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My inventlon relates to magnetic fluld clutches of
the type employing a mixture of paramagnetic particles such
as iron and a fluid vehicle such as oll, which, when subjected
to a magnetic field, acts to transmit force between two other-
wise lndependently movable ﬁembers. This mixture will be
referred to herelnafter as iron-oil for convenience, but 1t
will be understood that any paramegnetic powder 1s contem-

plated, and any sultable fluid may be used.

It wlll be further understocd that the paramagnetic
materlial may be used without the fluid, It 1s known that the
fluid in this clutch acts chiefly as a lubricant and the
magnetic action of the clutch is independent of the fluid used.

Dry paramegnetic particles alone have been successfully used.

In the art of magnetic fluld devices and more parti-
cularly of magnetié fluld clutcheé a3 described in my copending
applications, Serial No. 577,440, filed July 21, 1948, and
'Serial‘No. 580,626, filed October 26, 1948, it is desirable
that the effects of centrifugal force be kept at a minimum

so that the device wlll be completely responsive to changes

in the current used to actuate it. In conventional types
of magnetic fluid clutches, centrifugal force causes the
iron particles in the iron-oil mixture to be impelled toward
the perliphery of the rotating chamber, and to become packed
due tc the large radisl head of iron particles. If rapid
control 1s to be achleved, 1t 1is necessary that thils condi-
tion be overcome. To achleve this end I have invented a modified
form of.oleétromagnetic fluid cluteh in which a small gquantity of
magnetio bowder 18 used, as compared with prlor practice, as will
be apparent to one skilled in the art from reference to the ac-
companylng description and drawings, i1n which:

Figure 1 represents one form of electromagnetic clutch
of this type;

Figure 2 shows a second form of electromagnetic clutch

of this type; and
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Figure 3 shows a differently filled clutch of

this type.

Referring now to Figure 1, sultable supports 1
are provided to mount besarings 2, 2'. A shaft 3 rotates
in bearing 2 and has formed upon or fixed to 1its end a cup-
shaped member U4, which together with end plate 5 forms the
outer housing of the clutch. Formed on or afflxed to end
plate 5 is hollow shaft 6, which passes through bearing 2',
and which contains journal bearing 7 in which shaft 8 may
rotate. An "O" ring 9 provides an oll seal between end,p]ate
5 and shaft 8. Mounted upon shaft 8 is clutch member 10
which 1s internal to chamber lj. Member 10 is grooved to
accommodate wi nding 11 which 1s of electrically insulated
wire. A passageway 12 in member 10 and shaft 8 permits pass-
age of a wire 13 which termimates in slip rings 1lih. A space
as shown 1s left between member 10 and cup L4 to accommodate
s mixture of iron powder and light oil, The mixture 1s so
proportioned that only enough powder 15 to fill the minimum
peripheral space between member L0 and cup 4 1s used, the
rest of the space being occupled by light oil 16, or the oil
may be omitted in its entirety. When relative rotation
/exists between member 10 and cup 4, the iron powder 15 and
o1l 16 become mixed. But when rotational speed of cup 4
becomes so great that appreciable centrifugal force 1s created,
powder 15 is urged outwardly so that only a small amount of
drag upon member 10 is produced, thus facllltating quick re-

lease of the clutch on de~energization thereof.

Botn member 10 and cup I are made of magnetic
material., Thus, 1t will be seen that when current is
passed through coill 11, magnetlc poles will be established
at portions 17 and 18 of member 10 and correspondingly
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at positions 19 and 20 of cup 4, the magnetic path or
lines of maegnetie flux thus pessing from 17 through
powder 15 to 19, thence to 20, again through powder 15
and returning to 18, so that the iron powder 15 will be
attracted to path 17-19 and path 18-20 with a force
depending upon the amount of current passing through coil
11, and so controlling the amount of rotatlonal force

trensmitted from the driving member %o the driven member.

with reference now bo Figure 2, supports 1 are
provided for bearings 2, 2', Shaft 3 passes through
bearing 2 supporting external cup 4 which forms a chamber
completed by end plate 5 to whieh is affixed or on which
is formed hollow shaft 6 which passes through bearing 2',
and in which bearing 7 is inserted to serve &s a journai
for shaft 8. Packing 9 positioned between end plate 5 and
shaft 8 serves as an oil seal. Member 10, which is affixed
to cup 4 and shaft 3, is shaped to accept an electrically
insulated coil 11 positioned approximately as shown. To
the internal end_of shaft 8 1s affixed internal cup 21
which 1s perforated with holes 22 to permit circulation
of the 1fon-oil mixture 1§, 16. It will be seen that
cup 21 is positioned approximately midway between cup 4
and member 10. Shaft 3 and member 10 are provided with
a pamsageway 12 to aeccommodate lead wires 13 which
terminate in slip rings 14. When current is caused to
flow through coil 11 a magnetic £1eld is set up with
outer cup 4 beooming one pole of the magnetic cireuit
and member 10 becomlng the other pole. Similaxr poles are
magnetically induced in ocup 21, the polarity of the
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external surface of cup 21 being opposite in polarity

