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(57) ABSTRACT

A steering gear for a steer-by-wire steering system of a
motor vehicle may include a hollow shaft motor with a stator
that is fixed to a housing and a rotatably supported rotor that
is arranged coaxially with respect to a longitudinal axis. A
worm gear may extend through the rotatably supported
rotor. The worm gear comprises a spindle nut that is
arranged coaxially relative to the longitudinal axis, that is
connected in terms of driving to the rotor, and that is located
on a spindle that is displaceable by way of the hollow shaft
motor along the longitudinal axis. The angle of inclination of
the worm gear may be less than 4.5°.

10 Claims, 2 Drawing Sheets
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1
STEER-BY-WIRE STEERING GEAR HAVING
A HOLLOW SHAFT MOTOR AND A BALL
SCREW DRIVE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Stage Entry of Inter-
national Patent Application Serial Number PCT/EP2019/
072285, filed Aug. 20, 2019, which claims priority to
German Patent Application No. DE 10 2018 120 266.0, filed
Aug. 21, 2018, the entire contents of both of which are
incorporated herein by reference.

FIELD

The present disclosure generally relates to steer-by-wire
steering systems of motor vehicles and to steering gears for
steer-by-wire steering systems.

BACKGROUND

In steer-by-wire steering systems, the position of the
steered wheels is not directly coupled to the steering input
means, for example, a steering wheel. There is a connection
between the steering wheel and the steered wheels via
electrical signals. The steering action desired by the driver is
detected by a steering angle sensor and, depending on the
steering action desired by the driver, the position of the
steered wheels is controlled via a steering actuator.

DE 10 2006 008 911 A1 discloses a steering system for a
motor vehicle having a hollow shaft motor through whose
hollow shaft there is guided a rod which can be driven in a
longitudinal direction by means of the electric motor and
which, when used in a power-assisted steering system, is
constructed in a region as a toothed rod for engagement with
a steering pinion. The hollow shaft is in this instance
connected to a pulley in a rotationally secure manner. The
pulley forms an intermediate transmission with respect to a
roller member worm gear. This solution has been found to be
disadvantageous since many components are required to
ensure safety functions of a steer-by-wire steering system.

Thus a need exists for a steering gear for a steer-by-wire
steering system of a motor vehicle which has a small
structural space requirement, comprises fewer components
and at the same time provides more functional reliability.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a schematic view of an example steer-by-wire
steering system.

FIG. 2 is a longitudinal sectional view through an
example steering gear with a hollow shaft motor and a ball
screw drive.

FIG. 3 is a graph showing the progressions of a depen-
dency between a degree of efficiency and an angle of
inclination for different ball screw drives.

DETAILED DESCRIPTION

Although certain example methods and apparatus have
been described herein, the scope of coverage of this patent
is not limited thereto. On the contrary, this patent covers all
methods, apparatus, and articles of manufacture fairly fall-
ing within the scope of the appended claims either literally
or under the doctrine of equivalents. Moreover, those having
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2

element or “an” element in the appended claims does not
restrict those claims to articles, apparatuses, systems, meth-
ods, or the like having only one of that element, even where
other elements in the same claim or different claims are
preceded by “at least one” or similar language. Similarly, it
should be understood that the steps of any method claims
need not necessarily be performed in the order in which they
are recited, unless so required by the context of the claims.
In addition, all references to one skilled in the art shall be
understood to refer to one having ordinary skill in the art.

Accordingly, a steering gear for a steer-by-wire steering
system of a motor vehicle having a hollow shaft motor with
a stator which is fixed to a housing and a rotatably supported
rotor which is arranged coaxially with respect to a longitu-
dinal axis and through which a worm gear extends is
provided, wherein the worm gear comprises a spindle nut
which is arranged coaxially relative to the longitudinal axis
and which is connected in terms of driving to the rotor and
which is located on a spindle which can be displaced by
means of the hollow shaft motor along the longitudinal axis,
and wherein the angle of inclination of the worm gear is less
than 4.5° in particular less than 4° and in a particularly
preferred manner less than 3.5°.

