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(57) Abstract

The invention concerns a power braking device for a motor vehicle, 
comprising a master cylinder (200) and a pneumatic servo boost (100) including 
a rigid outer cover (10) sealingly divided into at least two chambers (12, 14) by 
a mobile partition (16). The main hydraulic piston (30) of the master cylinder 
(200) itself comprises a hollow mobile cylinder (32) inside which slides a 
reaction piston (34) which comprises two-way valve means (94, 95) normally 
open, capable of interrupting the communication between the internal volume 
(V) of the master cylinder and the inside (35) of the mobile cylinder (32), and 
which comprises a first part (50) locked, in an inoperative position, against the 
mobile cylinder (32), and a second part (52) locked, in an inoperative position, 
against the first part (50), a third piston (82) capable of sliding sealingly inside 
the mobile cylinder (32), and being locked in an inoperative position, on the 
first part (50), and comprising a central opening (90) communicating the inside (35) of the mobile cylinder (32) with the internal volume of 
the master cylinder (200). The invention is characterised in that the third piston (82) is stepped and slides sealingly in a stepped bore (84, 
85) of the mobile cylinder (32), the diameter of the front portion (84) of the stepped bore being less than the diameter of the rear portion 
(85) of this bore.

(57) Abrege

L’invention conceme un dispositif de freinage assists pour vdhicule h moteur, comprenant un maitre-cylindre (200) et un servomoteur 
pneumatique d’assistance (100) comportant une enveloppe rigide (10) sdparde de fa?on dtanche en au moins deux chambres (12, 14) 
au moyen d’au moins une cloison mobile (16). Le piston hydraulique principal (30) du maitre-cylindre (200) comporte lui-meme un 
cylindre mobile (32), creux, It l’intdrieur duquel coulisse un piston de reaction (34) qui comporte un moyen de clapet h deux voies (94, 
95) normalement ouvert, susceptible d’interrompre la communication entre le volume intdrieur (V) du maitre-cylindre et l’intdrieur (35) 
du cylindre mobile (32), et qui comporte une premidre partie (50) en butde, en position de repos, contre le cylindre mobile (32), et une 
deuxidme patie (52) en butde, en position de repos, contre la premidre partie (50), un troisidme piston (82) dtant susceptible de coulisser 
de fafon dtanche dans le cylindre mobile (32), et dtant en butde, en position de repos, sur la premidre partie (50), et comportant une 
ouverture centrale (90) faisant communiquer l’intdrieur (35) du cylindre mobile (32) avec le volume intdrieur du maitre-cylindre (200). 
Selon l’invention, le troisidme piston (82) est dtagd et coulisse de fa?on dtanche dans un aidsage dtagd (84, 85) du cylindre mobile (32), le 
diamdtre de la portion avant (84) de l’aldsage dtagd dtant infdrieur au diamdtre de la portion arridre (85) de cet aidsage.

I
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ABSTRACT

TITLE : BOOSTED BRAKING DEVICE WITH VARIABLE BOOST
RATIO AND REDUCED HYSTERESIS

INVENTOR : Juan SIMON BACARDIT

FILED BY : BOSCH SISTEMAS DE FRENADO, S.L.

The 
device for 
cylinder (2 
a rigid cas 
at least tw< 
moving part 
of the mast 
moving cyl 
reaction piston 
means (94, 
interrupting

(32)
(34)
which
communication

invention relates 
a motor vehicle, 

I) and a pneumatic 
ng (10) divided in

The main hydraulic
includes(200) itself

inside which 
which includes
is normally open, 

between
95)
the
the master cylinder and the interior (35)

to a boosted braking 
comprising 

booster (100)
leaktight

a master 
including 

fashion into 
at least one 
piston (30) 

a hollow 
there slides a 
a two-way valve 

capable of 
the interior

volume (V) of
of the moving cylinder (32) and which includes a first
part (50) which, in the position of rest, is in
abutment against the moving cylinder (32) , and a second
part (52) which, in the position of rest, is in
abutment against the first part (50 ) , a third piston
(82) being capable of sliding in leaktight fashion 
inside the moving cylinder (32) and, in the position of
rest, being in abutment on the first part (50) and
including a central opening (90) making the interior
(35) of the moving cylinder (3 2) communicate with the
interior volume of the master cylinder (200).

