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My invention relates to magnetie fluild clutches
of the type employing a mixture of paramagnetic particles
such as iron and a fluid vehicle such as oil, which,

when subjected to a magnetic field acts to transmit forge
between two otherwise independently movable members. The

particles will be referred to hereinafter as iron and

the fluid as o0il, since these are the most commonly used.
materials for the purpose, but it will be understood that
any suitable paramagnetic material and any suitable fluid

may be used.

My present invention is an improvéement in clutches
of the class deseribed, said improvement residing in more
complete release of the c¢lutch when in a de-energ}zed

condition.

Iﬁ eclutches previously known %o the art, two ﬁypes
of magneﬁic gaps have been used: the disk type and the
cylinder type. In olutches using the disk configuration
(axial gaps), oentrifugal forcesat high rotational speeds
wedge the particles between the plates so that the
clutches do not release when the magnetizing force is
removed. In olubtches pf the cylindrical type (radial
gaps), the centrifuging action is generally not as
serious dus to the smaller head of iron powder, but the
field, being radial, does not oppose the centrifugal

force, which also tends to pack or wedge the particles.

In the present invention, I use a magnetic gap,
wherein the flux bridges cylindricél edges of opposing
magnetic members. In this, a field is set up which has
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a radial magnetic gradient so that a particle of iron in
this field is attracted toward the center. Clutches of

this type have been built, and operated properly at
speeds over 10,000 RPM.

The specific nature of the invention as well as
other objects and advantages. will clearly appear from )
a description of a preferred embodiment as shown in the

accompanying drawings, in which;

Figure 1 shows a single-gap clutch in un-
enérgized condition,

Figure 2 shows the gap of this clutch when
energized.,

Figure 3 shows a series-gap clutch in unenergized
condition, but with letters indicating polarity when the

clutch is energized.

Figure 4 shows the gaps of this clutch when

energized,

Referring first to Figure 1, suitable supports 1
carry bearings 2, 2' in which shafts 3, 3' are free to
rotate, shaft 3' being tubular and containing a journal 4
in which shaft 5 may rotate, journal & being formed on or
attached to end plate 5'. A packing 6 serves as an oil
seal between shaft 5 and end plate 5',

End plate 5' cooperates with cup 8, on which
shaft 3 is formed or affixed, to form a closed chamber
containing the two major clutching elements. Of these

two elements, one is a simple dished disk 7 affixed to
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shaft 5, while the other, a more complex structure,

as hereinafter described, is affixed to shaft 3. The
inner surfece of the cup 8 is sultably grooved at 10.
The cup 8, after being assembled around the cluteh com-
ponents, ig £illed with & small amount of iron powder
1l mixed in oil 12, Only members 7 and 9 are made of
nmagnetic material, the cup 8, end plate 5*' and the

shafts being made of nonmagnetic material.

The structure of clutch member 9 is as shown,
being mortised to receive an electrically insulated
winding 13 to which elecectric current may be fed by leads
14 whieh run through a suitable passageway 15 in shaft 3.

and are connected to slip rings 16.

When the cluteh is filled with an iron-oil
mixture, as desoribed, only enough iron powder is
included to f£ill the groove 10 on the inner side of
cup 8 and not enough to touch the pole pieces. It will
be apparent to one skilled in the art that when cup 8
is rotated raepidly by means of shaft 3, the iron will
compact because of centrifugasl foree, and will be con-
centrated in groove 10; therefors, member 7 will be in
no way coupled with cup 8 or member 9, since it is in
a longitudinally fixed position in relation thereto,
and will be free to rotate independently or to remain
at rest, the only forcee acting upon it being caused by
the negligible friction of bearing 4 and of the viscous
dreg of the light oil 12.
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The action which takes pPlace upon energization
of the cluteh will ve apparent from reference to Figure 2,
Here current is assumed to bé passing through coil 13,
ceusing magnetization of members % and 9, which now present
2 north-and a south-seeking pole at 7' and 9! (their peripheries),
or vicé versa, depending upon the direction of flow of the
magnetizing current, This magnetization of members 7 and 9
causes the iron particles to adhere to these members and to
each other along the lines of magnetic flux, the strength of
such adhesion being roughly proportional to the strength of

