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This invention relates to hydraulic transmission
apparatus of the kind in which liquid contained in
an annular working chamber concentric with the
driving and driven members transmits power from

5 a part or parts of the driving member lying with-

in or constituting part of the working chamber to

a part or parts of the driven member lying within

or constituting part of the working chamber, the

quantity of liquid in the working chamber being

10 controlled by displacer members each arranged in

and rotating with a receiving chamber which

rotates with the driving or driven member and

communicates with the working chamber, the

displacer members being adapted to move radially

15 ouswards to cause displacement of liquid from

the receiving chamber or chambers into the work-
ing chamber, and vice versa.

In this specification the expression “annular
chamber” is to be read as including not only a

20 plain annular working chamber containing liquid -

- whereby power is transmitted from a part of the
driving member lying within the chamber to a
part of the driven member lying within said
chamber, but as including also the working cham-

25 ber of a hydraulic transmission device of the re-
action type comprising, for example, a turbine
type pump the blades of which direct the liguid
either directly or through an annular series of

guide vanes coaxial with the pump rotor on to the .

30 blades of a turbine wheel constituting the driven
member,

In hydraulic fransmission apparatus of the
kind above indicated and according to the present
invention, each receiving chamber extends radially

35 inwards to a point whose radial distance from
the axis of rotation is less than that of the inner

circumference of the working chamber, and the.

inner end of each displacer member when in its
outermost position lies at a radial distance from

40 the axis of rotation not greater than that of the
said circumference of the working chamber.

In this way, without making the displacer mem-
bers form a fluid-tight joint with the walls of
the receiving chamber, it is readily possible to

45 ensure that when the displacer members are
moved into their outermost positions substantially
the whole of the working chamber shall be filled
with liquid. '

A plurality of receiving chambers may be pro-

50- vided each of which extends radially outwards
from a point whose radial distance from the axis
of rotation is less than that of the inner circum-
ference of the working chamber to a point further
from the axis of rotation than the outer circum-

55 ference of the working chamber, and a plurality

of displacer members one arranged in each re-
ceiving chamber. Each displacer member is then
radially movable inwards and outwards within its
receiving chamber so as either to permit fluid to
flow under the action of centrifugal force radially 5
outwards from the working chamber into the re-
ceiving chambers, or to displace the fluid in the
receiving chambers and cause it to enter the
working chamber, each displacer member being so
constructed and arranged that when in its outer- jp
most position its inner end lies af a radial dis-
tance from the axis of rotation not greater than
that of the inner circumference of the working
chamber,

Whether each displacer member is arranged 15
net to make a liquid-tight joint with the walls of
the receiving chamber or not, these displacer
members are conveniently so formed as to have
approximately the same weight-volume ratio as
the liquid employed in the apparatus so that at g¢
all speeds of the apparatus the centrifugal force
acting on each displacer member is approxi-
mately equal to that acting on the same volume
of liquid, whereby the force exerted by the liquid
on the displacer members and tending to move g5
them radially inwards is substantially equal to
the centrifugal force exerted on the displacer
members and tending toc move them outwards so
that the inward and outward movement of the
dispiacer members is facilitated.

In some cases, however, the weight-volume ratio
of the displacer members may be either greater
or less than that of the liquid. For example,
where, as may be the case, it is desired that the
displacer members shall move outwards auto- gz
matically against the action of a spring or springs
as the speed of the apparatus increases, the
weight-volume ratio of the displacer members may
be somewhat greater than that of the liquid so
that as the speed increases so the centrifugal 4o
force exerted on the displacer members increases
to a greater and greater extent above the inward
force exerted thereon by the liquid, whereby
automatic outward movement of the displacer
members' takes place as the speed increases. 45
Alternatively, where it is desired that as the speed
increases the displacer members shall automati-
cally move inwards against the action of a spring
or springs the weight-volume ratio of each dis-
placer member may be somewha.t less than that gg
of the liquid.

The invention may be carried into practice in
various ways and may be applied to hydraulic
transmission apparatus of various kinds, but the
accompanying drawings illustrate, by way of ex- g5
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ample, two constructlons according to the in-
vention as applied to hydraulic transmission ap-

paratus of the kind in which liquid contained in

a working chamber transmits power from part of
& driving member lying within the chamber to

part of a drlven member lying within said cham-
ber.

-In the drawings, '

Figure 1 is a side elevation, partly in section,
of one construction showing only the parts of the
apparatus lying on one side of the axis of rota-
tion, and

Figure 2 illustrates a modified construction but
on a larger scale and including the parts on both
sides of the axis of rotation.

Figure 2a is a continuation of PFigure 2 ex-
tending from the right thereof.

In the construction illustrated in Figure 1, the

apparatus comprises & driving member A in the .

form of a drum-like casing having an annular
working chamber Al formed therein. The driv-
ing member A carries a series of spaced plates
A2 extending radially inwards within the work-
ing chamber A! and constituting the driving ele-
ments of the apparatus. Interposed between the
plates A? is a series of driven annular plates B2
secured to and extending radially outwards from
an inner drum-like support B!, these plates,
which constitute the driven elements of the ap-
paratus, being adapted to rotate with the driven
shaft B coaxially with the driving member A.

