent alr flow

? between the chamber 3 and the ocutside of the unit 1 through

% 10 the bearings 10. In order that the chamber 3 may breaths,

the wall 4L is provided with a second aperture 58 connecting

the chamber 3 with the outside atmosphere, Held within the

aperture 58 is a quantity of filter material 59 such as

porous felt, metal, ceramic, paper, &bc., so that dust will

i% not be transferred therethrough., To further isolate the

: magnetic fluid in the region of the chamber 3 adjacent the
air gap 52, the drum 8 and rotor 2 may‘be provided with
interfitting annular rings 60 and 62 at both ends of the
wnit 1. The labyrinth seal 64, so formed renders it

20 practically impossible for this powdered mixture to escape
from the portion of the chamber 3 adjacent the gap 52 but any
minute quantities which happen to escape during breathing of

3? the chamber 3 will be prevented from entering the/bearings 10

by the pads 56 and from escaping by the filter material 59,
The field winding 24 is shown in Fig. 2 as being

energized from a battery 66 under control of a rheostat 68

in an obvious manner, It will be apparent that any other

form of direct or alternating current energy controlled in a
suitable manner could be used, In the case of permanent

30 megnet structures variable fields may be produced within the
purview of the invention by, for example, adjustable keepers

or the likee.
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In operation, the shaft 4, for exsmple, is driven
from a source of prime energy for driving the rotor 2. With
the switch 70 in open-cireuit pesition, very little sorque
will be imparted to the drum B for rotation of the pulley 12
which is coupled o and arranged for driving a load {not shown)
through a usual V belt (not shown). Any torque imparted by the
rotor 2 to the drum 8 will be due to the frietion of the
bearings 10 and %o any slight drag due to presence of the dust
in the air gép 52, As stated before, this drag, due to the

presence of the powdered material, in the air gap 52, is very

slight, so that for all practical effects no drag or torque

is applied by the rotating rotor 2 to the now gtationary
drum 8,

As previously stated, it is preferred to use a
quantity of'powdered naterial which exceeds the volume of the
small annular-air gap which separates the pole ends 26-28
from the immediately adjacent immer surface of the drum 8,
but which ﬁolume is a minor fractlion of the volums of the
drun minus the volume of the rotor. Conseguently, when the
unit is at rest, the material may be expected to collect
in a pile near the bottom, but extending part-way up the
sides, of the drum. As soon as the drum is started, this
collected pile becomes a cloud of dustlike characber, the
diffusion being due in part to the stirring action of the
rotor poles and in part to windage created by the relative
mnotion between the drum and the rotor, either factor being
sufficient in itself to ereate the dustlike diffusion of
the powdered mixture. In those cases in which the drum is
the driven member, the breaking up of the pile into the

dustlike cloud is due o similar considerations, plus the
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fact that the motion of the drun directly carries the mabterial
around with it. In either event, when the unilt is in opera-
tion, either synchronously or nonsynchronously, at leaabt the
radisglly outer part of the free volume of the drum 18 cccuw-
pied by the dustlike cloud of powdered mixbture, in which
¢loud the magnetic particles can move substantially freely
with respect to the particles of solid lubricant, and as a
consequence of which movement the interior surfaces of the
unit become coated with a thin protective film of the
lubricant. Any lubriesnt particles which do not adhere to
the interior surfaces of the unit appear to move fresly as

a part of the cloud.

When it is desired to emergize the unit 1, the
switeh 70 is closed, causing current to flow from the
battery 66 under control of the rheostat 68 through the
field winding 24 whereby, depending upon the dirsction of
curren®t flow through the winding 24, north and south poles
will be set up on the poles 26 and 28. Due to the sub-
stantial alr gaps 30 between the poles 26 and 28, magnetic
flux will be caused to flow from the north magnetic pole
through the air gap 52 into the sleeve portion 42 of the
drum 8 and then back throusgh the alr gap 52 to one of the
adjacent side poles of the rotor 2. Ag the rotor 2 rotates,
this flux, passing through the alr gap 52, will rotate
relative to the sleeve portion 42, thereby inducing eddy
currents therein which oppose relative rotation betwsen the
rotor 2 emd drum 8, and causing torgue to be applied by the
rotor 2 to the drum 8 for rotation of the pulley 12 connected
$0 the load as deseribed above. AL ths/same time, the magnetic

flux flowing across the air gap 52 will abtract magnetic
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flux flowing across the alr gap 52 will atbract magnetic
varticles into the air gap space and will set up nagnetic
pillars or columns 72, which, as long as flux is flowing,
will be maintained as if the material were a solid rather
than a fluld. These columns congtitute magnetically-formed
mechanical conneeting links between the poles of the rotox
and the interior surface of the sleeve portion 42 of the
drum 8, and bond the drun and rotor together. The magnetic
particles of these columns 72 are believed %o be held to~
gother by the magnetic attraction therebetween, caused by the
f£lux set up by the poles. The ends of the columns appear to
bear agalnst the poles of the rotor 2 and the interior sur-
face of the sleeve portion 42 and are held thereagalnst due
to the magnetic effect. It is believed the magnetic portisn
of the powﬁéred material will be concegﬁ;ated somewhat simi-
larly to the showing thereof in Fig.fi;' Sigce, as shown in
Fig.vA;?;he base of the column 72 is substantially coex-
tensive with the bases of the poles 26 and 28, any tendency
of the columns to move relative 0 the poles will be opposed
becauss such relative rotation will tend to increase the
reluctance of the magnetic path between the base of such
pole and the drum 8.

.

