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(54) STEERING METHOD FOR A VEHICLE

(57) The invention relates to a backup steering meth-
od of a vehicle (10), for example equipped with an ESP
system. The backup steering method uses a brake sys-
tem (32) of the ESP to brake down selected wheels (14)
to support steering. The driver’s steering intention is de-
rived from a steering moment (Msteer) in the steering
kinematics (17), which is a result of the forces attacking
the wheels (14) and the driver holding the steering wheel
(16) in position or moving the same. The steering moment
(Msteer) is not measured, if a primary hydraulic or electric
steering support system is malfunctioned. Instead, it is

gained from the rotational position (22) of the steering
wheel (16) compared to a rotational position of a refer-
ence point along the steering kinematics (17) with respect
to the mechanical stiffness of a referenced section of the
steering steering kinematics (17). There are certain pos-
sibilities of determining the rotational position of the ref-
erence point of the steering kinematics (17), based on
known vehicle data. The invention also relates to a control
system (28) of the vehicle (10) and to the vehicle (10),
both being adapted for the described method.
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Description

[0001] The invention relates to a method of supporting a steering process of a vehicle according to the main body of
claim 1, a control system for a vehicle according to the main body of claim 12 and a vehicle suitable to be used in the
method according to the main body of claim 13.
[0002] In the technical field of vehicles, in particular utility vehicles, it is known to equip the vehicle with a steering
support system, such as a hydraulic steering support system. Further, most modern vehicles are equipped with an
electric power steering (EPS) and normally also with an electronic stability control (ESC/ESP) system. The steering
support system normally is a primary steering support system due to the requirement of providing backup systems. In
case of a malfunction, a secondary backup system is required to assure safe steering behavior of the vehicle.
[0003] Known technical solutions cover the use of a secondary hydraulic steering support system or the use of electrical
actuators as a secondary system. DE 10 2008 046 007 A1, DE 10 2015 014 882 A1 and DE 603 15 766 T2 illustrate
such secondary steering support systems, wherein a brake moment is selectively applied to the wheels in order to
achieve a desired steering behavior in turn.
[0004] However, the known technical solutions are of quite high complexity and accordingly, require a lot of space,
mass and power for implementation. This also leads to high costs.
[0005] It is therefore an objective of the invention to provide an improved secondary steering method for a vehicle and
a corresponding steering system that features reduced technical complexity. In particular, additional technical assemblies
shall be avoided by using technical components, already existing in a state-of-the-art vehicle.
[0006] The objective is achieved by the subject-matter of the independent claims 1, 12 and 13. Preferred embodiments
of the invention can be gained from the subject-matter of the dependent claims and from the description.
[0007] A first aspect of the invention relates to a method of supporting a steering process of a vehicle that is steerable
by manipulating the orientation of at least two wheels via a steering wheel, a steering kinematics that comprises a
steering column and a steering gear, with the steering column comprising an upper end portion facing the steering wheel,
wherein an angle sensor is located at the upper end portion and/or an entrance of the steering gear and a lower end
portion facing the steering gear, with the vehicle being equipped with at least one primary steering support system,
wherein the method comprises at least the following steps:

- Detection of a malfunction of the primary steering support system;
- Using a control system of the vehicle to derive a driver’s steering intention from a steering moment induced to the

steering wheel by the driver;
- Determination of a brake moment required in a brake system of the vehicle to achieve a steering behavior that

corresponds to the driver’s steering intention;
- Induction of the brake moment to at least one wheel of the vehicle, so as to achieve the desired steering behavior.

