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My 1nventlion relates to a wvarlable viscoslty
magnetlc materlal, the physlcal properties of whilch can
be chanced under the influence of a magnetlc fleld. For
ekample, the fluldlty, or apparent viscosity can be
altered by varylng the strength of a permeeting magnetlc
fleld, in such a manner that the materlial can be chanred
between a fluld-llke conslstency and a substantlally solid
conglstency, depending on the instantaneous strength of
the fleld., 'The ability of the materlal to adhsere to a
paramagnetlic or ferromagnetlc materlal ls also controllable
by varylng the permeating magnetlc fleld. The abllity of
the materlal to opposs mechanlcal penetration and to retaln
a glven shape or conformation is also controllable by
application of a magnetic field. It is a primary obJective
of my inventlon to provide such & material and means for

controlling it at the will of an operator.

One applicatlon -of the inventlon arises be-
cause of the need for a fast-actlng long-lived clutch
wherein ease of control and positive7actioniare regulred.
These features were notb afforded by any standard clutch
available commerclally or described in the llterature of
the art. I have determined that when a viscous fluid
conéisfing,vfor example, of a mixture of iron particles
in oll was acted upon by a magnetic fleld, such a mixture
exhibited cdrtaln novel properties not obtalnable with
other known medié; for exemple, viscosity of the mlxture
could be controlléd from its normal rather fluld state
through various degrees of fluldlty until a virtual
solidification was reached. MNoreover, such fluld adheres

very strongly to magnetized surfaces with which 1t is in
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contect and furthermore, exerta large frlction forces
on elther magnetlc or non-magnetlc materlals whilch are
caused to move through 1t. Thls clutch 1s described
in my copendlng applicatlon Serlal No. 577,440, flled
July 21, 1948,

The new material of my inventlon has many
uses, For example, the magnetlc fluld may be used In
dashpots and simllar motion retardlng devlces and the
rate of operation of the devices may be electrically
controlled by varying the strength of a magnetlc fleld
through the fluld. The effective viscoslty of the
fluid will be found to incresmse (wlth a properly
comstituted fluid) as the magnetlc fleld intensity 1is
increased, end vice-versa so that the rate of operatlon
and the characteristics of the motlion retarding devices
may thus be electrically controlled without the use or

interposition of mechanical elements.

Other uses of my magnetic fluld may be clted,
though these are intended to 1llustrate rather than to
1imit the scope of my invention. In dashpots, the
nature of my magnetlc fluld permlts control of the
viscosity of such fluld and thereby regulation of the
nature of the time-dlstance curve, the position-force
ctirve, etc. Fnergy-absorbing devices conslsting of &
container filled with my magnetic fluld in which a vane
i1s mounted to rotate, can be so designed that the amount
of energy &bsorbed in the device can be controlled by
means of a magnetlc fleld apﬁlied through the containexr.
In still snother application, three-dimensional graphs
can be made by locating a serles of mechanical indicators

in the desired positions and having a portion of such
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indlcators immersed in my magnetlc fluld. This magnetic
fluld 1s also sultable for making molds as, for example,

those into whlch plaster 1s to be cast. When uszed as a

molding materlal, an object cen be partilally immersed in
the fluld, a magnetic force épplied and the object re-
moved, the fluld then retalning an impression of the
objectt*s shape. When the casting materlal has been
poured into a mold and allowed to solidify, the magnetic
force may be removed, thus permitting the mold to flow

away from the castlng.,

Other objectives and advantages of my inventlon

wlll be apparent from the followlng description,‘in_whidh:

Flgure 1 1s a schematic sectional representation of
a body of iron particles mixed wilith fluld to form a'
mixture having the consistency of a thick fluld or mud,
in the unmagnetlzed states

Figure € 1s a smller schematlc representation showing
the effect of dipping a magnst into the fluld and with-
drawing the magnet so that some of the fluld adheres
theretoy

Figures 3-5 are schematlc sectional represéntations
showlng the use of my magnetlc fluid as a mold or matrix;

Fiéure 6 shows an arrangement whereby the magnetic
miﬁture may be used in a variable viscosity dashpot or
shock absorber; -

Figure 7 shows an arrangement similar<to Figure 5,
but with a modified time-velocity curves

Figure 8 shows the use of my new materlal in a final
adjustment devices

Flgure 9 shows an application of my invention in an

enargy disslpating or bresking device;
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Flgure 10 shows the use of my 4dnventlion in connection
with a S-dimensional graphloc device,

