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& (57) Abstract: The present invention concerns a sensor system for monitoring at least the wear of lining material of a disc brake. It
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APPLICANT: HALDEX BRAKE PRODUCTS AB

TITLE: A sensor system for monitoring at least the wear of lining material of disc brakes

Technical Field

The present invention concerns a sensor system for

monitoring the wear of lining material of a disc brake and
possibly further conditions of the disc brake. The inven-
tion is primarily developed for disc brakes for heavy-duty
road vehicles, but a person skilled in the art realises
that it may be used for any kind of vehicle. The sensor
system is intended for use at both pneumatically, hydrauli-
cally and electromechanically actuated brakes. Sensors
monitoring the wear of the brake lining material are often

referred to as pad wear sensors (PWS).

Prior Art

Several different types of indicators or sensors for
monitoring the wear of the brake lining of a brake pad or
the like are known. In principle the known sensors operate
in two different ways for monitoring wear of brake linings.
The first way is to use a sensor that measures directly on
the brake lining. The second way i1s to use a sensor that
monitors the position or movement of a part indicative of
the wear of the brake linings. The present invention con-
cerns a sensor element monitoring the position of a part,
indicative of the wear of the brake linings. It should be
noted that in the latter case also the wear of the brake
disc(s) and possiblé lining material of the brake disc(s)
are included in the sensed wear. However, the wear of the
brake disc(s) as such i1s normally negligible compared to
the wear of the lining material. For simplicity of this de-
scription the wear is normally stated in reference to the

brake lining material, which is the normal usage in the
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art. Thus, it is to be understood that also the wear of the
disc(s) is included in general expressions regarding wear
in this description.

Disc brakes are generally of two different types,
which are referred to as disc brakes having a fixed caliper
or a floating caliper. The present invention is applicable
for both the above types of disc brakes.

The sensor system according to the present invention
is normally to be applied in connection with an adjustment
shaft. The adjustment shaft is a part of an adjustment
mechanism, used to control the position of the brake pads
in relation to the brake disc(s), as is well known in the
art. As the lining of the brake pads wear off, the position
of the brake pads in relation to the brake disc(s) is auto-
matically adjusted, by means of the adjustment mechanism.
Hereby the distance between the lining material and the
brake disc(s) is kept more or less constant. The amount of
rotation of the adjustment shaft or adjusting spindle is
correlated to the distance the adjuster mechanism advances
the brake pads towards the brake disc(s). Thus, the rota-
tion of the adjustment shaft is an indicator of the wear of
the brake pads of the disc brake.

When worn brake pads are to be replaced by new brake
pads, the adjustment mechanism, and thus, the adjustment
shaft, is brought back to a starting position. This is done
to give room for the new thicker brake pads. The starting
position is dependent on the thickness of the brake disc(s)
and is due to the wear of the disc(s). Thus, the starting
point could be used to monitor the wear of the brake

disc(s).

Summary of the Invention

According to the present invention a sensor system
for monitoring at least the wear of lining material of disc
brakes is provided. In the sensor system the position of an
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adjusting mechanism, a thrust plate or the like is used as
an indication of the wear of lining material. The sensor
system is mainly mounted in a way to use a caliper of the
disc brake as a measuring reference and internal and/or ex-
ternal means are arranged indicating at least two different
conditions of the brake.

According to a second aspect of the present invention
a method for monitoring disc brakes is provided, sensing
the position of an adjusting mechanism, a thrust plate or
the like. The sensed position is used optionally and alter-
nately to measure either the wear of the brake lining mate-
rial or the stroke of the brake actuation. In this descrip-
tion the expression "stroke" is used in a broad sense, the
measurements received are normally a combination of the ac-—
tual stroke, elasticity and running clearance. It is possi-
ble to calculate the contribution of the different parts of
the received signal, but it takes some computing capacity.
Often it is enough to get an estimation of the stroke as
such without an analysis of the different parts of the re-
ceived signal. As used here "stroke" normally also includes
elasticity, running clearance and possible other contribu-
tions.

One principle of the present invention is that the
sensor system is designed to monitor two different condi-
tions of the brake. One of said conditions is whether a
braking is occurring. The other of said conditions is the
actual position of the adjusting spindle or the like of the
brake. In one example of an embodiment according to the in-
vention a first and a second signal are given to the sensor
system.

The means controlling if braking is occurring may
more or less have the function of an on-off switch or the
like, it may also be a logic circuit using any suitable al-
gorithm to establish the possible occurrence of a brake
movement. The means monitoring the actual position of the
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adjusting spindle may have many different forms, but is
some kind of sensor means. Throughout this description the
means controlling if braking is occurring is normally
called the first means and the sensor monitoring the posi-
tion of the adjusting spindle or the like is normally
called the second sensor means.

