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METHOD FOR DETERMINING THE
BRAKING FORCE ON VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
international patent application PCT/EP2022/071163, filed
Jul. 28, 2022, designating the United States and claiming
priority from German application 10 2021 120 185.3, filed
Aug. 3, 2021, and the entire content of both applications is
incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to a method for determining
the braking force on vehicles with wheel brakes. In addition,
the disclosure relates to an axle with wheel brakes and a
vehicle with at least one corresponding axle.

BACKGROUND

[0003] Wheel brakes on vehicles, especially motor
vehicles or commercial vehicles, do not have a permanent
uniform effect. For example, the braking effect can deterio-
rate due to so-called fading of brake pads as a result of
insufficient temperature introduction in vehicles with wear-
free continuous brakes or recuperation devices. Conversely,
mechanical defects, so-called hanging of the brake, can
cause a higher braking force than intended. In practice, such
defects can hardly be or may not be detected by the driver.
Insufficient braking force is usually only detected in the
course of legal inspections, a dragging or hanging brake only
by strong temperature generation, which has then already
caused consequential damage to the brake disc, wheel bear-
ing or other parts. This results in a potential danger to other
road users.

[0004] In order to determine that the brakes are in perfect
condition, extensive checks on a roller dynamometer are
necessary. For the measurement on the roller dynamometer,
the vehicle must be driven over the roller dynamometer by
a workshop employee with a defined minimum axle load.
This requires time and, under certain circumstances, travel
distances, as not every vehicle operator has a brake test
bench. In addition, the measurement is only a snapshot.

SUMMARY

[0005] It is an object of the disclosure is to provide a
method for determining the braking force on vehicles with
wheel brakes during braking.

[0006] This object is, for example, achieved via a method
for determining a braking force on vehicles with wheel
brakes. The method includes determining, at least indirectly,
a reaction force occurring on the vehicle during braking.
[0007] Inthis context, braking force is understood to mean
a force acting between the wheel and the road in the
longitudinal direction of the vehicle in the opposite direction
to the driving speed when the vehicle brakes. As soon as
braking is applied, reaction forces occur on the vehicle,
which can be measured in different ways and which are
representative of the braking force.

[0008] According to another aspect of the disclosure, the
reaction force can be determined separately for each wheel
brake. This is preferably possible by determining the reac-
tion forces in close proximity to each wheel brake. In this
way, the braking force can be determined individually for
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each wheel brake. The measured reaction forces can be
recorded and used for the control of the wheel brakes and/or
as a database for maintenance work.

[0009] According to a further aspect of the disclosure, for
the determination of the reaction force at least

[0010] a change in mechanical variables,
[0011] a change in magnetic variables, or
[0012] a change in electrical variables

are measured. Which of the variables are measured depends
on the availability and cost of the corresponding measuring
equipment or sensors.

[0013] According to a further aspect of the disclosure, for
the determination of the reaction force at least

[0014] an elastic deformation,

[0015] a mechanical force,

[0016] a change in the magnetic field,

[0017] a change in an electrical resistance,
[0018] a change in a magnetic resistance,
[0019] combinations of the above alternatives

are measured. The measurement can also be carried out
indirectly. For example, an elastic deformation can cause a
change in an electrical resistance, as with a strain gauge.
[0020] According to another aspect of the disclosure,
strain gauges or force measurement bolts can be used as
sensors for measuring a mechanical deformation. Strain
gauges are low-cost sensors that can be used to measure very
small changes in length in a simple way. Force measurement
bolts are also known as load measurement bolts and are also
inexpensive standard components. These measure the
change in an electrical resistance or a change in a magnetic
field that occurs during mechanical deformation.

[0021] According to another aspect of the disclosure, the
reaction force on a component between wheel brakes inclu-
sively and the chassis frame inclusively can be determined.
Preferably, the deformation of the component is measured
during braking. The component itself can also be part of the
wheel brake or the chassis frame or belong to a component
that is held between the wheel brake and the chassis frame.
[0022] According to another aspect of the disclosure, the
reaction force can be determined at a transition between two
components between wheel brakes inclusively and the chas-
sis frame inclusively. For example, the reaction force can
measurably change distances between two components.
[0023] According to another aspect of the disclosure, the
reaction force can be determined by a torsion measurement
on an axle tube. Trailers in particular have axles with axle
tubes. The axle tube is mounted non-rotatably in axle
brackets on the chassis frame and itself holds a wheel with
a wheel bearing and a wheel brake at each free end. The
wheel brake is supported by the axle tube in the circumfer-
ential direction, so that every braking operation leads to a
torsion of the axle tube. This torsion can be measured by
appropriately adapted sensors and is also a measure of the
braking force that occurs during braking. Typically, the axle
tube is a high-precision component, so a sensor intended for
the axle tube does not need to be calibrated individually for
each axle tube. The torsion measurement is carried out on
the axle tube, in particular between the wheel brake and the
axle bracket.

