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CENTRIFUGALLY OPERATED CLUTCH FOR
WASHING MACHINES

James F. Young, Erie, Pa., assignor to General Electric
Company, a cerporation of New York

Application October 31, 1950, Serial No. 193,143
5§ Claims. (CL 192—18_)

This invention relates to mechanisms for driving selec-
tively either of two shafts from a common driving shaft,
and has for a particular object the provision of a sim-
plified hydraulic system for operating a clutch mechanism
which transfers the application of power from one to the
other of the driven shafts.

Although my invention is not limited to any one type of
mechanism, it relates particularly to the driving mecha-
nism of washing machines of the type in which washing
is performed in a basket which is then rotated to extract
centrifugally the water from the clothes, Such machines
and driving mechanisms therefor are shown in McNairy
United States Patent No. 2,485,621 granted October 25,
1949, for Washing Machine, and assigned to the assignee
of this application. The basket or receptacle in which
the clothes are washed is provided with a coaxial agitator
which, when oscillated, flexes the clothes and imparts cer-
tain washing liquid movements which effect a turnover
and movement of the clothes within the basket. During
such operation the basket is held stationary. The gear-
ing for operating the agitator is contained within a gear
frame rotatably mounted in the main drive mechanism
casing. The gear frame provides the rotatable mounting
for the basket itself and during the washing period the
weight of the basket and its contents urges an element of
the gear frame into contact with a brake fixed within the
drive casing. When the basket is to be spun for cen-
trifugal extraction of the liquid content thereof the gear
frame is lifted and motor power applied directly thereto
by friction clutch means. Thus the gear frame and the
basket carried thereby may be rotated rapidly— either
at motor speed or at a suitable reduction thereof accord-
ing to whether reduction gearing or equivalent is inter-
posed between the drive motor and the driving element
of the clutch. 1In the McNairy mechanism above referred
to the displacement of the gear frame relative to its brake
element is accomplished by an expansion bellows in a hy-
draulic system which includes a pump continuously driven
by the motor and serving an oil distribution system con-
trolled by a valve which during the washing operation
circulates oil through the mechanism at relatively low
lubrication pressure and during the spin operation directs
oil under substantial pressure to the bellows for expan-
sion and accompanying movement of the gear frame from
its braked to its driving status. A disadvantage of clutch
shift mechanisms of the McNairy type resides in the fact
that unless means are provided to bleed oil from the bel-
lows the motor may at the initial stages of spin be severe-
ly overloaded. Accordingly it has been necessary to
apply various pressure relief mechanisms to provide for
clutch slippage during the initial portion of the spin cycle.
In addition the high oil pressure required to expand the
bellows against the load imposed thereon by the basket
and its clothes and water load—which may be of the order
of 225 pounds or more—Trequires a pump capable of such
pressure generation.

It is an object of my invention to provide a hydraulic
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clutch shifting system which is simple and direct in opera- .

2

tion and which provides continuous overload protection
without the use of bleeder valves or the like.

It is'a further object of my invention to provide a hy-
draulic clutch shifting mechanism in which the hydraulic
pressure required for the shift operation is provided by
centrifugal forces acting on a quantity of oil within a
bellows rotating at motor speed.

It is 2 further object of my invention to provide a hy-
draulic clutch actuating system of the expansion bellows
type in which the oil pumping requirements are only those
incident to supplying the bellows with oil to meet the
volumetric increase as the bellows expands and to carry
out the normal lubrication function.

In a presently preferred embodiment of my invention
I affix an expansible bellows directly to the underside of
the motor rotor and provide thrust bearing means enabling
the end wall of the bellows remote from the rotor to bear
against a fixed frame element. The end of the rotor shaft
opposite the bellows is provided with a clutch plate which
cooperates with a complementary clutch member provid-
ed on a drive shaft pinion and a clutch member provided
on the base of the rotatably mounted gear frame. A
suitable pump drawing continuously on a reservoir of
lubricating oil within the motor casing is directly con-
nected to the motor so as always to be in pumping opera-
tion. A solenoid control valve of conventional pattern
occupies a position when deenergized to effect lubricating
oil circulation and when energized to direct oil to the in-
terior of the expansion bellows. The solenoid valve is
deenergized during the washing cycle of the machine and
the relative clutch parts are arranged so that the rotor is
clutched to the main drive pinion of the gearing which
effects the oscillation of the agitator. In that condition
the clutch facing of the gear frame structure rests upon
the brake and the gear frame is held against rotation.

