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METHOD FOR REDUCING STEERING
TORQUE IN A STEERING SYSTEM OF A

VEHICLE
CROSS-REFERENCE TO RELATED
APPLICATIONS
[0001] Not Applicable.
BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention
[0003] The invention relates to vehicle steering systems

and, more specifically, to a method for controlling or reducing
steering torque in a steering system of a vehicle.

[0004] 2. Description of Related Art

[0005] Modern steering systems include assistance sys-
tems that enable the imposition of steering torque in order to
provide driver comfort. Moreover, such assistance systems
operate to reduce disturbing torque influences caused by the
vehicle or the surface of the highway.

[0006] The steering wheel is the haptic interface to the
driver and any imposed torque must be configured whereby it
can be controlled by the driver. For example, in the event of a
fault, such as an unintentional imposed torque, the driver’s
reaction remains an important non-negligible part of the over-
all system.

[0007] Consideration of the impact of unfavorable torque
impositions on the overall steering system in the event of a
fault must be taken into account during the design of such
assistance systems. Normally, the steering torque superim-
posed on the driver’s torque by such assistance systems is
limited in amplitude and dynamics. In order to determine
controllable thresholds, customer clinics or expert clinics, i.e.
studies or investigations, are carried out. Because of the vari-
ance of the assessments, the worst case has to be assumed
here; i.e., the limitation must be oriented to the most critical
case or to the most critical assessment in the event of a fault.

[0008] This means that the potential performance of addi-
tional functions or torque impositions cannot always demand
torque useful or necessary for the respective situation.

[0009] For the regulation of steering assistance, there are
various approaches to imposing additional torque to influence
the overall system. These include the measurement value of
the torque sensor (input torque), based on which the steering
assistance is calculated, for a second thing the calculated
steering assistance can be superimposed with an additional
torque (output torque), and for a third thing both interfaces,
which corresponds to a torque applied by the driver to the
steering wheel (driver’s torque).

[0010] The torque limitation described above must be ori-
ented to the driver’s torque in order to ensure controllability.
This means that all limiting additional functions for providing
the additional torque in the control loop have to calculate/
determine the corresponding driver’s torque.

[0011] This also applies to the functions that calculate the
corresponding assist motor torque of the electronically
assisted steering EPAS (output torque) for control/regulation
and feed the same into the control loop. The calculation of the
driver’s torque is complex on the one hand and can frequently
only be carried out roughly because of the complexity of the
control loop. This can lead to loss of quality of the respective
functions.
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[0012] A combined limitation of the output torque and of
the driver’s torque is in general not possible, because both
torques are not necessarily linearly dependent.

[0013] With a further approach, an estimate is carried out
using the magnitude of the transverse dynamic reactions or
yaw rates, which is directly related to the controllability
assessment of the driver and hence takes into account the
variables driver/vehicle/situation and enables a driver/ve-
hicle/situation-dependent torque imposition, which enables
maximum benefit for the respective function without violat-
ing the safety requirements. This means that it will only be
limited if the imposed torque leads to a corresponding critical
vehicle reaction in the driver/vehicle/situation composite.
Alternatively, a future yaw response can also be concluded
from a steering angle response.

[0014] With the previously conducted limitation of the
maximum permitted torque with respect to the driver’s
torque, all limiting additional functions have to calculate the
driver’s torque and accordingly feed this into the control loop.
This is complex depending on the complexity of the steering
control loop and can cause delays and inaccuracies. The qual-
ity of the additional steering functions can degrade because of
this.

[0015] DEI10 2009 000 868 B4 discloses a controller for a
steering system having a plurality of steering functions, each
of which directs a steering demand to the steering system. A
logic circuit prioritizes the steering demands and inhibits any
coincident steering demands, so that an overall level of the
steering torque exerted by the steering system is not
exceeded.

SUMMARY OF THE INVENTION

[0016] According to one example of the invention, a
method for the reduction of steering torques of a steering
system of a vehicle includes monitoring driver’s torque
applied by a driver of the vehicle; providing a plurality of
torques that can be imposed for functions of the steering
system; and reduction of the torques that can be imposed by
means of a central reduction factor if monitoring reveals a
violation of a safety criterion.

