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(57) Abstract: A brake balance device (38) in a braking system (10) of a vehicle to change the brake balance between at least one
front wheel and at least a rear wheel of the vehicle comprising first and second chambers (40, 42) which are suitable to be interposed
& along a front circuit (16) and a rear circuit (18) of the braking system (10), respectively, said chambers defining volumes which
& may change mutually and inversely as a function of the pressure within the front circuits. The volume in the second chamber (42)
is increased upon pressure increases (Pp) within the front circuit and the volume of the first chamber (40), thus changing the brake
O balance during braking. The brake balance device comprises adjusting means (72) operable by the driver allowing the brake balance
(BB) to be adjusted during a braking action. Further, a braking system and a vehicle braking method in which two differently sized

Master Cylinders are actuated with equal strokes are claimed.
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BRAKE BALANCE DEVICE, VEHICLE BRAKING SYSTEM AND A BRAKING METHOD FOR THE

BRAKING SYSTEM

[0001] The object of the present invention is a brake
balance device and a vehicle braking system, as well as a
vehicle braking method.

[0002] Thié invention 1is particularly suitable to be
applied to racing vehicles and more particularly to racing
motor vehicles.

[0003] Braking systems are known which in a motor
vehicle, particularly of the racing type, enable the brake
balance between the front wheels and the rear wheels which
can be changed by the driver. Prior braking systems
comprise a front circuit and a rear circuit and each
circuit comprises a pump to be activated by the driver by
means of the brake pedal and at least a caliper acting on
a disk for each one of the respective wheels. Both front
pump and back pump are activated by the pedal by means of
a lever or rocker arm fulcrumed by means of a fulcrum. The
length of at least one of both arms is set by the driver
by means of a command inside the passenger compartment
such that the forces acting on each pump and thus the
circuit internal pressures are distributed.

[0004] These prior art systems suffer from some
drawbacks.

[0005] Firstly, the prior art systems cannot allow any
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adjustment during braking action since the length of the
rocker arm cannot be changed while the pedal is being
acted on by the driver. Furthermore the prior art systems
act by keeping the balance generally constant during
braking action.

[0006] Furthermore the rocker arm should be mounted
behind the brake pedal in an area where the space to house
the rocker arm and enable the rotation of the same is very
narrow.

[0007] In addition to what has been stated above, in
order to replace or disassemble the braking circuits pumps
also the rocker arm should be disassembled thus entailing
great complications and a long time for replacement.

[0008] From what has been stated above, the need arises
for a braking system and a respective balance device
enabling to change the brake balance between the front
wheels and the rear wheels possibly also during braking
action and that may be easily mounted onto a vehicle,
particularly a racing motor vehicle.

[0009] The problem at the heart of the present invention
is to provide a vehicle braking system and a balance
device having such structural and functional features to
meet the above-mentioned respective requirements and
overcome the drawbacks cited with reference to the prior

art.
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[0010] This problem is solved by a vehicle braking system
according to claim 1 and by a balance device according to
claim 17. This problem is also solved by a vehicle braking
system according to claim 24.

[0011] The additional <claims relate to advantageous
embodiments either of the braking system or the balance
device.

[0012] Further characteristics and the advantages of this
invention will be understood from the following
description of the preferred exemplary embodiments
thereof, which are intended to be merely illustrative and
non limiting, with reference to the accompanying figures,
wherein:

[0013] Figure 1 illustrates a schematic view of a vehicle
braking system (FRONT/REAR MC = FRONT/REAR MASTER CYLINDER
FRONT/REAR CALIPERS) ;

[0014] Figure 2 illustrates a detail of the braking
system of figure 1 corresponding to a schematic
longitudinal section of a brake balance device according
to the present invention;

[0015] Figure 3 illustrates a longitudinal sectional view
of an embodiment of a brake balance device according to
the present invention;

[0016] Figure 4 illustrates an enlarged view of detail IV

of the brake balance device of figure 3;
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[0017] Figure 5 illustrates an enlarged view of defail v
of the brake balance device of figure 3;

[0018] Figure 6 illustrates a diagram corresponding to an
exemplary trend of the brake balance value (Brake Balance
BB) according to a first condition of use;

[0019] Figure 7 illustrates a diagram corresponding to an
exemplary trend of the brake balance value (Brake Balance
BB) according to a second condition of use.