In the spin cycle the oil fed to the interior of the
bellows is subjected to centrifugal force causing the
betlows to expand and shift the rotor and its driving clutch
plate axially toward the gear frame whereupon the fric-
tion surface of the gear frame clutch plate is engaged
by the rotor clutch plate and the frame is lifted from
the brake surface and begins to rotate. The imposition
of an overload will result in an immediate reduction in
motor speed and reduction in the centrifugal force acting
on the oil content of the bellows. The immediate reduc-
tion in the expansion pressure acting on the bellows will
provide a clutch slip factor immediately effective to reduce
the motor load. A feature of my invention therefore
resides in the inherent ability of the clutch shift mecha-
nism to accommodate motor overload conditions before
abnormal strain is imposed on the drive mechanism.

Other features and advantages of the invention will be
apparent from the following detailed description of a
presently preferred embodiment thereof read in the light
of the accompanying drawings in which Fig. 1 is a vertical
sectional elevation of a drive mechanism embodying the
invention, the bellows being in its expanded position;
Fig. 2 is a partial sectional elevation of the lower portion
of the mechanism of Fig. 1 showing the relation of parts
when the bellows is in a collapsed position corresponding
to the operation in the wash cycle of the machine; Fig. 3
is a plan section taken on lines 3—3 of Fig. 2 to illustrate
more clearly the structural arrangement of the oil pump;
Fig. 4 is a sectional elevation looking in the direction of
the arrows 4—4 of Fig. 3 to show an oil return passage
to the pump and the relay valve in the oil pressure sys-
tem; and Fig. 5 is a side elevation with portions broken
away of a single basket washing machine in connection
with which I have chosen to illustrate my invention.

Referring to Fig. 5, the washing machine 1 with which
T have chosen to illustrate my invention, has a casing
section providing a tub or water collector 2, and- a
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3 ,
basket 3 mounted for rotation within the tub. Within the
basket is a washing device 4; for example, a bladed agi-
tator which oscillates within the stationary basket during
the washing operation. The basket is rotatably mounted
by bearing means within a main drive mechanism casing S
resiliently supported on the bottom wall of tub 2, as is
shown somewhat schematically. The ‘basket is - imper-
forate except for a row of openings 6 at the maximum
diameter. Water or washing liquid is introduced into
tub 2 from <a suitable spout means (not shown) under
the control of a conventional program switch. A pro-
gram switch and centrols for carrying out a desired se-
quence of operations are old and well ’known in the wash-
ing machine art and have not been illustrated. The liguid
* is ‘transferred by pump 7 and conduit 8 to the basket.
In some machines washing liquid -overflows the basket
" and returns to the tub from which it is pumped again
into the basket in a continuously - circulating system
designed to filter out lint, soap curds -and the like during
the washing -operation. The liquid is centrifugally ex-
tracted from the clothes 2t the end of the wash cycle by
rotating the basket rapidly, discharging the liquid through
the openings 6 in the basket 3. The spent liquid which
is collected in the tub 2.is pumped to 2 plumbing drain
by a conventional pump 9. The basket is then supplied

with suitable quantifies of clear water for rinsing, and

after a desired period of ‘operation of ‘the "agitator 4,
the rinse water is centrifugally extracted by again rotating
the basket. During the washing and the agitator-rinse

cycles, the basket is held against rotation; during cen--

trifugal extraction, the agitator rotates with the basket.