According to the invention, the third piston
(82) is stepped and slides in leaktight fashion in a 
stepped bore (84, 85) of the moving cylinder (32), the 
diameter of the front portion (84) of the stepped bore 
being smaller than the diameter of the rear portion
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(85) of this bore.

Figure 2
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BOOSTED BRAKING DEVICE WITH VARIABLE BOOST RATIO 
AND REDUCED HYSTERESIS

The present invention relates to boosted 
braking devices for motor vehicles, comprising a master 
cylinder controlling the hydraulic pressure in the 
brake circuit connected to the brakes of the vehicle, 
this master cylinder being capable of being actuated by 
a pneumatic booster when the driver of the vehicle 
depresses the brake pedal.

In the conventional way, the master cylinder is 
filled with a brake fluid and equipped with .a main 
hydraulic piston intended to receive an actuating force 
composed of an input force and of a boost force both 
acting in an axial direction.

Furthermore, the pneumatic booster can be 
operated by applying the input force to an operating 
rod controlling the opening of a valve, so as to exert 
the actuating force on the main hydraulic piston of the 
master cylinder, the booster including a rigid casing 
divided in leaktight fashion into two chambers by means 
of a moving partition which can be acted upon by a 
difference in pressure between the two chambers 
resulting from the opening of the valve and of driving 
along a pneumatic piston which can move with respect to 
the casing and bearing the valve, the input force being 
transmitted via a plunger which is also subject to the 
hydraulic pressure prevailing in the master cylinder.

In these devices, the main hydraulic piston of 
the master cylinder itself includes a hollow moving 
cylinder communicating with the master cylinder, 
receiving at least part of the boost force, and inside 
which there slides, in leaktight fashion and in the 
axial direction, a reaction piston capable of receiving 
at least the input force, elastic means exerting an 
elastic force between the reaction piston and the 
moving cylinder and urging the reaction piston in the 
direction of the master cylinder, at least one opening 
being made in the moving cylinder in order to make the
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interior of the latter communicate with the interior of the master cylinder.

Such a device is described, for example, in document WO 98/03385.

These devices with hydraulic reaction have as their main advantage the fact that

however intense the braking action and however great the rate of application of the input

5 force, their characteristic operating curve, namely the curve giving the pressure in the 

master cylinder as a function of the intensity of the input force of the booster, is 

unchanged. These devices therefore show no lengthening in the response time in the

case of emergency braking.

They do, however, have the drawback of having substantial hysteresis between the

10 actuation and release phases, this being particularly significant in the most commonplace 

braking actions, namely those which have no emergency nature.

It is an object of the present invention to overcome or ameliorate at least one of 

the disadvantages of the prior art, or to provide a useful alternative.

Accordingly, the invention provides a boosted braking device for a motor

15 vehicle, comprising on the one hand a master cylinder filled with a brake fluid and 

equipped with a main hydraulic piston intended to receive an actuating force composed

of an input force and of a boost force both acting in an axial direction, and on the other

hand a pneumatic booster which can be operated by applying the input force to an

operating rod secured to a plunger controlling the opening of a three-way valve, so as to 

20 exert the actuating force on the main hydraulic piston, the booster including a rigid

casing divided in leaktight fashion into at least two chambers by means of at least one

moving partition which can be acted upon by a difference in pressure between the two

:hambers resulting from the opening of the three-way valve and of driving along a
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pneumatic piston which can move with respect to the casing, bearing the three-way valve 

and contributing at least to transmitting the boost force, the main hydraulic piston of the 

master cylinder itself including a hollow moving cylinder communicating with the 

interior volume of the master cylinder, receiving at least part of the boost force, and

5 inside which there slides, in leaktight fashion and in the axial direction, a reaction piston

capable of receiving at least the input force, first elastic means exerting a first elastic

force between the reaction piston and the moving cylinder and urging the reaction piston

in the direction of the master cylinder, at least one opening being made in the moving 

cylinder in order to make the interior of the latter communicate with the interior of the