[0008] According to the invention, the control system derives the steering moment from an upper steering angle of
the upper end portion or the entrance of the steering gear delivered by the at least one angle sensor and from mechanical
data of the steering kinematics being stored in the control system and further from a lower steering angle of the steering
kinematics being measured or simulated.
[0009] At least one angle sensor may be located at the upper end portion of the steering gear and the mechanical
data may comprise mechanical data of the steering column and the lower steering angle may be defined at the lower
end portion of the steering column. Alternatively, the mechanical data may comprise mechanical data of a torsion bar
of the steering gear and the lower steering angle may be defined as a torsion angle of the torsion bar measured at a
steering gear output shaft. Of course, both methods of measuring the lower steering angle may be combined.
[0010] In other words, the method of the invention may be executed by enhancing the functionality of a controllable
braking system, that may be any system known to a person skilled in the art that allows for selectively braking down
certain wheels of the vehicle, such as an ESP system for example, featured by a state-of-the-art vehicle. Enhancing the
functionality of the controllable braking system is preferably based on a respective software component. The control
system may be a central or distributed control system that sends and receives the signals required for the method and
executes the calculations to determine the steering moment. The steering moment is a value being most suitable to
determine the driver’s steering intention. Correlation between the steering moment and the driver’s steering intention
may be embodied by a mathematical function (and its derivations), for instance, wherein the driver’s steering intention
may be expressed by certain levels of the steering moment and the current direction of the steering moment. For example,
a certain level of the steering moment at a current upper steering angle may deliver the information that the vehicle is
moving in the desired direction. A higher level of the steering moment may express that the driver intends to steer the
vehicle in a certain direction, additionally. The mathematical function may therefore take the steering moment and the
upper steering angle as an input to make a decision, whether additional or less support by the brake system is required
and in which direction. The respective data is preferably stored in the control device. A person skilled in the art is capable
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of performing required test drives to empirically achieve these data, for example. Since the actual value of the steering
moment during movement of the vehicle shall be detected without an additional torque sensor, a known physical corre-
lation between the steering moment and the torsion of the referenced section of the steering kinematics, that may be
the steering column or the torsion bar, is used to calculate the steering moment as follows: 

Msteer: steering moment,
Csteering column: stiffness of the steering column,
Ctorsion bar: stiffness of the torsion bar,
Δϕ: torsion of the steering column between upper and lower end portions of the steering column or torsion of the
torsion bar, respectively.

[0011] The stiffness of the steering column and the torsion bar are part of the known mechanical data of the vehicle.
The torsion of the steering column, which means preliminary its elastic deformation due to the steering moment, is
expressed by a difference between the upper and lower steering angle, both with respect to a common reference point.
Accordingly, the following applies: 

ϕupper: upper steering angle, for example at the upper end portion or at the entrance of the steering gear,
ϕlower1, 2: lower steering angle referred to the lower end portion of the steering column (ϕlower1) or referred to the
torsion angle of the torsion bar (ϕlower2).

