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This invention relates to electromagnetically
controlled torque-applying devices, and more specifically
to a device for forming a drive or forece connection between
two independently rotatable units, said device having ‘one
of 1ts objJects to provide a controllable slip, non—wearing

drive connection between said elements.

Another obJleot of thlis invention 1s to provide
& sinmple device which may be actuated to serve as-either
oluteh or as a brake upon the .application of:a,magnetié

field which may'ba oontrol1éd:by & remote current source.

A principal object of the invention is to provide

‘an eleotromagnetieally controlled olutoh or brake With
substantially no wearlng parts, capable or locking two
relatively movable rotating elementa together with great

force and with features of advantage over conventional
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megnetic eddy current clutches or brakes- including the
ability to lock in with substantially ifs maximum torque
even at the lowest (or zero) relative speed; perfectly
smooth and chatterless operation when there is relative
motion between the rotating elements; and substantially ‘
constant torque at all slipping speeds within a wide range.
The subject clutch has similar advantages over friction
clutches including substantially no wearing parts, great
cheapness and simplicity of construction, and simple

electrical control from a remote point.

Other advantages of the improved clutch include
very fast response to qulick changes in control current;
operation requiring only a low potential source of electric
power such as can be supplled by a storage battery, and

ability to operate on elther altermating or direct current.

Other objects and advantages will be apparent
from the following description in whilchs

Fige 1 1s a schematlc, axlal cross-sectlonal

view of a device 1llustrating the principles of my invention;

Fig. 2 1s a schematlc axial cross-sectional

view of an alternative construction;

Fige 3 18 an axlal schematic sectional view of

an embodiment of my invention employing permanent magnet;

FPig. 4 1s an alternative construction according
to my inventlon employing both megnets and mechanical

torque controlling means;

Fig. 5 is an axlal schematic cross-sectional

view of an embodliment of my invention operative as a brake;

4,
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Fige. 6 1s an axial schematic sectional view

of a clutch embodying my invention and employing a sta-
tlonary coil;

’ Fig, 7 is an axial schematic sectional view of
an embodiment of my invention sultable for use with alter-

natihg‘current;

Fige 8 18 a transverse sectional view taken on

line 8-8 of Fig. 8;

Fig. 9 is an axial schematic sectional view of

a modification of the embodiment shown in Fig, 7; and

Fig. 10 is a transverse sectional view taken on

line 10-10 of Fig. 9.

My inventlon is based upon the fact that 1f two
slightly spaced surfaces of paramagnetié méterials are
connected by a fuld contalning & large number of finely
divided parémagnetic particleé, such as soft iron particles, %}
and a magnetic field 1s applied between the two surfaces, ' f“
they will tend to lock together s0 a8 to transmlt transverse
motion between them as long as the magnetic field continues

to exlst,

This principle 1s exemplifiled in Fig. 1 in which
two independently rotatable shafts 1 and 2 are mounted for
rotation in any sultable béa}ings or journals (not sﬂpwn).
The top shaft 1 has secured thereto a disc 3, whlle the

bottom shaft 2 has secured thereto a cup 4 containing a
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nagnetic fluid mixture consisting of a sultable fluid

- vehicle and a quantity of finely divided paremagnetic
particles such, for example, as commercially availlable
soft iron dust sold by General Aniline and Film Company,
New ¥ork, as "Carbonyl Iron Powders", of which grade E,

8 microns average sizZe, has been found satisfactory. The
percentage of dust may be varied within fairly wide limits,
but I have found a mixture contalning approximately 60% by
volume of dust to give satisfactory results. A coll or
field winding 6 i1s mounted as shown so that when the coll
is energlzed by an electric current, magnetic flux will be

produced in the space between plates 3 and 4 as indicated

by the arrows. It will be understood that in practice this
space will be dimensioned so that 1t provides the shortest

return path for the flux, e.g. by making shaft 1 of non-

magnetic material or else by making the section 5 of non=-
magnetic material, or otherwise suitably designing the

magnetic circult for efficient operatlon in accordance with
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known good practice. Although the clutch 1s operative
without & fluid vehicle using only the lron particles, I have

found that the operation is greatly improved by the use of :
a fluid mixed with the lron particles. I have found a .
light lubrilcating oil to be sultable for thls purposse,
but, in general, any liguid may be used which has sultable
mechenical properties to make the mixture act as a rather

viscuous fluid at all contemplated operating temperatures.