the magnetic field developed, up to the point of saturation,

A variant form of clutch is shown in Flgure 3,
for, whereas a single coil and a single gap were used in
the clutch of Flgures 1 and 2, this form provides four gaps
in series, Here, supports 1 are provided for bearings 2 1in
vwhich shafts 3' and 5 rotate. Shaft 3' is hollow and contains
Journal 4 in which shaft 3 rotates. A cup made of a number
of nommagnetic segments, as for example, 18, 18' and 18",
1s affixed at one end to shaft 5, and at the other end to
shaft 3', which are also preferably of nonmegnetic material,
Between the segments of the cup are carried two rings 17, 17,
which are approximetely T shaped 1in cross section, the cross-
bar being represented at 20, 20', 'The parts 17, 17' are non
magnetic and support the parts 20, 20', which are ferrow

magnetic,

The central active member 9s of the clutch is
milled to receive a plurality of electrically insulated
coils 13, 13', which are connected by leads 14, running
through a suitable passagewey 15, to slip rings 16,



4
1
1

3
p]
5
1

N
5
b4
4

{
4

‘

620548

The space between member 9 and cap 18, 18', 18" is

filled with an iron-oil mixture with only enough iron
powder in the mixture just to fail to fill completsly
the space between the peripheral surface member 9a and
the inner periphery of cup 18, 18, 18", This mixture
is afforded means of cireulation through holes 19, 19°

in rings 17, 17,

It will be seen that when the oluteh is in the
unenergized condition, the action is much like that of
the form of clutch shown in FPigure 2 and described abovse,
in that upon rotation of shaft 5 and cup 18, 18', 1s@,
the iron will centrifuge outward, the only drag upon
member 9a being through bearing 4 and light oil 12, whioch

ie of very low order.

The asction, when current is passed through coils
13, 13', is seen in Figure 4, where north-and south~-ssek-
ing poles are caused to appear in member 9a and rings
17, 17', as indicated by the letters N and S, respeetive-
ly. The iron powder 12 1s attracted to these polss,
serving to bind together member 9a and rings 17, 17°,
and thus cup 18, 18', 18" to whieh saia rings are
affixed, the degree of such binding being proportional.to
the amount of current passed through thecoils up to the
saturation point. Through the action desceribed, torque

from driving shaft 5 is transmitted to driven shaft 3.

It will thus be seen that I provide the optimum
amount of iron, sinece at high running speeds, in the
de~energized condition, the inner clutch member rotates,

in effeet, in an o0il bath, while in the energized
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condition the iron particles are shifted only very
slightly, enough of them being moved to f£i1l the geap
which previously existed between the innermost layer of
powder 11 end the outer cylindrical surface members 7
and 9, in the case of Figures 1 and 2, If this gap

is made very small, as can readily be done, the total
volume of iron particles which require moving to come
pPletely fi1ll this gap 1is very small, and this is resdily
accomplished 1In practice without requiring an unduly
large magnetic field structure. From this point the
action 1is more or less the same ss in ordinary magnetic
fluid clutches where the gap 1is always full of available
iron particles. However, because of the effect of the
centrifugal force the clutch will release very qulokly
even at high rotational speeds. This is true becamuse

@8 soon as the magnetic fleld 1s cut off, the centri-
fugal force will, instead of tending to hold the
particles pscked in the gap; tend to separate the
particles from the immer cylindrical surface, thus
releasing the clutch very quickly. When the clutch 1is
energized, however, if the outer cylinder member 1is
rotating at high speed the action is theoretically
slower with the above described construction than with
previous constructions. However, in practice this does
not appear to offer any great difficulty, and clutches
30 bullt appesr to have a very satisfactory energization
response. In most spplications the driven member will
originally be at rest until it is clutched to the
driving member, the cuter cylinder will be rotating

= G
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immediately prior to energization of the e¢luteh, which
will insure proper distribution of the particles as
shown for example in Figure 1 so that the necessary
clearance will be provided between the iron particles

and the lnner cylinder surfaces.