Flgure 11 1s an enlarged schematic sectlion showing
the separate particles of lron completely Immersed in

the fluid,

Referring to Figures 1, 2 and 11, a magnet 1
1s shown at some dilstence from a besker 2 in which
there l1s a mixture of oil, 3, and 1lron powder 4 (shown
greatly enlarged}, the surface of the mixture being
posltlioned approximetely as shown at 3a. PFigure 2
shows the result of dlpping the magnet 1 into the mlzxture
of oll and iron, 1ln beaker 2. When the magnet 1ls removed,
a clump of the mixture 4a adheres to the pole of the
magnet.,. The surface of the mixture 3a! in the beaker 2
is lowered, due to the removal of the material 4a, It is

8 dharacteristic of the materlal 4a that vhen adhered to

a pole of the magnet 1 1t appears visually and tactilely
to be a solid of about the consistency of thick putty,
As this materia1v4a 1s scraped off on the edge of fthe
‘besker 2, ‘it Immedlately resumes its liquid state, flowing

down the wall of the beaker and mixing readily with the

'iron 01l mixture 3, 4.

b

o The.oharacteristi¢ ettraction of the maggnetic
fluid mixture to magnetized surfaces and the ablllty of
:'this mixture %o change viscoslty in accordance with an

eésily opersble external control of an appllied magnetic

-field, makes 1t of particﬁlar importance in appllications
to médhine design. One such applicatlon 1s in clutches
wvhere two relatively spaced members are locked together
or released ln relatlion to each other through the actlion
of this material. Such a use of the material is fully

described in my copendlng application previously mentioned,
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Magnetlzable llquids, partlcularly a liquid
of thils nature 1n whlch a small dquantity of iron 1s
mizxed in mercury are known., It 1s also known that these
earlier magnetlc liqulds were so designed that the
physical properties of the materlal did_not change
under the influence of a magnetlc fleld; such magnetle
fluids were desligned solely to respond positlonally
to the influence‘of a proximate magnet. Other liquilds
contalning iron particles are known by me to have been
usedﬂfo Indicate flaws In steel bodles but 1n this case
very thin mixtures were used so that the lron particles

were dlscretely vislble.

_ The mixture which I have Invented conslsts
of‘sméll particles of paramagnetic or ferromagnetic
‘materisl mixed with a fluild which may be a llquid or a
coolant and entloxident gas, or even a seml-golld such
as grease. Although any such mixture ls adapted for use
=in my invention, 1%t 1s preferred for the purposes whidh
I have described to use a mixture of spproximately 90%
iron powder end 10% light machine oll by weight. Al-
though eany iron or other magnetlc powder will exhiblt

the;désired effect, I have obtained very good results
with:cérbonyl 1§on, as sold by Ceneral Aniline and Film
Cqmpany,mﬂew,Ycrk, as "Céibbhyl Iron Powders" of which
thelr Grade E, 8 microns average size, has been found
%o ﬁe particulérly saﬁisfactpry. ‘The mixtﬁre of 90%
‘1ron end 10% oil results in a very slight excess of oil
after_seﬁtling over the iron partlcles under visual
inspectidna The resulting magnetic permeabllity of such

mixtures 1s approximately eight as compared to vacuum,.
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In mlxtures of this type, there 1ls a tendency
of the lron to settle out of the oll 1f standlng for
long perlods. As the mlxtures are generally employed
in machines, thls presents no particular difficulty
Inasmuch as the flrst few motions made by the machine
stlr the mixture adequately. It 1s possible, however,
to reduce or elimlnate the tendency to settle by using
a liguld of high speciflc gravity or by using a fluld
of low surface tension, or by adding to oll a wetting
agent to reduce its surface tension. I have found in
practice that the use of s suspenslon medlum of lower
viscosity, such as kerosene, results in greater fluldity
and ease of stirring of the ﬁixture. Conversely, I
have also found that the use of a suspemsion medium of
hlgher viscosity such as grease, affords the advantage

of becomling warm ana,fluid when energy is belng
dissipatedkig:avdevice using my electromagnetic fluild,
but becomeévdense rapidly upon cooling, thus preventing

the settling out.of the 1lron particles, Greases with

sharp breaks in thelir wiacoslty -temperature characteristics
-are parficﬁlarly adaptable for such service. Where low
temperatures’ére to be antigipated, silicone liquids may

be used as the fluid pqrtion of my mixture; thls also
provides the advantage of low surface tenslion where this

13 deslrablee.

| While the 90% iron-10% o1l mixture which I have
’pre#iously described 1s most satlsfastory for the _
spplications to whlch I have put 1t, the proportions of
iron can be greatly reduced where lower viscosities are
found necessary. Such reduction in the proportion of

iron results in smaller holding forces on bodies

Immersed in; or contacting, the magnetic fluld for any

Qe
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glven magnetemotive force but by the uase of strong
magnetlzing forces, the effect of the thinner mlxture

cen be somewhat compensated. For applicatlons whers

the velocitles and magpitudes of motion are low, mixtures
up to and including 100% iron can be used to advantage.
Since all iron material 1is lisble to pack into a solid
immobile mass, thls 1s best used where the normel opera-

tion will tend to keep the mass stirred up.

