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(54) Actuation means for an electronically controlled brake system of a motor vehicle 

(57) An actuation means for an electronically con- 
trolled brake system of a motor vehicle, comprises a cyl- 
inder/piston means (10) operatively connected to a 
brake pedal (28) to feed hydraulic fluid into a brake sys- 
tem of the motor vehicle, a spring means (40) resiliently 
biasing the brake pedal (28) against an actuation direc- 
tion (P)of the brake pedal (28), characterized by at least 

two sensor means (36, 42, 54, 56) for sensing dimen- 
sions related to a normal actuation of the brake pedal 
(28), said at least two sensor means (36, 42, 54, 56) 
being adapted to output sensor signals to an electronic 
control unit (ECU) for processing said 6en6ed dimen- 
sions. 
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Description 

The present invention relates to an actuation 
means for an electronically controlled brake system of a 
motor vehicle. More precisely, the present invention 
relates to an actuation means tor an electronically con- 
trolled brake system of a motor vehicle, comprising a 
cylinder/piston means operatively connected to a brake 
pedal to feed hydraulic fluid into a brake 6y6tem of the 
motor vehicle, and a spring means resiliently biasing the 
brake pedal against an actuation direction of the brake 
pedal. 

Brake cylinder means of differing designs are well 
known in the art. However, in so-called "brake by wire" 
brake systems, there are various problems with respect 
to suitable brake pedal means. In brake by wire systems 
the actuation of the brake pedal by a driver is sensed 
electronically by a sensor means coupled to the brake 
pedal. The signal derived from said sensor means is fed 
into an electronic control unit (ECU). In said electronic 
control unit the input signal is processed and an elec- 
tronical output signal is provided to activate an electro- 
mechanical actuator which operates on brake pads at 
the wheels. 

For safety reasons it is necessary to provide a path 
parallel to the brake by wire path described above. This 
parallel path is from the brake pedal means via a fluid 
brake cylinder to an hydraulic actuator operating the 
brake pads at the wheels in case the brake by wire path 
fails. , 

Such a system is called a “push-through-system . 
During a normal actuation, where the brake by wire path 
Is operable, the hydraulic piston is Inoperative. During 
an emergency actuation where the brake by wire path is 
inoperative, the signal from the sensor means is ignored 
or not present, the brake pedal is "pushing-through” the 
brake cylinder and feeds hydraulic fluid to the brake 
pads at the vehicle wheels In order to decelerate the 
vehicle. , _ 

One problem with respect to the above described 
actuation means is the risk of a broken spring means or 
a spring means stuck in its guiding should such a guid- 
ing be present. The spring means is responsible for the 
"pedal feeling" for a driver. If the spring means is inoper- 
ative, the brake pedal can not be used in a satisfactory 
manner. Moreover, during an absence of a properly 
working spring means the brake pedal might be actu- 
ated once but will not be returned to its rest position. 
Therefore, it would be impossible to safely drive the 
motor vehicle. 

From the above it becomes appearant that it is 
important to be able to check the functionality and oper- 
ability of the spring means. 

One object underlying the present invention is to 
provide an actuation means for an electronically control- 
led brake system with high reliability. 

To solve this problem, the actuation means accord- 
ing to the present invention is characterized by at least 
two sensor means for sensing dimensions related to an 

actuation of the brake pedal, said at least two sensor 
means being adapted to output sensor signals to an 
electronic control unit (ECU) lor processing said sensed 
dimensions. 

5 The provision of at least two sensor means allows 
for sensing physical dimensions and values that are 
suitable for recognizing any malfunction of the actuation 
means and especially of the spring means resiliently 
biasing the brake pedal against an actuation direction of 

io the brake pedal. 
To this end, the two sensor means provide signals 

suitable for verifying the consistency of the two sensed 
dimensions.. 

Presently preferred embodiments and enhance- 
16 ments thereof are claimed in dependent claims 2 to 12 

and are explained hereinafter. 
In one preferred embodiment one of said sensor 

means is adapted for sensing a rotational angle result- 
ing from a rotational movement of the brake pedal about 

20 a support means of the brake pedal. Such a sensor can 
be attached easily to the fulcrum of the brake pedal. 
Moreover, such rotational sensors are cost effective and 
very reliable. However, the rotational movement of the 
brake pedal about its support means is usually an angle 

26 not exceeding approximately 60°. Wear of the support 
means can result in measuring errors. 