The first means may be part of the sensor system as
such or may be an external means. Thus, the first means of
the sensor system is internal and/or external.

The first means is normally connected directly or in-
directly to the lever arm. During braking the lever arm is
moved and the position of the lever arm is an indication of
whether the brake is actuated or not. Depending on the con-
trol and monitoring system of the vehicle, the first means
may be replaced by an existing means of the vehicle indica-
tive of the occurrence of braking. Thus, in such a case the
first means is the control and monitoring system of the ve-
hicle. In this latter case the sensor system as such in-
cludes no first means. As indicated above the first means
may also be an algorithm in a logic circuit. The logic cir-
cuit may use any information available to establish if a
brake movement is occurring or not. The information used by
the logic circuit is for example given by the second sensor
means, by existing signals in the control and monitoring
system of the vehicle etc. The logic circuit may also use
the latest available information.

The second sensor means is normally functioning in a
linear fashion, i.e. it detects a linear movement.

A predetermined position or point for a part of the
adjuster mechanism or the like in relation to another part
of the brake is established. Said predetermined or prede-
fined position is used as a fixed point or reference for
measurement and is usually related to the caliper. Further-
more, the fixed point is normally the position when the
brake i1s in the released condition but the fixed point
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could be any point during a brake movement. The first means
could be used to establish the fixed point. If the fixed
position is not confirmed it is taken as an indication that
a braking is occurring. The measurement of the position of
the adjusting spindle and thus the wear of the brake pad is
taken at the fixed position all the time. Thus, measure-
ments are only accepted when and if the two moving parts
are at the predetermined fixed positions relative each
other.

The value of the detected wear is stored in a memory.
The memory is updated with every new measuring cycle. The
value stored in the memory is always accessible for the
control and monitoring system of the vehicle and, thus, for
the driver.

The movement of the adjusting mechanism gives an in-
dication of how well the brake is functioning. By using the
signals from the second sensor means during an actual brak-
ing it 1s possible to analyse the function of the brake or
if any part of the brake is broken. It is also possible to
check that the brake is actually moving when braking is re-
quested. E.g. it is possible to check the stroke, including
running clearance and elasticity, of the brake actuation as
indicated above.

To simplify the description the term "adjusting spin-
dle" is normally used. However, the sensor system may be
used on any part of the adjusting mechanism, the thrust
plate etc. or any other part, the position of which is an
indication of the wear of the brake lining. According to
the present invention the position of the sensor system is
taken in relation to the caliper. Thus, the caliper is used
as a measuring reference.

A person skilled in the art realises that the second
sensor means may have many different forms, as long as it
monitors the position of the adjusting spindle or the like.
Many different types of sensors are previously known.
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Further objects and advantages of the present inven-
tion will be obvious for a person skilled in the art when
reading the detailed description below of at present pre-

ferred embodiments.

Brief Description of the Drawings

The invention will be described further below by way
of examples and with reference to the enclosed drawings. In
the drawings:

Fig. 1 is a perspective view, partly cut-away of a
brake mechanism enclosing a first embodiment of the sensor
system according to the present invention;

Fig. 2 is a view corresponding to Fig. 1 of a second
embodiment of the present invention;

Fig. 3 is one example of a flow chart for a sensor
system according to the present invention; and

Fig. 4 is a flow chart of one possible measuring cy-

cle using the present invention.

Detailed Description of Preferred Embodiments

The sensor system of the present invention is ar-
ranged in connection with a brake mechanism of a disc
brake. The brake mechanism comprises a lever arm 1, which
is manipulated by a brake cylinder or other actuator to ac-
tuate a braking. In the embodiment of Fig. 1 a holder 2 is
fixed to the lever arm 1. The holder 2 holds a magnet 3. In
the shown embodiment the holder 2 has a curvature form.
When the lever arm 1 is in its rest position, i.e. no brak-
ing is occurring, the magnet 3 of the holder 2 is placed
adjacent and opposite a first means 4, being a sensor. In
the embodiment of Fig. 1 the first means 4 is a Hall effect
sensor. The Hall effect sensor is received on a printed
circuit board (electronic card) 5. The printed circuit
board 5 holds the logic for the Hall effect sensor.