The non-magnetic housing 5 which bears the slip ?
ring is schematically shown as housing a bearing for that ‘ %
end of the cup 4 which surrounds shaft 1, and & packing 10 ’
1s schematically shown for confining the magnekic fluid in

| the cup 4 and for keeping it away from the bearing., It is

6.
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obvious, however, that these detalls can be widely varled

according to the dlctates of the particular design employed
and in accordance with the principles of good design and

mechanical practice.

A battery 7 1s shown for supplying current to
fileld winding or coil 6 and this current may be controlled
by meana of rhecstat 9 and fed to the coll 6 by means of
brushes 11 and slip rings 12 connected to leads 13 and 14
respectively, which lead to the coil terminsals. |

When the coll 1s energized, it 1s found that a

strong coupling force exists between the two shafts 1 and

2., For example, if 1 is a dri;en shaft which 1s rotating,
and the magnet 1s not energized, shaft 2 will be stationary.
If current is now gradually increased in coil 6, a definite
torque will be smoothly developed between the two members 3 %
and 4, the value of which,,other things being equal, will
depend on the current in coll 6, If the torque developed -
in the clutch 1s greater than that required by the load on n]

the shaft 2, the two elements 3 and 4 will be "locked"

together in that they will rotate at the same speed. It is

a feature of my invention that the drliven shaft comes up to ﬁ 

its maximum'speed very smoothly and without chatter. If the
‘ ﬁaximum torque that the clutch (because of its 1im1ted phy=-

sical and slsctrical parameﬁers) can develop 1s less than

that required to make shaft 2 rotate as fast as shaft 1,
there will be relative slipplng between the two shafts,
but at all slipping speeds, the clutch will transmit sub-
stentially the same amount of torque. In other words,
under slipping conditions the clutch acts substantially as
a constant-torque transmission system; This constant-

torque value 1is also the maximum torque that the clutch
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can transmit without slipping. At high slipping speeds, there
is also a 1little viscous drag which adds to the torque, but

with smooth dlsc surfaces, this is usually negligible.

1t 1s obviéus that the same system can also act as
a brake 1f one of the members is held fixed. TUnder these
gonditions there will be no effective braking action until
coll 6 is energized at which time a retarding torque will
be dgveloped which will exert a braking action on the ro-
tating shaft. |

Fig. 2 shows an alternative construction embodying
my invention. In this case the shafts are shown at 21 and
22 respectively. Shaft 21 has an inner drum 23 (corresponding
to disc 3 in Fig. 1) rigldly fastened to it. This drum 23
is composed of a paramagnetic material such as iron except for
& ring 23' of brass or other non-magnetic material, brazed or
otherwise secured thereto about the "equator" of the drum,
i,e., midway between the ends of the drum, as shown. The
purpose of this brass insert 1ls to provide a magﬁetic gap
between the two halves of the drum wlthout loss of mechanical
rigldity or strength. Secured to shaft 22 is outer drum 24
80 dimensioned that only a very small gap 25 exists between
its inner sufface and the outer surface of drum 23, thls gap
being much smaller than the distmce between the two halves
of drum 23; i.e. smaller than the wlidth of the brass ring 23!,
End plate 24' may be made so that it may be separately screwed
on to the Body of the ocup 24 to form the outer drum, or the
drum may be made in one plece a&s by welding, or fastened in
any other known manner, Coil 26 1s wound round shaft 21 to

form a solenoid of which the shaft 1s the magnetic core,
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Insulated leads 33 and 34 lead from the coil 26 %o slip

rings 22 on shaft 21. Brushes 31 feed current from battery
27 through control rheostat 29 so that the field winding 26
can be energized from an external source. It will be under-
stood that the battery and rheostat are used as conventional
symbols to represent any suitable source of current and meﬁns
for controlling said current. It will be ncted that the far
end of the drum is supported on the opposite shaft at bearing
point 37 to form a medhéﬁicali& strong and rigid structure.
Bearings 36 and 37 should include bronze bushings to insure
an adequate magnetic gap between each drum and the opposite
shaft, or else the ends of drum 24 may be of non-magnetic
materlial for the same purpose. The space between the two

drums 1is filled with a magnetic fluid mixture as before.

