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JACOB RABINOW

SHAFT SEAL

This inventlon relates to shaft sesls, particularly

for magnetilc fiuid devlices, and more especially fa clutches.

In magnetlc fluid clutches (using either permanent
magnets or electromagnets), wherein a mixture of iron partl-
clesg dispersed in oll 1s used, a certain amount of heat is
senerated by the desired sllipping of the cluteh, and such
heat results in an expansion of the iron-oll mixture which
is uvsed as a magnetic fluid. In addition, slince these
clutches often are Intentionally incompletely filled, there
1z expanslion of the vapor content, and a good deal of splash-
Ing occurs, Such expanslon pressure and splashlng cause the
mixture to work past the normal shaft seal and thence to the
bearings, which may be damaged thereby due to abrasive actlon
of the iron particles, In addition to the bearing damaga, a

loss of liquld also oecurs and 1is undesirable,

The primary object of the present invention is to
genarally improve shaft seals. A more particular object of
the invention 1s to provide a seal which effectively prevents
the magnetic particles from reaching the outer seal and the

"bearings and which at the same time prevents loss of ligunid,

In accordance with one feature and object of the Inven-~

tion the fluld is permitted or caused to flow In limited guanbity
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to a chamber located outside the seal but inside the bearing,
and the chamber is provided with pump means to pump the fluid
back through the seal., Thus the pump operates in opposition
to leakage through the seal, and instead produces a flow in

opposite direction,

In accordance with a further feature and object of
the inventlion, appropriate filter means, preferably in the
form of a labyrinth passage at least a part of which is mag-
netized, 1s employed to hold back the ferromegnetic particles,

and to pass clear fluld alone,

4 further objJect of the invention is to combine
these features, the filter being employed to permlt only
clear fluld to reach the chamber outside the seal, and the

~ pump belng employed to force the clear fluid back through

the seal In reverse direction.

Further objects of the invention are to additionally
seal the chamber on lts other slde against passage of the clear
fluld to the bearing; to provide additional magnetlic means in
the chamber to collect any slight amount of ferromagnetic par~
ticles which may reach the chamber; and to provide preferrsd

forms of pump for the seal,

To accomplish the foregolng objects, and other more
specific objects which will hereinafter appear, my invention
resides In the shaft seal and magnetlc fluid coupling elements,
and their relation one to another, as are hereinafter more
particularly described in the following speciflcation. The
specification is accompénied by drawings in which:

2e
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Flg. 1 1s a longltudinal axial cross-sectlon

through a form of a magnetic fluid clutch utilizing a

seal embodying features of my 1nvenﬁion;
Fig. 1A illustrates a detail thereof:

Fig. 2 1s a cross-gsection of Flg. 1, taken approxi-
mately on line 2-2;

Fige 3 1= a cross-section of Fig. 1, taken approxi-
mately on line 3-3;

Flg. 4 1s a fragmentary cross-section simllar in part

to Flg. 1, but showing a varlant of my aeal;

Flg. 5 1s a simllar fragmentary cross-section showing

another variant of my seal;

Flg. 6 is a fragmentary cross-sec¢tion showing stlll

another variant of my seal;

Fig. 7 1s a transverse cross-gection through the

clutch shown In Flg., 6, taken approximately on the line 7-7;

¥Fig. 8 1s a fragmentary cross-sectlion showlng a

further variant of my seal;

Fig. 9 18 a longitudinal cross-section taken on the

axis of a preferred form of my irnvention;

Fig. 10 is a transverse cross-section through the
pump element used in Flg, 9, taken approximately in the
plane of the line 10-10 of Flg. 2: and

Pig., 11 1llustrates a detall thereof.
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| Referring to Flg. 1 there 1ls an electromggnetic
fluid clutch comprising two relatively rotatable members.
A housing consisting of element 1 and element 2 bolted
together forms one member of the clutch. The element 1
has an outer portion la and an inner portion 1lb. A shaft 3
is connected to element 1 to transmlt power thereto or
therefrom. Bearings 4 are provided in element 2 to accommo-
’date a second shaft 5, which has mounted on 1ts snd a cup=like
member 6 which forms the other member of the clutch. The
apace 7 between element 6 and element 1 1s fllled with mag-
netle fluld, such fluld beling usually a mixture of very flnely
divided iron particles in oil.