The outer ends of the columns which bear against
the inner surface of the sleeve portion 42 are belleved to
impaxrt rotative movement to the drum & due to the friction
ofPect between the enis of the columns and the adjacent sur-

fage of the sleeve portion 42, When the force required to

drive the drum 8 is greater than the foree required to slip

fﬁhe ends of the columns relative to the drum ox the poles,

or both, relative rotation will exist between the rotor 2

and drum 8, When this friction force is egqual to or greater
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than the force required to drive the drum 8, the drun 8 will
bs in effect electro-mechanically coupled, or bonded, to the
rotor 2, and synchronous robation of the rotor 2 and drum 8
is provided. During the period in which there is relative
rotation between the rotor 2 and drum B, additional torque is
applied from the rotor 2 o the drum 8 due 0 the eddy
currents set up in the drum 8 in the usual manner of an
eddy-current clutch., The eddy-current torque is, of course,
edditive to the effect producsd by the sliding columns.
It 1s believed that it will be evident that the slipping and
locked torques which are transmitited by the unit 1L may be
variably conirolled by adjusting the magnetic stirength of the
poles 26 znd 28, which adjustment is provided by varying the
current flow in the field winding 24 with the rheostat 68,

When it is desired to reduce the lock-up torque
of the unit 'l ; the current flow through the windings 24 is
decreased by means of increasing the resisgtance value of the
rheostat 68 whereby the force exerted by the magnetized
columng 1s decreased, thereby reducing the effective
mechanical force which may bs transmitted by the columns to
the drum 8 and sllowing the aforesaid slippage.

When it is désired to render the unit 1 ineffective

to drive its load, the switeh 70 is opened, at which time the

 forces tending to maintain the columns ere eliminated and the

colunns therefore immediately and complotely collapse into
subgtantially dust form whereby they are ineffective to trang-
mit torque from the rotor 2 %o the drum 8 and will impose no
drag between the robtor and drum. At this time, there will be
substantially no magnetic flux from the poles 26 and 28

across the air gap 52 and, therefore, no appreciable eddy
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currents will be induced in the drum 8. As stated above, any
small forces exerted from the rotor 2 to the drum 8 will

be dune to the frietion drag through the bearings 10 and
pogsibly a slight drag cauvsed by the magnetié fluid in the
chember 3, and 1\o’v;hezz' windage losses, which drag is insuf-
ficient t0 cause appreciable torque to be applied to the
drum 8.

Changes in temperature of the Interior of the
unit 1 act to change the presgsure of the gamses therein in
accordance with the well-known gas laws whereby there will
be a tendency for the chamber 3 to breathe. Such breathing
is permitted through the filter material 59 and is, for all
practical effects, prevented along the shaft 4 by means of
the tightly-fitting felt pads 56. The provision of the
labyrinth seal 64 provides such a highly restricted path
between £low of dust particles from the. region of the
chamber 3 adjacent the air gap 52 through the seal 64 toward
the shaft 4 that substantially none of the powdered material
Pinds its way through this labyrinth cell 64 whereby the
powdered material is held in the desired region of the
chamber 3.

48 Will be evident from the foregoing discussion,
under synchi’onaus or locked-up conditicns, the driving and
driven relation Dbetween the drum and the rotor may be re-
versed, either member being usable as the driving source or
as the driven member. The polarized structure of Figures 1
through 5 has certain valuadble operabing characieristics,
under slip conditions, which, depending upon desired condi-
tions of use, determine which of the elements should serve

as the driving or input member. For example, utilizing the
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rotor 2 as the driving member, the unit will, for a given
exeitation, maintain a locked-up or synchronous driving
relation of a driven member throughout a range of loads up
40 a eertain maximum or break-away value. If the driven
load is increased above this bresk-away value, the torque
exerted thereon remains substantially uniform throughout a
range of slipping speeds (that is, revolubtiong of the
driving member relative to the driven member). On the other
hand, and throughout quite & range of guantities of bonding
material, if the drun 8 is used as the input or driviag
member and the rotor 2 is loaded, a locked or synchronous
relation will be maintained up to substantially the game
eritical or bresk-asway load. If this load is exceeded, the
torque exerted on the driven member abruptly falls to and
remains 4t a comparatively lgw value, throughout a wide range
of 8lipping speeds. Depending upon the choice of the drivi;lg
member therefor, the unit c¢sn be used either to maintain a
limiting torque on an overloaded member, or it can be used in
such a way that in the event of an overload, the locad 1s
immediately released. These actions are illuétréted in
Figure é, in whieh slipping speeds, 1n r.p.m., are plobted as
abscissae, and torques in inch pounds are plottsed as or@;pates.
In this figurg, curves &, b and ¢ are plobtted for a wnit
being cjperm;e&i with the rotor 2 as the input or arivihg
member, and represent maximum or break-away forqpas for
different excitations, indicated, respectively, by the
legends applied to the respective curves, Curves 4, e and
£ illustrate the performance of the same unit when the drum
ig utilized as the driving member, the various excitations

being indicated by the legends. I% will be noted that in
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each of curves d, e an& f, increase in the driven load above

a certain critical value causes the torque exerted on the load
1o abruptly fall sway to a low value which i3 a very minor
fraction of the breskaway value, which low torque remains
substantially uniform throughout a wide range of slipp;ng
speeds.