The arrangement is therefore such that liquid
lying between the driving and driven plates A2,
B? will be subject to the action of centrifugal
force when the apparatus is in operation and will,
as hereinafter described, serve to transmit power.
The width of the space between adjacent plates
A2, B? may vary but in one convenient arrange-
ment the width of this space is.of the order of
one-sixteenth of an inch.

Formed in the drum-like casing A is a series
of cylindrical receiving chambers C the axes of
which extend radially with respect to the axis of
rotation of the apparatus, each receiving cham-
ber C, which communicates with the annular
working chamber Al through a duct C!, being
closed ab its outer end by a screw cap C?. Each
receiving chamber C extends, as shown, beyond
the outer circumference of the annular working
chamber Al, the inner end of the receiving cham-
ber lying nearer to the axis of rotation of the ap-
paratus than the inner circumference of the an-
nular working chamber Al i. e. the circumfer-
ence of the working chamber which lies nearest
to the said axis of rotation. ]

" Arranged in each receiving chamber C is a
piston-like displacer member D which, whilst be-
ing of cylindrical form, does not make fluid-
tight engagement with the surrounding walls of
the receiving chamber C. Each displacer mem-
ber D is so dimensioned with respect to its re-
ceiving chamber C that when the displacer mem-
ber is in its outermost position its inner end lies
at a radial distance from the axis of rotation
not greater than that of the said inner circum-
ference of the working chamber A. In this way,
though the displacer members D do not make a
liquid-tight joint with the walls of the receiving
chambers C, it is readily possible to ensure that
when the displacer members D are moved radially
into their outermost positions, substantially the
whole of the working chamber A! shall be filled
with liquid. To this end the dimensions of the
displacer members D and receiving chambers C
are such in relation to the total volume of the
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spaces between the plates A? and B? that when
the displacer members D are moved radially in-

. wards substantially the whole of the liquid be-
. tween the plates A2, B? can flow into the receiv-

ing chambers C so as substantially to prevent 5
transmission of power from the driving to the
driven plates.

Each displacer member D is formed hollow and
is acted on at its outer end by a spring D!, the dis-
placer being so constructed as to have a weight- 10
volume ratio somewhat greater than that of the
same volume of the liquid used in the apparatus
so that the force of the liquid and spring D!
tending to move each displacer inwards is slightly
less than the centrifugal force acting on the dis- 15
placers, whereby the inward and cutward move-
ment of the displacers is facilitated. Each dis-
placer member D is provided with an inwardly
extending stem D? which is acted on by one end
of an arm E3 pivoted at E2 on a part carried by 20
the drum-like casing A, the other end of the arm
E3 carrying a roller E! which bears on a cam
surface E. The cam surface E is formed on a
cylindrical member F rotatable about the axis of
the driven shaft B and axialiy movable thereon 25
by means of a lever F! carrying a follower F?2
which engages an annular groove F? in the mem-
ber F.

When the apparatus is in operation the liquid
between the plates A2 and B? is always tending 30
to flow through the duct C! into the receiving
chambers C since each receiving chamber ex-
tends beyond the outer circumference of the
working chamber A! so that liquid tends to flow
from the working chamber to the receiving 35 -
chambers. - During normal operation, however,
the member F is moved outwards from the posi-
tion shown in the drawings so that the rollers
E! can move into the Tecessed portion of the
cam surface E. 'The displacer members D can 40
therefore move radially outwards under the
action of centrifugal force and against their
springs D!, whereby the displacer members ex-
tend from the outer end of the receiving cham-
bers C to a point adjacent to the inner circum- 45
ference of the working chamber A. The dis-
placer members D thus cause the annular cham-
BLer Al and the spaces between the plates A? and
B? to be filled with liquid so that the drive is
transmitted from the driving to the driven go
plates.

The apparatus thus acts as an automatic
clutch. When, however, it is desired to elimi-
nate the transmission of power between the
driving and driven plates, the member F is 55
moved into the position shown in the drawings
whereby the displacer members D are positively
moved inwards and locked in their innermost po-
sitions so that the liquid will be displaced from
the working chamber A into the receiving cham- g¢
bers C.

Apparatus as above described may be com-
bined with variable speed gear of the epicyclic
type and, in this case, two or more hydraulic
transmission devices according to the invention g
may be provided controlling the different ele-
ments of the epicyclic gear to effect different
transmission ratios through this gear. One such
arrangement is illustrated in Figure 2 in which
a driving shaft G is rigidly coupled to a drum- 79
like driving member G! having an internal par-
tition G2 which divides the interior of the driv-
ing member G! into two annular working cham-
bers H and J. Secured to the driving member
G! are two sets of plates H!, J! which constitute 75
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the driving plates and extend radially inwards
within the working chambers H and J respec-
tively. Cooperating with the driving plates H!,
J! are two sets of driven plates H? and J2 carried
respectively by two drum-like carriers K and L.
The carrier K is rigidly secured to an annulus K!
having internal teeth meshing with planets

which in turn mesh with a sun wheel on a driven -

shaft M. The carrier L is similarly secured to
an annulus \I! having internal teeth meshing
with planets which in turn mesh with a second
sun wheel on the driven shaft M. The planets
and sun wheels are not shown in the drawings
since their arrangement may be similar to that
normally employed in epicyclic change speed
gearing. :