[0012] ϕupper is preferably measured by the existing angle sensor of the vehicle, normally provided by an ESP system.
ϕlower1 is determined by direct or indirect measurement or simulated, which is further described below. Preferably,
attention is also paid to a slackness that occurs in the steering column, and its influence is paid respect to in the calculation
of Δϕ. Accordingly, accuracy of the method is enhanced. ϕlower2 is directly measured at the steering gear output shaft,
preferably by another angle sensor, based on the fact, that the correlation of the torsion moment occurring in the torsion
bar and its torsion angle are very well known. Accordingly, if a reference point at the entrance of the steering gear, for
example the steering gear input shaft, is taken, the torsion angle at the output of the steering gear directly delivers the
torsion moment induced to the torsion bar, which is almost equal to the steering moment. The other angle sensor can
be placed at the steering gear output shaft and still another angle sensor can be placed at the steering gear input shaft
to measure the upper steering angle at the steering gear input shaft, which is the most direct method of determining the
torsion of the torsion bar.
[0013] Advantageously, the method of the invention provides a very simple way of supporting the steering process in
the vehicle, if the primary steering support system is not working properly. To execute the method of the invention,
basically no additional hardware is required, as standard modules of the vehicle may be used, for example those of an
ESP system. In particular, no additional torque sensor is required to determine the steering moment. Preferably, detection
of the malfunction of the primary steering support system is done while the vehicle is moving. Preferably, induction of
the brake moment to the at least one wheel is done to the vehicle while it is moving, so as to achieve the desired steering
behavior.
[0014] The following embodiments are with reference to the mechanical data comprising mechanical data of the
steering column with the lower steering angle being defined at the lower end portion of the steering column.
[0015] In a preferred embodiment of the method of the invention, the lower steering angle is measured by another
angle sensor, located at the lower end portion of the steering column for direct measurement or located at the steering
gear for indirect measurement. Indirect measurement of the lower steering angle refers to the other angle sensor not
being directly mounted to the lower end portion of the steering column, but at a part mechanically linked to it.
[0016] Advantageously, this allows for very accurate identification of the lower steering angle, wherein an additional
angle sensor can be implemented much easier than a torque sensor.
Preferably the other angle sensor is located at a steering gear input shaft. This way, torsion of the steering column
between the upper and lower end portions of the steering column can be easily measured by comparing ϕupper at the
steering wheel and ϕlower at the steering gear input shaft.
[0017] In an alternatively preferred embodiment of the method of the invention the lower steering angle is simulated.
Simulation means a calculation starting at a given system condition and further being based on a known behavior of the
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system. In this embodiment, once the malfunction of the primary steering support system is detected, a last value of the
steering moment delivered by the primary steering support system before malfunction is taken as an input value to the
control system. Then a brake moment correlating with the input value is applied to the brake system, an initial value of
the lower steering angle is calculated and then, the control system further simulates a change of the steering moment
according to a measured change of at least the upper steering angle and a simulated change of the lower steering angle,
based on respective correlation data, being stored in the control system.
[0018] Advantageously, this allows for determining the steering moment at a sufficient accuracy without any additional
sensor. This embodiment is based on the assumption, that, in the first moment after failure of the primary steering support
system, the steering direction of the wheels and the lower and upper steering angle are constant. The last known values
of the steering moment and the current steering direction of the wheels, delivered by the primary steering support system,
are then taken as an input for the method of the invention. A brake moment is applied to the wheels, according to the
last known steering moment, in order to maintain the current steering situation after failure of the primary steering support
system. If the driver now intends to change the steering direction, he applies a changing steering moment via the steering
wheel, which is rotating accordingly thereby changing the upper steering angle. The steering moment is now unknown.
To determine the steering moment, again a mathematical function based on empirical knowledge can be provided,
delivering change of the lower steering angle and the steering moment, accordingly.
[0019] In a further preferred embodiment of the method of the invention, the vehicle comprises a yaw sensor measuring
a yaw rate of the vehicle and a velocity sensor measuring a velocity of the vehicle and that the measured values are
used to derive the orientation of the at least two wheels from respective correlation data, being stored in the control
system, to achieve the lower steering angle.
[0020] The lower steering angle can be easily gained from the difference between the upper steering angle and the
orientation of the at least two wheels via the steering gear. Advantageously, yaw sensors are commonly used in state-
of-the-art-vehicles, so that no additional sensor is required.
[0021] In a further preferred embodiment of the method of the invention, the vehicle comprises a velocity sensor
measuring a rotational speed of the at least two wheels of the vehicle that are used for steering and that the measured
values are used to derive the orientation of the respective wheels from respective correlation data, being stored in the
control system, to achieve the lower steering angle.
[0022] Since the wheels are moving on paths with different radii during cornering, the orientation of the wheels can
be gained from their rotational speeds. Based on that, the lower steering angle can be easily gained from the difference
between the upper steering angle and the orientation of the at least two wheels via the steering gear. Advantageously,
no additional sensor is required for this embodiment, either.
[0023] In a further preferred embodiment of the method of the invention, the vehicle comprises at least one near field
sensor acquiring environmental data and that a current direction of movement of the vehicle relatively to the environment
is derived from the data and that the orientation of the at least two wheels is then derived from respective correlation
data, being stored in the control system, to achieve the lower steering angle.
[0024] Since many state-of-the-art-vehicles comprise such near field sensors, for example cameras, ultra sonic sensors
or GPS sensors, acquiring the environmental data is possible without additional sensors, dedicated to the method of
the invention. Since a certain direction of movement correlates with a certain orientation of the wheels, the lower steering
angle can be easily calculated.
[0025] In a further preferred embodiment of the method of the invention, the vehicle comprises a yaw sensor measuring
a yaw rate of the vehicle which is compared to the driver’s steering intention and the brake moment applied to the at
least one wheel is adapted if a derivation of the current direction of movement of the vehicle and the driver’s steering
intention is detected.
[0026] This way, a control loop can be established to assure that the driver’s steering intention is met.
[0027] In a further preferred embodiment of the method of the invention, the steering wheel, steering column and a
steering gear are connected via cardan joints and that calibration of the mechanical data stored in the control device is
accomplished at the beginning of each trip of the vehicle.
[0028] To do so, the control system may continuously analyze control- and measurement signals from the primary
steering support system and the steering behavior of the vehicle. Based on this, the control system may simulate the
method of supporting the steering process of the invention. The control system may compare the results of the simulation
with the actual steering behavior of the vehicle and for example eliminate inaccuracies in the control system’s software
component regarding the mechanical data of the steering column. Reasons for these inaccuracies are for example non-
linearities in the cardan joints or abrasive effects.
[0029] In a further preferred embodiment of the method of the invention, the method is executed by an ESP system
of the vehicle, which is equipped with a respective software component.
[0030] Most state-of-the-art vehicles are already equipped with an ESP system. Therefore, the effort of implementing
the method of the invention is significantly reduced.
[0031] A second aspect of the invention relates to a control system for a vehicle, equipped with a software component
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adapted to execute an inventive control method according to this description.
[0032] A third aspect of the invention relates to a vehicle, steerable by manipulating the orientation of at least two
wheels via a steering wheel, a steering kinematics that comprises a steering column and a steering gear, with the steering
column comprising an upper end portion facing the steering wheel, wherein an angle sensor is located at the upper end
portion and/or an entrance of the steering gear, and a lower end portion facing the steering gear, with the vehicle being
equipped with at least one primary steering support system, further comprising at least the following features:

- a control system, capable of detecting a malfunction of the primary steering support system and of deriving a driver’s
steering intention from a steering moment induced to the steering wheel by the driver and further of determining a
brake moment required to achieve a steering behavior that corresponds to the driver’s steering intention;

- a brake system;
- an operational connection between the control system and the brake system, so that the brake moment is inducible

to at least one wheel of the vehicle upon a signal from the control system, so as to achieve the desired steering
behavior.

[0033] According to the invention, the control system is equipped with a software component that allows for deriving
the steering moment from an upper steering angle of the upper end portion or the entrance of the steering gear delivered
by the at least one angle sensor and from mechanical data of the steering kinematics being stored in the control system
and further from a lower steering angle of the steering kinematics being measured or simulated by the software component.
[0034] In a preferred embodiment of the vehicle of the invention, at least one angle sensor is located at the upper end
portion and the mechanical data comprise mechanical data of the steering column and the lower steering angle is defined
at the lower end portion of the steering column or the mechanical data comprise mechanical data of a torsion bar of the
steering gear and the lower steering angle is defined as a torsion angle of the torsion bar measured at a steering gear
output shaft.
[0035] In a preferred embodiment of the vehicle of the invention, at least the control system, the angle sensor, the
brake system and the operational connection belong to an ESP system of the vehicle, which is equipped with the software
component.
[0036] In a further preferred embodiment of the vehicle of the invention, the control system is an inventive control
system according to this description.
[0037] To summarize the aspects of the invention in other words, it relates to a backup steering method of a vehicle,
for example equipped with an ESP system. The backup steering method uses a brake system of the ESP to brake down
selected wheels to support steering. The driver’s steering intention is derived from a steering moment in the steering
kinematics, which is a result of the forces attacking the wheels and the driver holding the steering wheel in position or
moving the same. The steering moment is not measured, if a primary hydraulic or electric steering support system is
malfunctioned. Instead, it is gained from the rotational position of the steering wheel compared to a rotational position
a reference point along the the steering kinematics with respect to the mechanical stiffness of a referenced section of
the steering kinematics. There are certain possibilities of determining the rotational position of the reference point, based
on known vehicle data. The invention also relates to a control system of the vehicle and to the vehicle, both being adapted
for the described method.

Brief Description of the Figures:

[0038]

Fig. 1 shows a block diagram of a method of supporting a steering process of a vehicle according to the invention in
a preferred embodiment; and

Fig. 2 shows components of a vehicle that are used in the method; and

Fig. 3 shows a vehicle according to the invention in a preferred embodiment.