In the drive mechanism shown in Fig. 1, it is noted
that casing 5 has in its lower part a metor 10, preferably
of the induction type, coaxially arranged beneath a gear
frame 11. The gear frame 11 mounts a gear system 12
of known type in which a-drive pinion 13 effects an oscil-
lation of a gear 14 on the lower end of a shaft 15 which
carries the agitator 4. Shaft 15 is independently rotatable
within a tubular shaft 36 which in turn is journaled within
a long hub-portion 17 of the gear casing 5. It will be
anderstood that suitable bearing means are provided for
the respective shafts. To shaft 16 is affixed a suitable
collar (not shown) which carries the basket 3. The

4

ing the base of the casing 5. Shaft 24 is axially slidable
in said bearing. At its upper end, shaft 24 carries a
collar 26 non-rotatably secured to which is a clutch drive
plate 27. The driving relation between shaft 24 and
collar 26 is such as to permit relative axial movement
therebetween; suitable keying will permit such axial move-
ment and effect transfer of motor power. The shaft 24,
extending slidably through the collar 26, carries on its

" upper end a flat circular chitch disk 28 on the underside

10

15

of which may be provided an annular collar 29 of clutch
facing material. Extending upwardly from the disk 28
is a cylindrically bored hub member on the upper end
of which the pinion 13 is formed or applied, and through

* which extends z pilot end of the shaft 24. A thrust washer

39 on the pilot end of the shaft 24 is provided to limit
the upward movement of the disk 28 relative to the shaft
24. :

It will be seen from a comparison of Figs. 1. and 2

" that, while drive plate 27 maintains contact with clutch
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arrangement by which the basket and agitator are affixed -

to their respective shafts for rotation is disclosed in the
- aforementioned McNairy Patent 2,485,621.

Tt will be understood- that frame 11 is fixed to shaft
16; therefore, to rotate the shaft and its thereon carried
basket, the entire gear frame is rotated. Also it will be
observed that, in order effectively to oscillate gear 14 and
its shaft 15, gear frame 11 must be held stationary so as
to prevent the reaction of the gear system from urging the
frame 11 into rotation. Consequently, I provide a brake
system for holding the frame stationary during the wash-
ing cycle. Advantageously, the gear frame 11 is formed
with a circular base 20, the face of which is treated to
have the desired coefficient of friction. For example, 1
apply a facing 21 of a conventional clutch facing mate-
rial. A brake plate 22 fixed within the casing § cooper-
ates with the facing 21. Shaft 16 is axially movable within
its supporting bearings, and during the washing operation

- in_ which the basket may contain as much as twelve to
fourteen gallons of ‘water and mine pounds of clothes,
there ‘is an effective load on the brake plate 22—taking
into consideration the weight of the basket structure—of
about 250 pounds. When the basket is to be spun, the
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gear frame 11 is lifted from the brake plate 22 by a motor .

driven ¢lement which serves as a clutch plate for trans-
mitting motor torque to the gear frame as presently
described.

_The mechanism optionally applying motor power to the
drive pinion 13 or gear frame 11 includes the improved
hydraulic system embodying the present invention. Rotor

23 of the motor is affixed to motor shaft 24 journaled in a
bearing 25 provided in a lower plate member 25a form-

75

facing 29 at all times, it engages with the facing 21 only
when -shaft 24 and its drive plate 27 have been moved
upwardly relative to gear frame 11%.
shaft 24 to bring plate 27 into engagement with facing
21 and then to lift the gear frame and its basket and
clothes load is provided by a suitable expansible member
such as the bellows 31 rotatable with the motor shaft
and arranged to be supplied with liquid from a reservoir
of lubricating oil so that the centrifugal force generated
within the bellows by the rapidly rotating oil contained
therein will expand the bellows in an axial direction. A
relatively heavy gauge nylon beltows will provide suitable
structural characteristics though a metal diaphragm can
be used as the expansible member. Freferably, T dispose
the bellows 31 immediately beneath the rotor 23 and
affix end flange 32 of the bellows directly to a rotor
plate 33. The opposite bellows end flange is secured to
a plate 34 fixed on shaft 24 in fluid fight relation there-
on the casing rod plate 23a. For supplying the bellows
with oit and for oil circulation for general Tubrication
purposes, I employ a suitable pump drawing on a reser-
voir of lubricating oil with which the case is permanently
supplied. The demiands on the pump are moderate 21d
refatively simple; conventional pump devices may be
used. Purely as an_example, I have shown a common
eccentric pump in which a pump rotor 36 is keyed to the

lower end of shaft 24 for operation within a pump cham- -
ber provided by an end cap 37 fixed to the plate 28a. -
The usual spring biased plates 38 and 40 are suitably -
dispased withia the end cap as appears in Fig. 3. Tt wil

be understood that thé driving relationship between shaft.