to that of cup 4; and the polarity of the inner surfaes
of cup 21 being opposite in polarity to that of member 10.
The proportion of iron and oil in the electromagnstic
fluid is such that under centrifuging, the iron will
occupy only the peripheral space between member 10 and
cup 21 and between cup 21 and the inner periphery of

cup 4, with some small additional amount of powder sub-
stentially as shown. When current is passed through

coll 11 as heretofore described, the iron powder will be
attracted through the magnetic path previously discussed,
causing the powder to adhere to the outer periphery of 10,
the inner periphery of cup 4 end to both peripheries of
cup 21, with a force dependent upon the strength of the
current in eoil 11, limited only by the design of said
coll and the saturation point of the magnetic circuit.

With reference now to Pigure 3, it will be seen
that the mechanical arrangement of the parts is identical
with that shown in Figure 2, except that the amount of
iron 15 has been decreased so that it £ills but slightly
more than the space between the outer periphery of cup
21 and the lnner periphery of cup 4. This modifleation
does not transmit as much torque for a given oonfiguration
of eluteh as does the filling shown in Figure 2, but where
high speed operation is required it transmits far less
rotational drag between shaft 8 and shaft 3, when the

coil 11 is de~energized.
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The previous practice with respect to the iron-
0il has been to first make up a mixture of a preﬁetermined
proportion of magnetlic particles to fiuld, and then to use
this mixture to f11l the clutch. This result ed in a random
amount of solld matter, in practice, a surplus of iron
particles always belng provided, because, if a very thin
mixture were to be used, so that there were not enough
particles to fill the gap, only a small amount of force
coulﬁ be transmitted, therefore a falrly thick mixture
was always used. In any case, the previous practice en-
tlrely failled to consider the packing effect due to the
great head of surplus metalllic particles. When this 1s
amplifiled by the effect of centrifugal force at high rota-
tional speeds, i1t will be apparent that a very great im-
provement in the packling effect can be obtalned by using
no more than enough particles to do the work. Very few_

of the particles are lost in a well-deslgned clutch, even

after 1ohg use of the clutch, because they tend to stay in

place; and even where a sufficient number of particles may
migrate’to requlire speclal precautions to eiliminate tne
posslibility of thelr harming the bearings, these errant
particles are too few in practice to appreclabliy affect

the operation of the clutch or to appreclably reduce the

 effective number of particles remalning in the clutch.

However, there 1s some lioss of oil during proionged opera=-
tlon of the clutch, tending to dry it out. In the past,

1t has been the practice to add more of the original mixture
ﬁhen the clutch appears to be getting dry. This, of courase,
8t1.l1 further increases the ratio of metal particles to oil
in the clutch and still further increases the head of iron

particles, and the tendency to pack will become more pro=-
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nounced. In accordance with my invention only oll 1s added
1f the clutch appears to be drying out, and the quantity of
metal particles remains unchanged. When dry paramagnetic
particles alone are used the oill leakage problem does not

arise,

The essentlal feature of my invention is therefore
that the amount of metal particies put into each cluteh is
measured out for that particular clutch and enough oll is
added to fill the rest of the available space if an oil is
to be used. Whiie this may appesr to be very simple, it
involves a radical departure from both the thinking and the
procedure of the prior art, which first determined a ratio
of metal particles to fluld, and then filled the cluteh
with a mixture having this ratio, and thus provided no
correct determination of the proper amount of magnetic
material essential to provide both efficient operation
end abssnce of packing, It would appear that the correct

propar tion would sometimes be attained by chance, but even

" this did not occur in practice because the mixtures used

practically all provided too much iron, and even if the
correct amount were to be unsed by pure chance the first
time, the practice of adding more mixture subsequently,

insured an oversupply of metal particles eventually.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined

as follows:

l. 1In the operation of a magnetic fluid clutch
comprising two relatively movable members between which
force is to be transmitted, said members having working
surfaces spaced by a working gap, a clutch enclosure to
retain fluid material in said gap, said enclosure having
substantial space in addition to said gap, a mixture of
paramagnetic particles and fluid vehicle in said enclosure,
the particles being limited to a quantity such as will fit
within the working gap, and means for subjecting said
paramagnetic particles to the action of a magnetic field
in order to control the transmission of force between
said relatively movable'members, the method which in-
cludes maintaining at all times only a sufficientfquantity
of particles to fill the gap and sufficient fluid to fill
the spaces left by the particles including the aforesaid