In an advantageous embodiment, there is produced, par-
ticularly in ball screw drives, a degree of efficiency

tan(a)

n= tan(a + ¢)

with a conversion of a torque into an axial force, wherein ¢
is the friction angle and a is the angle of inclination. Below
a defined value, the ball screw drive is self-locking, that is
to say, in approximate terms the angle of inclination
a<friction angle ¢. The friction angle is preferably less than
4.4° and greater than 0.1°. The large translation ratio enables
a compact configuration of the hollow shaft motor. Since no
belt drive is required, components can be saved and the
operational reliability can be increased.

In an advantageous embodiment, the worm gear is a roller
member worm gear, in particular a ball screw drive or a
roller screw drive. In another advantageous embodiment, the
worm gear is a trapezoidal screw drive.

There may be provision for the rotor to be located directly
on the nut and to be connected thereto in a rotationally
secure manner. In this instance, it is advantageous for the
rotor to surround the nut in a coaxial manner. However, an
intermediate gear transmission which reduces the speed of
the hollow shaft motor and which connects the rotor to the
nut may also be provided.

There is further provided a steer-by-wire steering system
for a motor vehicle, comprising:

a steering gear which acts on the steered wheels,

a control unit,

a feedback actuator which can be acted on by a driver with

a driver’s desired steering angle via a steering input
means and which transmits a feedback signal to the
steering input means as a response to the driver’s
request and a travel state of the motor vehicle,

a device for signal transmission, which transmits the

driver’s request to the control unit,

wherein the control unit controls the steering gear in order

to transform the driver’s request into a redirection of
the steered wheels, and wherein the steering gear is
configured as described above.
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Preferably, the spindle is itself constructed as a steering
rod which, in order to steer the wheels of the motor vehicle,
is connected to tie rods.

FIG. 1 shows a steer-by-wire steering system 1. There is
fitted to a steering shaft 2 a rotary angle sensor which is not
illustrated and which detects a driver steering angle which is
applied by turning a steering input means 3 which is
constructed in the example as a steering wheel. However, a
steering torque can also be detected in addition. A joy-stick
may be used as the steering input means. There is further
fitted to the steering shaft 2 a feedback actuator 4 which
serves to simulate the reactions from the road 70 to the
steering wheel 3 and consequently to provide the driver with
feedback relating to the steering and travel behavior of the
vehicle. The driver’s steering request is transmitted via the
rotation angle of the steering shaft 2 measured by the rotary
angle sensor to a feedback actuator monitor unit which is not
illustrated. The feedback actuator monitor unit transmits the
driver’s steering request to a control unit 5. The feedback
actuator monitor unit preferably also takes over the control
of the feedback actuator 4. The feedback actuator monitor
unit may also be constructed integrally with the control unit
5. The control unit 5 controls in accordance with the signal
of the rotary angle sensor and other input variables an
electrical steering actuator 6 which controls the position of
the steered wheels 7. The steering actuator 6 is part of a
steering gear 8 having a steering rod 9. It acts via tie rods 10
and other components indirectly on the steered wheels 7.

FIG. 2 is a longitudinal section through a steering gear 8
according to the invention having a ball screw drive 11 and
hollow shaft motor 12 along the longitudinal axis 100
thereof. The hollow shaft motor 12 is preferably perma-
nently excited and has a hollow-cylindrical shape. It com-
prises a stator 13 and a rotor 14, which is inlaid in the stator
13. The stator 13 and rotor 14 are located coaxially relative
to the longitudinal axis 100. The rotor 14 is rotatably
supported about the longitudinal axis 100 and has a hollow
cylindrical form. The rotor 14 is located on a ball nut 15 and
is connected thereto in a rotationally secure manner. There
may also be provision for the rotor 14 to be in positive-
locking contact with the ball nut 15 via an intermediate
transmission and to drive it via the intermediate transmis-
sion. In other words, there may be provided an intermediate
transmission which connects the rotor 14 to the ball nut 15
in the force path. The intermediate transmission is preferably
a planetary gear or a harmonic drive. The ball nut 15 is
arranged coaxially relative to the longitudinal axis 100 and
is passed through by a ball screw spindle 16 coaxially
relative to the longitudinal axis. A torque is transmitted from
the ball nut 15 via balls 17 to the ball screw spindle 16. The
ball nut 15 is rotatably supported by means of a ball bearing
18 in a housing 19. A rotational movement of the hollow
shaft motor 12 is converted into a translational movement of
the ball screw spindle 16 along the longitudinal axis 100.