10 master cylinder, the reaction piston including a two-way valve means which is normally 

open, capable of interrupting the communication between the interior volume of the 

master cylinder and the interior of the moving cylinder, the reaction piston being 

composite and including a first part which, in the position of rest, is in abutment against 

the moving cylinder under the effect of the first elastic means, and a second part capable

15 of sliding with respect to the first part, second elastic means exerting a second elastic 

force backwards on the second part in order to urge it into abutment, in the position of 

rest, against the first part, the second part being capable of sliding in leaktight fashion in

the first part, a third piston being capable of sliding in leaktight fashion inside the

moving cylinder, the third piston being urged backwards by third elastic means so that in 

20 the position of rest it comes into abutment on the first part, the second elastic means

being arranged between the second part and the third piston, the third piston being

formed with a central opening making the interior of the moving cylinder communicate

with the interior volume of the master cylinder, the two-way valve means being formed
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by a seat arranged on the second part or on the third piston wherein the third piston is 

stepped and slides in leaktight fashion in a stepped bore of the moving cylinder, the 

diameter of a front portion of the stepped bore being smaller than the diameter of a rear 

portion of this bore.

5 Unless the context clearly requires otherwise, throughout the description and the

claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense 

of “including, but not limited to”.

Advantageously, at least in a preferred form the present invention provides a

10 boosted braking device with hydraulic reaction which has improved operating 

characteristics in the case of emergency braking and which has no hysteresis, without the 

need for sensors or a complicated electronic circuit, and which is therefore of lower cost, 

while operating reliably under all circumstances.

Preferably, upon an emergency braking action, the first and second parts of the

15 reaction piston can slide one with respect to the other and actuate the two-way valve 

means in the direction of closure, so that the reaction piston receives the master cylinder 

internal pressure reaction only on the cross section which is smaller than that on which it 

receives this pressure reaction during braking under normal conditions, this resulting in

the boost ratio of the boosted braking device being higher under emergency conditions, 

20 the stepped piston forms a differential piston forcing the two-way valve to open and thus

avoiding any hysteresis.
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Further objectives, features and advantages of the invention will emerge clearly 

from the description which follows of one embodiment given by way of non-limiting 

example with reference tot he attached drawings in which:

Figure 1 represents a sectional view of a boosted braking device produced in

5 accordance with the present invention;

Figure 2 represents a sectional view of a larger scale of the central part of the 

device of Figure 1; and

Figure 3 represents the curve of the pressure generated by the maters cylinder as a 

function of the effort applied to the brake pedal, this curve being obtained with the
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with the present invention.
Insofar as the invention relates only to an 

improvement made to pneumatically boosted braking 
systems, and as the general construction and operation 
of such systems are well known to the person skilled in 
the art, they will be recalled here just briefly in 
order to allow complete understanding of the improve­
ment that the invention represents.

Schematically, a system of this type comprises 
a booster 100 and a master cylinder 200.

The booster 100, only the central part of which 
has been represented, is designed to be fixed in the 
usual fashion to a bulkhead (not represented) 
separating an engine compartment of a vehicle from the 
cockpit of this vehicle and to be actuated by a brake 
pedal (not represented) situated in this cockpit. The 
master cylinder 200, only the rear part of which has 
been represented, operates the hydraulic braking 
circuit of the vehicle and is fixed to the front wall 
of the booster 100.

By convention, that part of the booster/master 
cylinder assembly which points towards the master 
cylinder 200 is called the "front" and that part of 
this assembly which points towards the brake pedal is 
called the "rear". In the figures, the front is thus to 
the left and the rear to the right.

The booster 100 itself comprises a rigid casing 
10, the interior volume of which is divided into a 
front chamber 12 and a rear chamber 14 in leaktight 
fashion by a moving partition 16 comprising a membrane 
18 and a rigid skirt 20 and capable of driving along a 
pneumatic piston 22 which can move inside the casing 
10 .