The above overload echaracteristies appear to result
from the fact that when slippesge occurs, there is a tendency
for the magnetic particles to snowball and be shoveled, so to

10 ' speak, inbto the wider alr gap spaces 30 which lie between adja-
cent rotor poles. Any such tendency, of course, increases that
part of the magnetic field which bridges these gaps 30 and

R correspondingly decteages that portion of the magnetic field

' which flaﬁs across the normal air gap 52. Thisfhiversion of

the magnetic field, of coursé, reduces the torque on the driven

member. If the rotor is being driven, centrifugal force is
ablg to acst on‘the shoveled particles and impel them out of
the gaps 30, therseby tending to maintain the toréue. The
shoveling-in and throwing-out actions, of course, occur con-
20 currently so that the resulting torque ig not pulsating in

. character. On the other hand, if the drum is the driving
memﬁer, the shoveling-in csused by the initial slippage reduces
the torque on the rotor, and is followed by a slowing down of
the rotor. The slowlng down of the rotor reduces the centri-
fugal foree acting on the particles and is accompanied by an
increased shoveling-in action., Conseguently, the resultant
torque on the rotor falls gquickly to a minimum value determined
by the magnitudes of the eddy currents, which remain as sube

stantially the ounly source of driving torque on the rotor,
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Since the above overload-release characteristic
appears to depend upon a movement of the magnetlc particles
out of the normal alr gap 52 into the spaces beitween adjacent
poles, it will be appreciated that to fully realize the over-
load-release effect, it 1s necessary to maintain the volume
of bonding material low enough, in relation to the free
volume of the drum, to insure that the interpole spaces can
accommodate the shoveled-in particles. As the volume of
bonding materiasl is increased in & unit of given size, a
eritical. volume is reached beyond which the overload-release
characteristic is reduced and finally disappears, leaving the
unit with much the same overload characteristics as obtain
when the rotor is driven.

The above~discussed overload characteristics also
dstermines the choice of ﬁhe driving member, dependlng upon
whether the load is one which is applied to the driven member
while the latter is stationary or is one which 1g applled to
it after the driven member is placed in rotatlon. These
cheracteristics are illustrated in Figure 7 in which inpub
speeds are plotted as abscissae and torques in inch pounds ars
plotted as ordinates. In’this figure, curve a depicts the
performance of a unit in which the rotor is the driving member
and illustretes the maximum torques available for a given
excitation, for dilfferent imput speeds. With the rotor as
the driving member, the illustrated torgues are maintained on
the driven drum; regardless of whether the loads are applied
%0 the drum while the latter is at rest or after 1%t is in
robation. Curves & end b, on the other hand, collectively
illustrate the performance of the seme unit when the drum is

serving as the driving member. At various input speeds, the
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torques initislly exerted on the rotor, after exciting the
winding thereof, are represented by curve a. If the rotor
load exceeds the breakaway value, however, the torqus
abruptly falls away to the value represented by curve b.
As 1in the case of curves 4, e, and £ of Figure 6, these
torques are a minor fraction of the maximum torques whieh
the unit is capable of developing.

Befors proceeding to a description of the
remaining embodiments, it is noted that the performance
curves of Figures 6 and 7 are based upon data obtained with
units congtructed in accordance with the foregoing
description of Figures 1 through 5, which figures are
drawn to scale with the exception that the alr gap 52 is
enlarged in the interest of clarity.

Figure 8 1llustrates a gtracturs which may and
preferably does, in all respects, including the character
and amounts of bonding material, duplicate the structure
of Figures 1 through 5, with the excepblon that the inter-
polé spaces 30 of Figures 1 through 5, as well_as the
correaponding gaps between the pole arms, at the ends of the
rotor, ars illustrated as having heen f£illed in by a non-
magnetic material 80fsuch as cast aluminum. With this
structure, accordingly, the rotor has a smooth outer
periphery and substantielly uniform or contlnuous end sur-
Paces. As willl be appreciated, the elimination of the gaps
between the poles 26a and 28a of Figures 1 through 5 prevents
the 8cummulation of any of the magnetic partiélas in these
previously existing lnter-pole spaces, Consequently, the
magnetic particles are caused, to better advantage, to occupy

the annular air gsp 52 and, for given excitations, higher
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torques are developed, The elimination of the inter-pole
spaces also prevents the shoveling-in to these spaces of the
magnetic particles, under slip conditions, as described above
with reference to Figures 6 and 7. Consequently, the unit
of Figure & exhibits substantially the same performence
characteristics, regardless of whether the drum or the rotor
thereof serves as the driving or input members

The units thus far described exhibit the aforesaid
ibonding characteristics under both synchronous and slip
conditions, and additionally exhlbit eddy current character-
istics under slip conditions, which eddy current characteristics
assist in maintaining a desired torque on the driven member
under slip conditioﬁs, and also improve the load-plcking-up
characteristics of the units. For certain applications, the
eddy current sffects can be’redﬁced or eliminated, OSuch a
unit is illustrated in Figure 9; in which the rotor is com-
posed of a pair of cup-shaped oppositely facing members 90
and 92, which are fixed to a skirted hub 94, Hub 9% is keyed
or otherwise secured to an input shaft 96, The cup-shaped
driving pulley 100 is secured to hub 94 by a plurality of
circumferentially distributed studs 98, which also serve to
mount the slip’ring 102, which carries but is insulated from
the companion slip ring 104. The exciting coil 106 is
carried by the hub 94 within the chamber space defined by the
pole pieces 90 and 92, One terminal (not shown) of the coil
106 ié internally connected to the hubs, and is thereby con~
nected through the hub 94 to ring 102, The coil lead 108
is connectedvto slip ring 104, Brush 112 serves as a grounding
connection, and is connected to a stationary mounting bracket

114, The insulated slip ring 108 is engaged by a brush 116
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which is insulatedly carried by bracket 114, and which may be
connected to the ungrounded side of a sultable source of
power, such as battery. The reduced end portion of hub 94
carries a ball bearing unit 120, the outer race of which is
sscured to the hub 122 of the driven drum 124, Drum 124 is of
cup~shape form, and fits over the rotor structure, leaving

as before a relatively small annular air gap 126. As shown,
drum 124 carries a fan 128, which may serve as the load.

The inqu face of drum 124 is closed by a light stamping 130,
which also serves as a retainer for a felt or squivalent
ghaft seal 132,

The illustrated wnit is specifically designed to
drive the cooling fan 128 of an automobile engine, and shafi
96 is shown as constituting the shaft of a conventlonal water
pump 133, the casing whereof may be suitably and conventiocnally
secured to the front end of the associated engine block
(not shown).