substantial space,
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2. 1In the filling of a magnetic fluid clutch com-
prising two relatively movable members between which force is
to be transmitted, said members having working surfaces
spaced by a working gap, a clutch enclosure to retain fluid
material in said gap, said enclosure having substantial space
in addition to said gap, a mixture of paramagnetic particles
and fluid vehicle in said enclosure, the particles being
1imited to a quantity such as will fit within the working gap,
and means for subjecting said paramagnetic particles to the
action of a magnetic field in order to control the trans-
mission of force between said relatively movable members,
the method which includes measuring out a sufficient duantity
of particles to £ill the gap with substantially no surplus,
and adding a quantity of fluid for the remainder of the gap
not filled by the particles including the aforesaid sub-

stantial space,

3. A magnetic fluid clutch comprising two relatively
movable members between which force is to be transmitted,
sald members having respectively spaced, opposed, cylindrical,
coaxial surfaces, said surfaces defining a cylindrical gap;
enclosure means for the ends of said gap constructed to retain
fluid material in said gap and providing at least one
vradially extending gap joining into saild cylindrical gap;
a mixture of paramagnetic particles and a fluid vehicle in
said cylindrical gap, and excess fluid only in said radially
extending gap; and means for subjecting said paramagnetic
particles to the action of a magnetic field to control the

transmission of force between sald relatively movable members,

g



624716

4. A magnetic fluid clutch comprising two aligned
rotatable shafts, a coaxial cylindrical member fixed on the
end of one shaft and defining a cylindrical container having
end walls and a e¢ylindrical inner surface, an apsrture in the
end wall remote from said one shaft, the second of said
shafts extending through said aperture, a cylindrical member
fixed to the end of said sscond shaft within said cylindrical
container and having an outer surface spaced from said inner
surface, means for maintaining a magnetic field in the spacse
between said surfaces, a quantity of paresmagnetic particles
in the space between said c¢ylindrical surfaces, said quantity
being sufficient to extend from said cylindrical inner surfaces
radially inward a distance corresponding to the distance
between sald opposed surfaces and substantially no more, and
a quantity of fluid filling at least most of the remaining
space within the e¢ylindrical container.

S The invention reeited in claim 4 wherein saiad
eylindrical member is in the form of a second eylindrical
container baving an inner cylindrieal surface and one open
and one elosed end, and a third oylindrical member fixed %o
and coaxial with said first member, projecting into said open
end and having a cylindrical outer surface, said first and
third eylindrical members defining a gap into which said
second eylindrical member extends, and radial gaps between
the ends of sald ecylinders; and a quantity of paramagnetie
particles in gaid cylinder gep, sald quantity being sufficient
to £ill sald eylindrical gap but not to extend into said
radlal gap and a quantity of fluid f£illing the remaining

space between sald cylinder.
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6. The invention recited in claim 5 wherein the
closed end of sald second cylindrical container is provided
with at least one aperture to permit circulation of the

fluld,

7. A magnetic fluid clutch comprising two
relatlvely movable members between which force is to be
transmitted, said members having working surfaces spaced
by a working gap, a clutch enclosure to retain fluid
Amaterial in sald gap, said enclosure having substantial
. 8space in addition to said gap, and a mixture of para-
magnetlc particles and fluld vehicle in said enclosure,
the particles beilng limlted to & quantity such as will fit
wilthin the working gap, and means for subjecting sald
raramagnetic particles to the sction of a magnetic field
in ofder to control the transmission of force between said

relatively movable members,
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8. A magnetic fluid clutch comprising two
relatively moveble members between which force 1s to
be transmitted, sald members having working surfaces
spaced by a working gap, a cluteh enclosure to retain
fluid material in said gap, sald enclosure having substan-
t1al space in addition to said gap, and a mixture of
paramagnetlic particles and fluld vehicle in said enclosure,
the particles being limited to & quantity such as will fit
within the working gap, the remaining spacs in the enclosure
being substantislly fllled with the fluld vehicle, and means
for suwb jecting said paramagnetic particles to the action of
a magnetic field in order to control the transmission of

force between sald relatively movable membersa.

