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Twin Master Cylinder Assembly

The present invention relates to twin master cylinder assemblies, in particular for use with

agricultural vehicles,

Agricultural vehicles, such as tractors, are known to include a pair of braked rear wheels
and one or motre front wheels. Such fractors further include a right hand brake pedal and a
left hand brake pedal. The brake pedals can be coupled together to act in unison such that

when the brakes are applied, both rear wheels are braked simultaneously and evenly.

By uncoupling the brake pedals, the right hand brake pedal can be applied alone causing
just the night hand brake to be applied, and similarly the left hand brake pedal can be
applied alone, causing just the left hand rear wheel to be applied. Applying say jﬁst the
rear Tight hand brake, whilst simultaneously steering the front wheels fully to the right,
enables the fractor to tum more sharply than by using steering alone. This can be
particularly useful when furning a tractor with a tractor mounted implement, such as a
plough, at a headland (1.e. the unploughed land at ends of furrows or near a fence) of 3
field.

Other tractors are known which include a pair of rear wheels and a pair of front whegls
with each wheel having an associated brake. The braking system allows all four wheels 1o
be simultaneously braked. Such a braking system is particularly helpful when the tractor is

bemg used on the road, e.g. when hauling farm produce from a field to the farm buildings,

An object of the present invention is to provide a braking system that allows for braking of
both rear wheels and one or more front wheels when the vehicle is being used on the road
and to allow full braking of just one rear right hand whecl or one rear lefi hand wheel, for

example when ploughing, at the option of the operator.
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A further object of the present invention is to provide a dual circuit braking system such

that if one circuit fails, the brakes connected to the other circuit will continue to function,

thereby providing emergency braking.

The invention will now be described, by way of example only, with reference to the
accompanymg drawings, in which:-

Figure 1 1 a cross-section view of a left hand master cylinder arrangement of a twin master
cylinder agsembly according fo the present invention, taken on the section line XX of figure
3,

Figure LA is an enlarged view of part of figure 1 further including a schematic drawing of
brake pedals,

Figure 1B is an enlarged view of part of figure 1,

Fieure 2 is a bottom view of the twin master cylinder assembly of figure 1 taken in the
direction of arrow Z of figure 1,

Figure 3 is an end view of the twin master cylinder assembly of figure 1 taken in the
direction of arrow W of fipure 1 further including cut away views taken at the three
sections labelled Y of figure 1, and

Figure 4 is a schematic isometric view of the twin master cylinder assembly as shown in

figure 1 and includes further assoclated components (drawn schematically).

With reference to figures 1 to 4 there 1s shown a twin master cylinder assembly 51 which
includes a left hand master cylinder arrangement 52 and a right hand master cylinder
arrangement 54. The components of left hand master cylinder arrangement 52 are
substantially identical to the components of right hand master cylinder arrangement 54, and

as such, only left hand master cylinder arrangement 52 will be described in detail.

With reference to figure 1 there is shown a cross sectional view of lefi hand master cylinder
arrangement 52, Left hand master cylinder arrangement 52 mcludes a lefi hand booster,

eenerally indicated at 56, and a left hand tandem master cylinder generally indicated at 58,
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The purpose of the booster 56 is to increase the pedal effort applied by push rod 8 and
apply the increased load to the primary chamber piston 21 of the tandem master cylinder

58. Operation of the booster 56 15 as follows:-

The twin master cylinder assembly 51 includes a body 1, which is formed as a unitary

component. In this casc the body is formed as a machined casting but in further
smbodiments need not be the case. For example the body could be machined from solid.

Body 1 includes a booster bore 47 within which 18 slideably mounted booster piston 3.

Booster piston 3 includes two piston lands 3A and 3B in spaced apart relationship. Land
3A includes seal 12A and land 3B includes seal 12B. Between seals 12A and 12B 18 a

series of a radially orientated holes 10. An annular pressure chamber 60 1s defined between

seals 12A and 12B.

Slideably mounted within a bore 3C of booster piston 3 is a plunger 4 which includes seals

11A and 11B in spaced apart relationship. Plunger 4 includes radially orientated holes 4A
and central bore 4B. Plunger 4 includes a cylindrical projection 4C which mcludes a seal

7. An enlarged end 8A of push rod 8 sits in a recess 4D and 1s retained therein by collar 4E
and circlip 4F. Plunger 4 is biased to the right when viewing figure 1 by spring 14 which
acts on abutment 3D of booster piston 3. Circlip 46 limits movement to the right of

plunger 4 relative to booster piston 3,

Spigot 5 includes a seal 6 which is received in booster bore 47. Spigot 5 1s held 1 place by

plate 9 and includes a spigot bore 48 which slideably recerves cylindrical projection 4C.

