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TITLE: A VEHICLE, METHOD AND STEERING SYSTEM FOR VEHICLE.

TECHNICAL FIELD:
The present invention relates to a steering system for

vehicles and a method for steering vehicles.

BACKGROUND OF THE INVENTION:

Modern vehicles have the front wheels suspended on a
rigid front axle, the wheels each being mounted on a
stub axle. The stub axleg are articulated on the front
axle by means of king pins which are supported at an

upper and a lower bearing point on the stub axle. The

front axle is fixed to the frame/chassis of the vehicle

by means of two spring assemblies. For steering the
vehicle, the stub axles are provided with steering
arms, which are connected to one another by a steering
linkage and by a steering gear, which transmits the
steering angle from the steering wheel to the steering

linkage and hence to the wheels.

Statutory requirements, particularly for heavy
vehicles, govern various parameters of the steering
mechanism. For example, the steering gear and the
steering wheel must be designed so that a torque acting
on the steering wheel will be capable of turning the
wheels even when the power-assisted steering is

defective.

Such a conventional steering system has a number of
disadvantages. Firstly, it is heavy. A complete
steering system comprising steering column, steering

gear, one or two power steering units etc. may weigh
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several hundred kilograms. Secondly, a complicated
wheel adjustment 1is required in order to align the
angles of the steering gystem and the wheels relative
to one another. Thirdly, a conventional power steering
function is an unnecessary drain on energy. Fourthly
vehicles with different wheelbases and wheel
installations require different Ackermann steer angles,
which entails a number of different components for a
whole range of vehicles. Fifthly the steering arms
limit the maximum wheel angle, which results in a
limited turning circle radius. Sixthly vehicles with
double front axles and/or multiple steered axles become

extremely complicated.

SUMMARY OF THE INVENTION:

The object of the present invention is therefore to
provide a steering system for a vehicle which is light,
flexible and easy to £fit, together with a method for
steering a vehicle which produces a steering system

affording maximum flexibility.

According to the invention this object 1is achieved by
the solution described in the characterizing part of
claim 1 with regard to the steering system and by the
characteristics in claim 11 with regard to the method.
The other patent claims contain advantageous
developments and further developments of the bearing

system according to the invention.

In a steering system for a vehicle, comprising a stub
axle articulated on a king pin, in which the king pin is
intended to be fixed to an element spring suspension-
mounted on the vehicle, the object of the invention is

achieved in that the steering system comprises a power



WO 2004/016493 PCT/SE2003/001255

10

15

20

25

30

unit fixed to the stub axle, the power unit transmitting

a torque to the king pin.

The method according to the invention achieves the
object in that at least two power units, each fitted to
a separate stub axle, are used to turn each stub axle in
relation to the respective king pin fixed to the

vehicle.

This first embodiment of the steering system according
to the invention provides a steering system for a
vehicle in which each wheel can be independently steered
and controlled. The advantage of this is that the
steering system can readily be adapted to different
vehicles in a range of vehicles. In addition, the
steering system according to the invention permits
independent suspension of the £front wheels of the
vehicle, which allows the engine to be located lower

down.

In an advantageous first development of the steering
system according to the invention the steering system
comprises means for transmitting the power from the
power unit to the king pin. The advantage of this is
that the torque exerted by the power unit can be geared
so that the power wunit can be adapted to the

requirements of the steering system. ‘

In an advantageous second development of the steeriﬁg
system according to the invention the power unit can be
electrically controlled. The advantage of this is that
the power wunit can be controlled wvia the wvehicle
electronic system. This makes it easy to adapt the

steering system to different vehicles in a range of
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vehicles, for example, or to adjust the steering to

different driving situations, for example.

In an advantageous third development of the steering
system according to the invention the steering system
comprises a sensor, which provides information on the
wheel angle. The object of this is to be able to monitor

and adjust the wheel angles automatically.

In an advantageous fourth development of the steering
system according to the invention the steering system
comprises a sensor, which provides information on the
torque acting on the stub axle. The object of this is to
be able to monitor and adjust the wheel angles

automatically.

