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Re. 28.501

1
SERVO BOOSTERS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

The present invention relates to tandem fluid-

pressure servo boosters and has particular application
to a tandem fluid-pressure servo booster for use with a
vehicle braking system.

Tandem fluid-pressure servo boosters are Known and
generally comprise a hollow casing having a rigid inter-
nal wall with a movable wall on each side thereof, said
rigid and movable walls defining four separate cham-
bers axially spaced within the casing. The first and third
chambers, along the axis of the housing, are connected
for common pressure conditions, the second and fourth
chambers are connected for common pressure condi-
tions, and both movable walls are connected to a com-
mon output member.

In tandem fluid pressure boosters of the type de-
scribed above all four chambers are maintained at sub-
stantially uniform pressure when the booster is inopera-
tive and the second and fourth chambers are charged
with pressure fluid, e.g., air, to cause mutual displace-
ment of the two movable walls when the device is oper-
ated.

According to the present invention a tandem fluid-
pressure servo booster comprises a housing, a rigid in-
ternal wall within the housing, a movable wall on each
side of the rigid wall, said walls defining four chambers
axially spaced within the housing, a plurality of fluid
passageways between an internal surface of the housing
and the periphery of the rigid wall connecting a first
pair of said chambers, and a plurality of tubular ducts,
within the casing, connecting a second pair of said
chambers, said tubular ducts each having one end lo-
cated in the rigid internal wall and passing through the
peripheral regions of one of the movable walls.

Preferably each movable wall comprises a flexible di-
aphragm and according to this aspect of the present in-
vention, the tubular ducts pass through an enlarged pe-
ripheral region of a flexible diaphragm. Preferably the
enlarged peripheral region of the diaphragm through
which the tubular ducts pass includes an inwardly di-
rected lip in sealing engagement with the internal rigid
wall.

According to a further aspect of the present inven-
tion a tandem fluid-pressure booster comprises a hous-
ing having a rigid internal wall separating two movable
walls to define four chambers axially spaced within the

housing, said rigid wall having a radial flange at its pe-

ripheral region which flange engages and seals a pe-
ripheral region of one of the movable walls against an
annular ring seated within the housing.

Preferably fluid pressure passages connecting two of
the chambers for common pressure conditions are de-
fined between the annular ring and internal surfaces of
the housing.

According to another aspect of the invention, said
first pair of chambers are interconnected by way of one
or more passageways extending axially of the booster
housing between an internal surface of the housing and
the periphery of said rigid wall, and one or more radi-
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2

ally extending holes located in said rigid wall and com-
municating with said passageways.

Preferably, the periphery of at least one of the flexi-
ble diaphragms is held against a shoulder on the rigid
wall by means of an annular band.

Preferably, the annular band embraces an axially ex-
tending portion of said diaphragm periphery from
which extend a plurality of tongues which engage in re-
spective recesses in the rigid wall.

Advantageously, the peripheral portion of the dia-
phragm has an outer surface which is provided with one
or more teeth, or tooth-like projections, which are
adapted to engage the inner surface of said annular
band to inhibit removal. of the band therefrom.

In a preferred embodiment, the rearward flexible dia-
phragm is located by the annular band, said shoulder
being formed on an axially extending, peripheral flange
portion of said rigid wall.

The two movable walls are conveniently connected
to a common output rod and according to this aspect
of the present invention a tandem fluid-pressure servo
booster comprises a housing having an internal rigid
wall and two movable walls separated by the rigid wall
to define four chambers axially spaced within the hous-
ing, pressure fluid passageways connecting a first pair
of said chambers and pressure fluid ducts connecting a
second pair of said chambers, an axially extending rod
connecting both movable walls and constituting a com-
mon output rod, a first one of said movable walls being
axially located on the common output rod by a sleeve
member and said movable wall presenting an axially ex-
tending resilient lip sealingly engaged with the sleeve.

