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A HYDRAULIC ACTUATOR

This invention relates to a hydraulic actuator
particularly, but not exclusively, for use with motor

vehicles having manual transmissions.

A clutch actuator for a manual transmission motor
vehicle normally comprises a selectively displaceable
element which is connected to the release element of
the clutch assembly to separate two rotatable
elements of the clutch, which elements are normally
frictionally coupled to transfer energy from the
engine crank shaft to the transmission input shaft.
In the case of a hydraulic actuator, the actuator
comprises the slave portion of a hydraulic master
cylinder/slave cylinder assembly wherein the master
cylinder is mounted to be directly operated by the

clutch pedal.

As is well known, the release element of the clutch
rotates at engine speed when the clutch is engaged
and slows down and may eventually stop when the
clutch is released or disengaged to permit a gear
change. The actuator on the other hand is non-
rotating, that is, the body of the actuator must be
secured against rotation to a structural component
such as a transmission housing or the clutch housing.

Therefore, the clutch actuator must be connected to
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the release element through a bearing commonly called

a throw out or release bearing.

The actuator canrbe mounted off axis or externallyr
relative to the transmission input shaft or it can be
mounted concentrically. The off axis or external
arrangement involves the use of a lever ar& connected
between the actuator output element and the clutch
release member. The typical concentric arrangement
requires no suchrlever arm. Instead, the cylinder
body of the actuator is fixed to the clutch béll
housing or to the face of the transmission housing
and the axially translatable Piston is connected to
the outer race of the throw out bearing. _The inner
race is in turn connected to the clutch release
element. Examples of concentric actuator
rarrangements are shown for example in our United
States Patents Nos.US-A—4,585,106; US-A-4,585,j07;
-US-A-4,585,108; Us-aA-4,585,109; US-A-4,609,087; US-A—
4,264,290; US-A-4,660,694; US-A-4,684,003: US-A- ‘

4,687,087 and Us-aA-4,708,228.

Whereas these prior art concentric actuators are
satisfactory in most applications, there are certain
applications where the size and/or profile of the

pPrior art actuators present problems with respect to

installation and/or operation.
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A further example can be seen in US-A-2,717,680 which
describes a hydraulic actuator for use with a clutch
comprising a housing which, in use, is concentric
with a drive input shaft for transmitting driven
between the clutch and a transmission, the housing
defining piston bore housing a piston, and including
a section for carrying a clutch release bearing, and
means for enabling hydraulic fluid to be delivered to
said piston bore to move the actuator housing axially
whereby clutch release force will be transmitted
through the clutch release bearing to the clutch. 1In
US-A-2,717,680 the release bearing is placed in front
of the piston bore which makes the actuator of
undesirable length. The present invention is
intended to reduce that problem and is directed to
the provision of a concentric actuator which can be
easily located and mounted in concentric relationship
to the input shaft of the transmission and which
offers both increased axial compactness and easier

installation as advantages over the prior art.

According to one aspect of the invention there is
provided a hydraulic actuator for use with a clutch
comprising a housing which, in use, is concentric
with a drive input shaft for transmitting driven

between the clutch and a transmission, the housing
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4
defining a piston bore housing a piston, and
including a sectionrfor carrying é clutch release
bearing, and means for eﬁabling hydradlic fluid to be
delivered to said piston bore to move the éctuator
housing axiallj whereby clutch release force will be
transmitted through the clutch release bearing to the
-clutch, the section for carrying the release bearing

and the piston bore overlapping axially.

This arrangement provides a more axially compact

arrangement than those disclosed in the prior art.

Preferably the section for carryihg the release
bearing includes a radially extending portion
connected at its outer periphery to an inner wéll
defining a wall of the piston bore which is annular
rintrhe'embddiments describgd below. Therradially
extending pbrtion providesra cpnvenient means thrqugh
which clutch release forces can be transmitted to the

clutch release bearing.

The housing may include a hub portion and, in such a
case, the aforesaid section for carrying the release

bearing may include part of said hub portion.

The hub portion is preferably slidable on a guide for

guiding the actuator during movement thereof. The
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guide may be a guill tube extending from the
transmission and through which the drive input shaft
passes. Preferably a portion of the quill tube is
located with a bore formed in a casing of the
transmission. The said portion of the quill tube may

form a race for a journal bearing for the drive input

shaft.

The aforesaid radially extending portion may take the
form of a web extending between the hub portion and
the inner piston bore wall. The said hub portion may
conveniently extend axially each side of the web
portion. That arrangement helps to maximise the
guiding inner face between the hub portion and the
guide and thereby provide positive sliding guidance

for the actuator housing.