[0024] According to another aspect of the disclosure, the
reaction force can be determined by a bending measurement
on a brake pad carrier. During braking, the brake pad carrier
undergoes very small deformations, which can be measured
with appropriately adapted sensors.
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[0025] According to another aspect of the disclosure, the
reaction force can be determined by a bending measurement
on a brake caliper mount. The brake caliper mount under-
goes very small deformations during braking, which can be
measured with appropriately adapted sensors.

[0026] According to another aspect of the disclosure, the
reaction force can be determined by a bending measurement
on a bolt between a trailing arm for an axle and a retaining
bracket for the trailing arm. The axle or axle tube can be held
on the vehicle frame by trailing arms. For this purpose, the
chassis frame can have suitable retaining brackets (also
known as bearing blocks or spring shoes). The trailing arm
is held in the retaining bracket by a bolt and the bolt
undergoes a slight deformation during braking, which can be
measured with appropriately adapted sensors.

[0027] According to another aspect of the disclosure, the
reaction force can be determined by measuring a mechanical
deformation on a retaining bracket for a trailing arm of an
axle. The retaining bracket itself can experience a measur-
able deformation during braking, especially bending.
[0028] According to another aspect of the disclosure, an
axle load can also be determined, at least indirectly. The axle
load can be determined by at least one additional sensor or,
together with the reaction force occurring during braking, by
a common sensor. Preferably, the sensor is located on the
axle or on a component connected to the axle.

[0029] According to another aspect of the disclosure, the
axle load can be determined by measuring a mechanical
deformation via strain gauges or force measurement bolts.
Mechanical deformation is, in particular, a bending or tor-
sion of a component.

[0030] An axle assembly according to the disclosure
includes: an axle; a wheel brake mounted on the axle; and,
at least one sensor configured to measure variables for
determining reaction forces during braking. The sensor
determines the reaction forces, at least indirectly. The brak-
ing forces can be inferred from the reaction forces. Prefer-
ably, these are rigid axles, non-driven axles or combinations
thereof. However, axles of a different kind may also be
formed according to the disclosure. In addition, the disclo-
sure can be used in vehicles with independent suspension.
[0031] According to another aspect of the disclosure,
sensors for measuring the variables for the determination of
reaction forces can be provided for all wheel brakes. As a
result, the braking force for each wheel brake can be
determined individually from the reaction force that occurs.
[0032] According to a further aspect of the disclosure, at
least one of the following sensors can be provided for the
determination of the reaction forces:

[0033] strain gauges

[0034] force measurement bolts,

[0035] piezoelectric sensors,

[0036] magnetoelastic sensors,

[0037] magnetostrictive sensors,

[0038] combinations of the above alternatives.
Such sensors are well-known and available as standard
components.
[0039] According to another aspect of the disclosure, an

axle tube can be provided with at least one sensor for the
determination of the reaction forces. The axle tube is a rigid
and easily accessible component on the axle, so that a sensor
can be easily arranged there. Sensors can also be connected
to the axle tube ex works.
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[0040] According to another aspect of the disclosure, the
axle tube can be provided with at least one sensor for torsion
measurement. During braking, the axle tube twists slightly,
which can be measured with an adapted sensor.

[0041] According to another aspect of the disclosure, the
sensor for torsion measurement can be a strain gauge,
wherein the strain gauge can be arranged at an angle, that is,
at an angle to the circumferential direction of the axle tube.
The aforementioned oblique arrangement is particularly
good at detecting the torsion that occurs in the axle tube. The
angle is preferably 30 to 60 degrees.

[0042] According to another aspect of the disclosure, the
sensor can be a force measurement bolt, which holds a
trailing arm for an axle in a retaining bracket. The retaining
bracket is held on the vehicle frame and serves as a bearing
for one end of the trailing arm. The connection between the
trailing arm and the retaining bracket can be made via the
force measurement bolt.