[0017] The invention proposes a new approach to the limi-
tation of the driver’s torque in relation to the permissible
amplitude and dynamics. Using a reduction algorithm that
returns the imposed torques, combined use of the assist motor
torque interface and driver’s torque interface is possible if a
violation of the safe driving state is recognized. The reduction
of all torques using a reduction factor according to the inven-
tion advantageously provides a method for the limitation of
the torque independently of the steering control loop inter-
face. This enables the use of all steering interfaces with the
use of a limiting function. The step of monitoring and/or
plausibility checking can include, as described, the steering
movements in relation to the driver’s intention in the form of
the torque that is applied by the driver and/or other criteria or
parameters, with which a violation of the safe driving state
can be recognized. The use of a central or common reduction
factor significantly simplifies the control of the steering sys-
tem or the reduction of steering torques of the steering sys-
tem, because only one calculation has to be carried out. The
safety criterion can include one or a plurality of limiting
values for parameters or variables, which are monitored, such
as e.g. the driver’s torque applied by the driver of the vehicle.
[0018] If there is a violation, the torques that can be
imposed or the requirements for torque impositions can be
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continuously reduced or the delivery of the torque can also be
carried out continuously over a period, e.g. if the plausibility
check is not carried out with calculated values but with mea-
sured values.

[0019] The reduction factor can comprise a hysteresis. This
prevents oscillations of the reduction factor in the event of
adaptation of the factor or in the event of a continuous flow of
the method.

[0020] The monitoring can include the maximum permis-
sible driver’s torque and/or lateral dynamic reactions or yaw
rates of the vehicle. These are variables that are simple to
detect or are already known in the system. Other parameters
can also come into use. It is important that a violation of the
safe driving state can be recognized using the parameters.

[0021] Each torque that can be imposed can be reduced
individually with the reduction factor or combined torques
that can be imposed can be reduced together using the reduc-
tion factor. The reduction factor is used to reduce the summed
imposed torques. In order to achieve this, each torque that can
be imposed or each torque demand of the summed torque
vector of an interface or torque vector can be individually
reduced or multiplied by the reduction factor. The appropriate
selection depends inter alia on the system used. The present
method thus enables optimal adaptation to different situations
or vehicles.

[0022] According to a second aspect of the invention, a
controller for a steering system of a vehicle comprises a
plurality of functional units for imposition of torques for
functions of the steering system, a monitoring unit for moni-
toring a driver’s torque applied by a driver of the vehicle and
a reduction unit for the reduction of the torques that can be
imposed by a central reduction factor depending on the moni-
toring. The above-described advantages and modifications
apply.

[0023] The reduction unit can be in communication with
each functional unit. Thus, each additional function can be
directly limited by the reduction unit without the additional
functions having to calculate the limitation individually.

[0024] According to another aspect of the invention, a
steering system of a vehicle comprises a controller as
described above. The above-described advantages and modi-
fications apply.

[0025] Further areas of applicability of the present inven-
tion will become apparent from the detailed description pro-
vided hereinafter. It should be understood that the detailed
description and specific examples, while indicating the pre-
ferred embodiment of the invention, are intended for purposes
of illustration only and are not intended to limit the scope of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present invention will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0027] FIG. 1 shows a controller for a steering system of a
vehicle according to the invention.

[0028] FIG. 2 shows a method for the reduction of steering
torques of a steering system of a vehicle according to the
invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] The following description of the preferred embodi-
ment(s) is merely exemplary in nature and is in no way
intended to limit the invention, its application, or uses.
[0030] FIG. 1 shows a steering system 1 of a vehicle and a
controller 2 for the steering system 1 schematically. For clar-
ity, only components that are important for the explanation of
the invention are illustrated here, other components such as
e.g. steering wheel, steering column, etc. being therefore not
shown.

[0031] One or a plurality of sensors 3, such as e.g. a sensor
for detecting a driver’s torque applied by a driver of the
vehicle, is/are connected to a monitoring unit or a “correlation
monitor” 4. The monitoring unit 4 monitors or plausibility
checks the steering movements with respect to the driver’s
intention using the torque that is applied by the driver. Moni-
toring of the driver’s torque applied by the driver of the
vehicle takes place.