Booster piston 3 includes a series of radially orientated holes 13 which connect booster

bore 3C to tank chamber 40.

Spring 15 acts to bias the booster pision to the right when viewmng figure 1 and reacts

against an annular region 1A ot body 1.
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A hole 2 connects annular pressure chamber 60 to pressure port 62. Pressure port 62 1s

dispased between the left and right hand master cylinder assemblies (as best seen in figure

4) and is also connected by hole 2' to annular pressure chamber 60" (not shown) of the right
hand master cylinder assembly. Holes 2 and 2' are both formed by drilling. The uppet
ends of the holes are at a lower region of pressure port 62 which is formed in body 1 and is
the sole pressure port of the body. Advantageously, this means that only a single

connection 1s required to the body to connect holes 2 and 2' {o the pump 66.

Tank charmber 40 is connected to tank port 64 by hole 22. Tank port 64 18 positioned
between the left and right hand master cylinder assemblies (as best seen 1n figure 4), and is
also connected to tank chamber 40' (not shown) of the right hand master cylinder assembly
by a hole 22", Holes 22 and 22' are both drilled holes, the upper ends of which {ermmmale at
the base of the tank port 64 which is formed in the body 1 and 1s the only tank port of {he

body. Advantageously, this means that only a single connection is required to the body to

conniect hioles 22 and 22' to the tank.

Figure 1 schematically illustrates left hand brake pedal 79 and right hand brake pedal 79",

Furthermore, there is schematically 1llustrated a linking system 90 (as known 1n the prior
art) which can selectively couple the brake pedals fogether, or altematively can decouple

the pedals, thereby allowing independent movement of one pedal relative to the other to

selectively apply the right hand rear brake or the left hand rear brake as will be further

described below.
Operation of the left hand booster 56 18 as follows:-

Engine driven hydraulic pump 66 supplies pressurised hydraulic fluid to annular pressure

chamber 60 via pressure port 62 and hole 2.

Figure 1 shows the position of the various components when In a passive state, 1.e. when

the brakes have not been applied. The pressurised hydraulic fluid mn annular pressure
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chamber 60 is trapped by seals 12A, 12B, 11A and 11B. It should be noted, that whilst

holes 10A allow fluid communication between annular pressure chamber 60 and booster

piston bore 3C, seals 11 A and 11B prevent escape of this {luid past the seals.

Operation of the left hand brake pedal 79 either alone, or in conjunction with the right hand
brake pedal 79" causes push rod 8 to move to the left when viewing figure 1, thercby
moving the plunger 4 to the left relative to the booster piston 3 (thus compressing spring
14). The rearward seal 11B passes over and opens holes 10 in booster piston 3 and allows
the pressurised fluid to enter the central bore 4B of plunger 4 via holes 4A. Simultaneously
the forward seal 11A passes over and closes hole 13, thereby preventing the hydraulic fluid
cscaping to the tank chamber 40. The hydraulic pressure acts on the booster piston, urging
it forwards (o the left when viewing figure 1) and this force acts to supplement the pedal

load applied to push rod &.

For a particular load applied to the push rod 8§, an equilibrium position will be achieved,
whereby seals 11A and 11B will seal holes 13 and 10 respectively, and the load apphed to
the primary chamber piston 21 will be equal to the load applied to push rod 8 multiplied by

the boost ratio. If the load applied to the push rod 8 is increased, seal 11B will agamn open

hole 10 to allow further pressurised fluid to enter central bore 4B, thereby increasing the
force applied to primary chamber piston 21. When the load applied to push rod 8 is
decreased, then the plunger 4 will move to the right slightly, thereby allowing seal 11A to
open holes 13 and allow escape of some of the pressunised hydrauhc fluid mfo the tank

chamber 40. It should be noted that tank chamber 40 is vented to tank 68 via hole 22 and

tank port 64, If the brakes are fully released, then the components return to the position as
shown in figure 1. It would be appreciated that m this posihon holes 13 are open, thereby

venting central bore 4B {o tank.

A description of the various components of the left hand tandem master cylinder 58 is as

follows:-
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The forward end of body 1 includes a bore 39 having diameter 39A. A rear left hand brake
port 35 is positioned towards the front of bore 39. An alignment pin 25 has a lower end
25A which projects into bore 39. Towards the rear of bore 39 is a self bleed hole 23 which

connects bore 39 to tank chamber 40.