Preferably the sleeve passes through the rigid internal
wall and a flexible seal is provided between the internal
wall and the sleeve. Conveniently the seal between the
rigid internal wall and the sleeve comprises an annular
sealing member, restrained in a recess in the rigid wall
by spring means, and an axially extending lip engaged
with the external diameter of the sleeve.

According to a further aspect of the present inven-
tion a tandem fluid-pressure servo booster comprises a
housing having an internal rigid wall separating two
movable walls to define four chambers axially spaced
within the housing, one of the said flexible walls being
in sealing engagement with an axially extending output
shaft by means of a twin-lipped seal, the outer diameter
of the seal engaged with the internal diameter of the
movable wall being greater than the greatest internal
diameter of the seal between the two seal faces engag-
ing the rod.

The present invention also envisages a method for as-
sembling a tandem fluid-pressure servo booster com-
prising a housing having a rigid internal wall and a mov-
able wall on either side thereof, said walls defining four
chambers axially spaced within the housing, and ac-
cording to this aspect of the present invention a method
of assembling the booster comprises the steps of assem-
bling the three walls on an axial assembly with a return
spring for the movable walls positioned between one
flexible wall and the rigid wall, inserting the assembly
into a split housing, and then connecting together the
housing parts.

Preferably the axial assembly includes a common
output for the two movable walls and the valve body for
the booster.

By positioning the movable wall return spring be-
tween one flexible wall and the rigid wall of the assem-
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bly, the method proposed by the present invention al-
lows all the internal parts for the booster to be assem-
bled, tested and inspected before being assembled in
the housing.

The invention will now be described further by way
of example with reference to the accompanying draw-
ings, in which:

FIG. 1 shows a section through a tandem fluid-
pressure servo booster on the line II—1II of FIG. 2;

FIG. 2 shows a partial end view of the booster of FIG.
1 in the direction of the arrow A;

F1G. 3 shows a partial end view of the booster of FIG.
1 in the direction of the arrow B,

FIG. 4 shows a vertical section through the rigid wall
of the booster shown in FIGS. 1, 2 and 3;

FIG. 5 shows an end view of the rigid wall in the di-
rection of the arrow C of FIG. 4,

FIG. 6 shows the other end view of the rigid wall in
the direction of the arrow D of FIG. 4,

FIG. 7 is a center line section through a second em-
bodiment of a tandem servo-booster constructed in ac-
cordance with the present invention;

FIG. 8 is a sectional detail, circled and referenced A
in FIG. 7, of the embodiment of FIG. 7 to an enlarged
scale, illustrating the manner in which the rear dia-
phragm is located relative to the fixed partition mem-
ber; and

FIG. 9 is a further sectional detail of the embodiment
of FIG. 7 to an enlarged scale, illustrating the manner
in which the front diaphragm is located relative to the
fixed partition member.

The tandem fluid pressure servo booster illustrated in
FIGS. 1, 2 and 3 comprises a housing 11 constructed
from two sheet metal shells 12 and 13 united, in a man-

ner to be described hereinafter, at a peripheral region’

14.

The shell 12 comprises an end wall 15, cylindrical
wall 16, and a flange 17 upstanding from wall 16. The
end wall 15 has a central opening defined by a lip 18
and a cup-shaped member 19 is inserted into the open-
ing and supported in fluid tight engagement with end
wall 15 by a seal 20 between lip 18 and the member 19.

The shell 13 comprises a cylindrical wall 21 and an
end wall, generally indicated by numeral 22, which wall
22 has a central opening defined by an axially extend-
ing boss 23 within which a valve body 24 is located.
The cylindrical wall 21 includes six angularly spaced
regions 25 which taper inwardly of the housing towards
the end wall 22 and said six regions 25 are thus angu-
larly separated by six radially disposed ribs 26. The re-
gions 25 blend into arcuate shoulders 27, lying in a
common plane perpendicular to the axis of the housing,
and said shoulders 27 form a seat for a ring 28 which
comprises a cylindrical wall 29 adapted to fit snugly
against the internal surfaces of the region 25 when a ra-
dial flange 30 of ring 28 abuts the shoulders 27. The six
radial ribs 26 thus form fluid passages passing out-
wardly of the ring 28 between said ring 28 and the in-
ternal surface of ribs 26.