It will be apparent that the embodiments shown
are only exemplary and that various modifications can
be made in construction and arrangement within the scope

of my invention as defined in the appended claims.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined

as follows:

l. A magnetic fluld clutch comprising relatively
rotatable menbers having axially spaced coaxial cylindrical
paramagnetic surfaces of substantiaily equal radiﬁs, enclo=-
sure means rotatable with one of sald members to define a
substantially cylindrical gap between said enclosure means
and sald cylindrical surfaces, a mixture of paramagnetic
particies anq.fiuid in said gap, the quanﬁity of particles
being insufficlent to entirely bridge the gap when uniformly

- dilstributed therein, but sufficient to bridge the gap at

concentrated areas thereof, and means for producing magnetic
poles of opposite polarity on the respective relatively
rob&ting paramagnetic surfaces to form a magnetic field in
saild gap having a component of intensity'increasing radially
inward whereby to attract paramagnetic particles to said

. paramagnetic surfaces.,

2. A magnetic fluid clutch comprising two rela-
tively rotatable menbers between which force is to be trans-
mitted, sald members having respective spaced lmner and outer
cylindrical coaxial surfaces defining a cylindrical gap;
enclosure means for the ends of said gép constructed to retain
fluid materlal in said gap; a mixture of paramagnetic particles

and & fluld vehicle in said gap, the quantity of particles

being insufficient to entirely bridge the gap when the outer

cylinder is rotating; and means for producing a magnetic field
in sald gap having an increasing gradient of magnetic force
toward the axis of said cylindrical gap whereby sufficilent
particles are attracted toward the inner cylindrical surfaces

to completely bridge the gap when ssid field is produced.

o~

-
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3. A megnetic fluid cluteh comprising two
relatively movable members between which forece is to
be transmitted, said members including respective
spaced cylindrical coaxial surfaces defining an annular
gap; and wall means for said gap construeted to retain
fluid material in saeid gap; a mixture of baramagnetic
particles and a fluid vehicle in said gap, the quantity
of said particles being sufficient when uniformly dis-
tributed, to sxtend radially inwérﬂ a distance lnsuf-
ficient to entirely bridge seid annular gap, the
quantity being sufficient to bridge said gap at
concentrated areas thereof when not uniformly distributed;
and means for producing magnetic poles of opposite
polarity on said coaxial surfaces respectively to form
a8 magnetic field in said gap having a radial component
of intensity whereby to attract said paramagnet lic

particles to said areas.

4. A magnetic fluid e¢luteh comprising two
relatively rotatable members between which forece is to
be transmitted, said members having respectively spaced
inner and outer eylindrical coaxial surfaces defining a
cylindrical gap; emélosure means for the ends of said

refain
gap constructed to reteil fluid meterial in said gaps;

‘a mixture of paramagnetic particles and a fluld vehiecle

in said gap, the quantity of particles being insufficient
to entirely bridge theigap when uniformly distributed,
but sufficient to bridge the gap at concentrated areas
when not uniformly distributed; said inner rotatable
member including paramagnetic elements and means for
producing magnetie poles of opposite polarity at

concentrated areas on said paramsgnetic elements to form

7
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a magnetic field in said gap having an increasing gradient

of magnetic force toward the axis of said cylindrical gap.

5. The invention recited in claim 4 wherein
said last means comprisgs - a magnetic field winding agd
means for controlling the passage of current through said

winding.

6. The invention reeited in claim 5 wherein said
winding is coaxial with said cylindrical surfaces, whereby
sald concentrated areas are annular axially spaced annular

areas on said inner cylindriecal surface.