Qlideably mounted within bore 39 is a primary chamber piston 21, which includes a
eenerally cylindrical piston wall 21A and an end face 21B. Piston wall 21A includes a

chamfer 21C at a forward end, a longitudinal slot 24 and a seal 18. End face 21B meludes

a one way recuperation valve 17 which allows fluid to pass from tank chamber 40 to a

region 21D within the primary chamber pision, but prevents flow of fluid from region 21D

to tank chamber 40.

A region 70 is defined between bore 39 and tube 29 and is In fluid commumnication with
region 21D via slot 24. Region 70, 21D and slot 24 together define a primary chamber 34.

Primary chamber piston 21 is shideable mounted within bore 32, and alignment pin 25

engages slot 24 to maintain the cortect rotational alignment of primary chamber piston 21

in bore 39.

Tube 29 includes a generally cylindrical wall 29A having a bore 38 of diameter 38A. Tube
20 further includes an end face 29B. Wall 29A includes a series of radially onentated

holes 37 which are in permanent fluid connection with front common brake port 36 via

hole 41. A seal 31 is provided on either side of hole 37 to seal the cylindrical wall 29A to
the body 1.

The cylindrical wall 29A includes a series of radially orientated self bleed holes 33 which
hydraulically connect bore 38 with the primary chamber 34.

Slideably mounted within bore 38 is secondary piston 27 which meludes piston land 27A,
piston land 278, elongate boss 27C and elongate boss 271,
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A seal 28 is mounted between lands 27A and 27B and acts to seal the secondary piston 27
(0 the bore 38 of the tube 29,

Secondary piston 27, cylindnceal wall 29A and end face 29B together define a secondary
chamber 32. A spring 30 is mounted on elongate boss 27D with a rearward cnd abutting
land 278 and a forward end abutting end face 29B. Spring 30 acts to bias the secondary
piston 27 to the nght when viewing figure 1, and a circlip 26 mounted in a groove of
cylindrical wall 29A limits movement of the second piston 27 to the right relative to tube

24,

A spring 20 ts mounted on elongate boss 27C with a forward end abutting land 27A and a
rearward end abutting end face 21B of'the prismary chamber piston 21.

Spring 20 18 a relabively high rate spring when compared with spring 30. Furthermore, as

showr in figure 1, spring 20 is under virtually zero preload.

Operation of the left hand tandem master cylinder 58 is as follows:-

As mentioned above, when the left hand brake pedal 79 15 applied in conjunction with the
right hand brake pedal 79, push rod & moves plunger 4 to the left when viewing figure 1,
which in tum causes the booster system to move booster piston 3 to the left. End 3E of
boaster piston 3 acts directly on primary chamber piston 21 causing it to move to the left.
An 1nitial movement of primary chamber piston 21 to the left will cause seal 18 to pass
over self bleed hole 23, thereby frapping a fixed volume of hydraulic fluid in the primary
chamber 34 and second chamber 32, Because spring 20 has a higher rate than spring 30, as
the primary chamber piston 21 moves to the left, spring 20 will move the secondary piston
27 to the lefi thereby compressing spring 30 and causing seal 28 1o pass over holes 33. The
action of seal 28 passing over holes 33 traps a specific volume of hydraulic fluid in

secondary chamber 32,
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It will therefore be appreciated that once seal 18 has passed self bleed hole 23 and once seal
28 has passed holes 33 (following an initial application of the brakes), then there 1s a fixed
volume of hydranlic fluid in the primary chamber 34, and is also fixed volume in the
secondary chamber 32. Continued movement of the primary chamber piston to the left (1.¢.
continued application of the brakes) will pressurise the primary chamber 34, and cause the

rear left brake to be applhed. \

It will be appreciated that the forces on the secondary piston causing it to move to the left
are as a result of the hydraulic fluid pressure in the primary chamber, and also as a result of
partially compressing spring 20. Piston 27 will therefore move to the left until such time as
the forces are balanced by the pressure in the second chamber 32 and the force applied by
spring 30. Thus it can be seen that moving the primary chamber piston 21 to the lefi,
causes pressurisation of the primary chamber and also pressunsation of the second

chamber. Pressurisation of the secondary camber will cause the front brakes to be apphed,

as will be described further below.

As mentioned above, the right hand master cylinder arrangement 54 is substantially
identical to the left hand master cylinder arrangement 52 and includes identical
components. For ease of reference, similar components/features of the right hand master
cylinder arrangement 54 have been labelled identically with their equivalent

components/feature of the left hand master cylinder arrangement, except with the addition

of an apostrophe ().