A coil of wire or field coll 8 is cemented or
otherwise suitably affixed in an appropriate space in element 1,
and has its leads brought to slip rings 9, so that the coll may
be energlzed from an external source of electric power in
varying degrees at the will of the operator. Since element 1L
1s made of a ferrous or other magnetlic materlal, the passage
of current through coll 8 causes a magnetlic field to be set
up between outer and immer parts la and 1lb, and causes the
nagnetic fluid therebetween to become more or less solidified,
caugling friéﬁion between the fluld and the element 6. The
latter may or mey not be of ferrous or ferromagnetic material,

although it preferably is in most cases,

One problem encountered In the operation of clutches
of this type is that under operating conditions heat is
generated, causing expansion of the fluld and vapor, and
consequent creep of fluld through any seals provlded and thus
into the bearings. Splashing also contributes to this. The

finely divided iron particles cause wear of the bearings and
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should therefore be prevented from reaching them, It is more

permlissible that oll be allowed to pass through the seals and
Into the bearings, so long as such ol]l does not carry lron
partlcles. Howsever, even the flow of clear oll should be
minimized, as well as the "breathing" of air by the clutch.
To achieve this end, a seal 10, whlch may be of any conven-
tlional type and which need not be of extreme excellence, is
provided approximately as shown. In sddition, portion 5a
of shaft 5 1s provided with threads such that rotation of the

" shaft will cause a flow in a directlon away from bearings 4
and toward chamber 7, A disc 11 is provided to cause the
fluid ﬁo be drawn outwardly from the shaft by its rotation.
Relatively freely mounted and posltloned approximately as shown,
is 8 magnetic ring 12, which is magnetized transversely so that
one of its poles 1s spaced a short distance from plate 11 and
enother of 1ts poles a short distance from element 2. This

acts as a magnetle fllter to held back the iron particles.

In addition, there iz an auxiliary chamber 13
egqulipped with baffles 14 and magnetic gerews 15, These
baffles are cut out as shown to clear an oil slinger 16
attached to shaft 5, A second seal 17 1s provided between
the chamber 13 and bearings 4, in order to 1lnhlblt the passage

of clear oil.

The operation of the device is as follows, asssuming
shaft 5 to be the driving shaft. When shaft 5 begins rotating,
in the directlon shown by phe arrow at the right, the screw
pump or lmpeller 5b secured to thé end of shaft 5 causes 2
preliminary circulation of the iron-oil mixture to take place
in chamber 7, &s shown by the small arrows, untlil the mixture

leaves the center of the cluteh due to centrifugal action.
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As heat 1s generated, a portlon of the mixture from chamber
portlon 7a willl be forced past the magnet 12, and the magnetic
material in the mixture will be attracted to the magnet, being
thrown off by centrifugal force as the accumulatlon of magnetic
material becomes too great for the forces involved to retain.
The chamber portion 7a is so shaped that centrifugal force

will urge the iron particles toward the chamber portion 7.

The oil which passes from chambsr portion 7a to the
auxiliary chamber 13 will be free of iron powder., Such stray
iron partlcles as may enter this chamber accidentally are
thrown outwardly by the slinger 16, but thelr rotational sgpeed
ls retarded by the baffles 14, and the iron particles are at-
tracted to the magnetized screws 15. These may be removed
periodically for cleaning., Thus, the fluld which reaches the
outer seal 17 1s completely free of lron particles and 1f it
passes through sald seal will tend to lubricate rather than

damage the bearings 4.

Fig. 2 18 8 cross~section taken on the line 2~-2 of
Pig. 1. Plate 11 is preferably provided wlth splral slots 1la,
which are so directed relative to the directlion of rotatlon of

the shaft as to serve to urge the mixture outwardly.