[0032] The steering system 1 or the controller 2 comprises
a plurality of functional units 5 for imposing torques for
functions of the steering system 1. These can be comfort
and/or safety functions; for example a functional unit 5 may
impose a torque based on a determination of a corresponding
assist value for such events as a crosswind, inclined road
surface or speed sensitive steering. The functional units 5
produce torques that can be imposed 6, which are output to
reduction units 7. The torques can thereby be directly gener-
ated, wherein only a demand for a torque is generated in the
normal case. The reduction units 7 are used for the reduction
of'the torques that can be imposed 6. The reduction is carried
out using a central reduction factor, which is described in
detail below in connection with FIG. 2.

[0033] The reduction units 7 are controlled by the monitor-
ing unit 4. The torques that can be imposed 6 are reduced if
monitoring reveals a violation of a safety criterion, i.e. if the
plausibility check in the monitoring unit 4 signals a fault or a
violation. The central reduction factor is then calculated and/
oradapted. This can take place in the monitoring unit 4 and/or
in the reduction units 7. The individual components such as
the monitoring unit 4 and/or the reduction units 7 can be
implemented in hardware and/or software in already existing
systems such as an existing steering control. The reduction
units 7 can be implemented in one unit or integrated in the
functional units 5.

[0034] The reduction units 7 output a reduced or limited
torque 8 or fully inhibit the output. The reduced torque 8 or
the reduced demand is fed to a functional interface 9 of the
electronic steering or an EPAS feature interface. The reduced
torque 8 may be processed or converted for the controller 2
there in order to be processed, converted and/or plausibility
checked in a base unit 10 or EPAS base control.

[0035] The base unit combines the different reduced
torques or demands 8. This can also be at least partly carried
out in the interface 9. Finally, the base unit 10 outputs a
control signal to an actuator or a control element 11 that
generates the torque that is noticeable by the driver to the
steering column or the steering wheel.

[0036] Using FIG. 2, the reduction algorithm or the calcu-
lation of the central reduction factor is now described. Said
algorithm or the calculation can take place in the monitoring
unit 4, the reduction unit or units 7 or a different controller
that may already be present and that has the required infor-
mation available.
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[0037] Thereduction algorithm or calculation of the central
factor includes two functions or equations f,,and f,,. £+
represents the function to ramp out torque and f;,, represents
the function to increase torque once a violation ends. In the
disclosed example f,,;is calibrated in a way to ramp out the
torque quite fast if a violation is detected and f},; to increase
the torque smoothly once a violation ends. Thus, either func-
tion (equation/algorithm) may not be linear; it may describe
any type of curve or parameters based on the particular
vehicle or use intended. Each function describes a vector
extending from 0 to 1 with its respective index value x, z
setting forth a position on that vector wherein that position
equates to the reduction factor. Assuming no violation of the
plausibility check, the reduction factor always remains at 1,
thus 1 times the applied torque is still the applied torque.
[0038] In a first initializing step 100, the counters or index
values x and z used are set to zero. The following assumptions
apply to the algorithm:

Jour0)=1; four®)>=0; four¥)>four+1).

S O=1; el@)> =03 a2 a2+ 1)

[0039] As set forth above, the result or output of the func-
tion f,;+ and f;,, may vary, depending upon the selected
equation/algorithm, as long as it follows the limitations set
forth in the definitions or assumptions previously set forth.
[0040] Asillustrated, step 100 sets the reduction factorto 1.
In a second step 110, the torque or a torque vector of the
driver’s torque and the central reduction factor are subjected
to a plausibility check.

[0041] In another step 120, a check is carried out as to
whether there is a violation of the safe driving state or a safety
criterion. Said monitoring is oriented to the torque and pos-
sibly additionally to the reduction factor.

[0042] If there is a violation, the reduction factor index is
increased in a step 130. The reduction factor can be described
with respect to the duration of the violation of the plausibility
check using a mathematical function f,; {(x). The index
increase takes place with x=x+1. The reduction factor lies
between zero and one. If there is a violation, and the index x
increments by 1 which correspondingly lowers the value of
the output of the reduction factor since f,,(X)>f 5 7(X+1).
Accordingly, the output of the function or the “reduction
factor” must be less than 1. This is now less than f;,(z) which
was initially set at 1. Accordingly we index f;,(z) until the
output is less than that of f,,(x).

[0043] The insertion of the torques can be described by a
separate function f;,(z). The functions f,,(x) and {;,(z) are
selected so that the reduction of the torques by the reduction
factor in the event of a violation of the plausibility check acts
more strongly than the insertion of the torques can by the
function f;,(z) and thus has a higher priority. This is ensured
by the steps or blocks 140 and 150.