In another embodiment, one of said 6ensor means 
is adapted for sensing a distance between a predeter- 
mined location of the brake pedal and a location being 

so in a fixed relation to the support means of the brake 
pedal. Due to the fact that the path travelled by the 
brake pedal from its rest position to its fully actuated 
position is relatively long, a good resolution of the meas- 
ured travel path can be obtained. Wear or play of the 

as brake pedal means and its support means do not have 
a great influence. 

In an another embodiment, one of said sensor 
means is adapted for sensing the distance resulting 
from a movement of the piston relative to the cylinder of 

40 the cylinder/piston means. Again, the long distance 
between the rest position and the fully actuated position 
of the brake pedal means provides for a high resolution 
of the sensed travel path. The piston of the cylinder/pis- 
ton means may be build up of more than one part. In 

46 such embodiments it is important that a movement of 
the part carrying out a movement relative to the cylinder 
during a normal actuation of the brake pedal is sensed. 

In still another embodiment one of said sensor 
means is adapted for sensing a force representative for 

60 an actuation force acting on the brake pedal. Such a 
sensor means allows for a very accurate and direct 
sensing of the actuation of the brake pedal means by a 
driver. 

Preferably, one of said sensor means is adapted for 
65 sensing a pressure representative for a pressure in a 

(hydraulic) chamber of the cylinder/piston means. Since 
this pressure may be sensed in the brake system also to 
check other situations, there are usually no additional 
costs involved. 
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In a preferred embodiment the spring means is 
mounted coaxially to the piston of said cyUnder/piston 
means and/or an actuation means mounted intermedi- 
ate said brake pedal and said piston of said cylinder/pis- 
ton means. Depending on the design of the brake pedal s 
means, said spring may also be mounted intermediate a 
fixed location of said brake pedal and said piston of said 
cylinder/piston means. 

In still another embodiment, the spring means is 
mounted intermediate said piston of said cylinder/piston io 
means and said brake pedal and/or said actuation 
means mounted Intermediate said cylinder/piston 
means and said brake pedal. 

Depending on the way the spring means is 
attached to the brake pedal, the spring means may is 
excert push and/or pull forces on the brake pedal. More- 
over, the spring means may be designed to simulate the 
behaviour of a conventional brake system when the 
brake pedal is depressed. 

Preferably, the support means for supporting the so 
cylinder of the cylinder/piston means relative to the 
brake pedal means is rigidly mounted to the cylinder. 

In order to allow for a normal actuation and an 
emergency actuation of the brake system a valve 
means is mounted intermediate said cylinder/piston ss 
means and the brake system of the motor vehicle to 
separate the chamber of the cylinder/piston means from 
the brake system during a normal actuation and to con- 
nect the chamber of the cylinder/piston means with the 
brake system for an emergency actuation. 30 

The present invention also relates to an electroni- 
cally controlled brake system of a motor vehicle having 
an actuation means a6 described above, wherein said 
electronic control unit (ECU) is adapted to bring sensor 
signals representing a dimension resulting from and ss 
characterizing an actuation of the brake pedal into a 
relation with a speed, acceleration and/or traction signal 
resulting from the rotational behaviour of the wheels of 
said motor vehicle. 

Further features, characteristics and advantages of 40 
the subject matter of the present invention will become 
appearant to a person skilled in the art when studying 
the following description of presently preferred embodi- 
ment referring to the enclosed drawings wherein 

46 

fig. 1 shows a longitudinal sectional view of an 
actuation means for an electronically control- 
led brake system of a motor vehicle in a first 
embodiment, 

Si 

fig. 2 shows a longitudinal sectional view of an 
actuation means for an electronically control- 
led brake system of a motor vehicle in a sec- 
ond embodiment, 

5 

fig. 3 shows a longitudinal sectional view of an 
actuation means for an electronically control- 
led brake system of a motor vehicle in a third 
embodiment 

fig. 4 shows a longitudinal sectional view of an 
actuation means for an electronically control- 
led brake system of a motor vehicle in a 4th 
embodiment 

fig. 5 shows a brake pedal means and the support 
means thereof with a spring means mounted 
between a fixed location of the brake pedal 
means and a fixed location of the support 
means, and 

fig. 6 shows another embodiment of a brake pedal 
means and a the support thereof, where the 
spring means Is mounted between a fixed 
location of the brake pedal means and a 
fixed location at the chassis of the motor 
vehicle. 