L»Fig.:s, which is a cross-section of Fig. 1 taken on
the line 3-3,‘;ﬁows the auxiliary chamber 13 and the approxi-
mate'éosition of the statlonary baffle plates 14, the magnetized
screws 15, and the rotatable oll slinger 16.

Reverting to Fig. 1, the main outside or housing
perts 1 and 2 are assembled with a suitable gasket therebetween
by means of screws 22, The outer and Ilnner parts la and 1b may

be integral with the part 1, 1t being understocod that the part ib

6.
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is generally cylindrical, and that the absence of cross-

hatching at 23 indicates a gerles of radial holes for the
flow of magnetic fluid circulated by the screw pump 5b.
The screw or pump impeller 5b serves primarily to cir-
culate the magnetic fluid. It helps more effectively dig-
tribute the heat generated by the clutch, and helps trans-
for it to the outside of the unit. |

The other screw or pump impeller 5a, however,
acts as a part of the shaft seal., It tends to draw or
force clear oll from the auxiliary chamber 13 back té
the main clutch chamber., It opposes leakage which might
otherwise ocecur from the clutch chamber through the seal

toward the auxiliary chamber.

The passages Indlcated at 24 around the magnetic
ring 12 are relatively constricted, and may be termed a
labyrinth passage betweén the coupling and the auxiliary
chamber 13. This labyrinth passage 1ls equlipped with a
filter to hold back the iron particles and to permit only
cleared or filtered fluid to reach the suxliliary chamber,
The particular filter shown ls a magnetic filter, the
magnetic ring 12 forming much of the wall area of the

labyrinth passage.
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As 1ron particles build up on the ring they are
thrown clear by centrifugal actlon resulting from rotation
of the ring. When thrown clear they tend to remix with the
magmotic fluld in the main coupling chamber, this action
being improved by the shape of the chamber around the ring
which, as here illustrated, has a frusto-conically shaped
wall 7B, so that any iron particles thrown radially'outward

’tend to move 1In axial direction back intoc the main body of
magnetic fluld in the clutch. .

Q In any event it will be seen that In essence the
complete shaft seal includes an auxlliary chamber 13 between
an ordinary shaft seal 10 and a shaft bearing 4, with a
passage 24 leading to the auxiliary chamber, the sald passage
having a filter to hold back the magnetic partleles from any
of the magnetlc fluid flowling to the chamber, so that the
chamber receives substantially clear fluid. There is, however,
a puﬁp means, in thils case the screw impeller'Sa, to urge the
clear fluld from the auxiliary chamber 13 back through tha
seal 10 in oppositlion to ieakage which might otherwlae occur

in the opposite direction.

It will be understood that in showing the screw
impeller 5a in Fig. 1 (and Figs. 4, 5 and 8 as well), the
size or coarseness of the thread has been greatly eiaggerated.
The thread 1s preferably a very fine thread of large pitéh
which leaves most of the Shaft surface intact. The nature
of the thread will be better umlerstood from the fragmentary
showiﬁg in Fig. 1A of the drawing, in which the cylindrical
surface 28 of the shaft 5 1s left substantially intact, the

thread groove 29 belng a very fine groove of large piltch.
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It will be understood that everything disclosed

in respect to clutiches is equally‘applicable to other de-

vices, including brakes, a brake being merely a coupling
in which one of the two relatively movable parts is held
stationary. In practical form a brake would differ from
the cluteh shown in Fig. 1 in not remiring the use of

the slip rings 9, the member 1 wlth its field coil 8 beéing

held statlonary.

Fig. 4 shows a variant of my oll seal, whereln the
permanent magnet 12 of Flg. 1 18 replaced by an electro-
magnet 17 wilith sllip rings 18, Depending upon the composition
of the mlxture and other factors, 1t may be desirable at
times to plece a pulsating D.C., on the windings of electro-
magnet 17, or & smooth D,C., or an alternating current, With
alterhating current the magnet releases the iron particles
during the zeros or current nodes, and so permits centrifugal
force to throw them clear of the magnet. Thus the prefegred
action with alternating current requires continuous rotation
of the shaft. With dlrect current excltation the electromagnet
has a contlnuous stgady flux the magnitude of which depends upon
the intensity of the current used, A pulsating direct current,
if of correct magnitﬁde relative to the speed of rotation of
the cluteh when rotated, might be made to partake of some of
the advantages of both altermnating current and direct current
excitation. The constrmctlon and operation of this form of

my invention is otherwlse as previously described.