With reference to figures 2, 3 and 4, the twin master cylinder assembly 51 has a left hand
master cylinder arrangement 52 mounted alongside a right hand master cylinder
arrangement 54, Rear left hand brake port 35 is connected via hydraulic line 72 to the rear
left brake 73 of rear left wheel 74. In a similar manner rear right hand brake port 35" is
commected via hydraulic line 72' to rear right brake 73' of rear right wheel 74'. Holes 41 and

41" comect the secondary chambers 32 and 32' respectively to common brake port 36.

Hydraulic lines 75, 76 and 76’ connect common brake port 36 with the front left brake 77
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of front left wheel 78 and the front right brake 77" of the front right wheel 78'. Tt will be
appreciated that left hand secondary chamber and the right hand secondary chamber are
both in fluid communication with the common brake port 36 and this comimon brake port is
formed in the single unitary body. Furthermore, the common brake port 36 1s the only
brake port on the body that serves the front brakes. Thus, advantageously only a single
connection need be made to the body to supply both front brakes which is clearly

advantageous.

With reference to figure 3 there is shown a valve armangement 80 (also known as a balance
valve assembly) which serves to comnect the left hand primary chamber 34 with the right
hand primary chamber 34’ when the right and left brake pedals are coupled together, and
therefore applied simultaneously. The valve also acts to isolate pnmary chamber 34 from
primary chamber 34' when the brake pedals have been decoupled and only the right hand
brake pedal is applied, or only the left hand brake pedal is applied.

Valve assembly 80 inciudes a left hand valve 81 and a right hand valve 81, both of which

are identical. Valve 81 includes a valve pin 82 having a domed end 83, and lands 84 and
85 upon which is mounted an elastomeric cylindrical seal 43 having a sealing face 43A.

The valve pin is mounted in a stepped bore &6 having a sealing face at the step 87 againat

which seal 43 engages.

Stepped bores 86 and 86' are both formed by dnlling the single umtary body. In this case

the bores are dnlled at an angle of 90 degrees relative to each other, though in further
embodiments this need not be the case. Advantageously, the valve assembly 80 only

requires a single retainer 45 (see below),

The body 1 includes a recess 88 having an opening 89 which 1s blocked by a retainer 45

which is held in place by a circlip 44. An elastomeric seal 42 surrounds the retainer 45 to

prevent oil leakage. The retainer 45 has a frustoconmical region 45A which acts as an

abutment against land 85 to ensure that valve pin 82 is retained in stepped bore 86.



CA 02546900 2006-05-23
WO 2005/051743 PCT/GB2004/004943

As shown in figure 3, land 85 is abutting frustoconical region 45A and sealing face 43A is
not in contact with the sealing face of the step 87. Thus, as shown in figure 3, valve 81 1s
open, allowing fluid communication between primary chamber 34 and region 88 (since

valve pin 82 and elastromeric seal 43 are a loose fit in their respective regions of the

stepped bore 86).

Tt can also be seen from fipure 3 that Iand 85" is in contact with frustoconical region 43A

and thus valve 81" is also open. Thus, as shown 1n figure 3, the left hand primary chamber

34 is hydraulically connected to the right hand primary chamber 34' via valve assembly §0.

As best shown in figure 1B, stepped bore 86 is positioned just in front of chamier 21C
when the primary chamber piston 21 is in the rest position. When the brake pedals 79 and
79" are linked via linking system 90, and the brakes are applied, the left hand primary
chamber piston 21 and the right hand primary chamber piston 21" are both moved forwards
simultaneously, and the chamfer 21C in conjunction with domed end 83 ensures that valve
R1 is caused to open. Similarly the chamfer 21C' of the right hand primary chamber piston
21", in conjunction with domed end 83' causes the night hand valve 81’ to open. Since
valves 81 and 81' are both open, then valve assembly 80 as a whole 1s open, allowmng flnd
communication between the left hand primary chamber 34 and the right hand pnmary
chamber 34" This hydraulic communication ensures that both primary chambers are
maintained at the same pressure during braking and hence the rear brakes /73 and 73" are

applied to the same extent, ensuring that there 1s no tendency of the vehicle fo veer either to

the right or to the left duning braking,

However, when the brake pedals are not linked, and only one of the brake pedals 15 applied,
for example, the left hand brake pedal 79, then only the left hand primary chamber piston
21 is advanced and only the left hand valve 81 is forced open. The nght hand primary
chamber piston 21' will remain in its rest position. As the left band primary chamber

piston advances, the left hand primary chamber 34 will become pressurised, which 1n tum

10
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will pressurise recess 88 via the left hand step bore 86. Pressurisation of recess 88 will
cause the right hand valve 81 to shut thereby preventing the escape of pressurised hydraulic
flwd from the lefi hand primary chamber 34, and therefore allowing the lefi hand rear
brake 73 to be applied.