The front chamber 12, the front face of which 
is closed in leaktight fashion by the master cylinder 
200, is permanently connected to a source of partial 
vacuum (not represented) . The pressure in the rear 
chamber 14 is controlled by a three-way valve 24, 
operated by an operating rod 26 connected to the brake
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pedal and secured to a plunger 28.
When the operating rod 26 is in the position of 

rest, that is to say pulled to the right, the valve 24 
establishes a communication between the two chambers 12 
and 14 of the booster. As the rear chamber 14 is then 
subjected to the same partial vacuum as the front 
chamber 12, the piston 22 is pushed back to the right, 
to the position of rest, by a spring 25, so that it 
rests against the internal face of the front wall of 
the casing 10.

Actuating the operating rod 26 towards the left 
has the effect, first of all, of shifting the valve 24 
in such a way that it isolates the chambers 12 and 14 
from one another and then, secondly, of shifting this 
valve in such a way that it opens the rear chamber 14 
to atmospheric pressure.

The difference in pressure between the two 
chambers 12 and 14, which is now felt by the membrane 
18, exerts on the moving partition 16 a thrust which 
tends to shift it towards the left and allow it to 
drive along the piston 22 which in turn shifts, com­
pressing the spring 25.

The braking effort exerted on the operating rod 
26, or "input force" and the brake-boosting effort, or 
"boost force" resulting from the thrust of the moving 
partition 16, are then applied together along the axis 
X-X' of the booster 100 in the direction of the master 
cylinder 200, and they combine to form the actuating 
force for the latter.

More specifically, the actuating force is 
applied to the main hydraulic piston 3 0 of the master 
cylinder and causes it to shift to the left (in the 
figures) , and this leads to a rise in pressure of the 
brake fluid present in the interior volume V of the 
master cylinder 200, and an actuation of the brake (not 
represented) connected thereto.

As better seen in Figure 2, the main hydraulic 
piston 30 is in fact composite and comprises on the one 
hand a moving and hollow cylinder 32 and, on the other 
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hand, a reaction piston 34. The interior volume 35 of 
the hollow moving cylinder 32 communicates with the 
interior volume V of the master cylinder via openings, 
such as 36, made in the moving cylinder 32 in an axial 
direction.

Apart from the passage of fluid permitted by 
the openings 3 6 between the interior volume V of the 
master cylinder 200 and the interior volume 35 of the 
moving cylinder 32, this moving cylinder 32 slides in 
leaktight fashion in the body of the master cylinder
200, isealing being obtained thanks at least to one
annular lip seal 37.

The reaction piston 34, for its part, slides
inside the moving cylinder 32, which it closes in
leaktight fashion thanks to an annular seal 38 . The
moving cylinder 32 is connected, via a ring 40, to the
rigid skirt 20 so as to receive at least part of the
boost force exerted by this rigid skirt 20 .

The reaction piston 34 is arranged axially
facing a push rod 42 secured to the plunger 28 and 
capable of transmitting to it at least the input force 
exerted on the operating rod 26, itself secured to the 
plunger 28.

The way in which the device described hitherto 
operates will now be explained.

At rest, the" various moving parts occupy the 
position represented in Figures 1 and 2, and in parti­
cular the reaction piston 34 is in abutment forwards on 
a radial shoulder 44 of the moving cylinder 32 under 
the effect of the urging of a spring 46. The valve 24 
allows communication between the two chambers 12 and 
14, which are therefore at the same reduced pressure.

A first effort on the brake pedal serves to 
overcome the preload of the return spring of the 
operating rod 26 and to bring the valve 24 into a 
position in which it isolates the two chambers 12 and 
14 from one another. This increase in effort on the 
brake pedal therefore provides no increase in pressure 
in the master cylinder, and it is represented on the
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curve of Figure 3 by the segment OA.
After this predetermined travel of the operat­

ing rod 26, the valve 24 opens the rear chamber 14 of 
the booster 100 to atmosphere, and a difference in 
pressures between the two chambers 12 and 14 of the 
booster becomes established. This pressure difference 
gives rise to a boost force which moves the rigid skirt 
20 and the moving cylinder 32 forwards.