When coll 26 1s energized, the flow of magnetic
flux will be from the core 21 out radially from the end of
one half-drum 23 to the cylinder wdl 1s; thénce, across the
small gap, through the magnetic fluld mixture to the outer
drum 24; back from 24 to the other half-drum 23 (since the
magnetic gap 23' is much greater than the magnetlc gap between
the two drum cylinders); radially inward at the end of the
other half drum 23 and back to the core 21. The magnetic
clutching or braking action is the same as 1in Fig. 1 but the
action is more efficlent in that the magnetlc torque 1s de-
veloped near the periphery of the drums, which glves the maxi-~
mum possible torque-arm, while the coll 26 occuples the center
portion of tha.stfucture, where little torque can be developed

!

in any case,

Instead of a field winding I can use a permanent

magnet as in Fig., 3 where rotor 43, assoclated with shaft 41
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is made of a permanently magnetizable material such, for
example, as that alloy of aluminum, nickel and cobalt known
to the trade as "Alnico", which 1s strongly magnetized at
spaced areas as indicated to producelpermanént alternate
north and southApoles around the periphery of the cylinder.,
Flux will then flow across the space between cylinder 43

and drum 44 as indicated in Fig, 4. This space 1s filled
with magnetic fluid mixture as before., The action is similar
to that previocusly described except that the force between
the two shafts camnot be electrically controlled as before.
The device will therefore constitute a constant torque trans-
mission at all slipping loads or whenever the maximum holding

torque is exceeded,

If, with 2 permanent magnet arrangement, it 18
desired to contrel the transmitted force, the gap between
the two vlutceh faces may be varled as schematically'shown
in Fig. 4 by providing means for moving the two rotating
members 51 and 52 axlally relative to each other, Fixed
collar 53 on shaft 52 rotates freely wilthin annulus 54 of
control lever 55. It will be dovious that movement of lever
55 varles the gep between members 57 and 58 to vary the
force transmitted between shafts 50 and 51, thus providing
a mechanical equivalent of rheostat 9 of Fig. 1l..

Fig. 5 1s a schematlc showling of a brake employing
the principles described in Fig, 1. The space efficlency is
here improved by using a number of dlsacs to increase the op-
posed magnetic surfaces, In this case the device 1s shown
as a brake with the reacting member 64 held statlonary. In- :
stead of the single disc 3 in Fig. 1, a plurality of dises i'
63 are associated with shaft 61 and between these dlscs and ;A

10. i
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closely spaced therefrom extend a number of washers or per-

- forated discs'64’ assoclated with statlionary member 64 to
which they are fastened in any suitable fashion as by means
of brass bolts 68 together with non-magnetic space coliars
68', When there is no current in the coll 66, shaft 61 is
free to rotate‘but when the coil 1s energized, a field 1is
set up as shown by the arrows, which produces the same effect
as in Fig. 1 except that this effect is multiplied by the
number of plates employed, assumling the same field strength

as before and the same dlisc diameter.

Since a brake must dlssipate heat, a cooling system

is provided which circulates the magnetic flulid mlxture through

a cooling coll 70. A pump 71 is provided for this system which
may be driven from shaft 61 as shown schématically in Fig. 5.
This circulation has also the advantage of tending to keep the
magnetic fluld mixture in & homogenous condition and thus

minimizes any tendency of the solld particles to settle out.

Fig. 6 shows a modification in which two relatively
rotatable shafts 81 and 82 can be magneticaily coupled for |
transmission of power from one to the other by the actlion of
a stationary.coil 86, In this case the cup 84 having a non-
magnetic insert 84' surrounds disc 83 and is filled with the
magnetic fluid mixture as before. A packing ﬁut'85 may be
employed to contain the fluld in the cup. For producing the
magnetic field, a stationary coll 86 having a magnetic support
element 87 is employed. Leads 88 and 89 are for use for any
suitablé controllable current supply. The flux distribution

1s indicated by arrows as before.

1li.
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Although the fileld winding_is stationary and the
clu%ch plates 83 and 84 rotate when the clutch is energlzed,
no eddy currents will be induced in the discs by this rela-
‘tive motion, due t§ the radial symmetry of the structure and
thé:smooth plate faces'which cause the flux traversed by any
given point on,ény of the reiatively rotating discs to remain
constant so thaﬁjthere are no flux changes and therefore no
Induced cprrents. There may be some eddy currents induced
in the iron pérticles of the magnetic fluid mixture, but as
these particles are exceedlngly minute, there are no long
current paths and the effect is the same as that of exceedingly
* well laminated Fron so that the eddy currents induced in the
magnetic fluid mixture will be qulte negligible.l The chief
advantage of this modification lies in the elimination of

slip rings and brushes.