[0039] Figure 1 shows a block diagram of a method of supporting a steering process of a vehicle according to the
invention. Reference is made to Figures 2 and 3 as they illustrate certain components of a vehicle used in the method.
[0040] Initially, a vehicle 10 is provided in step 1 of the method. The vehicle 10, as can be seen in Figure 3, is a
motorized utility vehicle, such as a truck 12. It is steerable by manipulating the orientation of two wheels 14 located at
the front of the vehicle 10. Steering is done manually via a steering wheel 16, as shown in Figure 2, which is linked to
a steering column 18 and a steering gear 20, all part of a steering kinematics 17 of the vehicle 10. The steering column
18 comprises an upper end portion 22 and a lower end portion 24. The upper end portion 22 is equipped with an angle
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sensor 26 and located at an interface to the steering wheel 16. The lower end portion 24 is located at an interface to the
steering gear 20, preferably being a steering gear input shaft. The steering gear 20 transmits the rotational steering
movement of the steering column 18 into a steering movement of the wheels 14 via a torsion bar 21 and a steering lever
34. The vehicle 10 is equipped with an ESP system and with a primary steering support system, wherein the primary
steering support system in this embodiment is a hydraulic power steering, even though electric power steering just as
an example is also possible. The vehicle 10 has a control system 28, that belongs to the ESP system (Figure 3) or may
belong to an alternative system known to a person skilled in the art that allows for selectively braking down certain
wheels 14 of the vehicle 10. Just for the purpose of simple explanation it is referred to an ESP system in the following.
[0041] In a second step, the control system 28 detects a malfunction of the primary steering support system of the
vehicle 10. The malfunction may be a loss of hydraulic pressure in the primary steering support system or another error
case. In such a case, the method of the invention makes use of the ESP to apply a certain brake moment to selected
wheels 14 in order to create a steering moment and thereby support the manual steering process of the driver.
[0042] To do so, in a third step the control system 28 of the vehicle 10 needs to figure out the driver’s steering intention.
Preferably, the steering moment in the steering kinematics 17, for example the steering column 18, is analyzed to
conclude the driver’s steering intention. However, due to the malfunction of the primary steering support system, the
available data is limited. As can be seen in Figure 2, the ESP provides an angle sensor 26. The angle sensor 26 detects
an upper steering angle ϕupper. The respective measurement value is detected by the control system 28. The control
system 28 further has a data basis including the stiffness of the steering column 18, Csteering column or the torsion bar
21, ctorsion bar. Further, an algorithm is implemented in the control system 28 that allows for calculation of the steering
moment occurring inside the steering column 18 or the torsion bar 21 based on the following equations: Msteer =
(Csteering column or ctorsion bar) Δϕ with Δϕ = ϕupper - ϕlower1, 2. Δϕ describes the torsion of the steering column 18 between
the upper end portion 22 and lower end portion 24 of the steering column 18 or the torsion of the torsion bar 21,
respectively. To achieve the steering moment Msteer, the value of ϕlower1, 2 is required. In this embodiment, the value of
ϕlower1, 2 is measured by another angle sensor 30 which is located at the lower end portion 24 of the steering column
18 or the steering gear output shaft 25, respectively, and directly measures the value of ϕlower1, 2. Regarding ϕlower2, if
the stiffness of the steering columns 18 is much higher than that of the torsion bar 21, either the difference between the
upper steering angle ϕupper at the upper end portion 22 or at the entrance of the steering gear 45 may be directly used
for the calculation of the steering moment Msteer in combination with ϕlower2. If the stiffness of the steering columns 18
and that of the torsion bar 21 are similar, it is preferred to measure ϕupper at the entrance of the steering gear 45. A
person skilled in the art independently decides which variant fits the accuracy requirements of the calculation. Among
other possibilities of determining value of ϕlower1, 2 direct measurement with an angle sensor 26, 30 is the most accurate
one and the effort is low at the same time. Based on the steering moment Msteer and the upper steering angle ϕupper as
an input, the control system 28 decides the level of brake moment required on each of the wheels 14.
[0043] Accordingly, in a fourth step, the control system 28 induces the required brake moment to the respective wheels
14 via a brake system 32 of the vehicle 10, so as to achieve the desired steering behavior.
[0044] The vehicle 10 further comprises a yaw sensor 36, continuously measuring a yaw rate of the vehicle 10. In a
fifth step, this yaw rate is compared to the driver’s steering intention and the current brake moment applied to the
respective wheels 14. If the vehicle is moving in the desired direction, which may for example be detected when the
steering moment Msteer in the referenced section of the steering kinematics 17 is zero and the upper steering angle
does not change, the current brake moment is maintained.
[0045] A different value of the steering moment Msteer or a changing upper steering angle ϕupper may express that the
driver intends to steer the vehicle 10 in a certain direction more or less intensely. In this case, in a sixth step, the brake
moment is adapted according to the derivation of the current direction of movement of the vehicle 10 and the driver’s
steering intention.
[0046] In other embodiments, determination of ϕlower1 may be done differently in step three of the method. For example,
the other angle sensor 30 can be implemented in the steering gear 20. In this case, the other angle sensor 30 indirectly
measures the value of ϕlower1 which can be calculated by the control system 28 taking into account the transmission of
the steering gear 20.
[0047] In yet another embodiment, the yaw sensor 36 in combination with a velocity sensor 38 can be used. A measured
yaw rate and velocity of the vehicle 10 are used to derive the orientation of the at least two wheels 14 from respective
correlation data, being stored in the control system 28, to achieve the lower steering angle ϕlower1. Yaw rate and velocity
of the vehicle 10 are describing a path the vehicle 10 is moving along. The correlation data may comprise certain moving
paths that belong to certain orientations of the wheels 14 and velocities.
[0048] In yet another embodiment the velocity sensor 38 measures a rotational speed of the wheels 14. As two wheels
14 on the same axis feature a specific difference in their rotational speed during a curve, the orientation of the respective
wheels 14 can be gained.
[0049] In yet another embodiment one or more near field sensors 40 can be used to acquire environmental data to
determine a current direction of movement of the vehicle 10 relatively to the environment. Again, from a moving path of
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the vehicle 10, orientation of the wheels 14 can be derived. The near field sensors 40 can be a camera 42 or a GPS
sensor 44, for example.