[0020] With reference to £he above-mentioned figures, by
10 has been generally indicated a vehicle braking system,
particularly of a motor vehicle.

[0021] According to a possible embodiment, the braking
system 10 comprises disk brakes acting on each of the
front and rear wheels. At least one front caliper 12 is
conventionally associated to each front wheel and at least
one rear caliper 14 is conventionally associated to each
rear wheel.

[0022] By 16 has been indicated a first braking circuit
or front circuit and by 18 has been indicated a second
braking circuit or rear circuit.

[0023] By front circuit 1is meant a hydraulic circuit
operating by means of a braking fluid and operatively
interposed between the brake pedal, not shown, and the
front calipers 12. Similarly, by rear circuit is meant a

hydraulic circuit operating by means of a braking £fluid
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and operatively interposed between the brake pedal, now
shown, and the rear calipers 14.

[0024] In the following, by first or front will be
indicated a member belonging to the first circuit or front
circuit. Similarly, by second or rear will be indicated a
member belonging to the second circuit or rear circuit.
[0025] Each braking circuit comprises a respective drive
pump. In the example illustrated in figure 1, a first
drive pump or front drive pump has been indicated with
numeral 20 while a second drive pump or rear drive pump
has been indicated with numeral 22.

[0026] Each drive pump comprises -a respective rod
suitable to be connected to the brake pedal of the vehicle
inside the passenger compartment. By 24 has been indicated
a rod associated to the front drive pump 20 and by 26 has
been indicated a rod associated to the rear drive pump 22.
In particular, both rods are suitable to be tightly fixed
to the pedal. Though the brake pedal has not been
illustrated, the displacement imparted to both rods by the
pedal inside the passenger compartment has been indicated
with Xp in Figure 1.

[0027] A front pump cylinder has been indicated with 28
and a rear pump cylinder has been indicated with 30. Both
cylinders 28 and 30 are suitable to be advantageously

mounted directly onto a frame 32 of the vehicle.
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[0028] A piston, not shown, is associated to each rod 24,
26, respectively, which is suitable to be housed in the
respective cylinder 28, 30. The front piston area has been
indicated with Aa and the rear piston area has been
indicated with Ap. According to a possible embodiment, the
front piston area Aa is smaller than the rear piston area
Ap.

[0029] Each circuit comprises first conduits or front
conduits 34 and second conduits or rear conduits 36.
Inside a circuit, the conduits connect the drive pump to
the respective calipers.

[0030] A brake balance aevice between the front wheels
and the rear wheels belonging to the brake system 10A has
been indicated with 38. The balance device 38 1is
advantageously interposed along the respective front and
rear circuits. Particularly, the balance device 38 is
fitted along the respective conduits and divides them into
a first portion 34a, 36a from the pump to the balance
device and a second portion 34b, 36b between the balance
device and the calipers.

[0031] In accordance with a possible embodiment, both the
front circuit and the rear circuit run through the balance
device 38 while remaining structurally and fluidically
separated.

[0032] Advantageously, the balance device 38 defines a
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first chamber 40 and a second chamber 42 which
respectively define volumes that may be wvaried as a
function of the adjustment set by the driver and/or the
pressure applied to the system by means of the brake pedal
(i.e. as a function of the displacement Xp of the pedal).
Particularly, the first chamber 40 and the second chamber
42 define volumes which may be mutually and inversely
varied, i.e. such that any increase in the first chamber
volume corresponds to a decrease in the second chamber
volume and vice versa.

[0033] In accordance with a possible embodiment, the
first chamber 40 is interposed along the first circuit or
front circuit and the second chamber 42 is interposed
along the second circuit or rear circuit. In other words,
the first chamber 40 comprises an inlet 44 where the first
portion 34a of the front circuit and an outlet 46
communicating with the second portion 34b of the front
circuit end. Similarly, the second chamber 42 comprises an
inlet 48 where the first portion 36a of the rear conduit
and an outlet 50 communicating with the second portion 36b
of the rear circuit end.

[0034] Yet in other words, the first chamber 40
communicates with the front drive pump 20 through the
inlet 44 and with the front calipers 12 through the outlet

46. Similarly, the second chamber 42 communicates with the
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rear drive pump 22 through the inlet 48 and with the rear
calipers 14 through the outlet 50.