24 and pump - eccentric 36 permits axial movement of
the shaft relative to the eccentric; the latter is confined
against . such axial . movement by the upper and lower
walls of the pump. chamber. = The charge of lubricating
oil (rot shown) on which the pump draws, accupies the
casing fo a level submerging the lower end of the statQr
windings: Tlhe pump casing as shown in-Fig. 3 has two
inlets 41 and 42 and two outlets 43 and 44. The first
named outlet serves a relief valve 45 of any suitable pat-
term and loading. It will be noted that shaft 24 has a

central bore 46, a lateral branch of which communicates-

with the interior of the bellows 31. Outlet 44 communi-
cates with a lubricating duct system 47.which conveys
the oil to various bearings and rotating elements as is well
understood in the -art, o :
During the washing cycle bellows 31.is in the -collapsed
position, indicated in Fig. 2, whereas, during the .spin
cycle the betlows is supplied with - oil substantially to the
full capacity thereef.
collapsed bellows be filled immediately, but that 0il ‘be

. cantinuously available at the bellows to make up for the
expansion of the bellows under the centrifugal force of.

the oil contained therein. “Thisphase of aperation is con-
trolled by 2 plunger -vatve 48 .operated by .a solénoid ceil

The lift for the-

Plate 34 is carried on a suitable thrust ‘bearing 35

This requires:not -only that. the

o

"
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50 under control of the program switch previously noted. -
Figures 2, 3, and 4 illustrate to best advantage the oil
flow paths as dictated by the operative position of plunger
valve 48. Fig. 3 shows a discharge passage 51 provided
in the wall of the pump chamber. This passage, which
may advantageously comprise a slot cut in the wall of
the chamber, communicates with a passage 52 (Fig. 4)
formed in a web 53 providing the base of the pump cham-
ber. Said web has a port 54 communicating between
the inlet passage 41 and a passage 55 below the web. A
valve seat 56 is provided in the web and extends there-
through to define a connecting passage between the pas-
sage 55 and the central bore 46 in the shaft 24. With
the solencid deenergized, which is its status during the
cycles when the basket is to remain stationary, the oil
discharging along groove 51 will be held at low pressure
because of the passage afforded by channel 52, the valve
seat 36, and passages 54 and 55 to the inlet or return
system of the pump. However, oil will also be pumped
through duct 44 to supply the lubrication circulation con-
duit 47. Beliows 31 will therefore not be supplied with
oil in adequate volume to fill it. A spring 57 confined
between the driving plate 27 and the top of the rotor
stack has driven the plate 27 upwardly against the clutch
face 29 of the agitator clutch disk 28, moving the disk
28 upwardly until its upper hub portion has engaged the
thrust washer 30 on the shaft 24. The reaction of the
spring 57 is borne by the top portion of the rotor fixed
on the shaft 24. With the bellows 31 collapsed, as shown
in Fig. 2, the lower end of the shaft 24 has engaged the
web 53 which functions therefore as a thrust bearing.
In this position, as shown in Fig. 2, the bellows is col-
lapsed, sufficient oil having bled therefrom through a
small port 58 in the plate 34. The motor 10 is driving
the disk 28 through its resilient engagement with the drive
plate 27 and the pinion 13 on the disk 28 is transmitting
the motor torque through the gear train 12 to oscillate
the pinion 14 and to agitate shaft 15,