1

Flg. 5 shows another variant of my oil seal, wherein
a loose flexible diaphragm 19 is provided lnatead of a magnetic
filter. This diaphragm will flex inwardly toward shaft 5 when

the temperature wlthin the chamber 7 rises, and will arrest the




12

16

20

24

28

5901661

- passage of iron particles, although it is permeable to the

0il. 1In other words, the filter is a mechanical filter in-
stead of a magnetic filter. Any stray iron particles which
pass into the auxiliary chamber 13 will be picked up by the
magnetic screws 15, as previously described. Again, it will
be noted that centrifugal force will cause the iron particles
collected on diaphragm 19 to be expelled outwardly, and that
the chamber 7a is so shaped that centrifugal force will urge

the re-entry of such iron particles into chamber 7.

Figs. 6 and 7 show another variant for use in clutches
wherein a great deal of expansion is anticipated. Hefe the
pump of the seal is a conventional gear pump, driven by a gear
5¢c on shaft 5a. The puwp consists of gears 20 and 21. The
action in auxiliary chamber 13a is wuch as previously described,

including the collection of stray particles by magnetic screws 15.

The gear pump comprises an inlet passage 25 and an out-
let passage 26, for the direction of rotation shown, it be-
ing understood that the mesh of the gears constitutes a
barrier between the passages 25 and 26, and that the fluid
is carried upward by gear 20 and downward by gear 21 and

thence around to the outlet passage 26.

Now the inlet passage 25 extends in axial direc-
tion from the coupling chamber to the gears and then stops,
as shown in Fig. 6, while the outlet passage 26 extends in
axial direction from the auxiliary chamber 13a to the gears
and then stops. In this respect the showing of the draw-
ing in Fig. 6 is schematic and not at all a true represent-
ation. More specifically, the inlet passage 25 is really

behind the plane of the section shown, while the outlet

=10-
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passage 26 is really in front of the plane of the section,

instead of both lylng in that plane (as indicated in Fig. 6
for purposes of clarity of illustration without unduly in-

creasing the number of views needed in the drawing)

In respect to operation of the shaft seal shown

in Figs.\6 and 7 1t will be understood that as before, there
1s a main bearing for the shaft, not shown but located to
-the right of the secondary seal 17, and that there is a main
seal 10 between the magnetic fluid device and the bearing.
There 18 an asuxiliary chamber 13a between the seal 10 and the
bearing, and a somewhat constrlcted or labyrinth passage 24
between the magnetlc fluld device and the auxllisry chamber,
which passage permlts flow of fluld to the chasmber. Again
there 1s a filter in the passage, here l1llustrated by the
magnetic ring 12, which holds back the magnetlc particles
from any fluid flowing to the auxiliary chamber 13a, so

that the latter receives clear fluld, Then there is a pump
means, 1in this case the gear pump 20, 21, which pumps &he
clear fluid from the auxiliary chamber 13a through the seal 10
back to the coupling in oppositlon to leakage which might
otherwise occur from the coupling through the seal toward

the auxiliary chamber and main bearing.

Pige. 8 shows snother variant of my oil seal, wherein
chamber 1% is so shaped that centrifugal force will cause ths
iron=o0ll mixture to be urged toward chamber 7a, the other
actions in the chamber belng simlilar to that described in
connectlon with Fig, 1, To some extent therefore the action
of the slinger 16 is opposed to the action of the pump 5a,
but more effectively as to the iron than the oil., At the

il.
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same time any escéped lron particles thrown outward which

move to the right instead of the left are collected by the

magnetic screws 15,

In most forms of the invention so far described
the pump impeller 1ls a screw on the shaft. This has the
disadvantage of increasing wear at the seal, The modifi-
cation shown in Flgs, 6 and 7 avolds thlis by using a gear
pump, but that complicates the mechanlism and is Inconvenlent
when working with a clutch of comparatively small diameter.