In Figures 3-5, the use of the magnetlc fluld
as a molding medium is shown. A conbtalner 11, contalning
a quantlty of magnetic mixture 12, ls sairrounded by a coll
13 provided with current by a sultable source, such as
battépy 14, the fleld strength belng controllable by
rheostat 16 and swltch 17. An object to be reproduced,
shown as & screw 18, is Inserted in the mixture while
ths latter is in a fluld condition. Switch 17 1s then
leséd and a magnetic field of sufficlent intensity
péséed:thrgggh the mixture to solidify 1t. The screw 1ls
then_uhgcfewed‘from the mixture leaving a cavity 19,
Molten wax, plaster of Paris or other sultable material
1s then poured into the cavity and after it has set,
thévfieldvstrength is reduced to zero and the molded
?epliéé of‘the>qriginal'dbject can be readily,removed
from the fluld; altsrnatively, in the above desoribed
- case; the ﬁax or other replica can be unscrewed from the
mix without softening the latter and the mold can be
nsed to mske a number of replicas of the original. It 1s
‘obvious that the described technique 1s also applicable

to other known methods of casting, such for example as the

"10st wax" method, or by the use of spllt molds in lmown

fashlon, more complex shape may be caste

- 10
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Flgure 6 shows a comblnatlon dashpot or -shock

abgsorber arrangement 1n whlch plunger 21 moves through

fluld 22 in casing of cylinder 23, there being sufficlent
space between the plunger and the wall of the cylinder
for the péssage of fluid 22 from one side of the plunger
to the other side whﬁle the plunger is mobing in the
cﬁlinder at a retarded rate of speed due to the presence
of the fhuld.. It will be obvious that, other things
belng equal, the rate of motlon of the plunger in the i
- fluld will decrease as the vlscosity of the fléld in-

creases and vlce-versa,

_ _ By uslné my magnetle mixture and subjecting 1t
to a magnetic'field.by means of a coill as before, the
effectlive viscosity of thé fluld cari be varled by varylng
the intensity of the mggnetic field, and the rate of

‘effeﬁt@ve»retardatiqn or shoék absorption of the device

'userof meohanicallcantrois or elements.‘ It will be
'apparent that cylinder 23 méy be nonpmggnetic material. L
“’HOWevér; ir the cylinderfis of magnetlc material, the flux
should be made to flow between the plunger and the eylinder
wéilg “In fhis cause the retarding effect will be very

L

. t
pronounced,

R Figure 7 shows a modlflcation of the ldea
| described in Figure 6. In thils Figure ﬁhe‘plunge;‘z;

carriegrgv?heos;at arm 27 which decreases the resistance

oflrheostat'26'as the plunger goes down. This*increases
- the current and'therefore the fieid strength and makes

ﬁhé_effectiVe resistance to motion of the plgnggr 21 a
'functi@n'of_its.aistancg of travel. It is oﬁ;ﬁ%ﬁs that

by thls method end the use of sultably deslgned reslstors,

any deslired characteristlc can be ohtained.

-lle
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Flgure 8 shows the use of my mixture in a
final adjusting device or polnter devlces such as a
telescope, camera, etc. Such a device, for example,:
a camera 4l may be flxed to a shaft 42 carrylng a
ball-i%-which 1s located In a container of magnetlec
controllable mixture as In the preceding examples.
A spider 44 is shown loosely supporting the cemera
so that it wlll not fall and be damaged when the
mixture 1s in the fluid state. The contalner 42 may
be fixed to a stationary support in case of statlonary
apparatus, or my Dbe carried by a tripod in case of
portable apparsastus, in which latter case a local
portable battery will be used as the supply source,
Bheostat 46 provides for adjustment of the mixture.
from a fluld to a solld state. With the fluid In a
solid state, the camera can be freely moved with one
hand, keeping the other hand on the rheostat, until an
approximate adJustment 1ls made, The mixturevis then
prartially solidiflied, and the camera more closely
adjusted; which will be found to be very easy, as the
camera will‘resist rapid 1arge motlions but will be
readily moveéble e small distance. This process may be
ecntﬁnued until the camera 1s exactly positioned, when
the mix 1s solldified to maintain the camera in the
deslired position, It will be obvious that the
%echniquehis spplicable 1o a large variety of final
positlioning deviéesa' It will be noted that 1t permlts
iimited motion of the adjug%ed devices in any direction,
plane or angle to exaétly poslition the same, and then fix
it in sald position by a force uniformly applied in all
directions without the slightest perceptiblé jer or dis-

placement,

~12«
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Flgure 9 shows the appllcation of my in-

ventlon to an energy dlssilipating or braking device.