When the agitation cycle has been completed and
centrifugal extraction of the washing liquid is desired,
solenoid 5% is energized so as to drive valve 48 upwardly
into seated position as shown in Figs. 1 and 4. In such
position the recirculation of the oil to the inlet part of
the valve chamber is blocked and the oil will pass through
groove 31 and channel 52 to enter the passage 46 and
eventually discharge into the bellows 31. The capacity
of passage 46 is so much greater than the drainage ca-
pacity of port 53 that the bellows 31 is almost immedi-
ately filled with lubricating oil. The motor is, of course,
in operation and centrifugal forces are created within
the oil body sufficient to expand the bellows 31 to lift
shaft 24 relative to collar 26 so as to engage with the
underside of said collar, as best shown by comparison
of Figures 1 and 2. The further rise of shaft 24 moves
collar 26 upwardly to force clutch plate 27 into engage-
ment with the facing 221. The thrust washer 30 has
moved upwardly with the shaft 24 permitting the disk
28 also to move upwardly under the bias of the spring
87. The spring 57 has not freely expanded as the shaft
24 moved upwardly because it has carried the initial
thrust tending to lift the gear frame and its load off the
brake plate 22. Thus the shaft 24 and the thrust washer
39 have moved upwardly a greater distance than the
clutch plate 27 as is evident from a comparison of Figs.
1 and 2. Therefore, the disk 28 is no longer held against
the plate 27 by the spring 57 but instead is resting lightly
cn the plate 27 out of driving engagement therewith.
This disengagement of the agitator during the initial stage
of the spin cycle is necessary to prevent relative motion
between the agitator and the spin basket during accelera-
tion of the latter as such relative motion is a cause for
tearing of the clothes being washed. A still further rise
of shaft 24 causes the plate 27 to lift the gear frame 11
and its load off the brake plate 22 within limits defined by
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a thrust bearing 59 immediately above the end hub of
the gear frame 11. The motor is then directly connected
to frame 11 and the frame, agitator and basket will com-
mence to rotate as a unit. In order to limit angular
velocity gradients in the oil within the bellows and thus
to reduce oil power losses, I provide a suitable plurality
of radially extending vanes 66 on the base plate 34 of
the bellows.

Calculations indicate that with the bellows full of oil:

priy?
P=
2 g

where

P=pressure, 1b./in.2

p=density of oil, 1b./in.3
g=gravity acceleration, in./sec.2
r=radius, inches

w=angular velocity, rad./sec.

Integrating this pressure over the area indicates a bel-
lows radius of 4.25’" at motor speed of 1100 R. P. M. to
exert a lift of 250 lbs. Actually, additional forces are re-
quired and on the basis that force varies as the fourth
power of the radius a 445" radius will provide about 6215
Ibs. for extending the bellows plus 250 Ibs. for applying
clutch torque.

The self-expanding bellows makes it feasible to utilize
a low-cost centrifugal pump instead of a higher cost posi-
tive displacement pump.. The required pump pressure
is only that required to circulate oil for lubrication.

The bellows inherently provides motor overload pro-
tection. The clutch torgue depends upon the coefficient
of friction and the clutch force. When the torque is
too large the induction motor will slip to lower speed.
This reduces the centrifugal force acting on the bellows
to extend it for applying clutch torque so that the motor
torque is quickly and materially reduced. Consequently,
the overload is lessened and the motor will regain speed.
To best insure overload protection, a motor with a rela-
tively high resistance rotor should be employed because
of its high slippage characteristic under overload condi-
tions.

While I have shown particular embodiments of my
invention, it will be understood, of course, that I do not
wish to be limited thereto since many modifications may
be made; and I therefore contemplate by the appended
claims to cover any such modifications as fall within the
true spirit and scope of my invention,

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A torque transmitting mechanism of the type hav-
ing a driving shaft coaxial with and adapted to be ‘se-
lectively coupled to one of a pair of coaxial driven mem-
bers comprising, a clutch disk rotated by said driving
shaft and movable with said shaft in an axial direction,
means normally biasing said clutch disk into engagement
with the first of said driven members, liquid impervious
means secured to said driving shaft, a plate slidable on
said driving shaft with a flexible and radiaily inwardly
bowed corrugation interconnecting said plate and said
liquid impervious means in a liquid-tight manner, means
forming a fixed bearing for said plate, means for selec-
tively supplying liquid to and draining liquid from the
enclosed space between said plate and liguid impervious
means, and means for imparting rotary motion to liquid
between said plate and liquid impervious means whereby
centrifugal force acting on the liquid forces said plate
and liquid impervicus means apart thereby to move said
shaft axially and engage said clutch disk with the second
of said driven members.