[0043] According to another aspect of the disclosure, the
sensor can be a strain gauge arranged on a brake pad carrier.
The brake pad carrier deforms slightly during braking
depending on the braking force that occurs. This can be
detected by the strain gauge.

[0044] According to another aspect of the disclosure, the
sensor can be a strain gauge arranged on a brake caliper
mount. The brake caliper mount also deforms depending on
the braking force that occurs, which can be measured with
the strain gauge.

[0045] According to another aspect of the disclosure, two
sensors can be arranged to determine the reaction force for
a wheel brake, wherein the sensors are oriented differently,
in such a way that variables can be measured in different
directions. For example, braking forces can be reliably
determined when driving forward and reversing. Two strain
gauges for torsion measurement on the axle tube can be
arranged perpendicular to each other or as mirror images.
For example, components subjected to bending can be
provided with a strain gauge on a front surface and one on
arear surface. In addition, different measuring directions can
already be realized in one sensor.

[0046] According to another aspect of the disclosure, at
least one sensor for measuring an axle load can be provided
on the axle. The sensor can be provided for measuring the
reaction force during braking additionally or at the same
time. Preferably, the sensor is located on a top surface and/or
bottom surface of the axle.

[0047] According to another aspect of the disclosure, at
least one strain gauge can be provided on the axle as a sensor
for measuring the axle load. The strain gauges can be glued
to the surface of the axle or joined to the axle in some other
way.

[0048] A vehicle according to the disclosure includes an
axle assembly according to the disclosure. The vehicle is
preferably a trailer vehicle but can also be a motor vehicle.

BRIEF DESCRIPTION OF DRAWINGS

[0049] The invention will now be described with reference
to the drawings wherein:

[0050] FIG. 1 shows a top view of a semi-trailer chassis
with axles and disc brakes;

[0051] FIG. 2 shows a side view of a wheel suspension
with a trailing arm on the axle tube;

[0052] FIG. 3 shows a half view of an axle tube with a
holder, wheel and wheel brake;
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[0053] FIG. 4 shows a top view of a chassis of a semi-
trailer with axles and drum brakes; and,

[0054] FIG. 5 shows a view as in FIG. 3, but with further
sensors or positions of the same.

DETAILED DESCRIPTION

[0055] A chassis 10 for a trailer vehicle can be seen in FIG.
1. In this case, the trailer vehicle is a semi-trailer with a king
pin 11.

[0056] Three axles 15 are mounted under a chassis frame
12 with longitudinal members 13 and cross members 14.
The axles 15 are held non-rotatably with axle brackets 29 on
trailing arms 16, which are hinged on a bearing block 17 on
one side and on the other side act on an air suspension
bellows 18, see also FIG. 2.

[0057] Each axle 15 has a continuous axle tube 19, at the
ends of which wheels 20 with wheel brakes 21 are mounted.
During braking, a braking force B acts parallel to the
longitudinal direction of the vehicle F, see FIG. 2. Depend-
ing on the braking force B, reaction forces occur on the
chassis, the effects of which can be detected to determine the
braking force B.

[0058] On the axle tubes 19, sensors 22 are arranged
between the wheel brakes 21 and the axle mounts 29. The
sensors 22 shown in FIG. 1 are preferably strain gauges,
which measurably change their electrical resistance when
their length changes. For this purpose, the strain gauges
(sensors 22) with their measuring direction M are kept at an
angle to the circumferential direction U of the respective
axle tube 19, see FIG. 3. At the same time, this results in an
angle relative to a longitudinal direction L of the respective
axle 15. The angle of the measuring direction M relative to
the circumferential direction U of the respective axle tube 19
is preferably 30 to 60 degrees. The orientation and angle
depend on a reaction force that occurs in practice during
braking, which depends on the braking force B, and on the
resulting torsion of the axle tubes 19. This can be determined
by experiments.

[0059] FIG. 2 shows two further possible installation
locations for sensors 23, 24. Sensor 23 is also a strain gauge,
arranged on the retaining bracket 17. During braking, a
reaction force dependent on the braking force B acts on the
retaining bracket 17, which causes a slight bending of the
retaining bracket 17 and can be detected by the sensor 23.
[0060] The trailing arm 16 is hinged at one end with a bolt
in the retaining bracket 17. The bolt can be a force mea-
surement bolt and thus the sensor 24 at the same time.
During braking, the force measurement bolt experiences a
reaction force depending on the effective braking force B
and consequently a slight deflection, which is detectable and
can be evaluated to determine the braking force B.