[0035] In accordance with a possible embodiment, the
balance device 38 comprises a cylinder 52 housing a piston
54. The piston 54 partitions the cylinder 52 defining the
first chamber 40 and the second chamber 42 and represents
a movable wall for both chambers suitable to mutually and
inversely change the volume as defined by each chamber. In
fact, a displacement X of piston 54 within the cylinder 52
increases the volume in one of the chambers and at the
same time decreases the volume in the other one as will be
discussed below. For example, a displacement X in the
direction indicated in figure 1 and 2 will increase the
volume in the second chamber 42 and decrease the volume in
the first chamber 40.

[0036] In accordance with a possible émbodiment, with Al
has been indicated the piston area 54 inwardly facing the
first chamber 40 and with A2 has been indicated the piston
area 54 inwardly facing the second chamber 42. With
reference to figure 1‘and 2, with Pa has been indicated
the pressure within the front circuit and with Pp the
pressure within the rear circuit.

[0037] In accordance with a possible embodiment, the
piston comprises a rod 56 extending across the first

chamber starting from the area Al. In other words the area
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Al of the first chamber 40 is smaller than the area A2 of
the second one 42.

[0038] In accordance with a possible embodiment, between
the piston 54 and the cylinder inner walls a seal is made
which is suitable to keep both circuits separated and is
further suitable to minimize the £friction between the
piston and the cylinder walls. Advantageously a
metal/metal seal with a labyrinth made by grooves 58
formed on the surface of the piston 54 is provided (figure
5).

[0039] Advantageously, the rod 56 extends outwards from
the first chamber 40 through an aperture 60 formed in a
wall of the cylinder 52. In accordance with a possible
embodiment, a seal is provided between the rod 56 and the
walls of the aperture 60 of the cylinder, which is also
suitable to minimize the friction between the piston and
the cylinder walls. Advantageously a seal made of
composite material is provided, which comprises a rubber
ring or Oring 62 and a pad 64 of a polymeric material with
low static and dynamic friction values, such as Teflon
(registered mark). The rubber ring and the pad are housed
in a seat 66 formed in the wall defining the aperture 60
such that the rubber ring holds the pad in contact with
the rod (figure 4).

[0040] According to a possible embodiment, the balance
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device 38 comprises adjusting means such as suitable to
be operated by the driver while driving to change the
brake balance level between the front wheels and the rear
wheels.

\[0041] Advantageously, the adjusting means comprise a
resilient member, preferably a spring 68 acting on the
piston 54 such as through the rod 56. In accordance with a
possible embodiment, the spring 68 has one end which is
fitted onto the rod 56, preferably by means of a cap 70,
and one end which is responsive against an adjusting screw
72 tightened in a threaded seat 74 of the cylinder 52.
Advantageously the adjusting screw 72 is made in form of a
receptacle which is suitable to receive a spring portion
therein and threaded on the outside to be either screwed
or unscrewed within the threaded seat 74 (figure 3).

[0042] Figures 1 and 2 are schematic views of the balance
device 38 while figure 3 is a cross-sectional view of the
balance device 38 in accordance with a possible
embodiment. Figure 3 shows the cylinder 52 defining
therein a compartment 76 housing piston 54 which is open
on one side thereof. A cover 78 is advantageously mounted
on the open end of the compartment 76, preferably screwed
up, with a gasket 80 therebetween.

[0043] Figure 3 shows inlet 44 of first chamber 40 and

inlet 48 of second chamber 42. The respective outlets are
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not seen in the section of figure 3.

[0044] In accordance with a possible embodiment such as
illustrated in figure 3, piston 54 comprises a rib 82
extending from area A2, i.e. within the second chamber 42,
preferably in the middle of the piston. In the position in.
Figure 3, 1i.e. when the second chamber has the lowest
volume, the rib 82 is suitable to touch the cylinder
bottom (e.g. the cover 78) such that the second chamber 42
is defined by the annular area around the same rib. In
other words, the rib 82 is suitable to keep a lowest
volume in the second chamber which is other than zero. The
position of inlet 48 (and outlet 50) is such to ensure
fluid communication between the rear conduits 36 and the
second chamber 42 also when the latter has the lowest
volume.