The hydraulic pressure in the internal volume V 
of the master cylinder 200 therefore rises and becomes 
established, by hydraulic fluid flowing through the 
openings 36, in the internal volume 35 of the moving 
cylinder 32, and is exerted on the cross section S of 
the reaction piston 34.

First of all, the force generated by this pres­
sure exerted on this cross section S does not exceed 
the preload at rest of the spring 46, which means that 
the reaction piston 34 remains immobile with respect to 
the moving cylinder 32, and some distance from the push 
rod 42, no reaction therefore being felt on the brake 
pedal. This first operating phase is represented by the 
segment AB of the curve of Figure 3 . The length of the 
segment AB is known as the "jump" of the booster.

The booster jump may be set to any desired 
value by adjusting the preload at rest of the spring
46. It is possible, for example, and as has been 
represented in Figures 1 and 2, to envisage the ring 40 
being threaded and screwed into the moving cylinder 32 
to which it transmits at least part of the boost force 
exerted on the skirt 20 bearing against it.

Screwing the ring 4 0 into the moving cylinder 
32 thus has the effect of compressing the spring 46 and 
therefore of increasing the preload which the latter 
exerts on the reaction piston 34 in the direction of 
the master cylinder, that is to say of increasing 
further the value of the jump.

In order to compensate for the reduction in 
length which results from screwing the ring 40 into the 
moving cylinder 32, this ring is, for example, made in
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two parts screwed together so as to have an adjustable 
overall length.

It is also possible to envisage the push rod 42 
itself being produced in two parts screwed together so 
as to have an adjustable overall length, adjusting this 
length especially making it possible to alter the 
opening of the valve when the jump occurs, irrespective 
of the value given to this jump by screwing the ring 40 
into the moving cylinder 32.

In a second phase of operation, the hydraulic 
pressure increases in the volumes V and 3 5 and reaches 
a predetermined value for which, when applied to the 
cross section S, it becomes sufficient to overcome the 
preload at rest of the spring 46. The reaction piston 
34 therefore shifts backwards and comes into contact 
with the push rod 42, as illustrated by the point B of 
the curve of Figure 3.

The reaction piston 34 therefore exerts on the 
push rod 42 and on the brake pedal a reaction force 
which depends on the boost force and opposes the input 
force and therefore allows the first force to be 
controlled by the second, as has been represented by 
the segment BC on the curve of Figure 3. The reaction 
piston 34 therefore constitutes a reaction piston 
subjected to the hydraulic pressure prevailing in the 
reaction chamber consisting of the interior volume 35 
of the moving cylinder 32.

The slope of this segment BC, which equals the 
ratio of the output pressure to the input force, repre­
sents the boost ratio of the braking device. This boost 
ratio is also equal to the ratio of the cross section Sx 
of the moving cylinder 32 to the cross section S of the 
reaction piston 34.

The boost force reaches its maximum when the 
pressure in the rear chamber of the booster reaches 
atmospheric pressure, and can therefore not increase 
any further. The phenomenon known by the name of 
saturation and represented by the segment CD on the 
curve of Figure 3 is then reached.
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In all these phases of operation, it can be 

seen especially that apart from the travel of the 
plunger 28 which is needed to actuate the valve 24 and 
cause the pressure in the rear chamber 14 to vary, and 
which corresponds to the segment OA of the curve of 
Figure 3, the plunger 28 and the push rod 42 shift with 
the moving partition 16.

The braking device which has just been des­
cribed operates in the same way upon each braking 
action, irrespective of the rate of application of the 
input force to the operating rod 26, that means both 
for normal braking where slight deceleration of the 
vehicle is desired, and for emergency braking where the 
driver needs to stop his vehicle immediately.

In the latter case, it is of course desirable 
quickly to obtain a substantial braking effort, that is 
to say a high pressure in the hydraulic braking 
circuit. The present invention makes it possible to 
achieve this result, that is to say immediately to 
obtain a high braking pressure in the event of 
emergency braking, using means which are simple and 
effective and the response time of which is minimal.