The energy to be dlssipated 1ls transmltted through
shaft 51 and pulley 52, and by means of belt 53 and
second pulley 54 to a paddle wheél 55 suspended in
fluid 62; A coll or winding 63 1s provided witﬁ a
sontrolleble source of current as before to vary the
resistance of the mixture 62 to rotation of paddle
wheel 55 and to therefore control the rotation or

energy dissipation of the latter,

Figure 10 shows the use of my inveﬂtion In
connectlon with a 3-dimensional graphlc device. Pins
71 are thrust Into a contalner of magnetic mixture 72
controlled by a magnetic fleld produced by wilnding 73
in the usuesl fashion. The pins 71 are manually adjusted
80 that the positions of their heads glves a 3-dimensional
graphic representation of eny desired function. Any
changes in value of @hé’function_can be represented by
changing the position of the heads of plns 71; thils can

_be_donerﬁanually,by softening the magnetic mixture

: slighﬁly to fhé point where a pin can be readily with-
ldrawn\and l1ts position changed without offecting the
ﬁositioﬁs of eny other plns. After the mamual adjust-
meﬁts are completed the material can agaein be hardened
by'applicétion of a suitable magnetic field intensity,
end the new position will then be retained indefinitely.

The foregoing are only a few of the many uses
~to which my new magnetle material can be put. It will
be obvious that the new materlal can be employed wherever

its partlicular charscteristics are needed and partlicularly

- B




the characteristic of belng changeable Instantly

and under complete electrical control from a fluld
through all stages of increasing viscoaity to a flxed,
non-fluld materliel which will retaln 1lts solid
characteristics as long as the magnetic fleld intensity
is held at‘a sultable level,

_ In this specificatlon and claims, the term
"apparent viscosity" 1s employed to descrilbe the
_fesistance offéred by my material to thange of shape
or to relative motion of its parts, including relative
motion between the materlal of my inventlon and a
retalning surface even without change of shape. This
lat ter condlition may occur, for example, when the
material 1s used 1n a clutch, since in that case there
will be no apparent change_in shape or relative motion
of the particles of the material 1tself, yetiits rew
sisténce to mowement relative to the mechanical mem-
bers may be increased at will., I% is believed that the
“a?parent visdosify" of ﬁy material also differs from
the viscbéity of ordinary fluids in that 1t includes a
certain amount of igternal magnetlc attractlon between
fhe ferromagnetic p;rticles which must be overcome when
the p;rtigles are moved felative to one another., This
“is, of course in addition to the usual factors affecting
viscoslty., I am not certain what all of the factors are
which affect the "apparent viscosity" of my mgterialtr
and I theréfpre do not, in the_interesf of accuracy, use
the term "viscosity" alone in this connection; however,

the apparent viscoslty of my material can be measured

-14-
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in all stages by means simllar to those employed to
measure vlscoslty, and 1% behaves to all appearances
eggentially like ordlnary viscosity, excepf that the
spparent viscoslty under the Influence of a magnetilc
fleld will be found to be anisotropic, that 1s, I have
noted that the apparent viscoslty in the direétion of
the magnetic fleld 1s less than the apparent viscoslty
normal to the magnetic field, A further difference is
that some finite value of force 1s usually necessary

to start motlon 1ln this materlal when magnetized., This
effect 1s more nearly analogous to dry frlectlon than to
vlscous drag. In using the term "apparent viscosilty"

I mean to embrace all stages of consistency from a very

thin fluid to a completely nofi-fluld material.

P




The embodiments of the inventlon in which
an excluslive property or privilege 1ls claimed are

defined as follows:

1. A dashpot comprising a cylinder, a
piston movable thereln, sald cylinder containing a
magnetizable fluld, and magnetic means agsociated
with sald cylinder, whereby control of the degree
of magnetization controls the viscosity of the fluid

and so the resistance to movement of the dashpot.