[0044] Ifthe function f,, (x) has more weight, branching
back to step 110 occurs. This results in a control loop. This
enables continuous reduction of the applied torque until com-
plete locking if there is a violation of the plausibility check.
[0045] If the torque reduction is sufficient in order to no
longer determine a plausibility violation, the reduction factor
is frozen until an increase of the reduction factor no longer
leads to a violation of the plausibility check.

[0046] If no violation is detected in step 120, a branch to
step 160 takes place, in which it is queried whether the reduc-
tion factor is still less than one. Ifthis is not the case, a branch
occurs to step 100, in which the variables are reset.

May 1, 2014

[0047] Ifthe reduction factor is less than one, in a step 170
aplausibility check is carried out for the torque and a reduced
insertion of the torques is carried out with f,,(z-1). Here and
in the following steps, checking and adaptation of the inser-
tion f,,(z) take place similarly to steps 120 through 150.
[0048] Accordingly, inthe event of a violation of said plau-
sibility check in a step 180, a branch back to step 110 occurs.
If this plausibility check is not violated, a branch occurs to
step 190, in which the reduction factor is set as f;,(z), i.e. it
enables insertion of the torques that can be imposed. In step
190, z is also decremented by 1. Subtracting 1 from the index
value of z moves the reduction factor closer to 1. {5, is com-
pared with f,, - and f,,, increments accordingly until .-
becomes greater than f;,, at which point the system returns to
step 110 for a plausibility check. If no violation it then goes to
step 160 wherein the reduction factor would be less than 1
which would cause it to reset to 1 in step 100.

[0049] In step 200, a check is made as to whether fj,; is
greater than the f,,,,. If this is not the case, branching back to
step 110 occurs. If the insertion is greater, the index factor x
is reduced by 1 in step 210 and branching back to step 200
occurs.

[0050] The description of the invention is merely exem-
plary in nature and, thus, variations that do not depart from the
gist of the invention are intended to be within the scope of the
invention. Such variations are not to be regarded as a depar-
ture from the spirit and scope of the invention.

What is claimed is:

1. A method for the reduction of steering torque in a steer-
ing system of a vehicle comprising the steps of:

monitoring a torque applied by a driver of the vehicle;

providing a plurality of torques that can be imposed in the

steering system; and

reducing the torques imposed by a reduction factor if moni-

toring reveals a violation of a safety criterion.

2. The method of claim 1 wherein the imposed torques are
continuously reduced in the event of a violation.

3. The method of claim 1 wherein the reduction factor has
a hysteresis.

4. The method of claim 1 wherein the monitoring includes
the maximum permissible driver’s torque.

5. The method of claim 1 wherein the monitoring includes
the lateral dynamic reactions or yaw rates of the vehicle.

6. The method of claim 1 including the step of imposing
said plurality of torques individually wherein each individu-
ally imposed torque can be individually reduced with the
reduction factor.

7. The method of claim 1 wherein the imposed torques are
reduced together with the reduction factor.

8. A method for the reduction of steering torque in a steer-
ing system of a vehicle comprising the steps of:

monitoring a torque applied by a driver of the vehicle;

providing a plurality of torques that can be imposed in the

steering system;

establishing a safety criterion based on vehicle dynamics;

performing a plausibility check to determine if a violation

occurs;

reducing torques imposed by the steering system in the

event of a violation: and

increasing torques imposed by the steering system upon

cessation of the violation.

9. The method of claim 9 including the steps of rapidly
ramping out the imposed torque if a violation is detected; and
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smoothly increasing the imposed torque when a violation

is no longer detected.

10. A steering system of a vehicle comprising:

a plurality of functional units for imposing torques on the

steering system;

a monitoring unit for monitoring a driver’s torque applied

by a driver of the vehicle; and

a reduction unit for reduction of imposed torques by a

reduction factor depending on the monitoring.

11. The steering system of claim 10 wherein the reduction
unit is in communication with each functional unit.

12. The steering system claim 10 including a plurality of
reduction units each reduction unit paired with a correspond-
ing functional unit.

13. The steering system of claim 10 including a controller,
said controller operative to determine a reduction factor and
transmit said reduction factor to said reduction unit.

#* #* #* #* #*

May 1, 2014