The annular working chamber H communicates
through a series of ducts H3® with some of a
plurality of receiving chambers N each contain-
ing a piston-like displacer member N! gcted on
at one end by a spring N? and having at the
other end a spindle N3 operatively connected to
an arm O. Each arm O is controlled by a cam
surface O! formed on & cylindrical control mem-
ber O? axially movable relatively to the driving
shaft M by means of a control lever O3. The
working chamber J similarly communicates
through a series of ducts J3 with the remainder
of the receiving chambers N whose displacer
members N! are controlled through arms O by
cam surfaces O* formed on the member O3,
Thus whilst some of the receiving chambers N
communicate with the working chamber H, the
remaining receiving chambers communicate with
the working chamber J. The displacer members
N!, which are hollow and preferably filled with
cork or the like, are controlled in & manner simi-
lar to that described with reference to the dis-
placer members D in Figure 1. Preferably the
receiving chambers N associated with the work-
ing chamber H are alternated in the circum-
ferential direction with the receiving chambers
N associated with the working chamber J.

With this apparatus different gear ratios can
be obtained by bringing into operation one or
other of the hydraulic transmission devices.
Thus, one gear ratio will be obtained by actu-
ating the control lever O3 so that on the one
hand the cam surfaces O! will permit the dis-
placer members N! associated with the working
chamber H to move outwards under the action
of centrifugal force so as to fill the spaces be-
tween the plates H! and H? with liquid, whilst

on the other hand the cam surfaces Of will hold®

the displacer members N! associated with the
working chamber J against such cutward move-
ment so that the liguid will be displaced from
the spaces between the plates J! and J2. The
drive will then be transmitted from the driving
shaft G through the plates H!, H? and the annu-
lus K! to the associated sun wheel on the driven
shaft M. Similarly, another gear ratio can be
obtained by operating the control lever O3 so
that whilst the cam surfaces O! hold the dis-
placer members N! associated with the working
chamber H against outward movement, the cam
surfaces O% allow the displacer members asso-
ciated with the working chamber J to move out-
wards. The drive will then be transmitted from
the driving shaft G through the plates J!, J2
and annulus L! to the other sun wheel on the
driven shaft M. By moving the member O2
into the position shown in chain lines, all the
displacer members N! will be rendered operative
and a direct drive will be obtained through the

3

epicyclic gear. Flnaliy, by moving the member

0?2 into the position shown in full lines, all the

displacer members N! are rendered inoperative
and the liquid will be displaced from both the
working chambers H and J and no power will
be transmitted.

It will be seen that in this construction, since
the working chambers H and J are arranged ad-
jacent to one aunother at one end of the appa-
ratus with all the receiving chambers N at the
opposite end, the control of the two hydraulic
transmission devices is facilitated because it can
be readily effected from one end of the gear with-
out control mechanism having to pass through
the driving liquid which, during operation, is
under considerable pressure so that difficulty
might arise in maintaining liquid-tight joints
through which the control mechanism passed.

It will be understood that when a plurality of
radial receiving chambers are provided, as for
example in the constructions above described,
sufficient space is provided circumferentially be-
tween the adjacent recelving chambers to allow
for the full inward movement of all the dis-
placers. Further, though in the constructions
above described -the displacer members: move
outwards against the action of springs so that
the weight-volume ratio of each displacer mem-

ber must be somewhat greater than that of the

corresponding volume of liquid, when springs are
not employed and the displacer members are
positively actuated each displacer member may
have a weight-volume ratio substantially equal
to the corresponding volume of liquid. Alter-
natively, each displacer member may move in-
wards automatically against the action of a
spring and under the action of the liquid as the
speed of the apparatus increases, the weight of
each displacer member being then less than that
of a corresponding volume of the liquid em-
ployed. i

In the arrangements above described it will
be seen that the displacer members do not neces-
sarily make liquid-tight engagement with the
walls of the receiving chambers but merely act to
displace the liquid inwards from the receiving
chambers into the working chamber or to per-
mit it to flow out of the working chamber into
the receiving chamber. In some cases, however,
the receiving chambers might be in the form of
radial cylinders with pressure-tight pistons in
them adapted to cause the liquid to flow into the
space or spaces between the driving and driven
members or to permit this liquid to be forced
radially out of these spaces, the arrangement be-
ing such in any case that the displacer members
are subject to centrifugal force so that when the
apparatus is rotating this centrifugal force bal-
ances either wholly or partially the inward force
exerted upon the displacer members by the liqg-
uid.

What I claim as my invention and desire to
secure by Letters Patent is:—

1, Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers, an annular working chamber containing
liquid and arranged concentric with the axis of

rotation of the driving and driven members and

containing parts on the driving and driven

members within the said working chamber be- 7

tween which parts the liquid transmits the power
from the driving to the driven member, at least
one receiving chamber which rotates about the
said axis and communicates with the working
chamber, each receiving chamber extending ra-
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dially inwards to a point whose radial distance
from the ax!s of rotation is less than that of the
inner circumference of the working chamber, a
displacer member in each receiving chamber and
moveble therein radially outwards with respect
to the axis of rotation to cause displacement of
liquid from the receiving chamber into the work-
ing chamber and radially inwards to allow liquid
to flow under the action of centrifugal force
from the working chamber to the receiving
chamber, thereby controlling the quantity of
liguid in the working chamber, the inner end of
each displacer member when in its outermost po-
sition lying at a radial distance from the axis of
rotation not greater than that of the said inner
circumference of the working chamber, thereby
ensuring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward
movement of the displacer member is caused to
enter the working chamber, reduction of the
quantity of liquid in the working chamber taking
place in accordance with the inward radial
movement of the displacer member.

2. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers each having blades, an annular working
chamber concentric withthe axis of rotation of the
driving and driven members and containing lig-
uid which liquid transmits the power, at least one
receiving chamber which rotates with the driving
member and communicates with the working
chamber, each receiving chamber extending ra-
dially inwards to a point whose radial distance
from the axis of rotation is less than that of the
inner circumiference of the working chamber; a
displacer member in each receiving chamber and
movable therein radially outwards with respect
to the axis of rotation to cause displacement of
liquid from the receiving chamber into the work-
ing chamber and radially inwards to allow liquid
to flow under the action of centrifugal force
from the working chamber to the receiving
chamber, thereby controlling the quantity of
liquid in the working chamber, the inner end of
each displacer member when in its outermost po-
sition lying at a radial distance from the-axis of
rotation not greater than that of the said inner
circumference of the working chamber, thereby
ensuring that no liquid will flow into the space
vacated by the displacer member during its cut-
ward movement and that substantially the whole
of the liquid displaced due to such outward
movement of the displacer member is caused to
enter the working chamber, reduction of the
quantity of liquid in the working chamber taking
place in accordance with the inward radial
movement of the displacer member.

3. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers, an annular working chamber containing
liquid and arranged concentric with the axis of
rotation of the driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between
which parts the liquid transmits the power from
the driving to the driven member, a plurality of
receiving chambers which rotate about the said
axis of rotation and communicate with the work-
ing chamber, each receiving chamber extending
radially inwards to a point whose radial distance
from the axis of rotation is less than that of the
inner circumference of the working chamber, and
a plurality of displacer members one arranged in

2,015,626

each recelving chamber, each displacer member
being movable on the one hand radially inwards
within its receiving chamber thereby permitting
liquid to flow under the action of centrifugal
force radially outwards from the working cham- §
ber into the recelving chamber and, on the other
hand, radially outwards thereby displacing the
liquid from the receiving chamber into the work- -
ing chamber, the inner end of each displacer
member when this is in its outermost position 19
lying at a radial distance from the axis of rota-
tion not greater than that of the inner circum-
ference of the working chamber, thereby ensur-
ing that no liquid will flow into the space vacated
by -the displacer member during its outward 13
movement and that substantially the whole of the
liquid displaced due to such outward movement
of the displacer member is caused to enter the
working chamber, reduction of the quantity of
lquid in the working chamber taking place in ac- 29
cordance with the inward radial movement of the
displacer member.

4. Hydraulic power {fransmission apparatus
including in combination driving and driven
members each having blades, an annular working 25
chamber concentric with the driving and driven
members and containing liquid which liquid
transmits the power at least one blade on the
driving member lying within the working cham-
ber to at least one blade on the driven member 3¢
lying within the working chamber, a plurality of
receiving chambers which rotate about the said
axis of rotation and communicate with the work-
ing chamber, each receiving chamber extending
radially inwards to a point -whose radial distance 35
from the axis of rotation is less than that of the
inner circumference of the working chamber,
and a plurality of displacer members one ar-
ranged in each receiving chamber, each displacer
member being movable on the one hand radially 49
inwards within its receiving chamber thereby
permitting liquid to flow under the action of
centrifugal force radially outwards from the
working chamber into the receiving chamber and,
on the other hand radially outwards thereby dis- 45
placing the liquid from the receiving chamber
into the working chamber, the inner end of each
displacer member when this is in its outermost
position lying at a radial distance from the axis
of rotation not greater than that of the inner g
circumference of the working chamber, thereby °
ensuring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward move- 55
ment of the displacer member is caused to enter
the working chamber, reduction of the quantity
of liquid in the working chamber taking place
in accordance with the inward radial movement
of the displacer member. 60

5. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers, an annular working chamber containing
liquid and arranged concentric with the axis of
rotation of the driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between
which parts the liquid transmits the power from
the driving to the driven member, a plurality of
receiving chambers which rotate about the said 70
axis of rotation, means whereby each working
chamber communicates with at least one receiv-
ing chamber each receiving chamber extending
radially inwards to a point whose radial distance
from the axis of rotation is less than that of the 715
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inner circumference of the working chamber, and
& plurality of displacer members one arranged.in
each receiving chamber, each displacer member

being movable on the one hand radially inwards -

within its receiving chamber thereby permitting
fluid to flow under the action of centrifugal force
radially outwards from the associated working
chamber into the receiving chamber and, on the
other hand, movable radially outwards thereby
displacing the liquid from the receiving into the
working chamber, the inner end of each displacer
member when this lies in its outermost position
lying at a radial distance from the axis of rota-
tion not greater than that of the inner circum-
ference of the working chamber, thereby ensuring
that no liquid will flow into the space vacated by
the displacer member during its cutward move-
ment and that substantially the whole of the liq-
uid displaced due to such outward movement of
the displacer member is caused to enter the work-
ing chamber, reduction of the quantity of liquid in
the working chamber taking place in accordance
with the inward radial movement of the displacer
member.

6. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers, an annular working chamber containing
liquid and arranged concentric with the axis of
rotation of t,‘;e driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between
which parts the liquid transmits the power from
the ‘driving to the driven member, at least one

receiving chamber which rotates about the said-

axis and communicates with the working cham-
ber, each receiving chamber extending radially
outwards from a point whose radial distance from
the axis of rotation is less than that of the inner
circumference of the working chamber to a point
further from the axis of rotation than the outer
circumference of the working chamber, a dis-
placer member in each receiving chamber and
movable therein radially outwards with respect
to the axis of rotation to cause displacement of
liquid from the receiving chamber into the work-
ing chamber and radially inwards to allow liquid
to flow under the action of centrifugal force from
the working chamber to the receiving chamber,
thereby controlling the quantity of liquid in the
working chamber, the inner end of each dis-
placer member when in its outermost position
lying at a radial distance from the axis of rota-
tion not gteater than that of the said inner cir-
cumference of the working chamber, thereby en-
suring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward move-
ment of the displacer member is caused to enter
the working chamber, reduction of the quantity of
liquid in the working chamber taking place in
accordance with the inward radial movement of
the displacer member.

7. Hydraulic transmission apparatus including
in combination driving and driven members each
having blades, an annular working chamber con-
centric with the axis of rotation of the driving
and driven members and containing liquid which
liquid transmits power at least one blade on the
driving member lying within the working cham-
ber to at least one blade on the driven member ly-
ing within the working chamber, at least one

- receiving chamber which rotates with the driv-

ing member and communicates with the work-

ing chambeyr, each receivix_xg chamber extending

sA
radially outwards from a point whose radial dis-
tance from the axis of rotation is less than that
of the inner circumference of the working cham-
ber to & point further from the axis of rotation
than the outer circumference of the working 5
chamber, and a displacer meémber in each receiv-
ing chember and movable therein radially out-
wards with respect to the axis of rotation to

- cause displacement of liquid from the receiving

chamber into the working chamber and radially 10
inwards to allow liquid to flow under the action
of centrifugal force from the working chamber,

to the receiving chamber thereby controlling
the quantity of liquid in the working cham-
ber, the inner end of each displacer mem- 15 .
ber when in its outermost position lying at
a radial distance from the axis of rotation not
greater than that of the said inner circumference
of the working chamber, thereby ensuring that
no liquid will flow into the space vacated by the 2¢
displacer member during its outward movement
and that substantially the whole of the liquid
displaced .due to such outward movement of the
displacer member is caused to enter the work-
ing chamber, reduction of the quantity of liquid 25
in the working chamber taking place in accord-
ance with the inward radial movement of the dis-~
placer member. -

8. Hydrauli¢c power transmission apparatus in- -
cluding in combination driving and driven mem- 89
bers, an annular working chamber containing
liquid and arranged concentric with the axis of
rotation of the driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between 35°
which parts the liquid transmits the power from
the driving to the driven member, a plurality of
receiving chambers which rotate about the said
axis and communicate with the working cham-
ber, each receiving-chamber extending radially
outwards from a ‘point whose radial distance -
from the axis of rotation is less than that of the
inner circumference of the working chamber to
a point further from the axis of rotation than
the outer circumference of the working chamber,
a displacer member in each receiving chamber
and movable therein radially outwards with re-
spect to the axis of rotation to cause displace-
ment of liquid from the receiving chamber into
the working chamber and radially inwards to
allow liquid to flow under the action of cen-
trifugal force from the working chamber to the
receiving chamber, thereby controlling the quan-
tity of liquid in the working chamber, the inner
end of each displacer member when in its outer-
most position lying at a radial distance from the
axis of rotation not greater than that of the said
circumference of the working chamber, thereby
ensuring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward move-
ment of the displacer member is caused to enter
the working chamber, reduction of the quantity
of liquid in the working chamber taking place

60

in accordance with the inward radial movement 65
_of the displacer member.

9. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers,” an ‘annular working chamber containing 70

- liquid and arranged concentric with the axis

of rotation of the driving and driven members

.and containing parts on the driving and driven

members within the said working chamber be-
tween which parts the liquid transmits the power 76
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6 .
from the driving to the driven member,. a-plu-
rality of receiving chambers which rotate about
the said axis of rotation, means whereby each
working chamber communicates with at least one
receiving chamber but does not communicate
with any other working chamber, each receiving

" chamber extending radially outwards from a

point whose radial distance from the axis of ro-
tation is less than that of the inner circumfer-
ence of the working chamber to & point further
from said axis than the outer circumference of
the working chamber, and a plurality of displacer
members one arranged in each receiving cham-
ber, each displacer member being movable on the
one hand radially inwards within its receiving
chamber thereby permitting fluid to flow under
the action of centrifugal force radially out-
wards from the associated working chamber into
the receiving chamber and, on the other hand,
movable radially outwards thereby displacing
the liquid from the receiving into the working
chamber, the inner end of each dispiacer mem-
ber when this lies in its outermost position ly-

ing at a radial distance from the axis of rotation -

not greater than that of the inner circumference
of the working chamber, thereby ensuring that
no liquid will flow into the space vacated by the
displacer member during its outward movement
and that substantially the whole of the liquid
displaced due to such outward movement of the
displacer member is caused to enter the work-
ing chamber, reduction of the quantity of liquid
in the working chamber taking place in ac-