Preferably and as illustrated, the space between
the rims 90a and 92a of the cup~shaped pole pleces, ls closed
Ey a nonmagnetic member 134, illustrated herein as a length
of copper tubing, Which extends entirely around this gap.
Element 13k serves not only to prevent the entry of any of
the magnetic mixture into the chamber occupied by the coil,
but also serves as a magnatié shield between the opposed
adges of the pole pieces 90 and 92.

With this arrangement, it will be appreciated that
the rotor structure is of torroidal form and that, for a

given directicn bf current flow through the coil 106, the rim

of pole piece 90 may be regarded as é?circumferentially
continuous north pole and the rim of pole piece 92 may be

regarded as a circumferentially continuous south pole. When

excited in the just-mentioned relation, coil 102 induces
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circunferentially continuous north and south poles in the
drum, as indicatod by the letters N and S in the drawings
For given excitations of the winding 106, the unit
of Figure 9 exhibits magnetic lock-up characteristics very

similar to those of the structure of Figures 1 through 5.

Under slip conditions, the unit of Figure 9 displays eddy

current characteristics, but to & considerably lesser extent
than the unit of Figures 1 through 5, The overload per-
formance is like thet of Figure 8., The preferred bondlng
material, including the proportions of the components thereof
and the amounts thereof, sultable for use with the structure
of Figure 9, is substantially the same as disclosed above in
connection with Figures 1 through 5.

In the embodiments of the invention thus far described,
it will be noticed that the principal, relatively movable clutch
members; i.es, the rotors and drums, are received one within the
other, and the air gaps across which the magnetically formed bond
is established extend radially outwardly from the outer peripheries
of the rotors to the inner peripheries of the drums. In these em~
bodiments, under unexcited conditions, and regardless of which ele-
ment serves as the driving element, the bonding material is caused
to rotate within the free volumes of the drums, Centrifugal
force may, consequently; be relied upon to maintain at least
a substantial part of the bonding material in, or immediately
adjacent, the alr gaps, in readiness to establish the bond
as soon as the units are excited, In these previously described

embodiments, also, the alr gaps havé been of fixed dimensions,
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The remaining herein disclosed embodiments of the
invention illustrate the adaptability of the present improve-
ments to structures wherein the principal clutch elements are
in axially opposed relation (more specifically, of the plate
type), and in which special provision is made to insure that
an adequate amount of bonding material is at all times main-
tained in the space between the opposed cluteh surfaces. 1In
these embodiments, this last named feature is accomplished in
two ways, which are preferably employed together but which, in
the broader aspecte of the invention, may individually be
relied upon to maintein the bonding material in the said
space.

The first herein illustrated expedlent for cone
trolling the positioning of the bomding material comprises
generally the provision of circulating passages of such form
and arrangement that the bonding material 1s caused to cirecu-
late slong a path which includes the space between the opposed
cluteh surfaces.

The second herein illustrated expedient for con-
trolling the positioning of the bonding material comprises
generically an arrangement wherein bonding material is caused
4o adhere to or become a part of the opposed bonding surfaces
of one or mors of the relatively movable clutch elements.
Specifically, as herein illustrated, this adherence is
effected maguetically by forming one or more of the opposed
bonding surfaces of material which has a substantial emount
of magnetic Tetentivity in consequence of which even under
unexecited conditions of the unit, a substantial amount of the
bonding material is positively held on the bonding surface

or surfaces.



527391

The remaining embodiments also illustrate the
adaptability of the present invention to structures employing
compound air gaps and air gaps which are increased or de-
creased, depending upon the unexcited or excited condition
of the unit.

Referring now tc Figure 10, the illustrated unit
150 is a plate clubch designed specifically for use as tﬁe
main elutch for an aubomotive vehicle, and is conseqguently
{j adapted for connection between the crankshaft and the trans-
10 migsion of such & vehiele. In Figure 10, the cluteh comprises
:f ' a pair of axially spaced and relatively movable driving shoes
g 152 and 154 which receive between them a driven plate 156,

Shoe 152 also constitutes a flywheel, and is shown as carrying

a convenbtional ring gear 158 for cooperation with the usual
eranking mechanism (not shown). The outer face of shoe 152
is centrally recessed to accommodate the conventional asso-

ciated crankshaft flange 160, and these elements are secured

together by & plurality of circumferentially distributed

studs 162,

20 Shoe 152 constitutes one side of the enclosing

| shell for the unit. The other part of the shell is provided

by a cup-shaped member 164 which fits over a shoulder provided
on the member 152, and is secured in place thereon by a
plurality of circumferentially distributed studs 166, Shell
member 164 is provided with a c¢ylindrical neck 168, which
carries a shaft seal 170 and alsc, as described below, serves

as a8 slip ring.

The inner shoe 154 is ringlike in structure and has
a cenmbral aperture 172. Shoe 154 is comnected to shell

30 member 164, for rotation therewith, but for axial movement
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with respect thereto, by a plurality of circumferentially
distrivuted pins 174, Pins 174 are fixed to member 164 and
their reduced end portions have sliding fits within apertures
provided therefor ir shoe 1l54.