9., 4 magnetic fluid clutch comprising two
relatively movable members between which force is to be
transmitted, sald members having cylindrical coaxlal
working surfaces spaced by an adjacent generally cylindrical
working gap, & clutech enclosure to retailn fluid material
in said gap, said enclosure having radial space in addition.
to sald gap,yand a mixture of paramagnetic particles and
fluld vehicle in sald enclosure, the particles being limited
to a quantity such as will fit within the working gap when
subjected to centrifugal force, the remalning space in the
enclosure being substantially‘filled with the fluid vehicle,
and means for sub jecting sald paramagnetic particles to the
action of a magnetic field in order to control the trans-

mission of force between sald relatively movable members.
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10, In the filling of a magnetic fluid clutch
comprising two relatively movable members between which force
is to be transmitted, said members having spaced opposed
cylindrical coaxial working surfaces spaced by a cylindrical
gap, a clutch enclosure to retain fluid material in said gap,
sald enclosure having substantial space in addition to said
cylindrical gap, a mixture of paramagnetic particles and fluid

vehicle in said enclosure, the particles being limited to a

quantity such as will fitwithin the cylindrical gap, and means
for subjecting said paramagnetic particles to the action of
a magnetic field in order to control the transmission of

force between said relatively movable members, the method

SIS EATL LA L

which includes measuring out a sufficient quantity of

LEM I < R

particles to fill the cylindrical gap with substantially no
surplus, and adding a sufficient duantity of fluid to at
least partially £fill the remainder of the enclosure not
filled by the pagticles.

11, In the operation of a magnetic fluid clutcﬁ’
comprising two relatively movable members between which
force is to be transmitted; said members having spaced
opposed cylindrical coaxial working surfaces spaced by a .
cylindrical gap, a clutch enclosure to retain fluid material
in sald gap, said enclosure having substantial space:in
addition to said cylindrical gap, a mixture of paramagnetic.
particles and fluid vehicle in said enclosure, the pérticles'
being limited to a quantity such as will fit within the
cylindri¢a1 gap, and means for subjecting said paramagnetic
particles to the action of a magnetic field in order to control -
the transmission of force between said relatively mqvable
members, the method which includes maintaining the quantity
of particles at an amount only sufficlent to £fill the cyl-

indrical gap, and maintaining the fluid vehicle in at least
part of the remainder of the clutch enclosure not filled by
the particles. Vo
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12, 1In the operation of a magnetic fluid clutch
comprising two relatively movable members between which
force is to be tramsmitted, said members having working
surfaces spaced by a working gap, a clutch enclosure to
retain fluid material in said gap, said enclosure having
substantial space in addition to said gap, a mixture of
paramagnetic particles and fluid vehicle in said enclosure,
the particles being limited to a éuantity such as will fit
within the working gap, and means for subjecting said
paramagnetic particles to the action of a magnetic field in’
order to control the transmission of force between'éaid
relatively movable members, the method which includes main-
taining the Quantity of particles at an amount only sufficient;
to fill the working gap, and maintaining the desired mixture
by adding fluid vehicle alone from time to time to make up
for any leakage of fluid vehicle,

1%




624716

13, In the operation of a magnetic fluid clutéh
comprising two relatively movable members between which
force is to be transmitted, said members having spaced
opposed cylindrical coaxial working surfaces spaced by a
cylindrical gap, a clutch enclosure to retain fluid material

in said gap, said enclosure having substantial space in

addition to said cylindrical gab, a mixture of paramagnetic -
particles and fluid vehiecle in said enclosu&e, the particles -
being limited to a quantity such as will fit within the
cylindrical gap, and means for subjecting said paramagnetle
particles to the action of a magnetic field in order to
control the transmission of force between said relatively
movable members; the method which includes maintaining the.
duantity of paramagnetic particles at an amount only suf=~
ficient to £ill the cylindfical gap, and maintaining the
desired mixture by adding fluid vehicle alone from time to .
time to make up for any leakage of flﬁidvvehicleo
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14. A magnetic powder clutch combrising two rela-
tively movable members between whicih force is to be trans-
mitted, sald members having working surfaces spaced by &
working gap, & clutch enclosure serving to retaln para-
magnetic powder in sald gap, said enclosure having substan-<
tial space in addition to sald gap, the powder Being
limlted to a quantity such as will it within the working
gap, and meansa for subjecting sald powder to the aection
of a magnetic fileld in order to control the transmission

1
of force between said relatively movable members.

15. A magnetic powder cluteh comprising two’
relatively movable members between which force is to be .,
transmlt ted, said members having cylindrical coaxial
working surfaces spaced by an adjacent generally cylindricd%(
working gap, a clutch enclosure serving to retain para-

magnetic powder in sald gap, sald enclosure having a

.radlal space ln addition to sald gap, the powder beimg

limlted to a quantity such as will fit within the working’,.
gap when sub jected to centrifugal force, and means for
subjecting sald powder to the action of a magnetic field.

in order to control the transmlssion of force betweeq

sald relaﬁiﬁely movable members.
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