A method according to the invention for steering a
vehicle comprises a step in which each stub axle is
turned in relation to the respective king pin by means
of at least two power units each fitted to a separate
stub axle. The advantage of this method is that it is
easy to adapt a vehicle steering system to different
vehicles in a range of vehicles and to different driving

situations.

In an advantageous first development of the method
according to the invention the control signals which
control the power units are separate signals for each
power unit. The advantage of this is that steering
parameters can readily be adapted to different vehicles
in a range of +vehicles and to different driving

gituations.

PCT/SE2003/001255
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In an advantageous second development of the method
according to the invention the control signal which
controls the power units is a function of the vehicle
speed. The advantage of this is that different steering

parameters can be adjusted to the speed of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in more detail below
with reference to examples of embodiments shown in the

drawings attached, in which

FIG 1 shows a steering system according to the
invention, and

FIG 2 shows a schematic diagram of a steering system
according to the invention fitted at the front

of a truck.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The examples of embodiments of the invention described
below and developments thereof must be regarded only as
examples and in no way limit the scope of the patent
claims. In the examples of embodiments here described
the same reference numbers in the different figures
relate to the same type of component. Each component is
therefore not described in detail in all examples of

embodiments.

The steering system 1 for a vehicle shown in Fig. 1
comprises a stub axle 2, which is articulated on a king
pin 3. The articulated fixing is of a design which will
be known to the person skilled in the art, with an upper
bearing 10, such as a tapered roller bearing, for
example, and a lower bearing 11, such as a slide

bearing. The upper bearing 10 is fixed to the upper leg

PCT/SE2003/001255
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13 of the stub axle and the lower bearing 11 is fixed to
the lower leg 14 of the stub axle. The kin pin 3 is
fixed to an axle element 4 (see Fig. 2) in a manner that
will be familiar to the person skilled in the art. The
steering system also comprises a power unit 5, here
shown in the form of a motor, which is fixed to the stub
axle 2. The motor 5 and the king pin 3 also comprise a
power transmission, here shown as having two toothed

segments 6, 7.

Fig. 2 shows, in schematic form, two steering systems 1
each fitted to an axle element 4. The axle elements 4
form part of the front end of a truck, in which the axle
elements 4 are spring suspension-mounted on the vehicle
in a manner that will be familiar to the person skilled
in the art. The axle elements 4 may either be a rigid
front axle or, as shown here, an independent wheel

suspension.

The motor 5 is fixed to the stub axle 2 by a suitable
mechanical connection, such as a bolted connection
comprising bolts 8. In this example the motor 5 is fixed
to the lower leg 14 of the stub axle, which is modified
so that the motor can be fixed in a manner affording
mechanical stability. The motor can be fixed to the
upper or lower leg of the stub axle depending, among
other things, on the space available. It is advantageous
to fix the motor to the lower leg of the stub axle,
since a king pin is often fastened to the upper leg. It
is also possible, where required, to fit a motor to each

leg.

The motor 5 can advantageously be detached from the stub

axle 2 for servicing or replacement. The bearing
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surfaces of the motor 5 against the stub axle 2 are
advantageously provided with some form of seal 9, so
that water, dirt etc. cannot get into the motor and into
the power transmission between the motor and the king

pin.

Power is suitably transmitted between the motor 5 and
the king pin 3 by some type of toothed gear device, for
example two toothed segments 6, 7. The toothed segment 6
is rotationally locked, by means of splines, for
example, to the king pin 3, and the toothed segment 7 is
rotationally locked, by means of splines, for example,
to the shaft of the motor 5. Since the angle by which
the stub axle 2 can turn in relation to the king pin 3
is limited, (e.g. max +/-40 degrees) the king pin 3 may
be provided with a toothed segment 6, which corresponds

to this angle.