Under unexcited conditiona, the illusitrated normal
spacing is maintained between the shoes 152 and 154 by spring
means interposed thersbetween and herein illustrzted as com-
prising a plurality of separate hairpinlike elements 176 which
are received in amular grooves provided therefor in the faces
of the elements 152 and 154, Springs 175 are conventlonal,
and their general nature is indicated in Figure 10A, Under
excited conditilons, shoe:l54 1s drawn towards shoe 152,
Generically speakiﬁg, this axlal movement of shoe 154 may be
permitted to continue and bring the three clutch elements 152,
156 and 154 into direct féceeto—face engagement with each ’
other through the interposed 1ayer'of bonding material, proper
limits to the engaging pressures béing established by properly
proportioning the magnetizing field strength relative to the
related opposing spring elements, In the preferred practice
of the invention, however, a limit is imposed to the axial
movement of shoe l5h,fwhich maintains it slightly: spaced from
the plate 156, As shown, thess limiting means comprise a
series of circumferentially distributed studs 180,‘which are
threaded into tapped openings provided therefor in shoe 15k
Studs 180 pass freely through openings provided therefor in
the shell member 164, these apertures being sealed hy con-
ventional seals 182, Adjustable nuts 184 carried by the
stude 180 serve to adjustably Limit the axial movement of
shoe 154 towards plate 156 and shoe 152, If desired, and as

shown, springs 186 may be provided on studs 180, These

/



10

20

30

27
springs, of course, oppoge the action of the halrpin springs
176 but are ineffective 10 prevent the latter from establishing

ths normal nnexcited shoe spacing shown in the drawing.
The clutch plabte 156 is carried by a hub 190, for

rotation therewith, but for limited axial movement with re-

spect thersto. More particularly, plate 156 is provided

with a geries of circumferentially disbtributed openings, which
slidably receive the enlarged body portions of a corres-

ponding series of studs 192, which are threadsd inbo the flange
of the hub 190. Springs 194 contimuously urge the plate into
direct engagement with the face of the hub 190, and normally
mainbain such engagement. When the unit is excited, plate
156 is magnetically drewn towards the shoe 152 and‘fas shown
is caused to direcily engage the Tace thoreof, through the
interposed layer of bonding material, with a force determined
by the ratio betwesn the magnetic oeffect snd the opposing
springs 194. When such engagerment is permitted, the face
pressures are, in accordance with the invention, maintained
low enocugh 80 88 0 prevent a breakiown of the lubricating
f£ilm afforded by the lubricating component of the bonding
material. A8 shown in Figure 10, simple springs 194 are
employed. If desired, a compound spring arrangement, as
shown in Figure 10B, can .be enployed, in which view sbuds
192a are provided with spring cages 200 which recelive some~
what heavier springs 202, Cages 200 maintain springs 202
ineffective until just mrior to engagement between plate 156
agnd shoe 152. It will be appreciated that by wproperly pro-
portioning springs 202, they may serve as stops, to interrupt
the movement of plate 156 just price to engagement with

shoe 152, in which event, under excibted conditions, small
air gaps are maintained between shoe 152 and plate 156, and

between plate 156 and shoe 154.
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Hub 190 is keyed to the inner reduced end portion
of the shaft 204 which, in line with conventional practice,
receives bearing support from its associated transmission.
Additlonally, a pilot bearing 206 is preferably inberposed
between the inner end of shaft 204 and shoe 152, This latter
bearing may be and preferably is provided with a uwaual shaft
seal 208,

Shoe 152 is provided with an annular recess 210
which receives the exciting coil 212. One terminal 214 of
coil 212 is electrically comnechted, as by a stud 216, to the
shoe 152. Shoe 152 in turn is connected through casing
member 164 snd its neck 168 to a grounding brush 218, which
is direetly electrically connected to ground through bracke®
220 and the clutch housing 222.

The other coil lead 224 is brought out o0 a
terminal 226, which is connected through a wire 228 to the
slip ring 230. Slip ring 230 is carried by neck 168, but is
insulated therefrom by insulating elements 232. Power is
brought to ring 230 through brush 234, which may be connected
in any suitable manner to the ungrounded terminal of the
battery (not shown).

As in the earlier embodiments, different operating
conditions determine the optimum proportionings of the mag-
netic and lubricating compoments of the powdered bonding
material. Generally spesking, the previously specified
proportionings of the components of the bonding materisl is
breferrea. Similarly, different operating conditions determine
the optimum quantities of bonding material in relation to the
free volume of the air gap space, or spaces. Generally
speaking, it is preferred to add enough of the bonding material
to £111 the ldwar portion of the unit to about the level

indicated by the dotted line x iﬁ Figure 1lO.
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Coming now to the arrangements for insuring the
presence in the alr gap region of an adequate cuantity of the
bonding material, plate 156 is providsd with a series of cir-
cumferentially distributed openings 240, and shoe 154 is
provided with a corresponding geries of angularly extending
openings 242. Preferably, also, the shoe 152 is provided with
; a circumferentially distributed series of conducting passageg
defined by interconmecting passage portions 24k, 245 and 248,
The passages may be formed, as will be understood, by directly
10 drilling the passage portions 244 and 24L8 so as to communicate
with the radially extending portions 246, Portions 2L6 are
é closed by plates 249,
As before, rotation of the driving shoes 152 and
iﬁ 154 cause the bonding material to circulate in a cloudiike
manner, The angularly directed passages 242 and 248 act as

pumps or blowers to draw thelbonding material thereinto and

?i cause it to circulate in the air gap spaces at selther side of
the plate 156, As before, slso, this continuous circulation
enables the dry-lubricant component of the bonding material

20 to build up a thin but lubricating film on the surfaces of the
clutech elements, including the opposed clutching surfaces
thereof, thereby adequately protecting these surfaces from
any abrasive effect of the circulating magnetic particles,

% These lubricating surfaces also prevent abrasion of the

opposed clutch surfaces when the unit is excitede
As aforesaid, a further and important feature of

the invention resides in so arranging the structure that sub-
stantial amounts of the bonding material and particularly the
magnetic component thereof are positively caused to remain

30 on one or more of the opposed clubtching surfaces, In the 1l=-

Justrated embodiment of the invention, this is accomplished
by forming the shoes 152 and 154 and, if desired, the plate