[0045] In accordance with a possible embodiment such as
illustrated in figure 3, the piston 54 comprises a further
rib 84 extending from area Al, i.e. within the first
chamber 40, preferably in the middle of the piston.
Particularly, further rib 84 defines an enlargement of the
rod bottom 56. In a position where the first chamber has
the lowest volume, further rib 84 is suitable to touch the
respective cylinder bottom such that the first chamber 40
is defined by the annular area around the same rib. In

other words, the rib 82 is suitable to keep a lowest
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volume in the first chamber which is other than zero. The
position of inlet 44 (and outlet 46) is such to ensure
fluid communication between the front conduits 34 and the
first chamber 40 also when the latter has the Ilowest
volume.

[0046] The assembly of the balance device according to
the present invention as well as the mounting of the same
on the respective braking system within the vehicle are
described below.

[0047] With reference to an embodiment such as
illustrated in figure 3, piston 54 1is fitted into the
cylinder through the aperture provided on one end thereof
where the cover 78 is subsequently screwed up. The seals
relative to the piston, rod and cover are positioned while
assembling piston 54.

[0048] Spring 68, selected according to its stiffness K,
and cap 70, if present, are fitted onto the rod extending
outwards from first chamber 40. The adjusting screw 72 is
tightened in its seat 74.

[0049] Finally, the balance device 1is assembled in the
braking system by connecting the respective conduits to
inlets 44, 48 and outleté 46, 50 of both chambers defined
by the piston.

[0050] In accordance with a possible embodiment, the

adjusting screw 72 is directly operable by the driver
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while according to an advantageous embodiment, not shown,
remote control means of the adjusting screw 72 are
provided which operate between the passenger compartment
and the same adjusting screw. For example, these remote
control means may comprise a Boden-type cable or similar.
[0051] The description of the operation of a braking
system and a brake balance device used therewith is given
below.

[0052] 1In the description of the operation of both system
and device as described above reference will be made to
the brake balance value (Brake Balance BB) intended as a
percentage indicating the braking at the front circuit
relative to the total amount of this indicative value at
the front and rear calipers. Generally, as the indicative
braking value, reference is made to the pressure applied
by the braking fluid in the respective circuit, hence the
balance value results from the ratio: Pa/(Pa + Pp).

[0053] With reference to Figure 1, when the driver acts
on the brake pedal the rods of the front and rear pumps
are pushed inside the respective cylinders thus causing a
stroke Xp of the corresponding pistons. The stroke is the
same for both pumps. This stroke corresponds to a volume
of brake fluid that is “displaced” and that generates a
braking pressure in the circuit.

[0054] The circuit feature, i.e. curve P(V) indicating
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the pressure as a function of the displaced-liquid volume
is such that a greater displaced-liquid volume corresponds
to a greater pressure.

[0055] The displaced-liquid volume, and also the braking
pressure change, stroke Xp being equal, as a function of
the diameter of the pistons of the front and rear pumps.
[0056] Starting from the fact that the stroke Xp is the
same for both pump pistons, and considering the case where
both pump diameters and circuit features P(V) are the
same, without the balance device 38 the front circuit and
the rear circuit are able to apply substantially the same
braking pressure and so the brake balance value (Brake
Balance BB) amounts to 50%.

[0057] According to a possible embodiment where the area
Aa of the front pump piston is less than the area Ap of
the rear pump piston, without the balance device 38 and
considering the circuit features as being the same, the
displaced-fluid volume in the front circuit is less than
the displaced-fluid volume in the rear circuit, and
accordingly the front braking pressure Pa is less than the
rear one Pp. There results that the brake balance value
(Brake Balance BB) 1is less than 50%. This value is
practically constant upon increase of Xp i.e. upon
increase of the braking pressure on the front wheels

(except those variations due to conduit absorption) and is
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calculated considering the ratio of Aa and the sum of both
pump piston areas (Aa + Ap).

[0058] With the balance device according to the present
invention, the braking fluid volume is to be considered,
which in the rest condition, fills the first and second
chambers and which, by acting on the brake pedal, is
“withdrawn” or “supplied” to the calipers as a function of
how both chamber volumes mutually change.

[0059] Generally, a relative increase in the second
chamber volume causes a decrease in the braking pressure
Pp on the rear wheels and a relative decrease of the brake
balance value (Brake Balance BB), and vice versa.