Figs., 7 and 8 show a modificatlion similar in
principle to those previously shown but sultable for use
for alternating current., To prevent excessive eddy current
loss, the rotors 93 and 94, fixed to shafts 91 and 92 re-
spectively, are of conventional laminated construction. The
colls 96 and 96' are wound to produce north and south poles
et 94A and 94B respectively (Fig. 8). When either alternating
current or direct current is passed through the fleld winding
wvia the usual slip rings 95, the magnetic fluld being present
as in the other modifications, the same clutching or force

transmitting action as previously described will occur.

1z,
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Flgs. 9 and 10 show a modifilcation similar to
Figs. 7 and 8 except that the inner member 103 bears the
field winding instead of the outer member, through which
a return flux path 1s provided. Here, as in Fig. 2, putting
the winding'at the center permits a longer torque-arm for a

Blven size of structure.

While I have described the principle of operation
of my invention, together with the apparatus which I now
conslder to represent the best embodiments thereof, it will
be understood that the apparatus disclosed is only illus-
trative and that the invention can be carried out by means
of many other‘modifications and arrangements which will be

,apparent to those skilled in the art. The inventlon is
therefore not intended to be limited to the present modi-
filcations shown dbut 1ts scope 1s defined by the appended
claims,

15,
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The embodiments of the invention in which
an exclusive property or privilege is claimed are

defined as follows:

1. A device for transmitting torque com-
prising two closely spaced adjacent elements, 8 mass
of relatively movable contiguous discrete ferromagnetic

particles 1n the space between said elements, and means L

for subjecting sald elements and particles to a mag- i
netic field of sufficient intensity to cause such at- :
traction between said particles that the adhesive con-
sistency of the said mass 1s increased enough for the

‘ transmission of torque through sald mass,

2. The invention according to claim 1 wherein

gaid fleld 1is statiomary with respect to one of said

elements.,

3. The invention according to clalm 1w herein

said elements are both movable with respect to sald mag- k

netic fleld.

A



4, A device for controlling the tranamisslion
of- torgque from one element to a closely spaced adjacent
relatively movable element including therebetween a
mass of contiguous relatively movable discrete para-
magnetic particles comprising enclosure means for main-
taining said mass of contiguous relatively movable
discrete paramagnetic particles in the space between
said elements, means for sub jecting sald elements and
particles to a magnetic field to produce a coupling
force between said elements, and means for varying the

strength of said field to control sald coupling force.

584402
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5. Means for controlling the transmission
of force from one element to an adjacent relatively

movable element comprising members fixed to sald ele-
ments respectively and having substantlal, opposed,

closely spaced surface areas sebarated by a flxed dis-

‘tance, a mass of relatively movable discrete ferromag-

netlc particles in the space between sald members, and
means for creating a magnetlc field between sald members
end including sald particles, in order to produce a

coupling effect between sald members,

6. Means for trensmitiing torque between
rotatable members comprising a rotatable element, &
member secured thereto for ratatiQn therewlth, a
second and lndependently rotateble element, substentlally
coaxial with said first element, a second member secured
thereto for rotation therewith, sald members having sub-
stantlal surfaces of revolution slightly spaced from
each other, a mass of discrete ferromagnetic particles
in the spacse adjoining sald surfaces, and meens for proé

ducing a magnetlic field between sald surfaces.

7. The inventlion according toc claim 6 in
which sald particles are mixed with a non-magnetic

lubricante
8. The invention according to clalm 7 in

which sald particles consist of 1ron powder and sald

lubricant 1s an oil,

[6
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9. The invention accordihg to cleim 8 In
which said magnetic fleld prodﬁcing meeans comprisé a
fleld winding positioned to produce a magnetic fleld
across sald space when energlzed, and measns for ener-
g€ilzing sald winding from e stationary source, sald
enérgizing means including a source of electric current,

and & current controlling means.