A first movable wall comprises a diaphragm 31 which
has an enlarged periphery 32 seated in the ring 28 and
its inner region secured in sealed engagement with a
flange portion 33 of the valve body 24. The diaphragm
31 also has a thickened annular region 34 engageable
with an outwardly extending flange 3§ of a cup-shaped
member 36 located between diaphragm 31 and the end
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wall 22 of shell 13. Cup-shaped member 36 is perfe-
rated to allow unrestricted flow of air therethrough.

A rigid wall or partition 37 has an axially extending
flange 38 which abuts the enlarged periphery 32 of dia-
phragm 31 and a second movable wall, comprising a
diaphragm 39 with an enlarged periphery 40, has its en-
larged periphery 40 in abutment with the periphery of
partition 37 on the side opposite to the flange 38. The
flange 17 of shell 12 is entered into the open side of
shell 13 and secured therein by a crimping operation
along region 14 so that the periphery 40 of diaphragm
39, the flange 38 of rigid partition 37 and the enlarged
region 32 of diaphragm 31 are sandwiched together
and retained between the flange 17 and ring 28.

It should be observed from the drawing that the en-
larged peripheral region 32 of diaphragm 31 has an axi-
ally directed lip 32a which engages in a peripheral re-
cess 38a in the flange 38. Further, the enlarged periph-
eral region 40 of diaphragm 39 is located in a tapered
recess between the flange 38 and flange 17, the tapered
recess widening outwardly from the axis of the device,
and the peripheral region 40 is shaped to fit snugly into
the tapered recess.

The position of the ring 28 is fixed by its abutment
with the shoulders 27 and as the flange 38 is rigid the
axial loading pressure applied to the shells 12 and 13
is absorbed entirely by the peripheries 32 and 40. The
peripheral region of the diaphragms 31 and 39 are thus
axially loaded and this loading in combination with the
shape of the peripheries 32 and 40, resist displacement
of the diaphragms from their peripheral locations.

The flange 38 in providing a seat for the peripheral
region 32 of diaphragm 31 serves a furthér purpose in
that it prevents the diaphragm region 32 from expand-
ing into or otherwise obstructing the passageways
formed by the ribs 26.. .

A common output rod 41 is disposed in the housing
11 and passes axially in succession through the member
19, an annular plate 42 supporting the diaphragm 39,
the diaphragm 39, rigid partition 37, a fulcrum plate
43, a finger plate 44 contacting the inner surface of dia-
phragm 31, diaphragm 31, and into the valve body 24.
A sealing member 45, retained in cup-shaped member
19 by a ring 46, forms a fluid pressure seal between
member 19 and the push rod 41.

The rod 41 has a sleeve 47 supported thereon and the
sleeve 47 abuts fulcrum plate 43 at one end face and
plate 42 at the other end face. A spring ring 48 in an
annular groove 41a in rod 41 retains plate 42 against
the adjacent end face of sleeve 47,

The diaphragm 39 presents an axially extending lip
49 in sealing engagement with the sleeve 47 and an an-
nular sealing member 50, housed in a recess 51 in the
rigid partition 37, presents an annular axially extending
lip 52 in sealing engagement with the sleeve 47. Sealing
member 50 is retained in recess 51 by a spring ring 53.

The innermost regions of the fingerplate 44 are re-
strained axially on one side by a spring register 54 and
an annular sealing member 55 defines a seal between
spring register 54 and the rod 41. The sealing member
55 is a double lip seal and the maximum internal diame-

. ter 56 between the lips is less than the minimum diame-

65

ter of the recess §7 of the member 55 in which the
spring register 54 is engaged.

Sealing member 55 also includes an enlarged annular
flange 58 which lies between the free sides of the inner-
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most regions of the flanges of fingerplates 44 and the
end face of the valve body 24.