10

15

20

25

30

35

WO 2004/111484 PCT/SE2004/000939

The sensor system of Fig. 1 further comprises a sec-
ond sensor means, which in this case is a force sensor 6,
monitoring the position of the adjusting mechanism. The po-
sition of the adjusting mechanism is an indication of the
wear of the brake lining material of the brake pads. The
first sensor means 4 is used to validate or invalidate the
signal of the second sensor means 6 for monitoring the
wear. Furthermore, to have accurate and comparable measure-
ments of the wear the measurements should be performed in
one and the same fixed position for the adjusting mecha-
nism. Said fixed position is the position of the lever arm
1, when the magnet 3 is in position adjacent and opposite
the first sensor 4. Thus, when the first sensor means 4 in-
dicates that the lever arm 1 is in the correct position for
measurements the signals of the second sensor means 6 is
validated and may be displayed and stored. The fixed posi-
tion is normally taken as the position when the brake is
released.

If and when the lever arm 1 moves the holder 2 will
move with it moving the magnet 3 out of the position oppo-
site the first sensor means4. Thereby the signals from the
second sensor means 6 are invalidated considering wear un-
til a confirmation is received that the brake is in the
fixed position for measurement.

The sensor system is mainly mounted in the caliper of
the disc brake. The magnet 3 and holder 2 is mounted to-
gether with the brake mechanism. The rest of the sensor
system is received on a cap 11 to be fixed to the caliper,
normally by means of just one screw received in a threaded
opening of the caliper. As the cap 11 is fixed to the cali-
per the values of the second sensor means 6 are in relation
to the cap 11 and, thus, to the caliper. Expressed differ-
ently the caliper gives a fixed point to which the signals
of the second sensor means 6 are related. Thus, the caliper

is a measuring reference.
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In the embodiment of Fig. 2 parts corresponding to
parts of Fig. 1 are given the same reference signs. Here,
the magnet has the form of a magnetic washer 10 and is
mounted on a part of the adjusting means, which rotates
when the lever arm 1 moves. The magnetic washer 10 is moved
axially when the lever arm 1 moves. In a predetermined po-
sition for the lever arm 1 the magnet washer 10 is posi-
tioned adjacent and opposite a first means 4, being a sen-
sor. Also in this case the first means 4 is a Hall effect
sensor, received on a printed circuit board (electronic
card) 5.

In the embodiment of Fig. 2 the second sensor means
is a Hall effect sensor 7, received inside a magnetic tube
9. The magnetic tube 9 is placed inside the adjusting
mechanism. The Hall effect sensor 7 is received inside the
magnetic tube 9 without any physical contact with the mag-
netic tube 9. The exact position of the second sensor means
7 inside the tube 9 is used to monitor the wear of the lin-
ing material of the brake pads. It may also be used to
monitor other conditions of the brake.

The principles for the embodiment of Fig. 2 corre-
spond with the principles of the previous embodiment. Thus,
the first sensor means 4 is used to validate or invalidate
the measurements of the second sensor means regarding wear
of the brake lining material.

The sensor system is mainly received on a cap 11 to
be fixed to the caliper. As stated in relation to the em-
bodiment of Fig. 1 the value of the second sensor means 7
is in relation to the cap 11 and, thus, the caliper.

A person skilled in the art realises that the exact
form of the first means and the second sensor means of the
sensor system may vary. The main conditions are that the
first means should be able to function more or less as an
on-off switch, while the second sensor means should be able
to establish the exact position for a key part. Instead of
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using magnets and Hall effect sensors, sensors based on
light, sound etc. or mechanical sensors, electrical trans-
ducers or GMR sensors etc. may be used. Even though the
second sensor means is shown as a device moving inside a
tube or the like, a person skilled in the art realises that
the second sensor means may have many different forms. For
example it is possible to have a fixed part in the middle
surrounded by a moveable part.

Furthermore, the signals of the second sensor means
may be used to monitor a braking stroke of the brake mecha-
nism, if a first signal is received indicating that braking
is occurring.

The sensor system is normally software controlled. A
person skilled in the art realises that the sensor system
of the present invention may be used with any type of com-
munication between the different parts and with any suit-
able type of signals. Thus, in addition to the normally
used lines communication by means of radio, light etc. may
be used. It is also possible to use both digital and analo-
gous signals. Furthermore, the sensor system may have its
own power supply.

The first means is used to establish a fixed point
for measurements. Said fixed point is normally at the rest
position of the lever arm 1, but it may be positioned any-
where along the way of movement of the lever arm 1. As long
as the measurements of the second sensor means is taken in
the same position for the lever arm 1, the wear of the lin-
ing material may be calculated based on the movements
sensed by the second sensor. As indicated above it is also
possible to use a logic circuit or already available sig-
nals from an existing control and monitoring system of the
vehicle to indicate if the brake is in a released position
or not. If a logic circuit is used or existing signals are
available no first means is needed in the sensor system as

such.
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One example of the function of the sensor system ac-
cording to the present invention is as follows and as indi-
cated in Fig. 3.