It also increases the problem of proper balance of the clutceh.

The modification next described in connectlion with
Figs. 9 and 10 employs an entirely dlfferent form of pump
which 1s far simpler than the gear pump and which avoids
the disadvantage of a screw impeller on the shaft. The clutch
arrangement is generally like that described in connection
with Fig. 1 in comprising relatively rotatable ferromagnetic
parts 40 and 42 with a magnetie fluld therebetwesen, and a
field coll 44, the excitation of which is controlled externally
through slip rings 46, There is also a main bearing 48, 50
between the relatively movable parts, and a maln seal 52 be=-
tween the bearing and the clutch., Here agaln there 1s an
auxiliary chamber 54 between the seal 52 and the bearlng 48,
and a pump 56 for pumping fluid from the chamber through the
seal 52 in opposition to leakage which might otherwise occur,

However, in the present case the pump is an improved
pump using an impeller having a ﬁero engine shape as shown In
Fig. 10. It has intake passages 58 communicating with radial
passages 60, which in turn lead to axial passages 6=z. As will
be seen in Filg. 9 the passages 62 lead dlrectly to thg shaft

at seal 52 and thus pump fluild around the shaft through the

12,
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seal back to the clutch, The ilmpeller is gecured to the shaft

64, as by means of set screw 86.

Arrangements using a thread on the shaft as the
pump (as in Pigs., 1, 4, 5 and 8) may be employed at low or
moderate temperature and pressure inside the clutch, but are
not satisfactory at high temperatures and pressures; Vihen
the clutch 1s in operation the 1ron-oil mixture is. centrifuged,
-and a clear space containing only air or oil vapor and de=-
composition. vdpor 1is left around the shaft of the clutch.
Consequently a pump located on or near the shaft, as 1s the
case wlth the screw lmpeller, has difficulty in pumplng
clear oll through the seal, The reversed Hero-englne~type of
impeller shown in Figs., 9 and 10 has the obvlious advantage
of picking up oil in the outer circumference of the auxiliary
chamber, and indeed in Fig, 9 it will be seen that the auxi~
liary chamber has been Increased to a diameter egual to or
even greater than the diameter of the e¢lutch chamber., In this
way a continuous circulation of oll is maintained through the
shaft seal in reverse directlion., Such an arrangement operates

without failure under very severe test condltions,

The flow of fluid to fhe chamber 54 1is thrbugg;a
labyrinth passage made up of a cylindrical part 66, = ;édial
part 68, another cylindrical part 70, and axially directed
holes 72, Some of the walls of this labyrinth passage are
érovided by a magnetic ring 74, preferably made of Alnico .
or other modern, highly magnetic’'alloy. Thus the magnetic
ﬁarticles in the fluid are held back by the ring 74, and
only clear fluld reaches the chamber 54, and it is this clear

fluid which is pumped back through the seal 52.

13.
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The magnetic filter shown in Fig. 9 has been found

more efficient than that shown in Fig. 1, and the reason for

this may be explained with reference to Fig. 1l of the

4  drawing. The Alnico or other permanent magnetic ring 74 is
magnetized axially. Instead of being a free ring, one face
is secured to a part 86 in direct flux communication with

‘ parts 88 and 90, leaving a very short annular pole space or

? 8 gap at 68, Thus the annular passage 68 constitutes the sole

]
-4
X
&
)

i
X
1

/ gap in an otherwise closed magnetic path, and the magnetic
flux is concentrated in the gap and functions most effectively
to hold back the iron particles from the fluid flowing through

12 the passage, as it must to reach the auxiliary chamber.

As before, a second seal 76 (Fig. 9) may be provided
between the chamber 54 and the bearing 48, thus inhibiting
the flow of clear fluid to the bearing. Any slight leakage
16 which may occur does no harm and acts simply as a lubricant

for the bearing.