[0060] In the case where a balance device such as
described in the annexed figures, different conditions may
take place as a function of the preloading Xo set on
spring 68, as will be discussed below.

[0061] In the case where the spring has a zero preloading
Xo, brake Dbalance value (Brake Balance BB) will
substantially depend on the variation of the first and
second chamber volumes, i.e. on the areas Al and A2 of the
balance device , as well as the areas Aa and Ap of both
pumps. Upon increase of the pressures within the circuits
piston 54 ©presses the spring initially by a zero
preloading thus reaching a balance state. This brake

balance value (Brake Balance BB) is substantially constant
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upon variation of the applied pressure, e.g. upon increase
in pressure Pa within the front circuit.

[0062] When the balance device is assembled in the
vehicle braking system and is at rest (Xp=0), the device
takes up a configuration similar to that illustrated with
reference to the embodiment in Figure 3, i.e. wherein the
braking fluid volume is maximum in the first chamber and
the braking fluid volume is minimum in the second chamber.
If a change is considered starting from the state of rest,
if the second chamber volume is increased, the first
chamber volume will be decreased accordingly. A part of
the rear circuit braking fluid fills the second chamber
instead of being active on the rear calipers to create a
braking pressure. On the contrary, a part of the braking
fluid that filled the first chamber is provided to the
front calipers to create a greater braking pressure.
Therefore, the braking percentage increases at the front
wheels and decreases at the rear omnes, and the brake
balance value (Brake Balance BB) will increase accordingly
up to more than 50% as a function of the volumes in
question, e.g. as a function of the sizes of both areas Al
and A2 of piston 54 and areas Aa and Ap of both pumps.
[0063] In the case where area A2 facing the second
chamber is greater than area Al facing the first chamber,

starting from a state of rest and creating a stroke Xp of
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both pump pistons, piston 54 of the balance device is
forced by pressure into the rear circuit Pp in the
direction of displacement X in Figure 1, thereby second
chamber 42 increases its volume to the detriment of first
chamber 40. Accordingly, contrarily to a condition where
the balance device is not provided, the braking pressure
on the front wheels Pa as well as the brake balance value
(Brake Balance BB) are increased up to a value that may
exceed 50% as a function of areas Al and A2 and areas Aa
and Ap of both pumps as discussed above.

[0064] If the preloading of the spring is increased, e.g.
by means of the adjusting screw, with the same amount of
displacement Xp than the above condition (i.e. with the
same pressure for example in front circuit Pa), the
increase in second chamber 42 will be reduced starting
from the wvalue with =zero preloading substantially
resulting from the value of areas Al and A2 of the balance
device (and areas Aa and Ap of both pumps) until reaching
the value that will be obtained in case the balance device
is not provided.

[0065] The volume in the second chamber will increase
when the force applied onto piston 54 following the
pressure in the rear circuit Pp exceeds the force applied
onto piston 54 following the pressure in the front circuit

Pa and following the preloading of the spring. Before the
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volume in the second chamber is increased, the system will
behave like the balance device were not provided.

[0066] If the preloading of the spring is increased, the
front pressure Pa range will be increased, wherein the
system will behave 1like the balance device is not
provided. In fact, by increasing the preload, piston 54 of
the balance device will be pressed against the cylinder
bottom while keeping the volume in the second chamber at
the minimum, until pressure in the second chamber exceeds
a threshold value which depends on both the preloading of
the spring and areas Al and A2 as well as areas Aa and Ap
of the pumps.

[0067] When the pressure value 1is such to allow an
increase in the second chamber volume, the spring will be
pressed. Upon increase in the pressures in question, i.e.
upon increase of Xp, piston 54 will keep on move in the
displacement direction X illustrated in Figure 1 thus
further pressing the spring as a result of the difference
between both areas Al and A2, between both areas Aa and Ap
of the pumps and between the pressure values of both
chambers 40, 42. Thus, once a certain preloading of the
spring has been set, after a certain threshold wvalue of
front pressure Pa has been exceeded, the balance devicé
intervenes (piston 54 moves according to the direction X

in Figure 1) and an increase in the value of brake balance
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(Brake Balance BB) is automatically obtained upon pressure
increase in the front circuit Pa, preferably starting from
a value lower than 50% to a value greater than 50% upon
pressure increase in the front circuit, i.e. upon increase
of Xp.