Stmilarly, operating just the right hand brake pedal will cause the right hand valve 81" to
open, but close the left hand valve 81, thereby allowing just the rear right brake 73' to be
applied.

As mentioned above, when both brake pedals are linked via the linkage system 90, the
valve assembly 80 is opened, thereby allowing the pressure in the left primary chamber 34
to equahse with the right primary chamber 34'. With regard to the secondary chambers 32
and 32, these chambers are permanently connected to each dtﬁer via holes 4] and 41’

which meet at the front common brake pott 36. Thus, these secondary chambers 32 and 32

are always pressure balanced.

In this case, holes 41 and 41" are drilled holes and they are angled rclative to each other at

64 degrees. As is best seen in figure 3, the uppermost portion of hole 41 terminates at the

base of the front cornmon brake port. By arranging holes in this manner, it is possiblc to

drill both holes and still have them in fuid comrmunication with the single front comimon
brake port 36.

When the brake pedals are not linked, and. say the left brake pedal 79 is applied, then, as
mentioned above, the left rear brake 73 will be applied, but the right rear brake 73' will not
be applied. Under these circumstances, neither of the front brakes 77 or 77 will be apphed

for reasons as explained below.

If only the left brake is applied, then the left primary chamber piston 21 will advance,

whereas the nght hand primary chamber piston 21" will remain in its regt position. As the

11
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left pnimary chamber piston 21 advances, then seal 18 will pass over self bleed hole 273 and

seal 28 will pass over holes 33.

However, because the right hand primary chamber piston 21' remains stati onary, right hand

self bleed hole 23 will also remain open and right hand primary chamber 34 will remain in

fluid connection with tank 68. Because valve assembly 80 will remain c¢losed, there will be
no tlwd transter from left hand primary chamber 34 to right hand primary chamber 34" via
valve assembly 80. Hence, right hand primary chamber cannot be pressurised by this route
and hence there will be no tendency of right hand secondary piston 27' to advance. Thus,
right hand self bleed hole 33' will also remain open. As left hand secondary piston 27
advances, hydraulic fluid will be forced from left hand secondary chamber 32 through lefi
hand hole 41, through right hand hole 41', through right hand secondary chamber 32,
through (open) right hand holes 33', through right hand primary chamber 34' through
(open) right hand self bleed hole 23' to right hand tank chamber 40", and ultimately to tank

068. Thus, since both secondary chambers 32 and 32' are connected to tank, neither can be

pressurised, and hence, neither of the front brake 70 or 77" will be applied.

When the brake pedals are unlatched, and say the Ieft brake pedal is applied hard, thereby
applying the rear left brake, significant pressure will be developed in the primary chamber
34. This pressure may be sufficient to overcome the spring force applied by spring 30.
Under such circumstances the secondary piston 27 will move to the left when viewing
figure 1 until such time as end 27E of secondary piston 27 abuts end face 298 of tube 29,
Thus, secondary piston 27 is caused to fully stroke, and the volume of hydraulic {luid
required to fully stroke piston 27 is provided by primary piston 21. Thus, the ratio of
diameters 39A and 38A is designed to provide enough volume to fully stroke piston 27 and
sull apply the tespective rear brake as mormal. By way of example, it may require 10
millimetres stroke of primary piston 21 to fully stroke secondary piston 27. Under such
circumstances, primary piston 21 may be designed with a total stroke of 30 millimetres.

This therefore provides 20 millimetres of reserve stroke of the primary piston 21 to actuate

the rear left brake.

12
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It will therefore be appreciated that the system allows all four brakes to be applied
simultaneousty, or the rear left brake to be applied in 1solation or the rear right brake to be

applied in isolation, at the option of the operator.

When the brakes are released, there i1s a risk that the pressure 1 the primary chambers or

secondary charmnbers momentarily falls below atmospheric pressure. Ii this was to happen,

there is a risk, that air can be sucked mto the system. To obviate this gk, the twin masicr

cylinder assembly 51 includes various one way valves as follows:-

As previously mentioned, valve 17 allows hydraulic fluid to flow from the left hand tank

chamber 40 to the left hand primary chamber 34 as the primary chamber piston 21 returns

to the position as shown in figure 1. A corresponding right hand valve 17" allows hydraulic
fluid to flow from the right hand tank chamber 40" to the right hand primary chamber 34" as
the right hand primary chamber piston 21' returns to 1ts rest position. Lhus, valves 17 and

17 ensure that the pressure in their correspondmg primary chambers does not fall below

atmospheric pressure.