The ball screw drive 11 has a large translation ratio (small
angle of inclination ). This enables electric motors with a
smaller torque to be used. The torque of an electric motor is
substantially proportional to the diameter thereof. Structural
space and costs can consequently be saved. Preferably, the
angle of inclination o of the ball screw drive is less than 4°.
In other words, the ratio of the thread pitch s with respect to
the ball reference diameter of the ball screw spindle D is less
than 0.22 since the following relationship applies:

s
tan(e) = Den’

10

15

20

25

30

45

55

60

65

4

In steer-by-wire steering systems without a mechanical
fallback level, such a large transmission ratio is unproblem-
atic since high sliding forces or self-locking are permitted.
The use of a pulley can be dispensed with, whereby com-
ponents can be saved and significant advantages are afforded
with regard to operational reliability and which are of
significant importance for steer-by-wire steering systems. In
particular, as a result of the omission of a toothed belt, which
under the safety requirements of a steer-by-wire steering
system has to be considered to be a critical component, in
this instance additional safety measures, such as redundant
components, can be saved.

When a torque is converted into an axial force in ball
screw drives, the degree of efficiency

B tan(a)
~ tan(er + @)

n

is produced, wherein ¢ is the friction angle.

FIG. 3 shows the degree of efficiency m in accordance
with the angle of inclination o for eight different friction
angles ¢. The friction angle in the form of tan(¢) decreases
along the Y axis in an upward direction. Below the dashed
line, the ball screw drive is self-locking, that is to say, there
is approximately an angle of inclination a<friction angle @.
The friction angle is preferably less than 4.4° and greater
than 0.1°. The ball screw drive used in FIG. 2 preferably has
an angle of inclination less than 4.5°, in particular less than
4°. In conventional electromechanical steering gears having
a hollow shaft motor, such a ball screw drive may not be
used since it would not comply with the great requirements
for the sliding force and the prevention of self-locking
(requirements for turning ability in the event of a system
failure).

What is claimed is:

1. A steer-by-wire steering system for a motor vehicle, the

steer-by-wire steering system comprising:

a steering gear comprising:

a hollow shaft motor that includes
a stator that is fixed to a housing, and
a rotatably supported rotor that is arranged coaxially

with respect to a longitudinal axis; and

a worm gear extending through the rotatably supported
rotor, wherein the worm gear comprises a spindle nut
that is disposed coaxially relative to the longitudinal
axis, that is connected in terms of driving to the
rotatably supported rotor, and that is located on a
spindle that is displaceable by way of the hollow
shaft motor along the longitudinal axis, wherein an
angle of inclination of the worm gear is less than
4.5°, the steering gear configured to act on steered
wheels;

a control unit;

a feedback actuator configured to be acted upon by a
driver according to a driver-desired steering angle via
steering input means, wherein the feedback actuator is
configured to transmit a feedback signal to the steering
input means in response to the driver-desired steering
angle and a travel state of the motor vehicle; and

a signal transmission device configured to transmit the
driver-desired steering angle to the control unit,

wherein the control unit is configured to control the
steering gear to transform the driver-desired steering
angle into a redirection of the steered wheels.
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2. The steer-by-wire steering system of claim 1 wherein
the spindle is configured as a steering rod that is connected
to tie rods to steer the steered wheels.

3. The steer-by-wire steering system of claim 1 wherein
the angle of inclination of the worm gear is less than 4°. 5
4. The steer-by-wire steering system of claim 1 wherein

the angle of inclination of the worm gear is less than 3.5°.

5. The steer-by-wire steering system of claim 1 wherein
the worm gear is a roller member worm gear.

6. The steer-by-wire steering system of claim 1 wherein 10
the worm gear is a ball screw drive.

7. The steer-by-wire steering system of claim 1 wherein
the worm gear is a trapezoidal screw drive.

8. The steer-by-wire steering system of claim 1 wherein
the worm gear is a roller screw drive. 15
9. The steer-by-wire steering system of claim 1 wherein
the rotor is disposed directly on the spindle nut and is

connected thereto in a rotationally secure manner.

10. The steer-by-wire steering system of claim 1 com-
prising an intermediate gear transmission that reduces a 20
speed of the hollow shaft motor and that connects the rotor
to the spindle nut.