[0068] In this way, a first braking step is carried out
with greater pressure at the rear wheels while a second
braking step, when the front side tends to be more loaded
by inertia, is carried out with pressure prevailing on the
front wheels.

[0069] Figures 6 and 7 illustrate two diagrams relative
to the theoretical operation of a particular exemplary
embodiment in which the above general operation can be
identified. Both figures illustrate the brake balance
value (Brake Balance BB) as a function of front pressure
Pa both with the balance device and without the balance
device as a function of the preloading of the spring.
Figure 6 is relative to a condition where the influence of
the volume absorbed by the pipes has been considered while
Figure 7 is relative to a condition where both lines have
been considered as being rigid, in order to either
minimize or cancel the action of pipes. The actual system
relevant to this example behaves intermediate to that
illustrated in Figures 6 and 7.

[0070] The particular example relates to a braking system
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wherein:

[0071] The area diameter Aa of the piston of front pump
20 is 17 mm and the pump is single-stage,

[0072] The area diameter Ap of the rear pump piston 22 is
18 mm and the pump is single-stage,

[0073] The maximum stroke of the piston of pumps Xpmax is
30 mm,

[0074] The maximum stroke of the balance device piston
has been sized such that the maximum losable volume within
the chamber delimited by area A2 is 20% of the wvolume
container in the smallest pump used and the percentage of
“]osable” stroke is 20%,

[0075] Spring rigidity K is 10000 N/m and the max.
preloading is Xo=max=15 mm,

[0076] The front circuit absorption KA is 1 mm’/bar
(linearly calculated from 0-50 bar on the circuit and by
adding the calipers absorption, normalized with respect
to the front circuit),

[0077] The rear circuit absorption KP is 1,13 mm? /bar
(linearly calculated from 0-50 bar on the circuit and by
adding the calipers absorption, normalized with respect to
the front circuit),

[0078] The diameter D1 (equal to the piston 54 diameter
to which the rod diameter has been subtracted) is 15 mm,

hence Al is 3,14 * (D1)2%/4,
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[0079] The diameter D2 is 16.2 mm hence A2 1is 3,14 *
(D2)?%/4,

[0080] The maximum stroke of piston 54 is 6.6 mm.

[0081] With reference to Figure 7, value BB provided by
the pumps is 47,1% while value BB provided by the areas of
the balance device 1is 53,8% (which value corresponds to
the presence of the balance device without spring
preloading). The value BB changes within these extremes as
a function of both the spring preloading and the front
pressure.

[0082] Starting from the =zero preioading curve and
increasing the spring preloading, the curve Ilowers and
takes an arcuate trend starting from a value that, from
Pa=10 bar, is slightly greater than 52% up to 53,8% upon
front pressure increase. If the preloading is further
increased, the value BB as being Pa=10 bar will be further
decreased starting from about 49,5% and asymptotically
increased to 53,8% upon front pressure increase.

[0083] If the preloading is further increased, a front
pressure range is defined wherein the system behaves in
the same way as the one which is not provided with the
balance device . This range is illustrated both in Figure
6 and in Figure 7 by the arrow F. Particularly, with the
highest preloading, the BB curve will keep to 47% until it

reaches a front pressure value of about 24 bar, then it
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will increase together with front pressure. Generally,
front pressure values are about 70 bar, thereby at the
highest value of Xp and highest value of the preloading,
BB stabilizes around 51%. In other words, starting from a
certain preloading value, the braking action starts from
such a balance to brake mostly on rear wheels, and upon
increase of Xp and accordingly of front pressure Pa, it
balances to be then balanced such as to brake mostly on
front wheels.

[0084] The diagram in Figure 6 1s of a similar concept to
Figure 7 but, following absorption by the tubes, the value
BB at p=10 bar changes from 49% to 53,8% and the front
pressure range F where the system behaves like it were not
provided with the balance device is greater (0-50 bar).
In other words, once the areas Al and A2 and the spring
rigidity K have been set, the selection of the preloading
range to be applied to the spring in order to change the
point where the balance device may intervene merely
depends on the system absorption.