As better seen in Figure 2, the reaction piston 
34 is itself composite. It includes a first part 50 
which, in the position of rest, is in forwards abutment 
on the moving cylinder 32 under the effect of the 
urging from the spring 46. It also includes a second 
part 52 which is capable of sliding inside the first 
part 50, in leaktight fashion thanks to an annular seal 
63 .

The moving cylinder 3 2 also includes a third 
piston 82 capable of sliding in leaktight fashion in a 
stepped axial bore 84-85 formed at the front of the 
moving cylinder 32, the smaller-diameter portion 84 
being situated forward of the larger-diameter portion 
85. The sliding is made leaktight thanks to seals 87 
and 89. The volume 91 lying between the seals 87 and 
89, the third piston 82 and the bores 84 and 85 is 
connected to the brake fluid reservoir at low pressure,
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for example via a pipe 93, so as to allow this third 
piston to move. As an alternative, provision may just 
as easily be made for this volume 91 to be closed and 
isolated and filled with a compressible fluid, such as 
air or an inert gas such as nitrogen, in order also to 
allow this third piston to move.

The third piston 82 is urged backwards into the 
position of rest by a spring 86 in such a way that it 
comes into abutment backwards at rest on the first part 
50, via a radial rib 88. The third piston is formed 
with a central through-opening 90, and a spring 92 is 
arranged between this radial rib 88 and the second part 
52. The second part 52 is also formed with a seat 94, 
for example made of rubber, capable of interacting with 
the third piston 82 in order to close off the central 
opening 90. A lip 95 could advantageously be formed on
the rear face of the third piston 82, around the edge
of the opening 90, to make this closing-'off more
perfect •

The preload at rest of the spring 86 is less
than that of the spring 46, and the sum of the preloads
at rest of the springs 8 6 and 92 is lower than that of 
the spring 46, so that the second part 52, when at 
rest, is in forwards abutment against the moving 
cylinder 32. In addition, the spring 92 has a lower 
stiffness than the spring 86.

In operation, when an effort is applied to the 
brake pedal for a braking action where it is merely 
desired to slow the vehicle down in the normal way, the 
assembly which has just been described operates as was 
explained above; the pressure prevailing in the 
interior volume V of the master cylinder is 
communicated to the reaction chamber 35 via the opening 
90, to be exerted on the cross section S of the first 
part 50 and make it move back at the same time as the 
second part 52 thanks to the seal provided by the 
annular seal 63, until the second part 52 comes into 
contact with the push rod 42.

At the same time, the brake fluid pressure is
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exerted on both ends of the third piston 82. Owing to 
its stepped shape and thanks to the fact that the 
volume 91 is connected to the reservoir, the third 
piston 82 behaves like a differential piston. It is 
subject to a force directed forwards and shifts by a 
distance which is proportional to the pressure 
prevailing in the master cylinder and as a function of
the difference between the cross sections of the
portions 85 and 84 of the stepped bore and of the
preload at rest of the spring 86 .

When the driver releases his effort on the
operating rod 26, this results in a drop in pressure in 
the rear chamber 14 of the booster, and therefore a 
reduction in the boost force. The moving partition 16 
is therefore returned backwards by the spring 25 and 
drives the moving cylinder 32 along with it. The 
pressure in the interior volume V of the master 
cylinder can then drop, as it can in the opening 90 and 
in the reaction chamber 35. This is because the latter 
permanently communicates with the interior volume V of 
the master cylinder via the opening 90 because the 
differential piston 82 has been shifted forwards. This 
piston will progressively return to its position of 
rest as the pressure in the master cylinder drops.

The characteristic operating curve of the 
braking device therefore conforms to the curve of 
Figure 3, passing through the points 0, A, B, C and D, 
both as the input effort increases and as this input 
effort decreases.