In Fig. 9 the clutch part 40 includes an inner por-
tion 80, and this is preferably stepped to lock the field
20 coil 44 in position. The inner and outer parts 40 and 80 are

assembled by means of screws 82 and 84. The screw impeller 92

has been indicated in broken lines because it may be omitted,

its use being optional, and in any case, as previously men-
24 tioned, this impeller forms a part of the clutch itself,

rather than the shaft seal of the present invention.

It is believed that the construction and operation
of my improved shaft seal, as well as the advantages thereof,
28 particularly for use with magnetic fluid devices, will be

apparent from the foregoing detailed description.

-14-
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There 1s no loss of volatlile fluld components due

to evaporation. Thers 1s no breathing, so that the clutch

is indepmndent of the ambient atmoaphere. Fluld polymeriza-
tion can be delayed or prevented because of the controlled

atmosphere within the clutch, Oxidation of iron inside the

J
i
i
}
1t
i
i
I
1
H

clutch can be delayed or prevented for the same reason. Also
the unit can operate at hilgher temperatures than unsealed units.

Because heat radiation from the clutech increases asgs the fourth

power of the temperature, sealed units can dissipate much
higher heat power for the same radiating surface, DMorsover,
a gsealed clutch can be designed for operation in any posltion
and for any specific duty cycle, and is therefore adaptable

to general industrial use.

In the description it was assumed for simpliclity
that the righthand shaft (5, 5a or 64) is the driving shaft,
but it should be understood that the lefthand shaft may be
the driving shaft, in which case it should be assumed to be

rotated in opposite direction. With the left shaft driving
and rotated in opposite direction, all relative rotation of
the parts 1s exactly the same as though the right shaft were
driving and rotated in the direction shown on the present
drawings, and therefore the screw pump action, the gear pump
action, and the Hero impeller action would be the same as
described above. It is not only possible, but in most cases
would be more desirable, for the lefthand shaft to be used

as the driving shaft, and it was merely for simplicity in

describing the pump operation that the description first

assumed the righthand shaft to be the driving shaft,

It should also be understood that it is not essen-
tial for the clubtch parts to include the bearings shown. In

certain installations the two shafts may be effectively sup-

¥
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ported in outside bearings, but the clutch parts should
nevertheless be sealed to contain the fluid. 1In such case
the invention would be the same in other respects, in

using spaced seals on the shaft with an auxiliary chamber
therebetween, together with a filter to filter the £fluid
reaching the auxiliary chamber, and a pump to urge the

clear fluid from the auxiliary chambexr through the inner
seal in opposition to any attempted leakage along the shaft.
Moreover, it may be mentioned that the invention is not
limited to the use of a single auxiliary chamber with two
seals, for obviuwusly a greater number of seals and auxiliary
chambers may be employed along the shaft. A pump and a f£low
passage may be used in each chamber, or a single pump in the
innermost chamber, in which latter case one has merely improved

the quality of the outer seal.

It will be apparent that while I have shown and
described my invention in a numﬁer of forms, many changes
may be made in the structures shown without departing from
the scope of the invention as sought to be defined in the

following claims.

-16-




591641

Serial No. 611,249

The embodiments of the invention in which an

exclusive property or privilege is claimed are defined

as follows:

L. 1In a shaft sealing device for a magnetic fluid
coupling having two relatively rotatable members in which
the first member forms a housing substantially enclosing
the second member and the second member having a shaft ex-
tending through the housing with a bearing at the inter-
section of the housing and the shaft, an outer seal be-
tween said housing and said shaft adjacent to said bearing,

a partition within said housing spaced inwardly from said

outer seal to form an auxlliary chamber, an inner seal
between said partition and said shaft, said partition

having apertures radially spaced from said inner seal for

allowing a circulation of carrler fluid from said housing

to said auxiliary chamber, magnetic particle filter means
located near said apertures to hold back magnetic particles
from entering said auxiliary chamber, and a pump within said
auxiliary chamber to force the carrier liquid through said
inner seal, whereby magnetic particles are kept from the

vicinity of said seal.
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2. A magnetic fluid coupling comprising rela-

tively rotatable ferromagnetic parts with a magnetic fluid

therebetween, externally controllable means for wagnetizing

the fluid, a bearing between said relatively movable parts,

a seal between the coupling and the bearing, a chamber be-

tween the seal and the bearing, and pump wmeans to urge fluid
from the chamber through the seal toward the coupling in
opposition to leakage which might otherwise occur from the

coupling through the seal toward the bearing.