A single valve 50 allows hydraulic fluid to flow from the left hand tank chamber 40 to
serve both the left had secondary chamber 32 and the night hand secondary chamber 32,

This valve ensures that the pressure in either of the secondary chambers 32 or 32! does not

fall below atmospheric pressure as follows:-.

Body 1 inclndes a horizontal hole 49 (also known as a one way valve passage way) drlled
in the body 1 and positioned at the horizontal cenire line A of the valve body and
positioned approximately mid way between the left and right hand master cylinder
assemblies. As best seen in figure 2, the centre line B of hole 49 is offset slighily to the lefi
of the vertical centre line C of the valve body 1. This offset means that the stepped down
end 49A of hole 49 breaks into the left hand tank chamber 40.
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At the front end of body 1 there is a cylindrical recess 91 the axis of which is coincident
with horizontal centre line A and vertical centre line C. Recess 91 is sealed by a plug 92
having an elastomeric seal 93, with the plug being held in place by a circlip 94 which is
mounted in a groove 95 of the rccess 91. A vertical hole 96 connects common front brake

port 36 with recess 91. Recess 91 is in turn connected with hole 49,

The applicant is the first to realise that when a pair of secondary chambers are provided to
serve front brakes, then only a single one way valve is required to ensure that air does not

enter the circuit associated with the secondary chambers when the brakes are released.

Note that whether or not valves 17, 17" and 50 open depend on several factors including the
speed at which the brakes are released. If the brakes are released slowly, then none of
valves 17, 17" or 50 will open. However, once the brakes have been fully released, and the
twin master cylinder assembly is in s rest position, as shown i1 figure 1, then self bleed
holes 34, 34", 23 and 23' will always be open. Clearly with use, the brake linings will wear.

When the brakes are provided with self adjusting mechanisms, to compensate for such
wear, then the volume of hydraulic fluid required for each hydraulic cwewt, e.g. the

hydraulic circuit serving the rear brakes, or the hydraulic circuit serving the front brakes,

will increase. This increase in volume gan be accommodated by the self bleed holes, since
whenever the systert returns to its rest position, the self bleed holes are opened and

connected to tank. Similarly, expansion and contraction of the hydrauhe fhid can be

accommodated by the self bleed holes.

The pregent system provides for emergency braking under certain failure modes.

Thus, with both brake pedals linked, if, when the brakes are applied, hydraulic line 72 fails,
hydraulic finid in the primary chamber 34 will escape, and the pressure of the primary
chamber will fall to zero. Because both primary chamber pistons 21 and 21" have becn

advanced, then valve assembly 80 will be open, and the pressure in the right hand primary
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chamber 32' will algo fall to zero. Under these circumstances, neither of the rear brakes

will be apphed.

However, primary piston 21 will continue to advance until such time as end face 21B of the
primary piston 21 contacts end 27F of secondary piston 27 (thereby closing distancc 19).
This contact will ensure that the sccondary piston 27 advances, thereby applying the front
brakes. The cotresponding distance 19" will also close between the right hand primary
chamber 21 and the right hand secondary piston 27, and therefore both the secondary

pistong 27 and 27" will advance in unison to apply the front brakes.

Where the brake pads are linked and the brakes are applied and hydraulic hne 75 fails,
hydraulic fluid in both secondary chambers 32 and 32" will escape and the pressure in both

secondary chambers will decay to zero, and it will not be possible o apply the front bralkes.
However, both rear brakes will continue to function. In particular, with sufficient pedal
force, the pressure in the primary chambers 34 and 34" will be sufficient to overcome the
corresponding springs 30 and 30, thereby tfully stroking the secondary pusions 27 and 27/
However, under these circumstances (taking the example mentioned above) there will still

he 20 millimetres of reserve travel for each primary chamber piston to enable both rear

brakes to applied.

As mentioned above, during an initial application of both brakes seals 18 and 18’ pass their
respective bleed holes 23 and 23", Similarly seals 28 and 28" pass their respective self bleed
holes 33 and 33'. Once this has occurred, it will be apparent that the primary chambers
become hydraulically isolated from the secondary chambers thereby providing a spht
braking circuit during continned actuation of the brakes. This split braking cirouil
continues to be independent of each other even if a hydraulic line of the rear circut (e.g.

hydranlic line 72) or a hydraulic line of the front circuit (e.g. hydraulic line 75) fails.