[0085] In accordance with the present invention, a
vehicle ©braking method 1is advantageously provided,
comprising a step wherein strokes Xp are determined which
are equal to respective pistons of a front pump and a rear
pump of a vehicle, in order to obtain a greater pressure

in the circuit comprising the pump with the piston of the
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greatest area. In accordance with a possible embodiment,
front pump 20 of the vehicle has a piston of smaller area
than the piston of the rear pump 22.

[0086] Advantageously, a balance step of braking fluid
volume is mutually and inversely provided between the
front circuit and the rear circuit in order to change the
value of brake balance between the front wheels and the
rear wheels. In accordance with a possible embodiment, the
balance of braking fluid volumes depends on the pressure
within the circuits, particularly in the front circuit Pa.
[0087] Advantageously, a volume associated to the rear
circuit will increase upon increase in the circuit
pressure to change the balance value during braking
action. Particularly, the volume associated to the rear
circuit will increase upon increase in the circuit
pressure in order to change the balance value during
braking action starting from a condition in which the
pressure in the rear circuit is greater to one in which
the pressure in the front circuit is greater.

[0088] It should be appreciated from what stated above
that the balance device and a braking system in accordance
with the present invention enable to optimize braking by
suitably selecting the desired balance value. Furthermore,
this value can be changed by the driver and is set such as

to be automatically changed in the course of braking
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action, for example starting from a value less than 50% up
to a value greater than 50% to exploit a greater pressure
on the rear wheels during a first step of the braking
action and subsequently a greater pressure on the front
wheels during a second step of the braking action.

[0089] The adjusting screw allows the driver to change
point where the balance device may intervene and the
balance values.

[0090] The provision of two circuits which are separate
though being mutually affectable allows to obtaiﬁ. high
safety conditions in case of any failure of a member of
either circuit. In the event of failure of a rear circuit
member, the front pump will be immediately able to carry
out an emergency braking action on the front wheels. In
the event of failure of a front circuit member, the rear
pump is able to carry out an emergency braking action on
the rear wheels as soon as the second chamber has reached
its highest wvolume.

[0091] It is understood that variants and/or additions
may be made to what has been discussed and illustrated
above.

[0092] To the preferred embodiment discussed above, those
skilled in the art, aiming at satisfying particular
requirements, may carry out a number of variations,

adaptations and replacements of members with others which
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are operatively equivalent, without however departing from

the scope of the following claims.
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CLAIMS
1. Brake balance device (38) in a braking system (10) of

a vehicle to change the brake balance between at least one
front wheel and at least one rear wheel of the wvehicle,
said balance device (38) comprising first and second
chambers (40, 42) which are suitable to be interposed
along a front circuit (16) and a second circuit (18) of
the braking system (10), respectively, said chambers
defining volumes which may change as a function of the
front circuit pressure (Pa).

2. Brake balance device (38) according to claim 1,
wherein said volumes may mutually and inversely change as
a function of the front circuit pressure (Pa).

3. Brake balance device (38) according to claim 1 or 2,
suitable to be interposed along the respective front and
rear circuits of the braking system, the front circuit
pressure (Pa) without balance device being smaller than
the rear circuit pressure (Pp), said balance device
increasing the front pressure (Pa) with respect to the
rear pressure (Pp) upon increase in the front circuit
pressure (Pa).

4. Brake balance device (38) according to one of
previous claims, wherein the volume in the second chamber
(42) is increased upon increase of pressure (Pa) within

the front circuit and the volume in the first chamber (40)
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is mutually decreased upon increase of pressure (Pa) in
the front circuit, thus changing the wvalue of brake
balance during the braking action.

5. Brake Dbalance device (38) according to one of
previous claims, comprising a cylinder (52) and a floating
piston (54) defining a movable wall of said first and
second chambers (40, 42).

6. Brake balance device (38) according to claim 5,

wherein the area (A2) of piston (54) facing the second

chamber (42) is greater than the area (Al) of piston (54)

facing the first chamber (40).

7. Brake balance device (38) according to claim 6,
wherein said floating piston (54) comprises a rod (56)
extending across the first chamber (40).

8. Brake balance device (38) according to one of claims
5 to 7, comprising a spring (68) suitable to apply a force
onto the floating piston (54) as directed from first to
second chamber.

9. Brake balance device (38) according to claim 8,
wherein said spring (68) is fitted between an adjusting
screw (72) and the piston (54) from the side of the first
chamber (40).