The ratio between the two toothed segments 6, 7, that is
to say the power transmission gear ratio, is determined
among other things by the maximum torque of the motor
and the maximum torque required for the steering system
to be able to turn a wheel. In the example described the
ratio between the two toothed segments 6, 7 is such that
the gear ratio is approximately 4:1. Suitable gear
ratios are between 1:1 and 20:1. This means that the
motor 5 will turn multiple revolutions during a full
wheel pivot movement, so that the toothed segment 7
takes the form of a full gear wheel. Depending on the
design and dimensions of the motor 5, for example
whether a gearing is built into the motor 5, the motor 5
may therefore also act directly on the king pin 3 or be

integrated with the latter without any additional power
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transmission. For example, the shaft of the motor 5 may

fit in a recess in the king pin 3.

The motor 5 is advantageously a hydraulic motor,
although other types of motors are feasible, such as
some form of electric motor. The advantages of a
hydraulic motor are that it can Dbe of compact
construction, it has a good power-to-weight ratio and it
is easy to control. The motor 5 together with the power
transmission gearing can be designed so as to meet the
relevant statutory requirements. The power to the motor
and any control signals are fed via a flexible
connection 12 in a manner that will be familiar to the
person skilled in the art, that is to say via hydraulic

hoses and/or electrical leads.

The motor may be hydraulically controllable. This allows
two motors, one on either side of the vehicle, to be
connected to a steering gear with hydraulic control
output. This means that a steering wheel angle is
transmitted directly wvia the steering gear to the
motors, which in turn steer the wheels. In this case
either the steeringw gear or the power transmission
device may comprise a means of adjusting the steering

angle as a function of the wheel pivot movement.

In the example sghown the motor 1is designed to be
controlled electrically. This means that the wvehicle
steering system can be fully self-contained, thereby
making it very compact and flexible. There is no longer
any need for steering gear and continuous steering

column, which makes the vehicle lighter.
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When the motor is electrically controlled, the steering
system advantageously comprises a sensor, which detects
the wheel angle. This sensor is suitably incorporated
into the king pin, for example built into the tapered
bearing, or the power transmission, on the motor shaft,
for example. The sensor may be either an analog sensor
or a pulse generator, and it may also be absolute or

relative. The sensor may work on a resistance, optical

.or magnetic principle, or a combination of these. An

absolute sensor is calibrated at the time of manufacture
so that the sensor output signal corresponds to the
angle of the wheel. A pulse generator emits a number of
pulses corresponding to a specific angle change, for
example. With a pulse generator, therefore, the wvehicle
control unit must be calibrated at the time of
manufacture so that the control unit begins to count

pulses when the wheels are in a known position.

The steering system therefore advantageously has both a
sensor providing angle information and a sensor that
indicates a predefined calibration position of the
wheel, for example when the wheel is pointing straight
forwards. This means that the sensor providing the angle
information can be checked each time that the wheel is
in the predefined calibration position. This sensor is
set during manufacture or it can be incorporated into
the king pin so that it does not need to be readjusted.
With suitably selected tolerances and sensors, this
means that the wheel angles on the vehicle do not need

to be mechanically adjusted during production.

In a second preferred embodiment the steering system is
provided with a sensor which detects the lateral force

acting on the wheel. This sensor is suitably fitted to
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the stub axle. This sensor can be used to adjust the
angles of the wheels relative to one another, the so-
called toe-in. Normally the front wheels on a vehicle
are angled somewhat inwards, that is to say the wheels
have a toe-in of 1.5 mm/m, for example. This makes the
vehicle easier to handle at low speeds. This also means
that a force will act on the wheels when it is being
driven. It is this force that is measured by the sensor.
At higher speeds, over 40 km/h, for example, it is
advantageous to compensate fully for the toe-in. This
can be achieved in that the steering system turns the
wheels somewhat apart, so that the lateral force acting
on the wheels becomes zero, that is to say so that the
wheels are pointing straight forwards. One of the

advantages of this is that it reduces tire wear.

In a third preferred embodiment setting or calibration
of the toe-in and wheel angles can also be performed
automatically. This is done by measuring the lateral
force acting on the wheels at a certain speed, for
example traveling on a main road. When the wheels are
adjusted so that no force is acting on the wheels, this
means that the wheels are pointing straight forwards.
This position of the wheels can then be used as a
calibration position in which the wheels are pointing
straight forwards. From this position the angles of the

wheel can then be adjusted to the desired value.