The rod 41 is slidably disposed in a bore 59 of valve
body 24 and a screw 60, having an enlarged head
greater in diameter than the diameter of bore §9, is
screwed axially to the end of the rod 41. The head of
screw 60 is located in an enlarged bore region of valve
body 24 and the socket head 61 of a ball joint connec-
tion is engaged against an internal shoulder 62 of valve
body 24 so as to be normally spaced from screw 60.
The socket head 61 is retained in valve body 24 by a
tubular sleeve 63 and an actuating rod 64 presents a
ball end 65 which is housed in the socket 61 to com-
plete the ball and socket connection.

A flexible seal 66 extends between the outer end of
sleeve 63 and the boss 23 of end wall 22.

The diaphragm 39 defines a movable wall for a first
chamber 67 to the left side of the diaphragm 39, as seen
in FIG. 1, and the movable wall of a second chamber
68 between the diaphragm 39 and the rigid partition
37. The diaphragm 31 defines, in combination with
rigid partition 37, a third chamber 69 and a fourth
chamber 70 is defined by .the diaphragm 31, and end
wall 22.

The chambers 67 and 69 are connected for common
pressure conditions by tubular ducts 71 arranged in
three groups, each of two ducts 71, housed in three an-
gularly spaced ribs 72 on cylindrical wall 16 of shell 12.
The tubular ducts 71 extend through shaped slots 73 in
the enlarged periphery 40 of diaphragm 39 and into
passageways 74 in the axially extending flange 38 of
partition 37. The passageways 74 opening into the
chamber 69 so that chambers 67 and 69 are open in
communication through passageways 74 and the ducts
71.

The chambers 68 and 70 are connected by the pres-
sure fluid passages between annular ring 28 and the six
radial ribs 26, and slots 75, cut in three angularly
spaced regions of the outer periphery of the flange 38
of partition 37, and thus fluid pressure passages are
provided between chambers 68 and 70 to maintain said
chambers in open communication.

A connection 76 at end wall 15 allows chamber 67,
and thereby chamber 69, to be continuously connected
to a lovaressure source (not shown).

The tandem fluid-pressure servo booster described
above with reference to the drawings operates as fol-
lows: -

In the normal inoperative position for the booster il-
lustrated in FIG. 1 the actuating rod 64 adopts the posi-
tion shown in FIG. 1 with the socket head 61 spaced
from the screw 60. The flange 58 of sealing member 55
is resting on an annular valve seat 77 on flange 33 of
valve body 24 to prevent flow of air from the interior
of valve body 24 into the housing 11. At the same time
flange 58 is unseated from an annular valve seat 78 on
flange 33 so that the interior of chamber 70 communi-
cates with chamber 69 by way of passageways 79
through flange 33, between valve seats 77 and 78,
openings between the fingers of finger plate 44 and
holes 80 in the fulcrum plate 43. ]

The connection 76 maintains chamber 67 in commu-
nication with the low pressure source and thus chamber
67, and chamber 69 communicating therewith, are
maintained at a substantially constant low pressure.
The chamber 70, and chamber 68 in open communica-
tion therewith, is open to chamber 69 through passage-
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: 6
ways 79 so that all the chambers 67, 68, 69 and 70 are
established and maintained at a substantially uniform
low pressure.

A spiral compression spring 81 between partition
37 and fulcrum plate 43 urges the fulcrum plate 43 and
thereby diaphragms 31 and 39 into the inoperative po-
sition illustrated and a coil compression spring 82 acts
between fulcrum plate 43 and spring register 54 ten-
sions flange 58 against the valve seat 77.

When the booster is to be actuated, actuating rod 64
is advanced towards the left (as seen in FIG. 1) so that
socket head 61 and sleeve 24 are also moved towards
the left. The movement of sleeve 24 towards the left is
resisted by spring 81 acting on fulcrum plate 43 and
spring 82 acting on spring register 54 the actual force
exerted by spring 82 is less than that of spring 81 so that
initial movement of sleeve 24 causes the fingers of fin-
ger plate 44 to bend about the annulus of contact with
the fulcrum plate 43, the deflection of the fingers in-
creases as the sleeve 24 moves towards the left until
eventually the flange 58 of sealing member 55, engages
the second annular valve seat 78. In this position of the
assembly the flange 58 of sealing member 55 is seated
on both annular valve seats 77 and 78.