[0061] FIG. 3 shows a half view of an axle 15 with a
greatly simplified representation of the bearing of the axle
tube 19. Only the air suspension bellows 18 and the longi-
tudinal member 13 are shown. Three different possible
positions of sensors 22, 25 and 26 can be seen. Sensor 22 is
the strain gauge on the axle tube 19. Sensor 25 is a strain
gauge on a brake pad carrier 27 of the wheel brake 21
provided here as a disc brake. During braking, a reaction
force dependent on the braking force B acts on the brake pad
carrier 27, which results in a slight deformation of the brake
pad carrier 27. The deformation is detected with the sensor
25.

May 23, 2024

[0062] The brake pad carrier 27 is bolted to a brake caliper
mount 28, which is non-rotatably mounted on the axle tube
19, for example by welding or screwing. During braking, the
caliper mount 28 is also acted upon by a reaction force
dependent on the braking force B, which leads to a slight
deformation. The deformation can be detected with the
sensor 26 in the form of a strain gauge. The sensor 26 can
also be arranged across components, for example from the
caliper mount 28 to the axle tube 19. A cross-component
deformation is then detected.

[0063] For determining the braking forces in forward and
reverse travel or for other reasons, an additional sensor may
be provided on the axle tube 19 in addition to sensor 22, in
particular on the rear surface of the axle tube 19, which is not
visible in FIG. 3, and which is visually hidden by the axle
tube 19 and the sensor 22.

[0064] FIG. 4 shows the chassis 10 with drum brakes as
wheel brakes 21. Brake linings (not shown) in brake drums
30 are actuated by brake cylinders 31 via linkage adjusters
32. The brake cylinders 31 are mounted on the axle tubes 19
between the longitudinal members 13. Here, too, strain
gauges are arranged as sensors 22 on the axle tubes 19,
namely between brake drums 30 and axle brackets 29.
[0065] In all exemplary embodiments, at least one sensor
22 to 26 is assigned to each wheel 20. Sensors 22 to 26 can
be provided on different components and in different posi-
tions. It is important to have an arrangement and an orien-
tation such that an effect associated with the braking force of
the respective wheel brake 21 can be measured.

[0066] The sensors 22 to 26 detect elastic deformations, a
change in an electrical resistance or changes in magnetic
fields directly or indirectly. Strain gauges detect a change in
length indirectly via the electrical resistance. Force mea-
surement bolts are provided with a strain gauge to detect
deformation thereof or can detect a deformation due to
changes in magnetic properties, as a magnetoelastic or
magnetostrictive sensor. The use of sensors of a different
kind is conceivable, as long as only the braking force that
occurs can be determined indirectly.

[0067] The sensors 22 to 26 provide signals that can be
evaluated by the braking system, which is not shown, for
example for detecting dragging brakes and/or insufficient
braking force in relation to a current brake pressure. The
braking force can be individually determined and monitored
for each wheel 20. The sensors require no moving parts and
can be located outside the thermally highly loaded wheel
brakes 21.

[0068] The sensors 22 can be arranged on the top, bottom,
front and/or back of the axles 15 or axle tubes 19 for
determining the torsion, as well as in an intermediate posi-
tion. FIG. 5 shows sensors 33, 34 on and under the axle tube
19. Two or more sensors can also be arranged in combina-
tion, for example two sensors 22, 34 on the axle tube or two
sensors 22, 33 under the axle tube.

[0069] In addition, sensors can be provided for axle load
measurement. For example, sensors 33, 34 can be provided
for determining the axle load by measuring the bending of
the axle tube 19.

[0070] It is also possible to evaluate only one sensor for
determining braking force and axle load, in particular for
each wheel brake 21, see preferably sensors 33, 34.

[0071] It is understood that the foregoing description is
that of the preferred embodiments of the invention and that
various changes and modifications may be made thereto
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without departing from the spirit and scope of the invention
as defined in the appended claims.