In a third preferred embodiment the steering system
according to the invention allows the steering angles
and wheel lock to be readily adjusted to external
parameters. Thus, at high speed, for example, a certain
steering wheel angle can result in a smaller wheel pivot

movement, sSo-called progressive steering. At the same
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time the steering can be made very light when the
vehicle is stationary or when maneuvering. It is also
possible to adjust the wheel pivot movement
independently. When a vehicle is cornering the wheels
must have different wheel angles, this facility being
known as Ackermann steering. The optimum Ackermann steer
angle for a vehicle depends, among other things, on the
vehicle wheelbase. For a range of vehicles, therefore,
the Ackermann steer angle should be adjusted to the
different wheelbases and wheel configurations
encountered. In order to provide an optimum Ackermann
steer angle for each vehicle therefore, a number of
different items are required. A vehicle manufacturer may
also have one Ackermann steer angle on all vehicles
regardless of wheel configuration or wheelbases. This
means that the angles of the wheels in relation to one
another are not optimal when the vehicle is cornering.
With the steering system according to the invention the
Ackermann steer angle can easily be adjusted to the

optimum for all wvehicle variants.

Yet another advantage of the steering system according
to the invention is that the maximum wheel pivot
movement for the wvehicle can be increased. This is
partly Dbecause a steering system according to the
invention is more compact than a conventional steering
system, and partly because the maximum wheel pivot
movement can be optimized for the different vehicle
variants. The maximum wheel pivot movement is stored in
a data set specific to the vehicle, in which the wheel
pivot movement can be adjusted according to the
equipment provided just on that vehicle. This means that
on different wvehicle variants, the wheel pivot movement

can be maximized as a function of the tire size,



WO 2004/016493 PCT/SE2003/001255

10

15

20

25

30

12

suspension, wheel base etc., without the wheel hitting
any part of the wvehicle. This means that each wvehicle
will have the greatest possible wheel pivot movement,
that is to say the smallest possible turning circle

radius.

In a fourth preferred embodiment of the steering system
according to the invention the steering system is
provided with two power units in the form, for example,
of two motors. This may be advantageous in several
respects. Firstly it may be easier to accommodate two
smaller motors than one larger motor. Secondly there is
a certain redundancy in the system in case one motor
should become defective. Furthermore, two motors can be
controlled so that they brace one another, that is to
say any play in the power transmission can be
compensated for. The motors can either be fitted to one
of the legs of the stub axle or one motor can be fitted

to each leg.

Fig. 1 shows an embodiment in which the longitudinal
axes of the king pin 3 and the motor 5 are parallel.
This facilitates the design of the power transmission
between the motor and the king pin. For reasons of
space, among other things, and depending on the design
of the motor, it may be advantageous to fit the motor at
a certain angle in relation to the king pin. The power

transmission is adapted to suit this angle.

In a fifth advantageous embodiment the steering system
is fitted to an independently sprung suspension arm, as
shown in Fig. 2. Combining the steering system according
to the invention with an independent front wheel

suspension 1is particularly advantageous since this
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dispenses with the fixed connection between the two
wheels (in the form of a rigid front axle and steering
linkage). This means that the engine can be vertically
located without reference to the steering system and the
wheel suspension. The engine can thereby be located
lower down. Moreover, an independently sprung suspension
arm allows the steering system to be easily fitted
anywhere on the vehicle where there is a need for more

steered axles.

The advantage of a steering system according to the
invention becomes even more apparent in a vehicle having
two steered front axles. Double steered front axles
normally create great problems in finding space for
steering linkages and other steering components. With a
steering system according to the invention the same
components can also be used for the second steered axle.
Adjusting the steering system to different wheel pivot
movements for each axle is easy, since each motor is
independently controlled. The correct dataset for the
vehicle configuration in question is downloaded in
production. This eliminates the problem of adjusting the
steering pivot movement mechanically. It also dispenses
with different special embodiments for certain vehicle

combinations.