7. A magnetic fluid elutech comprising relatively
rotatable paramegnetic members having axially spaced
coaxial oylindrical surfaces of substantially equal radius;
enclosure means rotatable withAone of said members to

f define a substantially eylindrical gap between said

enclosure means and said cylindrieal surfaces, a mixture

of paramagnetic particles and fluid in said gap, the

B S LTI R MRS Ok WCX

quantity of particles being insufficient to entirely
bridge the gap when uniformly distributed therein, but
sufficient to bridge the €ap at concentrated areas thereof,

sald cylindrical eoaxial surfaces ineluding paramagnetiec

s e it S BEUPRIEE LI

elements, and means for produeing magnetic poles of
opposite polarity on the respective relatively rotating
paramagnetic members to form a magnetic field in said gap
having a component of intensity inoreasing radially inward
whereby to attract paramsgnetic particles to said

concentrated areas,

-
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8. A magnetic clutch comprising two relatively
rotatable menmbers ineluding axially spaced longitudinally
fixed coaxial cylindrical paramagnetlc surfaces of sub-
stantially equal radius, enclosure means rotatable with
one of sald members to define a substantially cylindrical
gap between said enclosure means and sald ecylindrical
surfaces, paramagnetic particles in said gap, the quantity
of said particles being insufficient to entirely bridge
the gap when uniformly distributed therein, but sufficient
to bridge the gap at concentrated areas thereof, and means
for producing magnetic poles of opposite polarity on the
respective relatively rotating paramagnetic surfaces to form
a4 magnetic field in said gap havihg_é component of intensity
increasing radially inward whereby to attract paramagnetic

particles and bridge said paramagnetic surfaces,

//
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9. A magnetic fluid clutch having two relatively
rotatable paramagnetic members between which force is to be
transmitted, said members including respective axially spaced
coa¥xial paramagnetic cylindrical clutch surfaces defining the
inner wall of an annular space, a generally non=-magnetic
cylindrical wall of larger diameter defining the outer wall
of the annular space, non-magnetic end closure means combined
with the cylindrical non-magnetic wall to define a generally
non-magnetic cylindrical housing to retain fluid material in
the annular space, a mixture of paramagnetic particles and
fluid vehicle in the annular space, and means for producing
a magnetic field in the annular space and between the relatively

rotatable paramagnetic members.
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10. A magnetic fluid clutch having two relatively
movable members between which force is to be transmitted,
said members including respective axially spaced coaxial para-
magnetic clutch surfaces defining the inner wall of an annular
gap, non-magnetic means defining the outer wall of the gap,
closure meané constructed to retain fluid material in the gap,
a mixture of paramagnetic particles and fluid vehicle in the
gap, and means for producing a magnetic field in the gap,
whereby centrifugal force tends to move the particles away
from the clutch surfaces, the means for producing a magnetic
field serving to create poles of opposite polarity on the
clutch surfaces respectively, ;hereby imparting to the magnetic
field a radial component attracting the particles inward to

said clutch surfaces.
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11. A magnetic fluid clutch having two relatively
movable members between which force is to be transmitted,
said members including respective axially spaced coaxial
paramagnetic clutch surfaces defining the inner wall of an
annular gap, non-magnetic means defining the outer wall of
the gap, closure means constructed to retain fluid material
in the gap, a mixture of paramagnetic particles and fluid
vehicle in the gap, and means for producing a magnetic field
in the gap, the quantity of particles being insufficient to
f£ill the gap but sufficient to bridge the clutch surfaces,
whereby centrifugal force tends to move the particles away
from the clutch surfacés, the means for producing a magnetic
field serving to create poles of opposite polarity on the
clutch surfaces respectively, thereby imparting to the
magnetic field a radial component attracting the particles

inward to said clutch surfaces.
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12. A magnetic fluid clutch having two relatively
rotatable paramagnetic members hetween which force is to be
transmitted, said members including respective axially spaced
coaxial paramagnetic cylindrical clutch surfaces having the
same diameter and defining the inner wall of an annular space,
a generally non-magnetic cylindrical wall of large diameter
defining the outer wall of the annular space, non~magnetic
end closure means combined with the cylindrical non-magnetic
wall to define a generally non-magentic cylindrical housing
to retain fluid material in the annular space, a mixture of
paramagnetic particles and fluid vehicle in the annular space,
and electromagnet coils carried by one of said rotatablé para-
magnetic members within said cylindrical paramagnetic clutch
surfaces for producing a magnetic’field in the annular space