In the event that the booster side of the system fails, e.g. in the event that pressunsed fluid

cannot be supplied to pressure port 62, then brake pedal application will advance the
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plungers 4 and 4' such that end surfaces 4G and 4G' of the plungers engage surfaces 3G and

3G* of the booster pistons (1.e. distances 16 and 16' close) thereby causing all four brakes to

be applied albeit without boost assistance.

As is shown on figure 3, hole 41 is drilled at an angle of 64 degrees relative to hole 41",

Hole 22 is drilled at an angle of 45 degrees relative to hole 22", stepped bore 86 is drilled
at an angle of 90 degrees relative to stepped bore 86'. The angle between the holes 2 and 2'

is not shown, but might typically be 90 degrees or less.

By angling the various pairs of holes in this manner, enables the provision of a single port
or single retainer. Thus, the angle between holes 2 and 2, 22 and 22, 41 and 41°, and 86
and 86" are preferably less than 180 degrees, move preferably 90 degrees or less, more

preferably less than 90 deprees (i.e. an acute angle).

For the avoidance of doubt, the term "left" and "right" is merely being used to distinguish
similar components, and should not be regarded as defining a particular spatial relationship

of one component relative to another.
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Claims

1. A twin master cylinder assembly having a single unitary body with a left hand tandem
master cylinder having a left hand pnmary chamber contained within the body and a left hand
secondary chamber contained within the body, and a right hand tandem master cylinder having

a right hand primary charnber contained within the body and a right hand secondary chamber

contained within the body, the left hand tandem master cylinder being independently operable

from the right hand tandem master cylinder.

2. A twin master cylinder assembly as defined in ¢laim 1 in which the single umtary body is a

cast body.

3. A twin master cylinder assembly as defined in any preceding claim in wiich the left hand
secondary chamber and the right hand secondary chamber are both in fluid communication

with a single secondary chamber outlet port formed in the single unitary body:.

4. A twin master cylinder assembly as defined in claim 3 m which the left hand secondary
chamber and the right hand secondary chamber are m fluid communication with the single

secondary chamber outlet port via respective left hand and right hand secondary chamber

passageways formed by drlling the single umtary body.

5. A twin mastcr cylinder assembly as defined in claim 4 in which the left hand and right

hand secondary chamber passageways are drilled at an acute angle relative to cach other.

6. A twin master cylinder assembly as defined 1n any preceding ¢laim m which the left hand

secondary chamber is in permanent fluid commurucation with the right hand sccondary

chamber.
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7. A twin master cylinder assembly as defined in any preceding claiim in which the left hand
tandem master cylinder has a left hand tank chamber region and the right hand tandem master

cylinder has a right hand tank chamber region in which the left and right hand tank chamber

regions are in permanent fluid communication with a single tank reservoir port formed in the

single unitary body.

8. A twin master cylinder assembly as defined in ¢laim 7 in which the left hand tank chamber
region and the right hand tank chamber region are in a fluid communication with the single

tank reservoir port via respective left and right hand tank chamber passageways formed by

drilling the smigle umtary body.

9. A twin master cylinder assembly as defined in claim 8 in which the left and right hand tank

chamber passageways are drilled at an acute angle relative to each other.

10. A twin master cylinder assembly as defined in any preceding claim in which the lefi hand

secondary chamber and the right hand secondary chamber are both m permanent fluid
communication with a single one way valve which prevents fluid flow from the secondary

chambers during brake actuation and allows fluid flow to the secondary chambers during brake

release,

11. A twin master cylinder assembly as defined in claim 10 in which the single one way valve

is situated in a one way valve passageway formed it the single unitary body and preferably

said one way valve passageway is formed by drilling the single unitary body.

12. A twin master cylinder assembly as defined in ¢claim 11 when dependent upon any one of

claims 7 to 9 in which said one way valve passageway 18 contiguous with only one of the teft

hand tank chamber region and the right hand tank chamber region.
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13. A twin master cylinder assembly as defined in any preceding claim including a balance
valve assembly having a left band one way balance valve situated in a left hand balance valve
passageway that 18 in fluid commumication with the left hand primary chamber and a right
hand one way balance valve situated in a right hand balance valve passageway that is in fluid
communication with the right hand primary chamber in which the left and right hand balance

valve passageways are both formed in the single unitary body.