10. The invention according to claim 9 wherein
sgld currenﬁ controlling means includes means for varying

the strength of s=id current from a maximum to ZeT'Oe

1l. The invention according to claim 10 wherein
sald first member comprises a discland sald second member
comprises an inclosure for sald dlsc and also for said

discrete particles,

12, The invention according to c¢laim 11l whereiln
sald fleld winding 1s coaxlal wilth sald elements and
located adjacent the periphery of sald dilsc and wilthin
8ald inclosure, whereby sald inclosure and disc define

a magnetlc circult for sald fleld windinge

15, The invention according to claim 1l wherein
sald fleld winding 1s oocaxlal with sald elements and
located adjacent to and outslide of the periphery of both
sald disc and inclosure, and 1s mounted independently of

rotation thereof,
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14, The 1lnventlon according to claim 10 wherein
seld first menmber comprises a number of spaced dlscs co-
axlal with and fixed to sald first rotatable element, and
sald second member comprises a number of washers coaxial
with and lying between sald discs and fixed to saild second
rotatable element, sald washers and discs being arranged
alternately to define a plurality of said opposed and

spaced surfeaces of revqlution.

15, The invention according to claim 10 wherein
said first member comprises a ferromagnetlc drum and sald
second member4¢omprises an enclosure for saild drum and

for sald discrete particles,

16. The invention according to claim 15 wherein
sald drum 1s divided into two magneticelly separated
sections by & non-magnetic annulus so dimensioned as to
provide a greater magnetic gap between saild sections then
between said opposed surfaces, sald fleld winding bheing
positioned within and coaxial with sald drum so that each
of sgid sections comprises an opposite magne tlc pole of

sald field windinge.

17. The invention according to claim 15 wherein .
the wound surface of sald drum 1s dlvided into magnetically

separated substantlally hemicylindrical surface sections by

non-magnetic axlal gaps, sald fleld winding being posi-
tioned, effectively within sald gaps and across the ends of
said drum so that each hemicylinder of sald drum comprises

an opposite mesgnetic pole of sald fileld winding.

B | )y
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18. The inventlon according to claim 15 whereln

sald second member 1s ferromagnetic end includes two pPro-

jecting pole members terminating at diametrically dis-
posed surfaces of revolution adjacent the curved surface
of sald drum, and saild field winding comprises colls for

sald pole members,

19. The invention sccording to claim 8 whereln
said magnetic field producing means comprlse permanently

magnetized areas on at least one of sald surfaces.

20. Te invention according to clalm 19
including non-rotating means for varylng the distance
between said surfaces to control the effective strength
of the magnetic fleld in the space adjoining sald

surfaces,

21, Means for transmitting force from one
element to an adjacent relatively movable element spaced
therefrom, comprising a sufflclent mass of contiguous
ferromagnetic particles to extend across sald space'and

contact both sald elements, means for conflning sald mass

of partiecles in sald space, means for creating a gngnetic
field between sald members and including sald particles,
sald magnetic fleld belng so oriented that a substantial
component thereof is perpendicular to the surfaces of e é
sald elements at the areas of contact between sald i
particles and said elements, whereby a substantlal coupling .
effect 1s produced by‘conhact pressures between adjacent
particles and also between some of said partlcles and sald
surfaces due to the magnetlc attraction among sald particles

and between sald partlcles and sald surfaces,

i . | /?
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2 22, The invention recited in claim 21, in-

- eluding means for varylng the intensity of the magnetic

fleld so as to correspondingly alter the particular

contact pressures to control the coﬁpling effect between

sdd elements,
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N 23, A device for transmitting motion comprising
two élosely'spaced ad jacent elements arranged for rota-
= “tion, a mass of relatively movable contiguous discrete

paramagnetlc particles In the space between sald elements

and means for subjecting said elements and particles to a

magnetlc fleld of sufficlient intensity to cause such at-

traction between said particles and between at least some

of said particles and respective ones of said elements

whereby théiadhesive consistency of the said mass is

increased for the transmission of rotative motion through 5*

said mass.

24, A device for transmitiing mechasnlcal force
comprising two elements having closely spaced substantially
parallel surfaces, sald elements being arranged for rela-

tive motion, said motion being substantially parallel to

sald surfaces, a mass of relatively movable contiguous | B
discrete paramagnetic particles in the space between said |
elemeonts and means for subjectlng said elemeﬁts and
particles to a magnetlic fleld of sufficlent 1ntepsityv

; to cause such attraction between said particles and between
at least some of sald parti?les and respective ones of sald

elemehts whereby the adhesive consistency of the sald mass

18 increased for the transmission of mechanical force

between saild elements through said mass, sald force to

oppose asald motion.
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25, A device fqr transmitting torque from

i | - ‘one element to & relatively movable element, comprising

. mhgnetic members affixed to said elements respectively

fuNFx* . .
Qamqf - agd having substantial opposed spaced surface areas,

' CI)Z magnetizable particles disposed in said space and in

airect_surface engagement with sald areas, and means
for creating & magnetic field between said members and
including said particles producing a torgue transmitting
effect between said opposed areas.