10. Brake balance device (38) according to claim 8 when
dependent on claim 7, wherein said spring (68) is fitted

between an adjusting screw (72) and the rod (56).
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11. Brake balance device (38) according to claims 9 or
10, wherein said adjusting screw (72) is suitable to
change the preloading of the spring (68) to change the
value of front pressure (Pa) at which the balance device
will intervene.

12. Brake balance device (38) according to one of claims
9 to 11, wherein said adjusting screw (72) defines a
receptacle suitable to house the spring (68) at least
partially therein and to be externally screwed in a
threaded seat (74) of the cylinder (52).

13. Brake balance device (38) according to one of claims
5 to 12, wherein a labyrinth seal is provided between said
piston (54) and said cylinder (52) which comprises grooves
(58) formed on the surface of the piston (54).

14. Brake balance device (38) according to one of claims
5 to 13, comprising a seal provided with a rubber ring
(62) and a pad (64) in a material with low static and
dynamic friction values positioned in contact with a wall
of a rod (56) of the piston (54).

15. Brake balance device (38) according to one of claims
5 to 14, wherein said piston comprises a rib (82) suitable
to keep a lowest volume in the second chamber (42).

16. Brake balance device (38) according to one of claims
5 to 15, wherein said piston comprises a further rib (84)

suitable to keep a lowest volume in the £first chamber
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(40) .

17. Brake balance device (10) of a vehicle comprising a
balance device (38) between at least one front wheel and
at least one rear wheel of the vehicle in accordance with
one of previous claims.

18. Braking system (10) of a vehicle according to claim
17, wherein said first chamber (40) is interposed along
said front circuit (16) and said second chamber (42) is
interposed along said rear circuit (18).

19. Braking system (10) of a vehicle according to claims
17 or 18, wherein said front circuit (16) comprises a
front puﬁp (20) and said rear circuit (18) comprises a
rear pump (22), said pumps being connected to a brake
pedal such that the stroke (Xp) of respective pistons is
the same.

20. Braking system (10) of a vehicle according to claim
19, wherein said pumps (20, 22) comprise respective rods
(24, 26) which are rigidly connected to the brake pedal.
21. Braking system (10) of a vehicle according to claims
19 or 20, wherein the piston of front pump (20) has a
smaller area (Aa) than the area (Ap) of the piston of rear
pump (22).

22. Braking system (10) of a vehicle according to one of
claims 19 to 21, wherein said front and rear pumps (20,

22) comprise respective cylinders (28, 30) secured to a
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frame (32) of the vehicle.

23. Braking system (10) of a vehicle comprising a front
circuit (16) suitable to connect a front pump (20) to at
least a caliper (12) acting on at least one front wheel of
the vehicle, a rear circuit (18) suitable to connect a
rear pump (22) to at least a caliper (14) acting on at
least a rear wheel of the vehicle, said front and rear
pumps comprising respective cylinders (28, 30) integral
with a frame (32) of the vehicle and respective rods (24,
26) connected to a brake pedal such to impart an equal
stroke (Xp) to respective pistons of the front and rear
pumps .

24. Braking method of a vehicle comprising a step in
which equal strokes (Xp) are set on respective pistons of
a front pump and a rear pump of a vehicle to obtain a
greater pressure in the circuit comprising the pump with
the greater area piston.

25. Braking method of a wvehicle according to claim 24,
wherein the front pump (20) of the vehicle has a smaller
area piston than the piston of rear pump (22).

26. Braking method of a vehicle according to claims 24 or
25, wherein a balance step of braking fluid volume is
mutually and inversely provided between the front circuit
and the rear circuit to change the value of brake balance

between the front and the rear wheels.
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27. Braking method of a wvehicle according to claim 26,
wherein the balance of braking fluid volume depends on the
pressure within the circuits.

28. Braking method of a vehicle according to claim 27,
wherein a volume associated to the rear circuit 1is
increased upon pressure increase within the circuits to
change the balance value during braking action.

29. Braking method of a vehicle according to claim 28,
wherein the wvolume associated to the rear circuit is
increased upon pressure increase within the circuits to
change the balance value during braking action from a
condition where the rear c¢ircuit pressure is prevailing to
a condition where the front circuit pressure is

prevailing.
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