2. In a combined clutch and brake mechanism, a driving
shaft having a clutch disk thereon, said shaft and disk
being rotatable and movable axially, a rotatably driven
member journaled for operative engagement with said
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driving shaft clutch disk when said shaft is in one of its
axial positions, a brake member cooperable with said
diiven member to restrain rotation thereof, means bias-
ing said driving shaft and disk to an axial position out
of engagement with said driven member, means biasing
said driven member into engagement with said brake, a
plate on said driving shaft slidable axially with respect
thereto, a fixed thrust bearing for said slidable plate, an
inwardly bowed annular and flexible corrugation con-
nected to said plate, closure means secured to said corru-
gation thereby defining an -enclosed expansible member,
means for supplying and draining liquid from. the space
- ‘between said plate and said closure means, and means im-
parting rotary motion to liquid contained within said
expansible member as said driving shaft is rotated, there-
by to develop through centrifugal force on the contained
liquid an axial force on said driving shaft to engage said
driven member with said driving disk and to disengage
said driven member from said brake.: .

3. In a clutch mechanism of the type having a driv-
ing shaft and clutch disk movable axially for engagement
with a driven member, power means for moving said
shaft axially -comprising means for rotating said driving
shaft, a closure member fixed to said shaft, a disk axially
slidable on said shaft, a flexible and radially inwardly
bowed corrugation - interconnecting said disk and said
closure member thereby to define an expansible member,
a thrust bearing for said slidable disk to prevent axial
movement thereof and force movement of said shaft on
expansion of said expansible member, means supplying
liquid to the enclosed space within said expansible member,
an aperture through one of the elements defining said ex-
pansible member for draining liquid therefrom at a maxi-
mum rate less than the liquid supply rate, and means for
impelling liquid contained within said expansible mem-
ber whereby the centrifugal force acting -on said liquid
provides an axial force tending to separate said disk and
said closure member.

4. In a washing machine of the type inctuding a driv-
ing .shaft, a first driven shaft, a second driven shaft con-
centrically mounted therein; 2 driven mechanism operable

selectively to drive one of said two driven shafts, said
mechanism comprising  clutch means including a first
clutch member secured to said first driven shaft, a second
clutch member connected to said second driven shaft, a

" brake member fixed relative to said first clutch member

for cooperation therewith, biasing means biasing said first
clutch member into engagement with said brake member
to restrain rotation of said first driven shaft, a drive
member carried by and secured to said driving shaft en-
gageable with said first and second clutch members to
transmit torque thereto, resilient means biasing said drive
member and said second clutch member into engagement
to drive said second driven shaft; the improvement in

10.

means for shifting said drive member relative to said
first clutch member for drivingly engaging the same and
moving it out of ‘engagement with said brake member to
rotate said first driven shaft comprising a radially ex-
pansible ‘bellows fixed to said driving shaft for rotation
therewith, said expansible bellows having an end closure
secured -to said driving shaft and movable toward said
first clutch member in response to expansion of said ex-
pansible bellows, pump means for supplying liquid to the
iriterior of said expansible bellows whereby the centrifugal

" forces acting on the contained liquid effect an expansion

: shaft, a first driven shaft,

20
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of said expansible bellows axially to shift said driving
shaft and said drive member, and valve means controlling
the flow of liquid from said pump to said bellows.

© 5. In a washing machine of the type including a driving
a second driven shaft concen-
drive mechanism for -rotating
selectively -one -of said .driven shafts, comprising clutch
means. including a first clutch member secured to said
first driven shaft, a second clutch member connected to
said second driven shaft, a brake member fixed relative
to said first- clutch member for cooperation therewith,
biasing means biasing said first chutch member into en-
gagement with said brake member to restrain rotation -of
said first driven shaft, a drive member carried by and

irically mounted therein, a

- secured o said driving shaft engageable with said first

30

35,
" means fixed to said driving
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and second clutch members for transmitting motor torque
thereto, resilient means effecting driving engagement be-
tween said drive member and said second clutch- member
thereby rotating said second driven shaft; the improve-
ment in means for shifting said drive member relative
to said first clutch member to drivingly engage the same
and to move said first clutch member out of engagement
with said brake member and to release said resilient means,
comprising an expansible bellows including end closure
shaft for rotation therewith,
a pump, and a passage way in the driving shaft communi-
cating between said pump and said bellows for supplying
liquid to the interior of said bellows whereby the cen-
trifugal forces acting on the liquid therein effects an ex-

- pansion of said expansible bellows axially to shift said

50

driving shaft and said:drive member.
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