Preferably the section carrying the bearing comprises

a bore which, in use, faces the clutch.

The hub portion may be arranged to extend towards the
clutch so as to extend axially beyond the inner

piston bore wall.

The inner piston bore wall may be arranged to extend
towards the transmission SO as to extend axially

beyond the hub portion.
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Préferably means is:provided to inhibit rotétion of a
race of the release be a ring relative to the
actuator housing. The means may comprise an axially
extending pProjection such as a pin for pfojecting
into an axial recess formed, for example, in a race
of said release bearing. The means preferably
permits self-alignment of the release bearing.

Where the aforesaid radially extending portibn'is
Provided the means for inhibiting rotation may be

provided thereon.

Preferale the housing includes meéns for co-
operation with further means on the transﬁission to
inhibit rotation of the houéing. " The meansrand
further means may be a bore and Co-operable pin
arrangement. For example thé means of the housing
preferably comprises a bore for slidably recei&ing
means in the form of a pin on the transmission. a
pPlurality of said bores may respectively be defined

in a plurality of. c1rcumferent1ally spaced lugs on

the housing.

According to another aspect of the invention, the
actuator includes a quill shaft fixedly positioned
relative to a front face of a transmission hqusing

and extending forwardly from the front face in

el 2
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concentrically surrounding but radially spaced
relation to a transmission input shaft; an actuator
housing adapted to be positioned within a clutch
housing in concentric relation to the transmission
input shaft and including an annular bearing carrier
section having an axially extending annular hub
portion slidably mounted on the quill shaft and an
annular main body section defining a rearwardly
opening annular piston bore spaced radially outwardly
from the bearing carrier section hub portion to
define an annular area concentrically therebetween: a
release bearing mounted on the bearing carrier
proximate the annular area between the piston bore
and the hub portion of the bearing carrier section:
an annular piston sized to fit at its forward end in
the piston bore and bearing at its rearward end
against the front face of the transmission housing;
and means for delivering hydraulic pressure fluid to
the piston bore so as to move the actuator housing
axially forwardly relative to the transmission input
shaft with the axial movement guided by the sliding
engagement of the bearing carrier section hub portion
on the quill shaft so as to move the clutch release
element to a clutch disengaged position by the
intermediary of the release bearing. This
arrangement also provides an axially compact actuator

construction.
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The anﬁular area between the pistoh bore and the hub
portion of the carrier section may be defined by a
forwardiy opening annular bearing bore between the
hub portion'of~the bearing carrier and the piston
bore, and the release 5earing is mounted in the
bearing bore. This afrangement provides a.convenient

and compact mounting structure for the release

bearing.

In the disclosed embodiments of the invention, the
actuator housing includes radially spaced concenffic
inner and outer annular piston bore wallrportions
defining the piston bore therebetween:; the bearing
carrier section includes the axially extending hub
portion and a radially extend1ng web portion
connected at its outer perlphery to the inner
periphery of the inner piston bore wall portion at a
location thereon spaced axially rearwardly from the
forward end of the inner wall portlon and connected
at its inner periphery to the outer periphery of the
hub poftion,at a location thereon spacéd axially
rearwardly from the forward end of the hub portion so
as tordefine arforwardly opening bearing cavify
defined by the inner periphery of the piston inner
wall portion, the front annular face of the web

portion, and the outer periphery of the hub portion;
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and the release bearing is mounted in the bearing
cavity. This specific housing construction provides

an inexpensive, axially compact and effective

hydraulic actuator construction.

Hydraulic actuators in accordance with the invention
will now be described by way of example with

reference to the accompanying drawings in which:-

Fig.1 is a cross-sectional, somewhat schematic view
of an invention actuator in accordance with the

invention:

Fig.2 is a view looking in the direction of the arrow
2 in Fig.1 with certain elements eliminated for

purposes of clarity;

Fig.3 is a schematic view of a prefilled assembly

including the invention actuator: and

Fig.4 is a cross-sectional view of a second
embodiment of an actuator in accordance with the

invention.

In Fig.1 a hydraulic actuator 10 is seen in
association with a manual transmission motor vehicle

of the type including a clutch 11 having a bell
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“housing 127and a plurality of diaphragm spring
fingers 14; a transmission 16 including a
transmission housing having a front plate 18 defining
a front face 18a: and a transmission input shaft 20
drivingly interconnecting the clutch and the
transmission in known manner in response to selective.
engagement and disengagement of the clutch through
the intermediary of the diaphragm spring fingers'14rr

acting as a release element for the clutch.