and between the relatively rotatable paramagnetic members.
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13. A magnetic fluid eluteh having two relatively
movable members between which force is to be transmitted,
sald members including respective axially spaced cylindrical
coaxial paramaegnetic clutch surfaces having the same diameter
and defining the inner wall of an annular g% , non-magnetic
means of larger diameter defining the outer wall of the gap,
closure means constructed to retain fluid material in the
gap, a mixture of paramagnetic particles and fluid vehicle
in the gap, and means for producing a2 magnetic field in the
ga8p, whereby centrifugal force tends to move the particles
away from the clutch surfaces, the means for producing a
magnetlc field serving to create poles of opposlite polarity
on the clutch surfaces respectively, thereby imparting to
the magnetic field a radial component attracting the particles

inward to said clutch surfaces.

14, A magnetic fluid cluteh having two relatively
movable members between which force is to be trensmitted,
sald members including raspective.axially spaced cylindrical
coaxlal paramagnetic clutch surfaces having the same diameter
and defining the inner wall of an annular gap, none-magnetic
means of larger diameter definling the outer wall of the gap,
closure means constructed to retain fluid material in the
gap, a mixture of paramagnetic particles and fluid vehicle
in the gap, and means for producing a magnetic field in the
gap, the quantity of particles being insufficient to fill
the gap but sufficient to bridge the clutch surfaces,
whereby centrifugal force tends to move the particles away

from the clutech surfaces, the means for producing a magnetic
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field serving to create poles of opposite polarity on the
clutch surfaces respectively, thereby imparting to the
magnetic field a radial component attracting the particles

inward to said elutch surfaces.

15. In the operation of a magnetic powder clutch
having driving and driven clutch surfaces, the method which
includes so magnetizing the clutch that the resulting
magnetlc field attracts the magnetic powder toward both
clutch surfaces in a direction opposite to the direction
in which it is thrown by centrifugal force when the clutch

is not magnetized,

16. A magnetic powder clutch having two rela-
tively movable members between which force is to be trans-
mitted, sald members including respsctive axially spaced
coaxlal ferromagnetic clutch surfaces defining the inner
wall of an annular gap, non-magnetic means defining the
outer wall of the gap, closure means serving to retain
ferromagnetic powder in the gap, and means for producing
a magnetlic field in the gap, whereby centrifugal force
tends to move the powder ;way from the clutch surfaces,
the means for producing a magnetlc field serving to create
poles of opposite polarity on the clutch surfaces respect-
ively, thereby imparting to the megnetic field a radial
component attracting the powder inward to said clutch

surfaces,
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17. A magnetic powder clutch having two rela-

tively movable members between which force 1is to be trans-

mttted, said members including respective axially spaced

coaxlal ferromagnetic clutch surfaces defining the inner

wall of an annular gap, non-magnetic means defining the
outer wall of the gap, closure means serving to retain
ferromagnetic powder in the g8p, and means for producing a
magnetic fleld in the gap, the quantity of powder being
insufficient to £1ill the gap but sufficient to bridge the
clutch surfaces, whereby centrifugal force tends to move
the powder away from the cluteh surfaces, the means for
producing a magnetic fieid serving to create poles of
opposite polarity on the clutch surfaces reospectively,
thereby imparting to the magnetic field a radlal component

attracting the powder inward to =aid cluteh surfaces,

18. A magnetic powder clutch having two rela-
Tively movable members between which force is to be trans-

mitted, said members including respective axlally spaced

¢ylindrical coaxial ferromagnetic clutch surfaces having
the same diameter and defining the inner wall of an annular

gap, non-magnetic means of larger diameter defining the

outer wall of the gap, closure means serving to retain
ferromagnetic powder in the gap, and means for producing a
magnetic field 1n the gap, whereby centrifugal force tends
to move the powder away from the clutch surfaces, the means
for producing a magnetic field serving to create poles of

opposite polarity on the cluteh surfaces respectively,

thereby imparting to the magnetic field a radiasl component

attracting the powder inward to said clutch surfaces.