Further movement of the valve body 24 causes both
annular valve seats 77 and 78 to act on flange 58 caus-
ing further bending of the deflecting fingers of finger
plate 44 and as the inclination of the fingers increases
the pressure between valve seat 77 and flange S8 re-
duces until eventually flange 58 lifts off the valve seat
77.

When flange 58 lifts off valve seat 77 atmosphere
flows through the hollow sleeve 63, passageways 83 in
the socket head 61, and by way of passageways 84, par-
allel to rod 41, to the internal end face of the flange 33
of valve body 24. The air at the end face of flange 33
flows between the valve seat 77 and the unseated flange
58 and through passageways 79 into the cup-shaped
member 36 so as to act against the right-hand side of
diaphragm 31. The diaphragm 31 disengages from en-
gagement with flange 35 of cup shaped member 36 and
an air flow into chamber 70 is thus established.

The air flow into chamber 70 increases the pressure
in chamber 70 and air flow by way of the passageways
around annular ring 28 and through the slots 75, in the
periphery of partition 37 into chamber 68 whereby
both chambers 70 and 68 experience an increase in in-
ternal pressure.

As air flows into chambers 68 and 70 diaphragms 39
and 31 are urged towards the left as seen in FIG. 1, dia-
phragm 31, through finger plate 44, acting against ful-
crum plate 43 and diaphragm 39 acts through plate 42
and sleeve 47 on fulcrum plate 43 to urge both moving
walls 31 and 39, the sieeve 47, fulcrum plate 43, and
the rod 41 towards the left as seen in FIG. 1 against the
resistance of spring 81.

The actual displacement of rod 41 is utilized to cause
a desired displacement, such as operation of the master
cylinder of a vehicle braking system, and when rod 41
is connected to the piston of the master cylinder the
master cylinder piston will be subject to the same dis-
placement as the rod 41.

Displacement of rod 41 towards the left continues
with continued displacement of the actuating rod 64
towards the left. When the displacement of rod 64 is
terminated the force exerted on the diaphragm 31 out-
wardly of the contact annulus of fulcrum plate 43 acts
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on the fingers ring 44 to cause the fingers to deflect so
that flange 58 again seats on both annular valve seats
77 and 78 whereby the system is held in a substantially
locked position.

When the actuating rod 64 is moved towards the
right as seen in FIG. 1 valve body 24 also moves to-
wards the right, the air pressure in chamber 70 acting
on the finger ring 44 in combination with the relief of
pressure on flange 58 due to the displacement thereof,
caused the fingers to deflect such that flange 58 is un-
seated from valve seat 78 and seats on valve seat 77 to
terminate the flow of air from the interior of the valve
sleeve 24 into chamber 70. At the same time the un-
seating of flange 58 from seat 78 whereby the air in
chambers 70 and 68 flow from said chambers through
the passageways 79 in flange 33, between the fingers of
the finger plate 44, through openings 80 in the fulcrum
plate 43 and thus into chamber 69.

Thus during the return of valve body 24 all the cham-
bers communicate with the low pressure source and are
brought to a substantially uniform low pressure.

As the air pressure in chamber 70 and 68 falls the re-
turn spring 81 urges fulcrum plate 43 away from parti-
tion 37, fulcrum plate 43 acts directly on finger plate
44 to displace diaphragm 31 towards the right and, by
way of the connection of annular plate 42 with sleeve
47 to fulcrum plate 43 the diaphragm 38 is moved back
towards the start position. The movement of the valve
body towards the right causes rod 41 to be retracted
and displacement of the moving part towards the right
continues until all the parts are returned to the start po-
sition illustrated in FIG. 1.