In contrast, upon a braking action under
emergency conditions, that is to say when the input
effort on the brake pedal increases very rapidly in
order to reach a very high value, the plunger 28 and 
the push rod 42 advance very rapidly, and in particular 
they advance with respect to the rigid skirt 20, the 
difference in pressures between the front and rear 
chambers not having had time to become established and 
to move ■ 6he moving partition 16. This phenomenon has 
two important consequences.
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On the one hand, the additional forwards 
movement of the plunger 28 causes greater opening of 
the valve 24, which allows a more rapid pressure rise 
in the rear chamber 14.

On the other hand, at the same time, the push 
rod 42 comes into contact with the second part 52 and 
causes it to slide forwards in the bore 62 of the first 
part 50. In this movement, the spring 42 is not 
compressed and its only effect is to keep the first 
part 50 resting against the radial shoulder 44. As the 
stiffness of the spring 86 is greater than that of the 
spring 92, the latter compresses the former and allows 
the second part 52 to come into contact with the 
differential piston 82, or more precisely allows the 
seat 94 to come into contact with the lip 95. From this 
moment on, the spring 86 can in turn be compressed.

The forwards movement of the assembly formed of 
the second part 52 and differential piston 82 is 
unlimited because this assembly shifts in the reaction 
chamber 35 which thus has a constant volume, and 
because the volume 91 is connected to the low pressure 
brake fluid reservoir.

In this movement, the communication between the 
interior volume V of the master cylinder and the 
reaction chamber 35 is interrupted. It follows that the 
hydraulic pressure in the volume V of the master 
cylinder is exerted on the differential piston 82 on 
its cross section S2 defined by the portion 84 of the 
stepped bore 84-85. This therefore means that the boost 
ratio under these emergency-braking conditions is equal 
to the ratio of the cross section Sx of the moving 
cylinder 32 to the cross section S2 of the differential 
piston 82 which is now resting against the second part 
52 of the reaction piston 34 and on which the hydraulic 
pressure is exerted, and which is defined by the cross 
section of the bore portion 84.

As the cross section S2 is smaller than the 
cross section S of the first part 50, this therefore 
means that under emergency-braking conditions, the
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boost ratio is higher than that obtained under normal 
braking conditions. The operation of the braking device 
is therefore represented by segment BE on the curve of 
Figure 3.

It may thus be seen that for the same 
instantaneous input effort F1Z an instantaneous pressure 
P2 is obtained which is appreciably higher than the 
instantaneous pressure PL obtained under normal braking 
conditions. Furthermore, as the boost ratio is higher, 
the phenomenon of saturation represented by the point E 
is reached sooner.

This second boost ratio can be chosen at will 
and given any desired value, particularly a high value, 
by choosing low values for the diameters of the lip 95 
and of the opening 90. The opening 90 does, however, 
have to have a diameter which is large enough to allow 
the hydraulic pressure in the reaction chamber 35 to 
rise under normal operating conditions without 
constituting any restriction to the communication with 
the volume V of the master cylinder.

When the driver releases his effort after such 
an emergency braking action, the effect of the 
operating rod 26 returning backwards is to move the 
plunger 28 and the valve 24 which therefore places the 
front and rear chambers back in communication with one 
another. This therefore results in a backwards movement 
of the moving partition 16 and of the moving cylinder 
32 under the effect of the spring 25, and a drop in 
pressure in the interior volume V of the master 
cylinder.

At the same time, as the push rod 42 has moved 
back, the spring 86 can push the differential piston 82 
and the second part 52 backwards. This phase of 
operation is represented by segments DE and EB in the 
curve of Figure 3. When the radial rib 88 comes into 
abutment on the first part 50, the point B of the curve 
of Figure 3 is reached, and the spring 92 then pushes 
the second part 52 back until it too comes into 
abutment on the first part 50.
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The various moving parts then return to their position of rest illustrated in Figure

2, and the reaction chamber 35 is again in communication with the interior volume of the 

master cylinder.