J
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19. A magnetic powder clutch having two rela-
tively movable members between which force 1s to be trang-
mitted, said members including respective axially spaced
¢ylindrical coaxial ferromegnetic clutch surfaces having the
same dlameter and defining the inner wall of an annular gap,
non-magnetiec means of larger diameter defining the cuterl
wall of the gap, closure means constructed to refain ferro-
magnetic powder in the gap, and means for producing s
magnetic field in the gap, the quantity of powder being
insufficient to fill the gap but sufficient to bridge the
cluteh surfaces, whereby centrifugal force tends to move
the powder away from the clutch surfacesa, the mesns for
producing a magnetic field serving to create poles of
opposlte polarity on the cluteh surfaces reaspectively,
thereby imparting to the magnetic field a radial component

attracting the powder inward to said clutch surfaces,

-

A -
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20. A magnetic clutch comprising two relatively
rotatable members havling axially spaced longitudinally
fixed ecylindrical paramagnetic selements of substantially
equal radius, enclosure means rotatable with omne of seid
members to define a substantially cylindrical gap between
sald enclosure means and ssid ¢ylindrical elements, para-
magnetic particles in said g8p, the quantity of said
particles belng insufficlent to entirely bridge the gap
when uniformly distributed therein, but sufficient to
bridge the gap at concenﬁrated areas theresof, and means
for producing magnetic poles of opposite pelarity on the
respective spaced paramagnetic elements to form a magnatié
fileld in said gap having a component of Intensity increasing
radlally inward whereby to attract the sald paramagnetic.

particles and bridge the said reéramagnetic elements.,

21. The invention recited in claim 20 wherein

sald last means comprises a magnetic field windihg.

22. The invention recited in claim 21 wherein
sald magnetic field winding 1s coaxial with said elements
whereby the sald paramagnetic particles bridge the said

elements in an axisal direction.

23. The invention recited in claim 22 wherein
dighed disk
one of said elements comprises a -disked-dishe
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24, A magnetic clutch comprising two relatlvely
rotatable members having axially spaced longltudinally fixed
¢ylindrical paramagnetic elements of substantially equal
radius, enclosure means rotatable with one of said members
to define a substantially cylindrical gap between said
enclosure means and said cylindrical elements, a mixture
of paramagnetic particles and a fluld vehicle in said gap,
the quantity of particles being insufficient to>ent1rely
bridge sald gap but sufficient to bridge said axially spaced
elements, and means for producing magnetiec poles of opposite
polarity on the respective spaced paramagnetic elements to
form a magnetic field in said gap having a component of
intensity increasing radially inward whereby to attract the
said paramagnetic particles and bridge the said axially

spaced elements,

25, A magnetic fluld clutch comprising two rela-
tively rotatable members between which force is to be trans-
mitted, said members having respective axlally spaced longil-~
tudinally fixed equiradial paramagnetlc surfaces and closure
means constructed to retain fluid and to define with said
surfaces an annular gap, a mixture of paramsgnetic particles
and fluid in sald gap, the quantity of particles being 1n;
sufficlent to entirely bridge the gap when uniformly dis-
tributed but sufficient to bridge said axially spaced sur-
faces, means for producing magnetic poles of Opposite
polarity on the respectively spaced paramagnetic surfaces
to form a magnetic field in said gap having a component of
intensity lncreasing radially inwardly whereby to attract
sald paramagnetic particles and bridge said axlally spaced

surfaces.
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26. A magnetic clutch comprising two relatively
rotatable menbers having axially spaced longitudinally
fixed cylindrical paramagnetic elements, enclosure means
rotatable with one of sald members to define a substan-
tially cylindrical volume, one of said elements‘comprising
at least one ring which is substantially T-shaped in cross
sectlon, paramagnetic particles in sald volume, the
quantity of said particles beling insufficient to entirely
fi1ll the volume when uniformly distributed therein, but
sufficient to fill the volume at concentrated areas thereof,
and means for producing magnetic poles of opposite polarity
on the respective spaced raramagnetic elements to form a
magnetic fleld in said volume having a component of
infensity increasing radialiy inward whereby to attract
the said paramagnetic particles and bridge the said para-

magnetic elements,
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