14. A twin master cylinder assembly as defined in clairn 13 1 which the left and right hand

balance valve passageways are formed by drilling the single unitary body.

15. A twin master cylinder assembly as defined m claim 14 m which the left and right hand

balance valve passageways are drilled at an acute angle relative to each other.

16. A twin master cylinder assembly as defined in any preceding claim including a left hand
booster operable to apply a force to the lefi hand tandem master cylinder and a right hand
booster operable to apply a force to the right hand tandem master cylinder in which the left and

richt hand boosters are all contained within said smgle unitary body.

17. A twin master cylinder assembly as defined in claim 16 including a single inlet port for

supplying pressurised fluid to the left and right hand boosters, in which the single inlet port 13
formed in the single unitary body.

18. A twin master cylinder assembly as defined in claim 17 in which the single miet port 1s
fluid communication with the left hand booster via a left hand inlet pott passageway and 18 1n
fluid communication with the right hand booster via a right hand inlet poit passageway in

which the left and right hand inlet port passageways are formed by drilling.

19. A twin master cylinder assembly as defined in claim 18 in which the right and left hand

inlet port passageways are drilled at ant acute angle relative to each other.
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20, A twin master cylinder assembly as defined in any preceding claim in which at least a part

of the left hand primary chamber swrrounds a part of the left hand secondary chamber and/or at
least a part of the right hand primary chamber surrounds a part of the right hand secondary

chamber.

21. A twin master cylinder assembly 2as defined in any preceding claim in which each
secondary chamber has a secondary chamber self bleed hole that is open when the twin master

cylinder assembly is in a rest position, actuation of one of said left or right hand tandem master

cylinders alone causing hydraulic fluid in the secondary chamber of said one of said left or
tight hand tandem master cylinders to be vented via the secondary chamber self bleed hole of

the other of said one of said left or right hand tandem master cylinder.

22, A twin master cylinder assembly as defined in claim 21 m which each pnmary chamber
has a primary chamber self bleed hole each being preferably formed in the single unitary body,
preferably by drilling, that is open when the twin master cylinder is in a rest position, actuation
of one of said left or right hand twin master cylinders alone causing hydraulic fluid In the
secondary chamber of said one of said left or right hand tandem master cylinders to be vented

via the primary chamber self bleed hole of the other of said one of sad left or nght hand

tandem master cylinder.

23. A twin master cylinder assembly as defined in any preceding claim in which the lett and
right hand primary chambers are at least partially defined by respective left and right hand
primary chamber pistons, and the left and right hand secondary chambers are at least partially
defined by respective left and right hand secondary chamber pistons, m which the left or nght

hand primary piston acts on the corresponding left or right hand secondary piston In the event

of loss of fluid pressure in the left hand or right hand primary chamber.

20



CA 02546900 2006-05-23
WO 2005/051743 PCT/GB2004/004943
Z24. A twin master cylinder assembly as defined in claim 11 in which the stroke of the
secondary pston 1s lmited by a stop and in the event of loss of pressure in the secondary
chamber, the primary piston travel includes reserve travel following the full stroking of the

secondary piston.

25. A twm master cylinder assembly as defined in claim 11 or 12 in which following an initial
actuation of both tandem master cylinders, the primary chambers become hydraulically
isolated from the secondary chambers, thereby providing a split braking circuit during

continued actation of both tandem master cylinders,

26. A twin master cylinder assembly having a left hand tandem master cylinder having a left

hand primary chamber contained within the body and a left hand secondary chamber contained
within the body, and a right hand tandem master cylinder having a right hand primary chamber
contained within the body and a right hand secondary chamber contained within the body, the
left hand tandem master cylinder being independently operable from the right hand tandem
master cylinder in which at least a part of the left hand primary chamber surrounds a part of the
left hand secondary chamber and/or at least a part of the right hand primary chamber surrounds
a part of the right hand secondary chamber.

27. A twin master cylinder assemably having a left hand tandem master cylinder having a left
hand primary chamber contained within the body and a left hand secondary chamber contained
within the body, and a right hand tandem master cylinder having a right hand primary chamber
contained within the body and a right hand secondary chamber contained within the body, the
left hand tandem master cylinder being independently operable from the right hand tandem
master cylinder in which each primary chamber has a primary chamber self bleed hole that is
open when the twin master cylinder is in a rest position, actuation of one of said left or right
hand twin master cylinders alone causing hydraulic fluid in the secondary chamber of said one
of said left or right hand tandem master cylinders to be vented via the primary chamber self

bleed hole of the other of said one of said left or right hand tandem master cylinder.
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