LIST OF REFERENCE SIGNS AS PART OF THE

DESCRIPTION
[0072] 10 Chassis
[0073] 11 Kingpin
[0074] 12 Chassis frame
[0075] 13 Longitudinal member
[0076] 14 Cross member
[0077] 15 Axles
[0078] 16 Trailing arm
[0079] 17 Retaining brackets
[0080] 18 Air suspension bellows
[0081] 19 Axle tubes
[0082] 20 Wheels
[0083] 21 Wheel brakes
[0084] 22 Sensor (on axle tube)
[0085] 23 Sensor (on retaining bracket)
[0086] 24 Sensor (force measurement bolt)
[0087] 25 Sensor (on brake pad carrier)
[0088] 26 Sensor (on the brake caliper mount)
[0089] 27 Brake pad carrier
[0090] 28 Brake caliper mount
[0091] 29 Axle bracket
[0092] 30 Brake drum
[0093] 31 Brake cylinder
[0094] 32 Linkage adjuster
[0095] 33 Sensor (under the axle tube)
[0096] 34 Sensor (on the axle tube)
[0097] B Braking force
[0098] F Longitudinal direction of the vehicle
[0099] L Longitudinal Direction of the Axle
[0100] M Measuring direction of the sensor
[0101] U Circumferential direction of the axle tube

1. A method for determining a braking force on vehicles
with wheel brakes, the method comprising determining, at
least indirectly, a reaction force occurring on the vehicle
during braking.

2. The method of claim 1, wherein the reaction force for
each wheel brake is determined separately.

3. The method of claim 1, wherein said determining the
reaction force includes measuring at least one of a change in
mechanical variables, a change in magnetic variables, and a
change in electrical variables.

4. The method of claim 3, wherein said determining the
reaction force includes measuring at least one of an elastic
deformation, a mechanical force, a magnetic field change, a
change in an electrical resistance, and a change in a mag-
netic resistance.

5. The method of claim 4, wherein strain gauges or force
measurement bolts are used as sensors for measuring a
mechanical deformation.

6. The method of claim 1, wherein the reaction force on
a component is determined between wheel brakes inclu-
sively and a chassis frame inclusively.

7. The method of claim 1, wherein the reaction force is
determined at a junction between two components between
wheel brakes inclusively and a chassis frame inclusively.

8. The method of claim 1, wherein the reaction force is
determined by a torsion measurement on an axle tube.
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9. The method of claim 1, wherein the reaction force is
determined by a bending measurement on a brake pad
carrier.

10. The method of claim 1, wherein the reaction force is
determined by a bending measurement on a brake caliper
mount.

11. The method of claim 1, wherein the reaction force is
determined by a bending measurement on a bolt between a
trailing arm for an axle and a retaining bracket for the
trailing arm.

12. The method of claim 1, wherein the reaction force is
determined by measuring a mechanical deformation on a
retaining bracket for a trailing arm of an axle.

13. The method of claim 1 further comprising determin-
ing, at least indirectly, an axle load.

14. The method of claim 13, wherein said determining the
axle load includes measuring a mechanical deformation via
strain gauges or force measurement bolts.

15. An axle assembly comprising:

an axle;

a wheel brake mounted on said axle; and,

at least one sensor configured to measure variables for

determining reaction forces during braking.

16. The axle assembly of claim 15, wherein a plurality of
wheel brakes are mounted on said axle; and, at least one of
said at least one sensor is provided for each of said plurality
of wheel brakes for measuring the variables for the deter-
mination of the reaction forces.

17. The axle assembly of claim 15, wherein said at least
one sensor includes at least one of a strain gauge, a force
measurement bolt, a piezoelectric sensor, a magnetoelastic
sensor, and a magnetostrictive sensor.

18. The axle assembly of claim 15 further comprising an
axle tube provided with at least one of said at least one
Sensor.

19. The axle assembly of claim 18, wherein said axle tube
is provided with a sensor for torsion measurement.

20. The axle assembly of claim 19, wherein said sensor
for torsion measurement is a strain gauge and said strain
gauge is arranged at an angle, that is, at an angle to a
circumferential direction of said axle tube.

21. The axle assembly of claim 15, wherein said at least
one sensor includes a force measurement bolt which holds a
trailing arm for said axle in a retaining bracket.

22. The axle assembly of claim 15, wherein said at least
one sensor includes a strain gauge arranged on a brake pad
carrier.

23. The axle assembly of claim 15, wherein said at least
one sensor includes a strain gauge arranged on a brake
caliper mount.

24. The axle assembly of claim 15, wherein said at least
one sensor includes two sensors arranged for determining
the reaction forces for said wheel brake; and, said two
sensors are oriented differently, such that variables are
measurable in different directions.

25. The axle assembly of claim 15, wherein said at least
one sensor includes a sensor for measuring an axle load.

26. The axle assembly of claim 25, wherein said sensor
for measuring the axle load is at least one strain gauge.

27. A vehicle comprising the axle assembly of claim 15.
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