It would be seen from the illustrated embodiment
that the control rod 41 can be assembled with the valve
body 24 (by the screw 60) and the booster elements
can be axially assembled on the rod 41 before the as-
sembly is inserted into the casing 11.

With construction according to the invention, the re-
turn spring 81 is located between the fulcrum plate 43
and the rigid wall or partition 37 so that the whole of
the internal assembly can be built up, inspected and
tested before the assembly is inserted into the casing
11. The method of sandwiching the peripheral regions
32 and 40 of the two diaphragms on either side of the
annular flange 38 between the ring 28 and flange 17 al-
lows the periphery of both diaphragms 31 and 39 to be
equally stressed and restrained.

The construction of the tandem servo-booster em-
bodiment shown in FIGS. 7, 8 and 9 of the drawings is
basically the same as that of the embodiment illustrated
in FIGS. 1 to 6 and like reference numerals have there-
fore been used to denote identical parts in the two em-
bodiments. The embodiment shown in FIGS. 7, 8 and
9 differs from the first embodiment primarily in two
portions of the booster, namely the means by which a
permanent connection is achieved between the cham-
bers 68 and 70, and the means by which the peripheral
bead of the rear diaphragm 31 is located relative to the
housing 11.

In the second construction, the slots 75 are replaced
by one or more holes 110 which extend radially
through a solid portion 112 of the rigid housing portion
37. As illustrated in FIG. 9, the forward facing surface
113 of the partition member 37 forms an effective seal
with the rearward facing surface 115 of the diaphragm
peripheral portion 40. As in the case of the slots 75, the
holes 110 communicate with fluid passages 114 defined
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between the radially outer surface 116 of the axially ex-
tending flange 38 of the rigid housing partition 37 and
the inner surfaces of the six ribs 26 in the cylindrical
housing wall 21.

Clearly the number and groupings of the radially ex-
tending holes 110 are capable of considerable varia-
tions. For example, (i) a single such hole 110 can be
provided which communicates with a single passage-
way 114 corresponding to the provision of a single rib
26; (ii) a plurality of holes 110 can communicate with
a plurality of passageways 114, (iii) a plurality of holes
110 can communicate with a single passageway 114,
any combination of (i), (ii) and (iii} can be provided
at circumferentially spaced locations around the pe-
riphery of the booster housing.

In the first embodiment, the outer enlarged portion
32 (bead) of the diaphragm 31 is constrained between
the rearward end of the axially extending partition
flange 38 and the annular ring 28 which abuts the
shoulders 27 formed by the housing wall, Although the
bead 32 has an axially directed lip 32a which engages
in a peripheral recess 38a in the flange 38 and which
provides a certain amount of radial retention for the
bead, the -arrangement is such that the retention pre-
dominantly acts against displacement of the bead in an
axial direction.

In the second embodiment, the peripheral portion
118 of the diaphragm 31 is no longer in the form of a
fat, annular bead but is considerably thinner in its ra-
dial dimension, having a cross-section which is gener-
ally rectangular, as shown in the drawing. This periph-
eral portion 118 extends axially of the booster housing
and embraces a reduced diameter end portion 120 of
the flange 38. Over the majority of its length, the outer
end of the peripheral portion 118 engages a radially
outwardly extending shoulder 122 provided on the
flange 38. However, at circumferentially spaced inter-
vals, the peripheral portion 118 is provided with axially
extending tongues 124 which are thicker in the radial
direction than the remainder of the peripheral portion
118. Each tongue 124, of which there are 10 in this
case, is received in a respective recess 126 in the shoul-
der 122 of the flange 38.

The peripheral portion 118 of the diaphragm 31 is
held in position on the reduced diameter portion 120
of the flange 38 by an annular retaining band 128 of
rectangular section. As shown in FIG. 8, the outer sur-
face 130 of the peripheral portion 118 is provided with
one or more tooth-like projections 132 which are
firmly gripped by the periphery portion 118 in a man-
ner to inhibit removal of the diaphragm therefrom. One
axial end of the band 128 is engaged by a shoulder 134
in the housing 11 and the other axial end engages the
tongues 124 to firmly locate the tongues in position in
their respective recesses 126.