é. A dashpot comprising a cylinder, a
plston movable therein, said cylinder containing a
magnetizable flulid including ferromagnetic particles,
and & 1llgquid vehilcle, electro magnetic means surround-
ing =aid cylinder, whereby control of the current to

gsaid electro magnetic means controls the degree of

magnetization and consequently the viscosity of the

fluid and so the resistance to movement of the dashpot.
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3. A device for controlling the relative motion
between two members, the first of sald members comprising
a cylinder, and the second of sald members comprising a
plunger movable within and spaced from said cylinder, a
mass of contiguous discrete ferromagnetic particles in the
said cylinde% and extending to the said plunger, means for
applying a force to move the sald plunger relative to the
said cylinder, a coil surrounding said cylinder, a source
of electrical energy connected to excite sald coil, and a
rheostat operable by sald motion of said plunger to vary
the excitation of the said coil.

4. A device for controlling the relative motion
betweep at least two mémbers, the firét of said members
having a cyiindriéal surface of revolutiom, the second of
‘said members being movable relative to and spaced from
the said first member and having a surface of revolution
opposed to the first mentioned surface of revolution, a

- magnetic fluent material extending between said members,

' means for applying a magnetic field to said material to
control its fluency, means for applying a force to move
said second member in a direction parallel to the axis
of ' the said surface of revolution whereby the said
'motion is opposed by the adhesive consistency of the

' said;fluent material, the spacing between the said opposed
sﬁrfaces of revolution remaining constant during such

motion,

/7
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5. A device for controlling the relative motion
between at least two members, the first of said members
having a cylindrical surface of revolution, the second of
sald members being movable relative to and spaced from
the said first member and having a cylindrical surface of
revolution opposed to the first mentioned surface of
revolution, a magnetic fluent material extending between
said members, means external to saild members for applying
a magnetic field to said material to control its fluency,
means for applying a force to move said second member in_
a direction parallel to the axis of said surface of
re#olution whereby such motion is opposed by the adhesive
consistency of the said flugntlmaterial, the spacing
between the said opposed surfaces of revolution remaining

constant during such motion,

6. The invention as set forth in claim 5 wherein
said fluent material comprises a mass of comtiguous discrete

- ferromagnetic particles.

7. ‘The invention as set forth in claim 5 wherein
" said fluent material comprises a mass of contiguous discrete

ferromagnetic particles and a lubricant.

8; The invention as set forth in claim 5 wherein

said first member is fixed in position.

9. The invention as set forth in claim 8 wherein
" the said first member comprises a container for said

magnetic fluent material.

/§
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10. The invention as set forth in claim 9 wherein
the said means for applying a magnetic fleld comprises a

coil and a source of electrical energy to energlze such coil,

11, Means for transmitting force between
relatively movable members, comprising a first movable
element, a first ferromagnetic member secured thereto for
motion therewith, a second ferromagnetic member, said
members having cylindrical surfaces opposed to and spaced
from each other, a mass of contiguous discrete relatively
movable ferromagnetic particles in the space between said
opposed surfaces, magnetic field-producing means for
magnetizing the said ferromagnetic elements and at least a
portion of the said mass of ferromagnetic particles in the
space between the elements, and means for moving the saild
elements relative to each other along a path parallel to
 the axis of revolution of the said spaced surfaces,
whereby the distance between the said spaced surfaces

remains substantially constant during such motion.

*
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12. A device for contrplling the relative motion

between at least two members, the first of the said

members comrrlsing a contailner, the second of said

members at leagt partially located within said container,
a magnetic fluent materlial 1n said céntainer extending

at least between the salid bvwo members, means for applying
a magnetizing force to sald material to control i1ts flu-
ency, means for trenslating said second member along a
fixed péth relative to gald contalnsr, said‘container
heving at least a portion of its internal surface
entirely composed of elements parallel to the direction
of motion of said second member, sald internal surface
surrounding the sald second member, saild contalner hav-
ing additional internal surfaces to confine said fluent
material so that said fluent material is deformed during

said motion of said second member.

13, The invention according to clalm 12 comprising

the said container belng in the form of & cylinder,

14. The invention according to claim 12 where
IR ‘ i

the said fluent material comprises a mass of contig-

vous dlscrete ferromagnetic particles and & lubricant.

L0
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18, The invention according to claim 14 wherein

the container comprises a cylinder, the second member

comprises 8 plunger within and spaced from sald

cylinder, and sald means for applying the magnetlzling
force comprlses a coll coaxlal with sald cylinder and

a gource of electricsl energy.

16. The invention as set forth in claim 15
wherein said last named means includes a rheostat
operable by sald motion of said plunger to vary the

excitation of the sald coil,

2/
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