Transmission front plate 18 includes a central
forwafdly extending hub portion 18b defining a
central bore 18c. A quill shaft 22 is press fit

within the bore 18c of the front transmission plate

18.

Quill shaft 22 includes an enlarged rearward portion
22a press fit within bore 18c and a forwsrdly |
extending guide portion 22b extending forwardly from
enlarged portioh 22a in concentrically surrounding
and radially spaced relation to transmissionrinputr
~shaft 20 and joined to enlarged.portion 22a by an
annular shoulder 22c. A shaft seal 24 is positioned
within ehlarged quill shaft portiop 22a in sealing
engagement. with an enlaréed portisn 20a of the
transmission input shaft, and roller bearings 26 are

also positioned within enlarged portion 22a of the
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quill shaft to provide bearing support for the
transmission input shaft. Quill shaft 22 is
preferably configured such that annular shoulder 22c¢
is essentially flush with the forward edge of

transmission front plate hub portion 18b.

Actuator 10 includes an actuator housing 30, an

annular piston 32, and a release bearing 34.

Housing 30 is preferably formed of a plastic material
and includes an outer main body portion 30a and a

concentrically inner bearing carrier section 30b.

Main body section 30a includes radially spaced inner
and outer annular wall portions 30c and 30d defining
a rearwardly opening piston bore 30e therebetween
closed by a forward annular end wall 30f of the main
body section. Main body section 30a further incudes
a fitting 30t extending radially outwardly from the
housing and defining a pair of passages 30h and 30i
communicating with piston bore 30e. Passage 30i
communicates with a conduit 36 terminating in a vent
37 and passage 30h communicates with a conduit 38
which passes through a suitable opening in clutch
bell housing 12 for connection to the discharge port
of an associated master cylinder 39 (Fig.3) so that

hydraulic fluid discharged from the master cylinder
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in response to the operator depression of a
associated clutch pedal 40 will be delivered under
pressure through conduit 38 and through passage 30h
to piston bore 30e. Master cylinder 39, conduit 38
and actuator 10 are prefilled with hydraulic fluld
and delivered to the motor vehicle manufacturer as a
prefilled assembly for installation on the motor

vehicle during the vehicle assembly process.

Housing main body section 30a further includes a
ﬁlﬁrality of lugs or flanges 303 spaéed
circumfereﬁtially around the housing and each
defining a bore 30k for receipt of the forward end of
a guide pin 42 threadably received at its rearward
“end in.transmission houéingrfront plate 18 éo as to
preclude rotation of housing 30 relative to the

transmission housing.

Inner bearing carrier seétion 30b of housing 30
includes an annular axially extending hub portion 301
slidably mounted on quill shaft guide portion 22b andr
a2 radially extending annular web portion 30m. wéb
portion 30m is joined at itsAouter'periphery to the
inner periphery of inner annular wall portion 30c at

a location thereon spaced axially rearﬁardly from the
forward end of inner wall portion 30c and is joined

at its inner periphery to the outer periphery of hub
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portion 301 at a location thereon spaced axially
rearwardly from the forward end 30n of the hub
portion so as to define a forwardly opening annular
cavity 30p defined by the inner periphery of the
inner wall portion 30d forwardly of web portion 30m,
the front annular face of web portion 30m, and the
outer periphery of hub portion 301 forwardly of web
portion 30m. Hub portion 301 includes a portion 30y
extending axially forwardly of the web portion 30m
and a portion 30g extending axially rearwardly beyond
the rear annular face of web portion 30m to maximise
the annular axial guiding interface between the hub

portion and the quill shaft guide portion 22b.

Annular piston 32 is preferably formed of a suitable
plastic material and is sized to fit at its forward
end in piston bore 30e and bear at its rearward end
32a against the transmission housing front face 18a
at a location thereon spaced radially outwardly from
hub portion 18b and defining an annular space 41
between the piston and hub portion 18b. An annular
seal 44 positioned within bore 30e forwardly of the
front end of piston 32 precludes leakage of hydraulic

fluid out of bore 30e.