3. A magnetic fluid device comprising relatively
movable ferromagnetic parts with a magnetic fluid therebe-~
tween, externally controllable means for magnetizing the

fluid, axially spaced outer and inner seals between said

relatively movable parts, an auxiliary chamber between the
seals, a passage between the device and the chamber for per-
mitting flow of fluid o the chamber, pump means to urge
fluid from the chamber through the inner seal toward the
device in opposition to leakage which might otherwise

occur from the device through the inner seal toward the

outer seal, and a filter in said passage for holding back
the magnetic particles from any fluid flowing to the chamber,

whereby the chamber receives substantially clear fluid.




591661

he A magnetic fluld coupling comprising relatively

rotatable ferromagnetic parts wlith a magnetic fluld therebe-
tween, externally controllable meéns for magnetlzing the fluld,
a bearing between sald relatively movablie parts, a seal between
the coupling and the bearing, a chamber between the seal and
the bearing, a passage between the coupling and the chamber

for permitting limited flow of fliuild to the chamber, pump means
to urge fluld from the chamber through the seal towérd the

‘ coupling in opposition to leakage which might otherwlse occur

from the coupling through the seal toward the bsaring, and mag-
netic stralner means forming a part of sald passage for holding
back the magnetic partlcles from any fluid filowing to the cham-
ber whereby the chamber recelves substantlially clear fluld,

5» A magnetic fluid coupling comprising relatively
rotatable ferromagnetic parts with a magnetic fiuid therebew
tween, externally controllable means for magnetizing the fluld,
axially spaced outer and inner seals between sald relatlively
movable parts, an auxiliary chamber between the seals, a rela=
tively constricted labyrinth passage between the coupling and
the chamber for permitting flow of f£fluld to the chamber, pump
means to urge fiuid from the chamber through the iInner seal
toward the couplling in opposition to leakage which mignt other-
wlse occur from.the coupling through the lnner seal toward the
outer seal, and a permanent msgnet ring forming s subastantial
part of said labyrinth passage for holding back the magnetic
particies from any fiuld flowing to the chamber, whereby the

ehamber rscelves substantially clear fluld,
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6. A coupling as defined in claim 2, in which
there is a second seal between the chamber and the bearing
in addition to the aforesaid first seal between the chamber

and the coupling.

7. A device as defined in claim 2, in which the

pump is a screw on a shaft of the coupling.

8. A magnetic fluid device as defined in claim 2,
in which the pump is a gear pump disposed between the device

and the auxiliary chawber.

9. A magnetic fluid device as defined in claim 2,
in which the pump i;wgnfimpeller of the Hero-engine-type
used in reverse, gaid impeller rotating in the aforesaid

auxiliary chamber.

10. A f£luid coupling comprising two relatively
rotatable parts with a fluld therebetween, the first of said
parts forming a main chawber substantially enclosing the second
of said parts, the second part being supported in the said

first part by means of a shaft, said shaft passing through a

+« plurality of shaft seals housed in said first part, said shaft

seals being separéted by auxiliary chambers built into said
first part, said auxiliary chambers communicating with the said
main chamber by passages providgd with filters designed and con-
structed so that clear fluid may pass between the main chamber
and the said auxiliary chambers through said passages, and pump
means to return said fluid to said main chamber through said

shaft seals.