156 of magnetlc material baving a pronounced amount of mag-—
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netic retentivity. As an sexample, both shoes and the plate
156 may be formed of cast iron or steel, the metallurgy of
which provides the proper degree of retentivity. As shown,
the eirculating passages in the shoes are large enough to
permit a free movement of the bonding material thersthrough,
even in view of the magnetic retentivity of these elements,
in which event, as disclosed, the entire bodies of shoes 152
and 154 can be formed of the same material. If desired, of
eourse, thé bodies of thess shoes may be formed of soft iron
and they may be provided with opposed faces of the material
of higher retentivity. In either arrangement, even nnder
ex¢ited conditions, substanxial amount of the magnetic com-
ponent of the bonding materilal are magnetically adhered té the
opposed clutch'facés, and are thus conbtinually in readiness
+0 esatablish the magnetic bdnd, ag soon a8 the winding 212 is
excited. As previously stated, in the‘broaaer agpecte of the
invepti§n,'either the eirculating passage arrangement or the
retentivity arranéement%may be individually reliedgﬁpon to
accomplish the purpose éf nmaintaining a sufficient amount of
the bonding material in the gap at all times. Preferably and
as illustrated, however, the two expedients are used together,

Summerizing the operation, under excited conditions
of the winding 212, the plate 156 vremains stationary and
shoes.lsz and 154 are driven, Under these conditions, the
bonding material eirculates in eloudlike form, porbtions there-
of being caused by the circulating passages to continually
cirenlate through the air gaps. Other portions of the
bonding material are caused by the retentivity of the elements

to adbere to0 the surfaces of the shoes or the plate, or both,
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When the winding 212 is excited, the magnetic
attraction between the shoes 152 and 154, and in case plate
156 is formed of magnetic material betwsen shoe 152 and this
plate, causes these elements to move toward each other, In
the absence of restraint, direct contact is established there-
between, except to the extent that they are maintained spaced

by the interposed film of bonding material. As illustrated,

y
i
S

!

howsver, shoe 152 is continually spaced from plate 1567, and

plate 156 engages shoe 152.

10 ‘ Tn addition to drawing the clutch elements toward
sach other, as aforesaid, the excitation of winding 212 also
causes the magnetic components of the bonding material whlch
are interposed therebetween, to establish the previously

identified bond between these elements.

The remaining embodiment shown in Figure 11
corresponds to the embodimsnp of Pigure 10, except 1in the
respacta noted below. In'Figure-ll, the entire unit is

carried by a shaft 250, which may be either the input shaft

i ' or the output shaft, but is usually the output\ ghaft. Shoes
20 252 and 254 are rotatably éarried by shaft 250 through ball
bearing unité 256 and 258. As before; shoe 254 congtitutes
one side of the enclosing housing of the unit and carries a

cooperating shell member 260. Shoe 252 1s carried by shell

260 for rotation therewith, but for axial movement with respsct
thereto, by pins 262. Spring 264 continuously urge the shoes
apart and normally maintain the illustrated spacing therebetiween.

The cluteh plate 266 is carried by a spool-shaped.

hub 268, which in turn is keyed to the shaft 250. Hub 268 is

30 provided with a series of eircumferentially spaced pins 270,

,,,,,,,,,
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which slidably pass through apertures provided therefor in
plate 266, and which consequently permit an axial movement of
plate 266 with respect to the shoes. Stops 272, carried by
the pins 270, normally hold plate 266 out of contact with
shoe 252, and springs 274 yieldingly urge the plate against
the stops 272.

Shoe 254 carries the pulley 276 which may serve
either as an input or an output member but, as stated above,
normally serves as the input member of the unit. Additionally,
i - 10 shoe 254 has securely fitted thersto a hub 278 which serves

as a slip ring for cooperation with the grounding brush 280,

and which also carries through interposed insulation 282 the

companion slip ring 284. Slip ring 284 is slidably engaged
by brush 286 which may be cpnneeted to the ungrounded side of
the source of power. As before, slip ring 284 is connscted

through lead 288 to ons terminal of the exciting winding 290.

The other terminal of winding 290 is directly connected to

the shoe 254, and thence through hub 278 and brush 280 to

ground.
20 ' In operation, the unit of Figure 1l performs much
l% , as does the unit of Figure 10, with the exception that in
| this instance the magnetic retentivity o shoes 252 and 254
E is entirely relied upon to maintain adequate amounts of the

bonding material im the air gap. 4lso, in the arrangement

of Figure 11, the shoss and plate directly engags each other

,éxcept for the interposed layer of bonding material, it being
appreciated that the strength of the magnetic field is so
related to the opposing forces of the springs that the con—
tact pressures between the opposed clutch surfaces are below

13 30 those which would cause any breakdown of the lubricating



10

578910
33

£ilm afforded by the lubricating component of the bonding
material. Preferably, the proportionings of the components
of the bonding mabterial and the amounts thereof in relation
to the free volume of the unit and the volume of the air gap
spaces corresponds to the proportionings and volumes dis-
cussed above in connection with Figure 10.

Although only several specific embodiments of the
invention have been disclosed in detail, it will be appreciated
that the improvements thereof may be embodied in other and
widely differiné gpecific structures. The disclosure herein,
accordingly, of specific embodiments of the invention is to be

taken in an illustrative and not in a limiting sense,

CeM/r)
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The embodiments of the iInvention in which an

exclusive property or privilege ls claimed are defined

a3 follows:

1. A coupling device including at least a pair

of coupling members mounted for movement relative to

each other and having opposed face portions, means
adapting one of sald members to act as a drlving member
and adapting the other of sald members to apply a driving
force to a load, means for establishing a magnetlic fileld
betweeon said face portions, and bonding mabterial in said
field and responsglive thereto for establishing a lubri-
cated load transmitting bond between sald surfacesg,
whereby driving movement of said one member at leagt
tends to cause movement of said other member, said
material comprising finely divided magnsetic particles

and finely divided solid lubricant,

26 A coupling device Including at least a pailr

of coupiing mémbers mounted for rotation réiative to each
other and having opposed face portions, means adapting
one of sgaid members to act as a driving member and |
adapting the other of said members to apply a driving
force to a load, means for establishing a magnetic field
between said face portions, and bonding material iIn said
field and responsive thereto for establishing a lubricated
load transmitting bond between said surfaces whereby
rotation of sald ons: member at least tends to cause
rotation of said other member, said material comprising
finely divided magnetic particles and finely divided
solid lubricant.
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3. A coupling device including at least a pair
‘of coupling members mounted for rotation relative to
each other, said coupling members having opposed face
portions at least certain of which are formed of mag-
netic material, means adapting one of gsald members to
act as a driving member and adapting the other of sald
members to epply a driving force to a load, means for
establishing e magnetic fileld between sald face portions,
and bonding material in said field and responsive %o
said field for establishing a lubriceted load trans-
mitting bond between saild surfaces, whereby rotation
of said one member at least tends to cause rotation of
sald other member, sald material comprising finely

divided magnetic particles and finely divided solid

lubyicant.

L. A coupling device including at least a pair
of coupling members mounted for rotatlon relative to
each other and having opposed and spaced face portions,
means cooperating with said members to define an

enclosing housing for the coupling, means adapting one

? of said members to act as a driving member and adapting

5

i
“
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the other of gaid members to apply a driving force to a
load, means for establishing a magnetic field between
gsaid face portions, and magnetlc material in said field
in the space between saild face portions and responsive

to said field for establishing a lubricating load trans-

mitting bond between saild surfaces whereby rotation of

sald one member ab least tends to cause rotation of said
other member, sald material comprising finely dlvided
megnetic particles and finely divided solid lubricant,
the quantity of said material exceeding the volume of
said space butvbeing lese than that part of the volume
of said housing which is not occupied by said members.

y

PR

§

s



5 A coupling device including at least a pair

of coupling members mounted for rotation relative to

sach other and having opposed face portlons separated

by an air gap, means adapbing one of saild members to

act as a driving member and adapting the other of said
members to apply e driving force to a load, means for
establishing a magnetic field bridging sald gap, and
bonding material in said gap and responsive to sald

field for establishing a lubrilcated load transmitting
bond between said surfaces whereby rotatlion of sald one
member at least tends to cause rotation of sald other
member, said material comprising finely divided magnstic
particles and finely divided solid liubricant,

be A coupling device including at least a pair

of coupling members mounted for rotation relative to

each other and having Qpposéd face portions spaced to
provide an air gap therebetween, means adapting one of
said members to act as a driving membsr and adaptling the
other of said members to apply a driving force to a

load, means cooperating with said members to define an
enclosing housing for the>coupling, means for establlishing
s magnetic field bridging said gap, and magnetic material
in said gap and responsive to said field for establishing
a lubricate& load %ransmitting bond between said surfaces,
whereby rotation of said one member at least tends to
cause rotation of sald other member, said material
comprising finely divided magnetic particles and

finely divided solid lubricant, the quantity of said
naterial exceeding the volume of said air gap but belng
legs than that part of the volume of said housing which

is not occupled by sald members.
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Ts A coupling deviece including at least a palr
of coupling members mounted for rotation relative to
each other and having peripheral face portilons radially
spaced from each other to define an annular space there-
between, means adapting one of said members to act as a
driving member and adapting the other of sald members to
apply a driving force to a load, means for establishing
a magnetlc fleld bridging said space, and bonding material
in said space and responsive to sald fileld for establish-
ing a lubricated load transmitting bond between said
surfaces, whereby robation of said one member at least
tends to cause rotation of said other member, said
material comprising finely divided magnetic particles
and finely divided solid lubricant.
8. A coupling device including at least a pair
of coupling members mounted for rotatlion relative to
sach other and having peripheral face portions radially
spaced apart to define an air gap therebetween, means
adapting one of said members to act as a driving member
and adapting the other of said members to apply a
driving forece to a load, meang for establishing a
magnetic fleld bridging said gap, and bonding material
in said gap and responsive to sald field for establish~-
ing a lubricated load transmitting bond between said
surfaces, whereby rotation of sald one member at least
tends to cause rotation of saild other member, said
material comprising finely divided magnetic particles
and finely divided solid lubricant.
9 A coupling device including at least a pair
of coupling members mounted for rotation relative to
each other and having opposed face portions spaced to

provide an air gep therebstween, means adapting one of
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s8id members to act as a driving member and adapting
the other of said members to apply a driving force to
a load, means cooperating with sald members to define
an enclosing housing for the coupling, means for
establishing a magnetic field bridging said gap, and
magnetic material in sald gap and responsive to said
£ield for establishing a lubricated load transmitting
bond between said surfaces, whereby rotation of said
one member at least tends to cause rotation of said
other member, said meterial comprising finely divided
megnetic particles and finely divided solid lubricant,
the quantity of said material exceeding the volume of
said air gap but being less than that part of the
volume of saild housing which 1s not occupied by said
members, sald material except for ﬁheeffect thereon
of said field being enabled to circulate in free
cloudlike form within said unoccupied part of sald
housing and said alr gape
10, A coupling device including at least a pair
of coupling members mounted for rotation relabtlve to
each other and having face portlons spaced spart to
define an air gap therebetween, said face portlions on
one sald member being formed to define ciréumferentiaily
successive poles of opposite polarity, said face portions
on an adjacent member being included in the magnetic
circult between salild poles, means cooperating with said
members for establishing said poles and setting up a
magnetic field between sald face portions, and bonding
material in said.gap and responsive to said field for
establishing‘a Jubricated load transmitting bond between
saild surfaces, said material comprising finely divided