Reference list

[0050]

10 vehicle
12 truck
14 wheels
16 steering wheel
17 steering kinematics
18 steering column
20 steering gear
21 torsion bar
22 upper end portion
24 lower end portion
25 steering gear output shaft
26 angle sensor
28 control system
30 other angle sensor
32 brake system
34 steering lever
36 yaw sensor
38 velocity sensor
40 near field sensor
42 camera
44 GPS sensor
45 entrance of the steering gear

csteering column stiffness of the steering column
Msteer steering moment
ϕlower1 lower steering angle
ϕlower2 lower steering angle
ϕupper upper steering angle

Claims

1. Method of supporting a steering process of a vehicle (10) that is steerable by manipulating the orientation of at least
two wheels (14) via a steering wheel (16), a steering kinematics (17) that comprises a steering column (18) and a
steering gear (20), with the steering column (18) comprising an upper end portion (22) facing the steering wheel
(16), wherein an angle sensor (26) is located at the upper end portion (22) and/or an entrance of the steering gear
(45), and a lower end portion (24) facing the steering gear (20), with the vehicle (10) being equipped with at least
one primary steering support system, wherein the method comprises at least the following steps:

- Detection of a malfunction of the primary steering support system;
- Using a control system (28) of the vehicle (10) to derive a driver’s steering intention from a steering moment
(Msteer) induced to the steering wheel (16) by the driver;
- Determination of a brake moment required in a brake system (32) of the vehicle (10) to achieve a steering
behavior that corresponds to the driver’s steering intention;
- Induction of the brake moment to at least one wheel (16) of the vehicle (10), so as to achieve the desired
steering behavior;

characterized in that
the control system (28) derives the steering moment (Msteer) from an upper steering angle (ϕupper) of the upper end
portion (22) or the entrance of the steering gear (45) delivered by the at least one angle sensor (26) and from
mechanical data of the steering kinematics (17) being stored in the control system (28) and further from a lower



EP 3 524 493 A1

8

5

10

15

20

25

30

35

40

45

50

55

steering angle (ϕlower1, 2) of the steering kinematics (17) being measured or simulated.

2. Method according to claim 1, characterized in that at least one angle sensor (26) is located at the upper end portion
(22) and the mechanical data comprise mechanical data of the steering column (18) and the lower steering angle
(ϕlower1) is defined at the lower end portion (24) of the steering column (18).

3. Method according to claim 2, characterized in that the lower steering angle (ϕlower1) is measured by another angle
sensor (30), located at the lower end portion (24) of the steering column (18) for direct measurement or located at
the steering gear (20) for indirect measurement.

4. Method according to claim 2, characterized in that once the malfunction of the primary steering support system is
detected, a last value of the steering moment (Msteer) delivered by the primary steering support system before
malfunction is taken as an input value to the control system (28), then a brake moment correlating with the input
value is applied to the brake system (32) and an initial value of the lower steering angle (ϕlower1) is calculated and
then, the control system (28) further simulates a change of the steering moment (Msteer) according to a measured
change of at least the upper steering angle (ϕupper) and a simulated change of the lower steering angle (ϕlower1),
based on respective correlation data, being stored in the control system (28).