/ o
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1l, A magnetic fluld device comprising relatlvely
movable ferromagnetlic parts with a magnetle fluld therebetween,
externally controllabie means for magnetizing the fluld, a
bearing between said relatively movable parts, a seal between
the device and the bearing, a chamber between the seal and the
bearing, a passage between the device and the chamber for per-
mitting the flow of fluld to the chamber, pump means to urge
fluid from the chamber through the seal toward the device in
opposition to leakage which mignt otherwise occur from the dew
vice through the seal toward the bearing, and a filter In sald
passage for holding back the magnetic particies from any fiuld
flowing to the chamber whereby the chamber recelves asubstantlally

clear fluld,

12, A magnetic fluld device as defined in claim 11,
in which the pump 1s a gear pump dlsposed between the device

and the auxlliary chamber,

13, A magnetic fluld device as defined in cliaim 11,
in which the pump 1s an impeller of the Hero-engine-type used
in reverse, said impellsr rotating in the aforesald auxillary

chamber,.

s A magnetic fluld device as defined In clalm 11,
in which there are one or more readlly removable magnets pro=
Jecting into the chamber to collect any lron particles which

may e scape into the chamber,

'

15, A magnetic fluld device as defined in claim 11,
in which there 1s a second seal between the chamber and the
bearing in additlion to the aforesald first seal between the
chamber and the device; and In which there are one oOr more
readlly removable magnets in the chamber to colle ¢t aeny iron

particles which may e scape Into the chambers




591661

16, A device as defined in claim 1ll, in which the

pump 1is a screw on a shaft of the couplings

17 A magnetic fluld coupling comprising relatively
rotatable ferromagnetlic parts with a magnetic fiuld therebeitwsen,
externally controllable means for magnetizing the fluld, a bear-
ing between said relatively movable parts, a seal between the
coupling and the bearing, a chamber between the seal and the
_bearing, a relatlively constricted labyrinth passage between the
coupling aﬁd the chamber for permitting flow of fluld to the
chamber, pump means to urge fluld from the chamber through the
gseal toward the coupling in oppositlion to leakage whilich mlight
otherwise occcur from the coupling through the seal toward the
bearing, and a permanent magnet ring forming a substantial part
of sald labyrinth pagsage for holding back the magnetlic par-
ticles from any fluid flowing to the chamber, whereby the chamber

rocelves substantlally clear fluld,

18, A device as defined in c¢lalm 17, in which the

pump ls a gcrew on a shaft of the couplings

19, A magnetic fluld device as defined in claim 17,
in which the pump 1s a gear pump disposed between the device
and the auxillary chamber, snd in which the pump 1s so located
a8 to receive fluld despite the centrifugal actlon of the
coupling tending %o throw the fluid outwasrdly away from the shaflt,

20, A magnetlc fluld coupling as defined in ciaim 17,
- In which there 1s a second seal between the chamber and the
bearing 1n additlon to the aforesald first seal bstween the
chambsaer and the coupling, and in which there are a plurality

of readlly removablie magnetized acrews projJecting into the
chamber to collsct any iron particies whieh may escape from the

main magnetlic filter,

e
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21. A magnetic fluid device as defined in claim
17, in which the pump is an impeller of the Hero-engine-
type used in reverse, said impeller rotating in the afore-
said auxiliary chamber, and in which the pump is so located
as to receive fluid despite the centrifugal action of the
coupling tending to throw the fluid outwardly away from the
shaft.

22. A fluid coupling comprising two relatively
rotatable parts, the first of sald parts having a housing
substantially enclosing the second part, and forming a
chamber between said first and second parts, a shaft integral
with said second part extending through said housing, a
magnetic fluid comprising a carrier liquid and magnetic
“particles in said chamber, an inner and an outer shaft seal
between said first part and said shaft, said seals being
axially spaced on said shaft, a diametric partition member
at said inner seal containing axial holes radially spaced
from said shaft, said diametric partition separating saild
chamber into a main chamber and an auxiliary chamber, a
magnetic particle filter ring located near the axial holes
in said diametric partition to prevent magnetic particles
from entering said auxiliary chamber, pump means located in
said auxiliary chamber to urge clear carrier 1iquid from said
auxiliary chamber thr ough the inner seal to the main chamber,
whereby the magnetic particles are prevented from contacting

said seal.
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