magnetic particles and finely divided solid lubricant.
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1l. A coupling device including at least a palr
of coupling members mounted for robtation relative to
each other and having face poritions radlally spaced
apart to define a Padially extending air gap there-~
between, sald face porbtions on one sald member being
formed to define abt least a pair of axially spaced
circumferentially extending poles of opposite polarity
said face portions on an adjacent member being ineluded
" in the megnetic circuilt between said poles, means
cooperating with said members for establishing said
poles and setting up a magnetic [field between said face
portions, and bonding material in saild gap and resg-~
ponsive to sald flield for establishing a lubricated
load transmitting bond between said surfaces, said
material comprising finely divided magnetic particles
and finely divided solid lubricant.
12e The structure of claim 1 wherein the magnetic
particles in said bonding material are of the order of
f; 8 microns in diameter.
13. The strucbture of claim 1l wherein the solid
lubricent component of gsaid bonding material is in
powdered form of the order of 200 mesh,
e The structure of claim 1, wherein the solid
lubricant component of sald bonding material comprises
at lsaét ones lubricant of the group including graphite,
mica, soapstone, potstone, steatite, French chalk, and
lampblacke
15, The structure of claim 1, wherein said bonding

material comprises finely divided iron and graphite.
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16. A coupling device including at least a pair of

coupling members mounted for rotation relative to each other

and having radially and circumferentially extending opposed face

portions which are nomally spaced apart from each other along

the axis of said relative rotation so as to define an air gap

therebetween, sald face portions being relatively movabls along

sald axis to thereby vary sald air gap, means adapbting one of
said members to act as a driving member and adapting the other of
said members to apply a driving force to a load, means for estab-
lishing a magnetic field across said air gap and thereby drawing
said face portions toward each other and at least reducing sald
u air gap, and bonding material comprising finely divided magnetic
particles and solid lubricant in said field and also responsive
to sald field for establishing a lubricated load tranemitting
bond between sald face portions, whereby rotation of said one
member at least tends to cause rotation of sald other member,
said coupling device being further characterized as including

means cooperative with sald bonding material independently

of the action of sald field establishing means and independently
of the presence or absence of relative rotation between said
members to maintain substantial quantities of said bonding

material between said face portioms.
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17. A coupling device including at least a pair of
coupling members mounted for rotation relative to each other
and having radially and circumferentially extending opposed
face portions vhich are normally spaced apart fromeach other
along the axis of sald relative rotation so as to define an
alr gap therebetween and are relatively movable along said
axis to thereby vary said air gap, means adapting one of saild
members to act as a driving member and adapting the other of
said members to apply a driving force to a load, actuating means
for moving said members towards each other and establishing a
lubricated load transmitting bond between said face portions,
said actuating means including means for establishing a magnetic
£4eld across said air gap, bonding material comprising finely
divided magnetic particles and solid lubricant in said field and

responsive thereto for establishing said lubricated load trans-

mitting bond between said face portions, said coupling device

further including means cooperative with said bonding material
independently of the action of sald field establishing means

and independently of the presence or absence of relative rotation
between sald mebers\ to maintain substantial quantities of sald
bonding material betwsen said face porticns in readiness to estabe
lishraaid load tranmmitting bond, and said actuating means being
effective to draw said face portioms into face~to-face engagement
with each other except to the extent that the same are separated

by the bonding materiel interposed therebetween.



18, A coupling device including at least a palr of
coupling merbers mounted for rotation relative to each other
and having radially and circumferentially extending opposed face
portions which are normally spaced apart from each other along
the axis of said relative rotation and are relatively movable
along said axis to thereby vary gaid spacling, means adapting
one of said menbers to act as a driving member and adapting
the other of sald members to apply a driving force to a load,
actuating means for moving said members towards each other and
establishing a lubricated load transmitting bond between said
face portions, said actuating means including means for estab-
lishing a magnetie field across said space between sald face
portions, stop means acting between said coupling members to
prevent face-to-face engagement between said face portions,
and thereby maintain an air gap therebetween, and bonding
material comprising finely divided magnetic particles and solid
Ivbricant in said field and alsc responslve to sald field for
bridging said alr gap and establishing said lubricatéd load
tranamttting bond between said face portions whereby rotation
of said one member at least tends to cause robtation of sald
other member, and said ¢oupling member being further character-
ized as including means cooperative with said bonding material
independently of the action of said field establishing means
to mainbtain substantial quantities of said bonding material
between said face portions in readiness to establish said load

transmitting bond.



19. A coupling device including at least a pair of
coupling members mounted for rotation relative to each other and
having axially opposed, radlally and circumferentially extending
face portions, means adapting one of sald members to act as a
driving mewber and adapting the other of said members to apply a
driving force to a loéd, means for establishing a magnetic field
between maid face portions and for selectively increasing and de-
creasing the strength thereof, and bonding material in sald field
and responsive thereto for establishing a lubricated load transmitting
bond between said face portions whereby rotation of said one member at
least tends to cause rotation of sald other membér, said material come
prising finely.divided magnetic particles and solid lubricant, said
coupling device being further characterized in that said face portions
of at least one of said members has sufficient magnetic retentivity
to malntain quantities of said bonding material thereon under weakened
conditions of said field. l

2G, A coupling device comprising at least a palr of
coupling members mounted for rotétion relative to each other and
having asxlally opposed, radially and circumferentially extending
face portions, means adapting one of sald members to act as a
driving member and adapting the obther of sald members to apply
a driving force to a load, means for selectlively establishing
a magnetic field between said face portions, bonding material
responsive to said field for establishing a lubricated load
’transmitting bond between said face portions whereby rotation
of sald cne mesber at least tends to cause rotation of said
other member, sald material comprising finely divided magnetic
particles and solid lubricant, at least one of said members
having a passageway Utherein leading to the area between said
face portions and through which said material can circulate

into said area,
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