- cordance with the inward radial movement of

the displacer member,

10. Hydraulic power transmission apparatus
including in combination driving and driven
members each having blades, a plurality of annu-
lar working chambers concentric with the driv-
ing and driven members and each containing
liquid which liquid transmits the power at least
one blade on the driving member lying within the
working chamber to at least one blade on the
driven member lying within the working cham-
ber, a plurality of receiving chambers which ro-
tate about the said axis of rotation and communi-
cate with the working chamber, means whereby
each separate working chamber communicates
with at least one receiving chamber, each receiv-
ing chamber extending radially inwards to a
point whose radial distance from the axis of
rotation is less than that of the inner circumfer-
ence of the working chamber, and a plurality
of displacer members one arranged in each re-
ceiving chamber, each displacer member being
movable on the one hand radially inwards within
its receiving chamber thereby permitting fAuid
to flow under the action of centrifugal force
radially outwards from the associated working
chamber into the receiving chamber and, on the
other hand, movable radially outwards thereby
displacing the liquid from the receiving into the
working chamber, the inner end of each displacer
member when this lies in its outermost position
lying at a radial distance from the axis of rota-
tion not greater than that of the said inner cir-
cumference of the working chamber, thereby
ensuring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward move-
ment of the displacer member is caused to enter

the working chamber, reduction of the quantity.

of liquid in the working chamber taking place in
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accordance with the Inward radial movement of
the displacer member.

11. Hydraulic power transmission apparatus
including in combination driving and driven
members, an annular working chamber contain-
ing liquid and arranged concentric with the axis
of rotation of the driving and driven members
and containing parts on the driving and driven
members within the said working chamber be-
tween which parts the liquid transmits the power
from the driving to the driven member, a plurality
of receiving chambers which rotate about the said
axis, means whereby each separate working
chamber communicates with at least one receiv-
ing chamber, each receiving chamber extending ]
radially outwards from a point whose radial dis-
tance from the axis of rotation is less than that
of the inner circumference of the working cham-
ber to a point further from the axis of rotation
than the outer circumference of the working 2
chamber, and a plurality of displacer members
one arranged in each receiving chamber, each dis-
placer member being movable on the one hand
radially inwards within its receiving chamber
thereby permitting fluid to flow under the action g
of centrifugal force radially outwards from the
associated working chamber into the receiving
chamber and, on the other hand, movable radially
outwards thereby displacing the liquid from the
receiving chamber into the working chamber, the 3
inner end of each displacer member when this
lies in its outermost position lying at a radial
distance from the axis of rotation not greater
than that of the inner circumference of the work-
ing chamber, thereby ensuring that no liquid 3
will flow into the space vacated by the displacer
member during its outward movement and that
substantially the whole of the liquid displaced
due to such outward movement of the displacer
member is caused to enter the working chamber, 4
reduction of the quantity of liquid in the working
chamber taking place in accordance with the
inward radial movement of the displacer member,

12. Power transmission apparatus including in
combination driving and driven members, epi- 4
cyclic gearing comprising at least three elements,
means for connecting one element to the driven
member, a plurality of hydraulic transmission
devices each comprising an annular working
chamber containing a liquid and arranged con- 5
centric with the axis of rotation of the driving and
driven members between which parts the liquid
transmits the power from the driving®member to
an element of the epicyclic gearing, a plurality
of receiving chambers which rotate about the said 5
axis of rotation, means whereby each separate
working chamber communicates with at least
one receiving chamber, each receiving chamber
extending radially inwards to a point whose
radial distance from the axis of rotation is less g
than that of the inner circumference of the
working chamber, thereby ensuring that no liquid
will flow into the space vacated by the displacer
member during its outward movement and that
substantially the whole of the liquid displaced g
due to such outward movement of the displacer
member is caused to enter the working chamber,
reduction of the quantity of liquid in the working
chamber taking place in accordance with the V

0
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inward radial movement of the displacer member, 70

‘a plurality of displacer members one arranged in

each receiving chamber, each displacer member
being movable on the one hand radially inwards
within its receiving chamber thereby permitting

fluid to flow under the action of centrifugal force 75
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radially' outwards from the associated working

chamber into the receiving chamber and, on the
other hand, movable radially outwards thereby
displacing the liquid from the receiving chamber
into the sald associated working chamber, the
inner end of each displacer member when this lies
in its outermost position lying at a radial distance
from the axis of rotation not greater than that
of the inner. circumference of the working cham-
ber, and means for controlling the displacer mem- -
bers in the receiving chambers communicating
respectively with the different working chambers,
13. Power transmission apparatus including in
combination driving and driven. members each
having blades, epicyclic gearing comprising at
least three elements, means for connecting one
element to the driven member, a plurality of hy-
draulic transmission devices each comprising an
annular working chamber concentric with the
driving and driven members and containing
liquid which liquid transmits the power, at least
one blade on the driving member lying within
the working chamber to at least one blade on
the driven member lying within the working
chamber, a plurality of receiving chambers which