The peripheral portion 118 is connected to the main
portion of the diaphragm 31 by way of a radially ex-
tending portion 136 which is located between the hous-
ing shoulder 134 and the rear end surface 138 of the
flange 38.

In the above described manner, the peripheral por-
tion 118 is positively located relative to the housing 11
in both an axial and a radial sense, the tongues 124 en-
gaged in the recesses 126 preventing rotation of the di-
aphragm 31 relative to the housing 11.

The aforegoing second construction enables the
overall diameter of the booster housing to be reduced,
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which factor can be critical in some vehicle installa-
tions.

In respect of all other features of construction and
operation, the second embodiment is substantially
identical to the first embodiment.

I claim:

1. A tandem fluid-pressure servo booster comprising
a housing, a rigid internal wall within the housing, a
movable wall on each side of said rigid internal wall,
said walls defining four chambers axially spaced within
the housing, a plurality of fluid passageways defined be-
tween an internal surface of said housing and the pe-
riphery of said rigid internal wall connecting a first pair
of said chambers, and a plurality of tubular ducts,
within said housing, connecting a second pair of said
chambers, said tubular ducts each having an end region
located in said rigid internal wall and passing through
peripheral regions of one of the said movable walls.

2. A tandem fluid-pressure servo booster as claimed
in claim 1 and wherein said movable wall through
which the tubular ducts pass, comprises a flexible dia-
phragm.

3. A tandem fluid-pressure servo booster as claimed
in elaim 2 and wherein said flexible diaphragm includes
an enlarged peripheral region.

4, A tandem fluid-pressure servo booster as claimed
in claim 3 and wherein said enlarged peripheral regions
of said flexible diaphragms are axially retained between
an internal shoulder defined by the housing and said
rigid internal wall.

5. A tandem fluid-pressure servo booster as claimed
in claim 3 and wherein the tubular ducts pass through
the enlarged peripheral regions of the diaphragm.

6. A tandem fluid-pressure servo booster as claimed
in claim 1 and wherein said rigid internal wall includes
inclined surfaces which seat against inclined surfaces in
the peripheral region of the movable wall through
which said tubular ducts pass.

7. A tandem fluid-pressure servo booster comprising
a housing, a rigid internal wall within the housing, a
movable wall on each side of the rigid wall, said walls
defining four chambers axially spaced within the hous-
ing, a plurality of fluid passageways between an internal
surface of the housing and the periphery of the rigid
~ wall connecting a first pair of said chambers, and a plu-
rality of tubular ducts, within the casing, connecting a
second pair of said chambers, said tubular ducts each
having one end located in the rigid internal wall and
passing through the peripheral regions of one of the
movable walls and wherein the rigid internal wall has
a flange extending axially away from the tubular ducts.

8. A tandem fluid-pressure servo booster as claimed
in claim 7 and wherein the tubular ducts lie substan-
tially parallel to the axis of the booster and the rigid in-
ternal wall includes radial and axial passages opening
to the tubular ducts and to the chamber adjacent the
rigid wall and remote from said ducts. -

9. A tandem fluid-pressure servo booster as claimed
in claim 7 and wherein the movable wall through which
the tubular ducts pass includes an inwardly directed lip
in sealing engagement with the rigid internal wall.

10. A tandem fluid-pressure servo booster as claimed
in claim 7 and wherein the tubular ducts are arranged
in groups and said groups are spaced circumferentially
about the peripheral regions of the rigid internal wall.

11. A tandem fluid-pressure servo booster as claimed
in claim 7 and wherein the tubular ducts each have one
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end located in the rigid internal wall and said flange is
in sealing engagement with the peripheral regions of
the movable wall remote from the tubular ducts.

12. A tandem fluid pressure servo booster according
to claim 7 wherein said flange engages and seals a pe-
ripheral region of one of the movable walls against an
annular ring seated within the housing.