Referring to fig. 1, an actuation means for an elec- 
tronically controlled brake system of a motor vehicle 
comprises a cylinder/piston means 10 formed of a 
hydraulic cylinder 12 and a hydraulic piston 14 axially 
movable within said cylinder 12. The piston 14 is biased 
into its rest position by a helical spring means 16 abut- 
ting the bottom 18 of the cylinder 12 and the front face 
22 of the piston 14. The piston 14 is provided with a hol- 
low cylindrical tube 24 at the side opposite the front face 
22. In this tube 24 one end portion of a pushing rod 26 
is 6lidably mounted. The other end portion of the push- 
ing rod 26 is rotatably connected to a brake pedal 28 by 
a fulcrum 30. The brake pedal 28 Is provided with a 
stepping plate 32 at the free end thereof and is rotatably 
supported at the other end off the brake pedal 22 by a 
supporting pin 34. A first sensor means 36 is coupled to 
the brake pedal 28 or the pin 34 to sense a rotational 
movement of the brake pedal 28 about the pin 34 relativ 
to a support 38 of the brake pedal 28. A spring means 
40 is provided coaxially to the actuation rod 26 and the 
hollow cylindrical tube 24 intermediate the brake pedal 
28 and the piston 14 of the cylinder/piston means 10. 

A second sensor means 42 is provided in a fluid 
conduit 44 connecting a hydraulic chamber 46 in the 
cylinder/piston means 10 with an electromagnetic valve 
48. The second sensor means 42 is a pressure sensor 
adapted for sensing the pressure in the chamber 46 
defined by the cylinder 10 and the piston 14 of the cyiin- 
der/piston means 10 and/or in the conduit 44. 

In a normal actuation position, the movement of the 
cylind8r/piston means 10 against the spring forces of 

? the spring means 40 is sensed by the first sensor 
means 36 by detecting the rotational movement of the 
brake pedal 28 relative to the pin 34. 

In the normal actuation position, the electromag- 
netic valve means 48 is in its closed position I. Conse- 

s quently, the volume of the hydraulic chamber 46 can not 
be changed by actuating the brake pedal 28. However, 
the pressure in the hydraulic chamber 46 is increased 
as the spring means 40 pushes the piston 14 in the 
direction P upon depression of the brake pedal 28. This 
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is sensed by the second sensor means 42 sensing the 
pressure in the chamber 46. At the same time, the rota- 
tional angle a of the brake pedal 28 about the pin 34 is 
sensed with the first sensor means 36. The output sig- 
nals of the two sensor means 36, 42 are fed into an 
electronic control unit ECU (not shown). Within the elec- 
tronic control unit, these two sensor signals are proc- 
essed and among other operations checked for 
consistency. 

The valve means 48 is an electromagnetic valve 
having two positions, the first position I where an inlet 
port 48a of the valve means 48 Is separated from an 
outlet port 5a and a second position II where the inlet 
port 48a is in fluid connection with the outlet port 48b. 
Upon energization of an electromagnetic means 48c the 
electromagnetic valve means 48 is forced into the first 
position I against the force of a spring means 48d. Upon 
de-energization of the electromagnetic valve means 48, 
the spring means 48d forces the valve 48 into the sec- 
ond position II. The first position I where the chamber 46 
of the cytinder/piston means 10 is separated from the 
brake system is the normal actuation position, whereas 
the second position II is the emergency actuation posi- 
tion. where the hydraulic fluid from the chamber 46 is 
fed into the brake system via the valve means 48 upon 
an actuation of the brake pedal 28. 

In case of a rupture of the spring means 40, the sig- 
nal from the first sensor means 36 representing the 
rotational angle of the brake pedal 28 with respect to the 
pin 34 is inconsistent with the signal from the second 
sensor means 42 detecting the pressure in the hydraulic 
chamber 46. . 

In this embodiment the spring means 40 ts sur- 
rounding the actuation rod 26. Consequently, the cylin- 
der/piston means 10 can be designed as a 
encapsulated unit independently from the type of motor 
vehicle in which the actuation means is to be used. The 
spring means can be selected as desired and mounted 
in the actuation means without the neccessity of chang- 
ing the design and construction of the cyiinder/piston 
means 10. ... 

In the subsequent figs. 2 to 6. identical, similar or 
equivalent parts are denoted with the same reference 
numerals as in fig. 1. 