When a brake lining wear indication is demanded a
first signal is received either from the first means of the
sensor system or from an external means indicative of the
occurrence or braking. If the first signal confirms that
the brake is in the predefined fixed position, the stored
value is compared with the new value from the second sensor
means. The memory is updated with the new value if there is
a difference to the previously stored value.

If the first signal indicates that the brake is not
in the predefined fixed position, a power backup may be
used in order to get a new value from the second sensor
means. The power backup is optional and is normally only
used for systems that are powering up the sensors during
the brake application. When the first means or any other
means indicates that the brake is in the predefined posi-
tion, the value of the second sensor means is compared with
the stored value. If there is a difference the memory is
updated with the new value. The stored value of the memory
is always accessible for the control and monitoring system
of the vehicle and, thus, for the driver.

In Fig. 4 an example of a measuring cycle is shown
measuring the stroke of the brake actuation as well as the
wear of the brake lining material. When the start of a
brake cycle is detected the sensors are powered up. During
the brake cycle the values of the second sensor means are
read as the stroke of the brake actuation. When the brake
cycle is completed and the predefined fixed position is
sensed, the values of the second sensor are read as the
wear of the lining material. In correspondence with the
flow chart of Fig. 3 the memory is updated with the latest
read value of wear if there is a difference to the stored

value.
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A person skilled in the art realises that the flow
charts of the sensor system according to the present inven-
tion may be varied depending on the actual sensor means

used and the information wanted.
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CLAIMS

1. A sensor system for monitoring at least the wear
of lining material of disc brakes, using the position of an
adjusting mechanism, a thrust plate or the like as an indi-
cation of the wear of the lining material, characterized in
that the sensor system is mainly mounted in a way to use a
caliper of the disc brake as a measuring reference and that
internal and/or external means (4, 6, 7) are arranged indi-
cating at least two different conditions of the brake.

2. The sensor system of claim 1, characterized in
that one of said conditions of the brake is the occurrence
of a brake movement.

3. The sensor system of claim 2, characterized in
that it comprises a first sensor means (4) monitoring and
giving a signal indicative of the occurrence of a brake
movement.

4. The sensor system of claim 2, characterized in
that it comprises a second sensor means (6, 7) monitoring
and giving a signal indicative of the actual position of
the part indicating the wear of the brake lining material.

5. The sensor system of claim 2 and 4, characterized
in that a logic circuit using an algorithm establish the
occurrence of a brake movement.

6. The sensor system of claim 5, characterized in
that the logic circuit is using the second sensor means.

7. The sensor system of claim 3, characterized in
that the first sensor means is a part of the control and
monitoring system of the vehicle.

8. The sensor system of claim 3, characterized in
that a fixed point for measurements is defined by means of
the first sensor means (4) and/or that the first sensor
means (4) comprises a sensing element using Hall effect for
co-operation with a magnet (3, 10).

9. The sensor system of claim 8, characterized in

that the magnet (3) is received on a holder (2) fixed to a
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lever arm (1) of the brake mechanism and that the first
sensor means (4) is received on an printed circuit board
(5).

10. The sensor system of claim 8, characterized in
that the magnet (3) is received on a rotating part of the
adjusting mechanism and/or that the magnet has the form of
a magnetic washer (10) moving axially in the adjusting
mechanism.

11. The sensor system of claim 4, characterized in
that the second sensor means is linear.

12. The sensor system of claim 11, characterized in
that the second sensor means 1s a force sensor (6), a Hall
effect sensor (7), received on a printed circuit board (8),
a light sensor, a sound sensor, a mechanical sensor, an
electrical transducer or a GMR sensor and/or that the sec-
ond sensor means (7) co-operates with a magnetic tube (9)
placed inside the adjusting mechanism.

13. The sensor system of claim 4, characterized in
that the first and second sensor means (4, 6, 7) are con-
nected to a memory and that the major part of the sensor
system is received on a cap (ll1l) fixed to the caliper.

14. A method of monitoring disc brakes, sensing the
position of an adjusting mechanism, a thrust plate or the
like, characterized in that the sensed position is used op-
tionally and alternately to measure either the wear of the
brake lining material or the stroke of the brake actuation.

15. The method of claim 14, characterized in that an
establishment whether a brake cycle has started or not is
used to determine which type of measurement that is possi-
ble at that moment.

16. The method of claim 15, characterized in that the
wear of the brake lining material is only measured when it
is confirmed that the brake is in a predefined fixed posi-

tion.
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17. The method of any of the claims 14 to 16, charac-
terized in that the signal indicating the wear of the brake

lining material i1s used to update a memory.
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