‘rotate about the said axis of rotation and com-

municate with the working chamber, means

‘whereby each separate working chamber commu-

nicates with at least one receiving chamber, each
receiving chamber extending radially inwards to
& point whose radial distance from the axis of ro-
tation is less than that of the inner circumference
of the working chamber, thereby ensuring that
no liquid will flow into the space vacated by the
displacer member during its outward movement
and that substaniially the whole of the liquid’
displaced due to such outward movement of the
displacer member is caused to enter the working
chamber, reduction of the quantity of liquid in~
the working chamber taking place in accordance
with the inward radial movement of the displacer

. member, a plurality of displacer members one

arranged in each receiving chamber, each dis-.
placer member being movable on the one hand
radially inwards within its receiving chamber
thereby permitting fluid to flow under the action
of centrifugal force radially outwards from the
associated working chamber into the receiving
chamber and, on the other hand, movable radially
outwards thereby displacing the liquid from the
receiving into the working chamber, the inner
end of each displacer member when this lies in its
outermost position lying at a radial distance from
the axis of rotation not greater than that of the
inner circumference of the working chamber, and
means for controlling the displacer members in
the receiving chambers communicating respec-
tively with the different working chambers.’

14. Power transmission apparatus including in
combination driving and driven members, epicyc-
lic gearing comprising at least three elements,
means for connecting one element to the driven
member, a plurality of hydraulic transmission
devices each comprising an annular working
chamber containing a liquid and arranged con-
centric with the axis of rotation of the driving
and driven members within said working chamber
between which parts the liquid transmits the
power from the driving member to an element of
the epicyclic gearing, a plurality of receiving
chambers which rotate about the said axis, means
whereby each separate working chamber com-
municates with at least one receiving chamber,
each receiving chamber extending radially out-
wards from a point whose radial distance from
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the axis of rotation is less than that of the inner
circumference of the working chamber tc a point

further from the axis of rotation than the outer ‘

circumference of the working chamber, thereby

ensuring that no liquid will flow into the space
- vacated by the displacer member during its out-

ward movement and that substantially the whole
of the liquid displaced due to such ocutward move-
ment of the displacer member is caused to enter
the working chamber, reduction of the quantity

of liquid in the working chamber taking place in -

10

accordance with the inward radial movement of .

the displacer member, a plurality of displacer
members one arranged in each receiving cham-
ber, each displacer member being movable on the
one hand radially inwards within its receiving
chamber thereby permitting fluid to flow under

" the action of centrifugal force radially outwards

from the associdated working chamber into the .

receiving chamber and, on the other hand, radial-
ly outwards thereby displacing the liquid from
the receiving chamber into the associated work-
ing chamber, the inner end of each displacer

.member when this lies in its outermost position

lying at a radial distance from the axis of rota-
tion not greater than that of the inner circum-
ference of the working chamber, and means for
controlling the displacer members in the receiving

20

chambers communicating respectively with the 0
. 3

different working chambers. )
15. Hydraulic power transmission apparatus

including in combination driving and driven-

members, an annular working chamber contain-
ing liquid and arranged concentric with the axis
of rotation of the driving and driven members
and containing parts on the driving and driven
members within the said working chamber be-
tween which parts the liquid transmits the power
from the driving to the driven member, at least
one receiving chamber which rotates about the
said axis and communicates with the working
chamber, each receiving chamber extending
radially inwards to a point whose radial distance
from the axis of rotation is less than that of the
inner circumference of the working chamber, a
displacer member in each receiving chamber and
movable therein radially outwards with respect
to the axis of rotation to cause displacement of
liquid from the receiving chamber into the work-
ing chamber and radially inwards to allow liquid
to flow under the action of centrifugal force from
the working chamber to the receiving chamber,
thereby controlling the quantity of liquid in the
working chamber, the inner end of each displacer
member when in its outermost position lying at a
radial distance from the axis of rotation not
greater than that of the said circumference of
the working chamber, thereby ensuring that no
liquid will flow into the space vacated by the dis-
placer member during its outward movement and
that substantially the whole of the liquid dis-
placed due to such outward movement of the dis-
placer member is caused to enter the working
chamber, reduction of the quantity of liquid in
the working chamber taking place in accordance
with the inward radial movement of the displacer
member, each displacer member having a weight
volume ratio which is such in relation to that of
the liquid employed in the apparatus that the
force required to cause radial movement of the
displacer member is small in relation to the total
centrifugal force throughout the speed range of
the apparatus.