The main difference between the embodiment of 
fig. 1 and the embodiment of fig. 2 is the type of sensor 
used to replace the rotational angle sensor 36 in fig. 1. 
A sensor adapted for sensing the distances between a 
predetermined location along the brake pedal 28 and 
the support means 32, namely a linear detector 54 is 
provided. A part from that, the structure and mode of 
operation as well as the advantages obtained thereby 
are the same as with the embodiment of fig. 1. 

The main difference between the embodiment of 
fig. 2 and the embodiment of fig. 3 is the spring means 
40 being mounted within the cylinder/piston means 10. 
To this end, the piston 14 is comprised of two parts 14a 
and 14b. The first part 14a is sealing the chamber 46. 
The second part 14b is rigidly connected with the actu- 

ation rod 26 and is held separated from the first part 14a 
by the spring means 40 in the rest position (shown in fig. 
3). In the normal actuation position, the travel path of 
the brake pedal 28 is sensed with the linear detector 54 

5 between the support 38 and the brake pedal 28. The 
force acting on the stepping plate 32 is sensed by a 
force sensor 56 mounted in the stepping plate 32. If a 
rupture of the spring 40 occurs, the distance measured 
by the linear detector 54 is inconsistent with the force 

to acting on the stepping plate 32 sensed by the force sen- 
sor 56. 

While the embodiments of fig. 1 and 2 allow for a 
relatively short cylinder/piston means 10, the cylin- 
der/jpiston means 10 of fig. 3 has a larger axial exten- 

15 sion since the spring means 40 is al60 housed within 
the cylinder 12 of the cyiinder/piston means 10. 

The main difference between the embodiment of 
fig. 3 and the embodiment of fig. 4 is the sensing of the 
movement of the actuation rod 26 or the second part 

20 14b of the piston 14 which are rigidly connected to each 
other relative to the support means 38 of the brake 
pedal 28 or the cylinder 12 of the cyiinder/piston means 
10 which are also rigidly coupled to each other. 

Again, in case of a rupture of the spring means 40. 
25 the signal provided by the force sensor 56 representing 

the force acted on the stepping plate 32 is inconsistent 
with the signal provided by the linear detector 54 repre- 
senting the relative movement between the actuation 
rod and the second part of the piston 14b relative to the 

30 cylinder 12 or the support means 38. 
Fig. 5 shows one solution for the mounting of the 

force sensor 56 such that the force of actuation excerted 
by a driver on the stepping plate 32 of the brake pedal 
28 can be sensed reliably. The spring means 40 is 

35 mounted intermediate the brake pedal 28 and the force 
sensor 56 which is non-movably fixed to the support 
means 38. Preferrably, the spring means 40 is held 
between the brake pedal 28 and the force sensor 56 (or 
the support means 38. respectively) under pretension. 

40 Thus, a rupture of the spring means 40 can be sensed 
due to the non-existence of a signal from the force sen- 
sor 56 in the electronic control unit ECU (not shown). 
The cyiinder/piston means 10 and the valve means 48 
(not shown in fig. 5) may be the same as for example in 

45 fig. 3. 
It is also possible to have the force sensor means 

56 mounted intermediate the piston 14 and the spring 
means 40 surrounding the actuation rod 26. Moreover, 
the spring means 40 may be more than one spring ele- 

50 ment or several spring elements mounted at different 
locations in the actuation means. 

Fig. 6 shows a further solution to the mounting of 
the force sensor 56 and the spring means 40. The main 
difference between the embodiment of fig. 6 and lig. 5 is 

55 the spring means 40 operating as a pull spring means, 
whereas in fig. 5, the spring means 40 is acting as a 
push spring means. In fig. 6, one end portion of the 
spring means 40 is coupled to the brake pedal 28 
between the fulcrum 30 and the supporting pin 34. The 
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other end portion of the spring means 40 is connected 
to a force sensor assembly 60 rigidly connected to the 
chassis of the motor vehicle by a bolt 62. The spring 
means 40 is held between the force sensor assembly 60 
and the brake pedal 28 under pretension. Again, the cyi- 5 

inder/piston means 10 and the electromagnetic valve 
mean6 48 shown in figs. 3 or 1 can be combined with 
the brake pedal assembly shown in fig. 6. 

Moreover, the 6pring means 40 can have a non-lin- 

ear, preferrably progressive, spring characteristic in 10 

order to give the driver the same or similar pedal feeling 
as with an conventional brake system during a normal 
actuation. An inconsistency between the signal derived 
from the force sensor 56 and a sensor 6ignal from 
another sensor means provided in the actuation means is 
can be detected by an electronic control unit ECU and 
indicates the failure of a component in the actuation 
means. 