Release bearing 34 is mounted in annular bearing

cavity 30p and includes a fixed outer race 46 secured
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to housing web portion 30m, a rotatable inner race 48
having a radially extending flange.portion 48a for
engagement with diaphragm spring fingers 14, and a
plurality of ball bearings 50. When installed in
association with the clutch and transmission of thé
associated motor vehicle,rhousing hub éortion 301
guides tightly but slidably on quill shaft guide
portion 22b, annular piston 32 bears against the
front face 18a of the front plate 18 of the
transmission housing,rand release bearing 34 isr
maintained in a preloaded condition relative to
spring fingers 14 by a coil preload spring 52
rencircling outer housiné wall 30d énd bearing at its
opposite ends against the front face 18a of the
transmissicn housing and against lugs 30j and fitting
30t at its forward end so as to function to
constantly preload the release bearing. Note that in
the installed position of the actuator, the inner
housing wall 30c defining the inner periphery of the
piston bore 30e is pPositioned in telescopic relation
to transmission housipg front plate hub portion 18b

in alignment with annular space 41.

The actuator is seen in Fig.1 in a clutch engaged
position in which power is being transmitted from the
clutch through the transmission input shaft 20 to the

transmission. To di5engage'the clutch and interrupt



WO 89/12762 PCT/GB89/00556

15
the transmission of power between the clutch and the
transmission, pressure fluid is delivered to piston
cavity 30e in response to operator depression of
clutch pedal 40 to deliver pressure fluid through
conduit 38 from master cylinder 39. The pressurized
fluid delivered to bore 30e acts on piston 32 and has
the effect of moving the housing 30 forwardly or to
the left as viewed in Fig.1 so as to move the
diaphragm spring fingers 14 to a clutch disengaged
position through the intermediary of release bearing
34. Following‘release of the clutch pedal by the
vehicle operator, the invention actuator returns to
the position seen in Fig.1. As wear occurs in the
clutch over a sustained period of vehicle usage, the
position of the clutch actuator corresponding to
clutch engagement gradually moves rearwardly relative
to the transmission housing with the rear edge of
the inner housing wall 30c moving further and further
rearwardly into the annular space 41 as wear
progressively occurs in the clutch with the limit of
wear that the actuator can accommodate being
determined by the ultimate abutting engagement of the
rear edge of housing annular walls 30c and 30d with

the front face 18a of the transmission housing.

The release bearing 34 is able to move radially over

the web portion 30m to permit self alignment.
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Fig.4 shows a second embodiment and parts which
correspond to parts in Figs.1 to 3 carry the same
reference numerals. The acﬁuator of Fig;4 is simiiar
in many respects to that in Figs.1 to 3 and only

those areas which differrwill'be described in detail.

The inner and outer walls 30c, 30d ofrthe body 30
carry respective seals 60, 61 at their rear ends.
Seal 60 comprises an L-shaped cross-section resilient
lip element 62‘bonded or mbulded on to a rigid ring
63 which is mounted in a recess 64 on wall 30c. The
seal 61 is of similar form comprising an L-shaped
Cross-section resilient lip element 65 bonded or
mpulded on to a rigid ring 66 mounted in a receés 67
on wall 30d. The lip elements 62, 65 séalingly
engage the innef and outer cylindrical surfaces

respectively of annular piston 32.

The piston bore 30e houses a stop ring 68 formedrof,
for example, a plastics material. The stép”ring 68
abuts annular end wall 30f and prevents interference
between an outer lip 69 of piston seal 44 and
orifices le#ding to passages 30h and 301 (orifice 45

leading to passageway 30i béing visible in Fig.4).
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The web portion 30m is joined at its inner periphery
to hub portion 30i as in Figs.1 to 3. However, the
hub portion 30g is omitted in Fig.4 thereby

simplifying manufacture of the body 30.

The release bearing 34 has an inner race 69 which
fits with clearance 70 around hub portion 30y to
permit radial self alignment of the release bearing
during use. The rear of the inner race 69 abuts the
web portion 30m and is formed with a plurality of
recesses 72. A pin 73 is carried in a bore 74 in the
web portion 30m and locates with working clearance in
one of the recesses 72. The pin 73 inhibits rotation
of the inner race 69 whilst permitting the radial
movement to facilitate self alignment of the bearing
34. The inner race 69 is normally urged against the
web portion 30m by a resilient wavy washer 74 held in
compression by a snap ring 75 located in a peripheral
groove 76 in the hub portion 30y. An outer race 77
of the release bearing 34 locates on a clutch release
ring 78 which engages the diaphragm spring fingers
14. The outer race 77 fits with clearance 78 within
the body 30 to facilitate self alignment. As in
Figs. 1 to 3, the actuator 30 body is urged normally
forwards by springs 52 thereby urging the release

ring 78 against the fingers 14.
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Each hydraulic actuator inraccordance with the
invention will befseen to provide an extremely
axially compact actuator assembly. Specifically,
since the hub portion of the bearing carrier, the
bearing itself, and the ahnular bore receiving the
piston are afranged in concentric axially overlapping
relationship, the overall axial dimension of the
actuator is minimi;ediwithéut'detracting from the

operational effectiveness of the actuator.