5. Method according to claim 2, characterized in that the vehicle (10) comprises a yaw sensor (36) measuring a yaw
rate of the vehicle (10) and a velocity sensor (38) measuring a velocity of the vehicle (10) and that the measured
values are used to derive the orientation of the at least two wheels (14) from respective correlation data, being
stored in the control system (28), to achieve the lower steering angle (ϕlower1).

6. Method according to claim 2, characterized in that the vehicle (10) comprises a velocity sensor (38) measuring a
rotational speed of the at least two wheels (14) of the vehicle (10) that are used for steering and that the measured
values are used to derive the orientation of the respective wheels from respective correlation data, being stored in
the control system (28), to achieve the lower steering angle (ϕlower1).

7. Method according to claim 2, characterized in that the vehicle (10) comprises at least one near field sensor (40)
acquiring environmental data and that a current direction of movement of the vehicle (10) relatively to the environment
is derived from the data and that the orientation of the at least two wheels (14) is then derived from respective
correlation data, being stored in the control system (28), to achieve the lower steering angle (ϕlower1).

8. Method according to any one of the claims 2 to 7, characterized in that the vehicle (10) comprises a yaw sensor
(36) measuring a yaw rate of the vehicle (10) which is compared to the driver’s steering intention and the brake
moment applied to the at least one wheel (14) is adapted if a derivation of the current direction of movement of the
vehicle (10) and the driver’s steering intention is detected.

9. Method according to any one of the claims 2 to 8, characterized in that the steering wheel (16), steering column
(18) and a steering gear (20) are connected via cardan joints and that calibration of the mechanical data stored in
the control device is accomplished at the beginning of each trip of the vehicle (10).

10. Method according to any one of the claims 2 to 9, characterized in that the method is executed by an ESP system
of the vehicle (10), which is equipped with a respective software component.

11. Method according to claim 1, characterized in that the mechanical data comprise mechanical data of a torsion bar
(21) of the steering gear (20) and the lower steering angle (ϕlower2) is defined as a torsion angle of the torsion bar
(21) measured at a steering gear output shaft (25).

12. Control system (28) for a vehicle, equipped with a software component adapted to execute a control method according
to any one of the preceding claims.

13. Vehicle (10), steerable by manipulating the orientation of at least two wheels (14) via a steering wheel (16), a steering
kinematics (17) that comprises a steering column (18) and a steering gear (20), with the steering column (18)
comprising an upper end portion (22) facing the steering wheel (16), wherein an angle sensor (26) is located at the
upper end portion (22) and/or an entrance of the steering gear (45), and a lower end portion (24) facing the steering
gear (20), with the vehicle (10) being equipped with at least one primary steering support system, further comprising
at least the following features:



EP 3 524 493 A1

9

5

10

15

20

25

30

35

40

45

50

55

- a control system (28), capable of detecting a malfunction of the primary steering support system and of deriving
a driver’s steering intention from a steering moment (Msteer) induced to the steering wheel (16) by the driver
and further of determining a brake moment required to achieve a steering behavior that corresponds to the
driver’s steering intention;
- a brake system (32);
- an operational connection between the control system (28) and the brake system (32), so that the brake
moment is inducible to at least one wheel (14) of the vehicle (10) upon a signal from the control system (28),
so as to achieve the desired steering behavior;

characterized in that
the control system (28) is equipped with a software component that allows for deriving the steering moment (Msteer)
from an upper steering angle (ϕupper) of the upper end portion (22) or the entrance of the steering gear (45) delivered
by the at least one angle sensor (26) and from mechanical data of the a steering kinematics (17) being stored in
the control system (28) and further from a lower steering angle (ϕlower1, 2) of the steering kinematics (17) being
measured or simulated by the software component.

14. Vehicle (10) according to claim 13, characterized in that at least one angle sensor (26) is located at the upper end
portion (22) and the mechanical data comprise mechanical data of the steering column (18) and the lower steering
angle (ϕlower1) is defined at the lower end portion (24) of the steering column (18) or that the mechanical data
comprise mechanical data of a torsion bar (21) of the steering gear (20) and the lower steering angle (ϕlower2) is
defined as a torsion angle of the torsion bar (21) measured at a steering gear output shaft (25).

15. Vehicle (10) according to claim 13 or 14, characterized in that at least the control system (28), the angle sensor
(26), the brake system (32) and the operational connection belong to an ESP system of the vehicle (10), which is
equipped with the software component.

16. Vehicle (10) according to any one of the claims 13 to 15, characterized in that the control system (28) is a control
system according to claim 12.
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