Claims 20 

1. Actuation means for an electronically controlled 
brake system of a motor vehicle, comprising 

a cylinder/piston means (10) operatively con- 2s 
nected to a brake pedal (28) to feed hydraulic 
fluid into a brake system of the motor vehicle, 
a spring means (40) resiliently biasing the 
brake pedal (28) against an actuation direction 
P of the brake pedal (28), characterized by so 
at least two sensor means (36, 42, 54, 56) for 
sensing dimensions related to a normal actua- 
tion of the brake pedal (28), said at least two 
sensor means (36, 42,54,56) being adapted to 
output sensor signals to an electronic control ss 
unit (ECU) for processing said sensed dimen- 
sions. 

2. Actuation means for an electronically controlled 
brake system according to claim 1, characterized in 40 

that 

• one of said sensor means (36) is adapted for 
sensing a rotational angle (a) resulting from a 
rotational movement of the brake pedal (28) 4s 
about a support means (38) of said brake pedal 
(28). 

3. Actuation means for an electronically controlled 
brake system according to claim 1 characterized in so 
that 

one of said sensor means (54) is adapted for 
sensing the distance (S) between a predeter- 
mined location of said brake pedal (28) and a ss 
location being in a fixed relation to a support 
means (38) of said brake pedal (28). 

4. Actuation means for an electronically controlled 

brake system according to claim 1, characterized in 
that 

one of said sensor means (54) is adapted for 
sensing the distance (S) resulting from a move- 
ment of the piston (14) relative to the cylinder 
(12) of said cylinder£>iston means (10). 

5. Actuation means for an electronically controlled 
brake system according to daim 1, characterized in 
that 

one of said sensor means (56) Is adapted for 
sensing a force (F) representative for an actua- 
tion force acting on said brake pedal (28). 

6. Actuation means for an electronically controlled 
brake system according to daim 1, characterized in 
that 

one of said sensor means (42) is adapted for 
sensing a pressure (P) representative for a 
pressure in a chamber (46) of the cylinder/pis- 
ton means (10). 

7. Actuation means for an electronically controlled 
brake system according to any of daims 1 to 6, 
characterized in that 

- said spring means (40) is mounted coaxially to 
the piston (14) of said cyiinder/piston means 
(10) and/or an actuation means (26) mounted 
intermediate said brake pedal (28) and said 
piston (14) of said cylinder/piston means (10). 

8. Actuation means for an electronically controlled 
brake system according to any of daims 1 to 7, 
characterized in that 

said spring means (40) is mounted intermedi- 
ate a f ixed location of said brake pedal and said 
piston of said cylinder/piston means (10). 

9- Actuation means for an electronically controlled 
brake system according to any of daims 1 to 7, 
characterized in that 

said spring means (40) being mounted inter- 
mecfiate said piston (14) of said cylinder/piston 
means (10) and said brake pedal (28) and/or 
said actuation means (26) mounted intermedi- 
ate said cylinder/piston means (10) and said 
brake pedal (28). 

10. Actuation means for an electronically controlled 
brake system according to any of daims 1 to 9, 
characterized in that 

6aid spring means (40) is adapted to excert 

5 
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push and/or pull forces on said brake pedal 
(28). 

11. Actuation means for an electronically controlled 
brake system according to any of claims 1 to 10. s 
characterized in that a support means (38) for sup- 
porting said cylinder (12) of the cylinder^piston 
means (10) is rigidly coupled to said cylinder (12). 

12. Actuation means for an electronically controlled io 
brake system according to any of claims 1 to 11. 
characterized in that 

a valve means (48) is mounted intermediate 
said cylinder/piston means (10) and the brake is 
system of the motor vehicle to separate the 
chamber (46) of the cylinder/piston means (10) 
from the brake system during a normal actua- 
tion and to connect the chamber (46) of the cyl- 
inder/piston means (10) with the brake system 20 

for an emergency actuation. 

13. Electronically controlled brake system of a motor 
vehicle comprising an actuation means of any of 
claims 1 to 12, characterized in that 25 

• said electronic control unit (ECU) is adapted to 
put sensor signals representing a dimension 
resulting from an actuation of the brake pedal 
(28) into a relation with a speed, acceleration 30 

and/or traction signal resulting from the rota- 
tional behaviour of the wheels of said motor 
vehicle. 

40 

45 

so 

65 
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