26, :A device for trapamitting torque from
% one element to a relatively movable element, comprising

. : maghetio‘members affixed to said elements réspeétively

) .and having substantial opposed spaced surface areas,

E]
O
42

IES | a flowable mixture disposed in said space and in direct gfff_

surfece engagement with said areas, said-m;xture con=-
sisting of flowable ferromagnetic particles such as iron
‘and & quantity of non-magnetic mater;al which 13 1tself
a flowable material; and means for creating a magnetic
field between said members and including éaid particles
producing a torque transmitting effect between said op-

posed areas,
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27. A device for transmi?ting torque from
one element to a relatively movable element, comprising
magnetic members affixed to said elements respectively
and having substantlal opposed spaced surface areas, &
flowable mixture disposed in said space and in direct
surface engagement with said areas, sald mixture con-
8isting of flowable ferromagnetic particles such as iron
and a quantity‘of non-magnetic material which is itself a
fiowable lubricating material which functions as a lubri-
cant for the ferromagnetic particles, and means for
creating a magnetic fleld between said membeés and
including said particles producing a torque transmitting

effect between saild opposed areas., | !

28, A device for transmitting a force from
one mechaniocal element to another mechanical element,
sald elements being relatively movable and poth of said
elements béing externally accesslble for connection
thereto, comprising magnetic members afflixed t6 sald
elements respeoctively and having substantial opposed
spaced surface areas, magnetlzable particles dlsposed
in said space and in direet surface engagement with said
areas, and means for creating a magnetic fleld between
said members and including said particles.producing a
mechanical force transmitting effect between sald opposed

areas,

23
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29. A device for transmitting a force from

one mechanlical element to snother mechanical element,
sald elements being relatively movable and both of said

elements being externally accessible for connection

. "1 thereto, comprising magnetic members affixed to said

_Cilcg elements respectively and having substantial opposed

spaced surface areas, a flowable mixture disposed in
said space and in direct surface engagement with said
areas, sald mixture consisting of flowable ferromagnetic
particles such &s iron and a quantity of non-magnetiec
material which is itself a flowable lubricating material
and which functions as a lubricant for the férromagnetic
particles, and means for oreating a magnétic field
between said members and including sald particles pro=-
dueing a mechanical force transmitting effect between

sald opposed areas,

30, Apparatus according to claims 1, 24, and
29, in whioh the particles are mixed with an oll lubri-
cant, and In which there is further provided & cooling

system for the magnetizable mixture,

31, Apparatus according to clsims 1, 24, and
29, in which the particles are mixed with an oll lubri-
cant, and in which there is further provided a cooling
system for the magnetizable mixture, sald cooling system
including a circulating pump to insure adequate clrcula-
tion of the magnetizable mixture through the cooling system.

5 - Y
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32. A device for transmitting torque from
one element to a relatively movable element, comprising
members affixed to sald elements respectively and having
substantial opposed spaced surfasce areas, magnetizable
particles disposed in said space between sald areas,
, a#d means for cresting a magnetic field between sald
members and including said particles producing a torque

transmitting effect befwben sald opposed areas.

33, & device for transm.tting a force from
';ne mechanical element to another mechanicsl elément,
said elements being relatively movable and both of said
elements beilng externally accessible fo} qdnnection
thereto, comprising members afrixoﬁgtb said elements
respeotively an& ‘having substantial opposed spaced
aurtaoe areas, mngnotizable particles disposed in said
space between saild areas, and means for croating a
magnetic field betteen aaid membera and including saild
particles producing & meohanical roroe transmltting effect

between sald opppsed areas.
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Certified to be the drawings referred to
in the specification hereunto annexed.
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INVENTOR
JACOB RABINOW,

Gertified to be the drawings referred to
in the specification hereunto annexed.

Chtmry,  Canade,. . July, . 2lel, 1988, T‘&W" \
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INVENTOR

Certified to be the drawings referred to JACOB RABINOW.

in the specification hereunto annexed.

Ottava, Cenads, . .July,...2last, 1948.
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