13. A tandem fluid-pressure servo booster as claimed
in claim 12 and wherein said flange has its outer end re-
gion reduced in diameter to enter into an axially ex-
tending peripheral flange on the movable wall remote
from said tubular ducts.

14. A tandem fluid-pressure servo booster as claimed
in claim 12 in which the movable wall remote from the
tubular ducts has an enlarged peripheral region which
is axially retained between the flange of the internal
wall and an annular ring seated within the housing, said
annular ring defining a cylindrical wall and a radial
flange, the peripheral regions of the movable wall being
seated within the cylindrical wall and the radial flange
being seated against radial shoulders within the hous-
ing. .

15. A tandem fluid-pressure servo booster as claimed
in claim 12 and wherein an axially extending peripheral
flange on the movable wall is held in position on the re-
duced end of the flange of the rigid internal wall by an
annular retaining band.

16. A tandem fluid-pressure servo booster as claimed
in claim 15 and wherein said axially extending periph-
eral flange on the movable wall includes at least one an-
nular projection upstanding from the outer surface of
said flange and the annular retaining band engages said
annular projection to inhibit removal of the peripheral
flange from the flange of the rigid internal wall.

17. A tandem fluid-pressure servo booster as claimed
in claim 12 in which the peripheral flange of the mov-
able wall includes axially extending tongues which are
received in respective recesses in the flange of the rigid
internal wall and said tongues have a thickness, in the
radial direction, greater than the thickness of the re-
maining parts of said peripheral flange.

18. A tandem fluid-pressure servo booster compris-
ing a housing, a rigid internal wall within the housing,
a movable wall on each side of said right internal wall,
said walls defining four chambers axially spaced :thin

‘the housing, an axially extending flange on saic rigid

wall the housing includes ribs defining fluid p .ssage-
ways radially outwardly of a flange of the rigid internal
wall and passing radially over a union between said
flange and a movable wall engaged thereon, said fluid
passageways connecting a first pair of said chambers,
and a plurality of tubular ducts, within said housing,
connecting a second pair of said chambers, said tubular
ducts each having an end region located in said rigid
internal wall and passing through the peripheral regions
of one of the movable walls.

19. A tandem fluid-pressure servo booster as claimed
in claim 18 and wherein the face of the rigid internal
wall remote from the flange includes radial slots con-
necting the said fluid passageways with that chamber
between said slotted side of said rigid internal wall and
the movable wall adjacent thereto.

20. A tandem fluid-pressure servo booster as claimed
in claim 18 in which the fluid passageways are con-
nected to the chamber between the side of the rigid in-
ternal wall remote from the flange and the movable
wall adjacent thereto by holes passing substantially ra-
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dially through the peripheral regions of the said rigid
internal wall.

21. A tandem fluid-pressure servo booster as claimed
in claim 18 in which the housing comprises two metal
shells connected together at cooperating peripheral re-
gions and peripheral regions of said two movable walls
and said internal rigid wall are clamped axially between
radial shoulders of the two shells.

22. A tandem fluid-pressure servo booster compris-
ing a housing, a rigid internal wall within the housing
and a movable wall on each side of said rigid internal
wall, said walls defining four chambers axially spaced
within the housing, a plurality of fluid passageways de-
fined between an internal surface of said housing and
the periphery of said rigid wall connecting a first pair
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of said chambers and a plurality of axially extending
fluid ducts connecting a second pair of said chambers,
an axially extending rod connecting both movable walls
and constituting a common output rod, said axially ex-
tending ducts being radially spaced from the axis of
said output rod, a first one of said movable walls being
axially located on the common output rod by a sleeve
member and said movable wall presenting an axially ex-
tending resilient lip sealingly engaged with the sleeve.

23. A tandem fluid-pressure servo booster as claimed
in claim 22 and wherein the sleeve passes through the
rigid internal wall and a flexible seal is provided be-

tween the internal wall and the sleeve.
* L] L3 * *