Thus according to the present invention a boosted braking device has indeed been

5 achieved which has improved operating characteristics in the event of emergency 

braking because it then has a boost ratio which is markedly higher than the one it has 

under normal operating conditions. This change in boost ratio is obtained automatically, 

without the need for sensors or a complicated electronic circuit, simply by making use of 

the fact that under these extreme conditions the plunger 28 and the push rod 42 have a

10 relative movement with respect to the rigid skirt 20. For each boost ratio, the 

characteristic operating curve is the same for the actuating phase and for the release 

phase. The means used to obtain these results are relatively simple and therefore of 

lower cost and operate reliably under all circumstances, both under normal operating 

conditions and under emergency conditions.

15 Although the invention has been described with reference to specific examples it

will be appreciated to those skilled in the art that the invention may be embodied in 

many other forms.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1. Boosted braking device for a motor vehicle, comprising on the one hand a master 

cylinder filled with a brake fluid and equipped with a main hydraulic piston intended to 

receive an actuating force composed of an input force and of a boost force both acting in

5 an axial direction, and on the other hand a pneumatic booster which can be operated by 

applying the input force to an operating rod secured to a plunger controlling the opening 

of a three-way valve, so as to exert the actuating force on the main hydraulic piston, the 

booster including a rigid casing divided in leaktight fashion into at least two chambers 

by means of at least one moving partition which can be acted upon by a difference in

10 pressure between the two chambers resulting from the opening of the three-way valve 

and of driving along a pneumatic piston which can move with respect to the casing, 

bearing the three-way valve and contributing at least to transmitting the boost force, the 

main hydraulic piston of the master cylinder itself including a hollow moving cylinder 

communicating with the interior volume of the master cylinder, receiving at least part of

15 the boost force, and inside which there slides, in leaktight fashion and in the axial

direction, a reaction piston capable of receiving at least the input force, first elastic 

means exerting a first elastic force between the reaction piston and the moving cylinder 

and urging the reaction piston in the direction of the master cylinder, at least one opening 

being made in the moving cylinder in order to make the interior of the latter

20 communicate with the interior of the master cylinder, the reaction piston including a

two-way valve means which is normally open, capable of interrupting the

communication between the interior volume of the master cylinder and the interior of the

O
------- - co

moving cylinder, the reaction piston being composite and including a first part which, in

_____ 2O171-OO.DOC
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the position of rest, is in abutment against the moving cylinder under the effect of the 

first elastic means, and a second part capable of sliding with respect to the first part, 

second elastic means exerting a second elastic force backwards on the second part in 

order to urge it into abutment, in the position of rest, against the first part, the second 

5 part being capable of sliding in leaktight fashion in the first part, a third piston being 

capable of sliding in leaktight fashion inside the moving cylinder, the third piston being 

urged backwards by third elastic means so that in the position of rest it comes into 

abutment on the first part, the second elastic means being arranged between the second

part and the third piston, the third piston being formed with a central opening making the

10 interior of the moving cylinder communicate with the interior volume of the master

cylinder, the two-way valve means being formed by a seat arranged on the second part or 

on the third piston wherein the third piston is stepped and slides in leaktight fashion in a 

stepped bore of the moving cylinder, the diameter of a front portion of the stepped bore 

being smaller than the diameter of a rear portion of this bore.

15 2. Boosted braking device according to Claim 1, wherein the pressure of the brake

fluid in the interior volume of the master cylinder is applied to a first cross section of the 

hollow moving cylinder when the two-way valve means is open, and to a second cross

section of the reaction piston, this cross section being smaller than the first cross section,

when the two-way valve means is closed.

20 3. Boosted braking device according to Claim 1, wherein the plunger is secured to a

push rod actuating the two-way valve means in the direction of closure upon a relative
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4. Boosted braking device according to Claim 1, wherein the third piston and the 

stepped bore define a volume which is subject to a constant pressure.

5. Boosted braking device according to Claim 4, wherein the volume defined by the 

third piston and the stepped bore is permanently connected to a brake fluid reservoir at

5 low pressure.

6. Boosted braking device according to Claim 1, wherein the third piston and the 

stepped bore define a volume filled with a compressible fluid.

7. A boosted braking device for a vehicle substantially as herein described with 

reference to any one of the embodiments of the invention illustrated in the

10 accompanying drawings.
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