~ Whereas preferged embodiments of the invention have
been illustrated and described in detail, it will'be
apparent that various changes may be made in the
disclosed embodiment without departing from the scope

or spirit of the invention.
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CLAIMS

1. A hydraulic actuator for use with a clutch
comprising a housing (30) which, in use, is
concentric with a drive input shaft (20) for
transmitting driven between the clutch (11) and a
transmission (16), the housing defining piston bore
(30e) housing a piston (32), and including a section
(30b) for carrying a clutch release bearing (34),
hydraulic fluid, in use, being delivered to said
Piston bore (30e) to move the actuator housing (30)
axially whereby clutch release force will be
transmitted through the clutch release bearing (34)
to the clutch, characterised in that the piston bore
(30e) and the section (30b) for carrying the clutch

release bearing (34) axially overlap.

2. A hydraulic actuator according to Claim 1
characterised in that the section (30b) for carrying
the release bearing (34) includes a radially
extending portion (30m) connected at its outer
periphery to wall (30c) defining an inner wall of the

piston bore (30e).

3. A hydraulic actuator according to Claim 1 or
2 characterised in that the housing (30) includes a

hub portion (30l)and the section for carrying the
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release bearing (34) includes part of said hub

portion (301).

4. A hydraulic actuator eccordingvto Claim 3
when appendant to Claim 2 characterised ih thatethe
rédiall& extending portion comprises a,web (30m)
extending between the hub portion (301) and the inner

wall (30c) of the piston bore (30e).

5. A hydraullc actuator according to Cla1m 3 or
4 when appendant to Clalm 2 characterised in that
said hub portion (301) 1nc1udes a portmon*(30y)
extending axially to at least one side of the

radially extending portion (30m).

6. A hydraulic actuator according to Claim 3 4
or 5 in which the hub portlon (301) is slidable on a

member (22) during ax1al movement thereof.

7. A hydraulic actuator according to Claim 6
characterised in that the member is a quill tube (22)

extending from the transmission (16).

8. A hydraulic actuator according to Claim 7
characterised in that a portion (22a) of the quill
tube (22) is location within,a bore (18c)- formed in a

casing part (18) of the transmission (16).
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9. A hydraulic actuator according to Claim 8
characterised in that the s=aid portion (22a) of the
quill tube (22) engages a journal bearing (26) for

the drive input shaft (20).

10. A hydraulic actuator according to any of
Claims 3 to 9 when appendant to Claim 3 characterised
in that the hub portion (301) extends, in use,
towards the clutch (11)and extends axially beyond the

inner wall (30c) of the pPiston bore (30e).

11. A hydraulic actuator according to any of
Claims 3 to 10 when appendant to Claim 3
characterised in that the inner piston bore wall
(30c) extends, in use, towards the transmission (16)

and extends axially beyond the hub portion (301).

12. A hydraulic actuator according to any
preceding Claim characterised in that the section
carrying the release bearing (34) comprises a bore or

cavity (30p) which, in use, faces the clutch (11).

13. A hydraulic actuator according to any
preceding Claim characterised in that means (72, 73)
is provided to inhibit rotation of a race (69) of the

release bearing (34) relative to the actuator housing
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(30).

14.7 A hydraulic actuator accordlng to Clalm 13
characterised in that the means (72, 73) for
inhibiting rotation comprises an axially extending
pin (73) fdr Projecting into an axial recess (72) in- -

a race (69) of said release beafing (34).

15. A hydraulic actuator according to Claim 13
or 14 characterised in that where said radially
extending portign (30m) is provided, the means (73)
for inhibiting rotation is pro#ided in or on said

radially extending portion (30m).

16. A hydraulic actuator according to any
preceding Claim characterised in that thé housing
(30) includes means*(BOk) for co-operation with
further means (42) on the transmission (16) to

inhibit rotation of the housing (30).

17. , A hydraulic actuator accordiné to
Claim 16 characterised in that the means on the
houSing (30) comprises a bore (30k) for slidably

receiving means in the form of a pin (42) on the

transmission (16).
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18. A hydraulic actuator according to Claim 17
characterised in that bores (30k) are respectively
defined in a plurality of circumferentially spaced

lugs (30j) on the housing.
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