16. Hydraulic power transmission apparatus
including in combination driving and driven
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members, an annular working chamber contain-
ing liquid and arranged concentric with the axis
of rotation of the driving and driven members
and containing parts on the driving and driven
members within the said working chamber be-
tween which parts the liquid transmits the power
from the driving to the driven member, a plu-

rality of receiv.ng chambers which rotate about

the said axis of rotation and communicate with
the workmg chamber, each receiving chamber
extending radially inwards to a point whose radial
distance from the axis of rotation is less than that
of the inner circumference of the working cham-
ber, and a plurality of displacer members cne
arranged in each receiving chamber, each dis-
placer member being movable on the one hand
radially inwards within its receiving chamber
thereby permitting liquid to flow under the action
of centrifugal force radially outwards from the
working chamber into the receiving chamber and,
on the other hand, radially outwards thereby dis-
placing the liquid from the receiving chamber
into the working chamber, the inner end of each
displacer member when this is in its outermost
position lying at a radial distance from the axis
of rotation not greater than that of the inner
circumference of the working chamber, thereby
ensuring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward move-
ment of the displacer member is caused to enter
the working chamber, reduction of the quantity
of liquid in the working chamber taking place in
accordance with the inward radial movement of
the displacer member, each displacer member
having a weight volume ratio which is such in
relation to that of the liquid employed in the
apparatus that the force required to cause radial
movement of the displacer member is small in
relation to the total centrifugal force throughout
the speed range of the apparatus.

17, Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers, an annular working chamber containing lig-
uid and arranged concentric with the axis of
rotation of the driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between
which parts the Jiquid transmits the power from
the driving to the driven member, a plurality
of receiving chambers which rotate about the
sald axis and communicate with the working
chamber, each receiving chamber extending ra-

5 dially outwards from & point whose radial dis-

tance from the axis of rotation is less than that
of the inner circumference of the working cham-
ber to & point further from the axis of rotation
than the outer circumference of the working
chamber, a displacer member in each receiving
chamber and movable therein radially outwards
with respect to the axis of rotation to cause dis-
placement of liquid from the receiving chamber
into the working chamber and radially inwards
to allow liquid to flow under the action of cen-
trifugal force from the working chamber to the
receiving chamber, thereby controlling the quan-
tity of liquid in the working chamber, the inner
end of each displacer member when in its outer-
most position lying at a radial distance from the
axis of rotation not greater than that of the said
circumference of the working chamber, thereby
insuring that no liquid will flow into the space
vacated by the displacer member during its out-
ward movement and that substantially the
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whole of the liquid displaced due fo such
outward movement of the displacer member

is caused to enter the working chamber, re-
duction of the quantity of liquid in the
working chamber taking place in accordance
with the inward radial movement of the displacer °
member, each displacer member having a weight
volume ratio which is such in relation to that of
the liquid employed in the apparatus that the
force required to cause radial movement of the 10
displacer member is small in relation to the total
centrifugal force throughout the speed range of
the apparatus.

18. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem- 15
bers, an annular working chamber containing liq-
uid and arranged concentric with the axis of
rotation of the driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between 20
which parts the liquid transmits the power from
the driving to the driven member, at least one
receiving chamber which rotates about the said
axis and communicates with the working cham-
ber, each receiving chamber extending radially 25
inwards to a point whose radial distance from
the axis of rotation is less than that of the in-
ner circumference of the working chamber, a dis-
placer member in each receiving chamber with
clearance between the displacer member and the 50
surrounding wall of the receiving chamber whilst
the displacer member is movable therein radially
ontwards with respect to the axis of rotation to
cause displacement of liquid from the receiving
chamber into the working chamber and radially 35
inwards to allow liguid to flow under the action
of centrifugal force from the working chamber
to the recelving chamber, thereby controlling the
quantity of liquid in the working chamber, the
Inner end of each displacer member when in its 40
outermost position lying at a radial distance from
the axis of rotation not greater than that of the
sald inner circumference of the working cham-
ber, thereby ensuring that no liquid will flow
into the space vacated by the displacer mem- 45
ber during its outward movement and that sub-
stantially the whole of the liquid displaced due
to such outward movement of the displacer mem-
ber is caused to enter the working chamber, re-

- duction of the quantity of liquid in the working 50

chamber taking place in accordance with the in-
ward radial moyement of the displacer member.
19. Hydraulic power transmission apparatus in-
cluding in combination driving and driven mem-
bers, an annular working chamber containing lig- 55
uid and arranged concentric with the axis of ro-
tation of the driving and driven members and
containing parts on the driving and driven mem-
bers within the said working chamber between

_which parts the liquid transmits the power from 60

the driving to the driven member, a plurality
of recéiving chambers which rotate about the
said axis of rotation and communicate with the
working chamber, each receiving chamber ex-
tending radially inwards to a point whose radial 65
distance from the axis of rotation is less than:
that of the inner circumference of the working
chamber, and a plurality of displacer members
one arranged in each receiving chamber with
clearance between the displacer member and the 70
surrounding wall of the receiving chamber, each
dicplacer member being movable on the one hand
radially inwards within its receiving chamber
thereby permitting liquid to flow under the ac-
tion of centrifugal force radially outwards from T5
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the working chamber into the receiving chamber
and, on the other hand, radially outwards there-
by displacing the liquid from the receiving cham-
ber into the working chamber, the inner end of
each displacer member when this is in its outer-
most position lying at & radial distance from the
axis of rotation not greater than that of the in-
ner circumference of the working chamber, there-
by ensuring that no liquid will flow into the space

vacated by the displacer member during its out-
ward movement and that substantially the whole
of the liquid displaced due to such outward move-
ment of the displacer member is caused to enter

the working chamber, reduction of the quantity of &

liquid in the working chamber taking place in
accordance with the inward radial movement of
the displacer member.

ALBERT RICHARD NORMAN HEATH,