Yet another advantage of the steering system according
to the invention occurs when the vehicle is equipped
with a steered rear axle. Such a steered rear axle can
also be designed with a steering system according to the
invention, either fitted on either side of a rigid rear
axle or on two independent wheel suspensions. Even in

the case of 1long buses and articulated buses,

PCT/SE2003/001255
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accesgibility can be improved considerably through the

use of a steering system according to the invention.

In a second development of the steering system according
to the invention it is possible also to use a steering
system on a trailer vehicle which can be coupled to the
vehicle. This may be advantageous on tractor-trailer
combinations which need to get through narrow streets or
which frequently need to be maneuvered. The facility for
steering each wheel gseparately makes reversing, for
example, considerably easier. For example, when the
steering wheel pivot movement exceeds a predefined value
and when the speed is low and the wvehicle is being
reversed, the tractor-trailer unit can ”"crab”, that is

to say move sideways when maneuvering.

In a first example of an embodiment of the method
according to the invention for steering a vehicle, the
vehicle comprises two stub axles each articulated on a
separate king pin. Each king pin is fixed to an glement,
spring suspénsion—mounted on the vehicle, such as a
rigid front axle, or 1is fixed to a separate spring
suspension-mounted element, for example an independent
wheel suspension. A power unit, in the form of a motor,
for example, is fitted ito the reSpective stub axle. By
suitably controlling the motor each stub axle can be
turned in relation to each king pin. A motor may be a

hydraulic motor or an electric motor.

Each power  unit is advantageously electrically
controlled by a control signal from an electronic
control unit situated in the wvehicle. By delivering
independent control signals to each power unit the

vehicle can be readily steered, it being possible, among

PCT/SE2003/001255
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other things, to adjust the wheel pivot movement and
wheel angles independently for each power unit and to
adjust them to different driving situations. For
example, a control signal may be a function of the
vehicle speed so that, for example, the steering wheel
angle relative to the wheel pivot movement can be

adjusted to the speed of the vehicle.

It is also possible to control the power units

hydraulically, for example, from a steering gear.

The invention must not be regarded as being limited to
the examples of embodiment described above, a number of
further variants and modifications being feasible
within the scope of the following patent claims. The
steering system may be also used, for example, for
other types of wvehicle in which independent wheel

steering is advantageous.
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CLAIMS

1. A steering system (1) for a vehicle, comprising a
stub axle (2) articulated on a king pin (3), the king
pin (3) being intended to be fixed to an element (4)
spring suspension-mounted in the wvehicle,

characterized in that

the steering system (1) comprises at least one power
unit (5) fixed to the stub axle (2), the power unit (5)
transmitting torque to the king pin (3).

2. The steering system as claimed in claim 1,
characterized in that

the steering system (1) also comprises means (6, 7)
which transmit the torque from the power unit (5) to the

king pin (3).

3. The steering system as claimed in claim 1 or 2,
characterized in that

the means (6, 7) of transmitting the power £rom the
power unit (5) to the king pin (3) also gear the torque

of the power unit (5).

4. The steering system as claimed in any one of claims 1
to 3,
characterized in that

the means (6, 7) comprise a toothed gear device.

5. The steering system as claimed in any one of claims 1
to 4,

characterized in that

at least one said power unit (5) is a hydraulic or

electric motor.

PCT/SE2003/001255
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6. The steering system as claimed in any one of claims 1
to 5,

characterized in that

at least one said power unit (5) is electrically

controllable.

7. The steering system as claimed in any one of claims 1
to 6,

characterized in that

at least one sgaid power unit (5) is located so that the
longitudinal axis of the power unit (5) is not parallel

to the longitudinal axis of the king pin (3).

8. The steering system as claimed in any one of claims 1
to 7,

characterized in that

the steering system comprises a sensor, which provides
information on the angular difference between the stub

axle (2) and the king pin (3).

9. The steering system as claimed in any one of claims 1
to 8,

characterized in that

the steering system comprises a sensor which provides

information on the torque acting on the stub axle (2).

10. A vehicle comprising at least two steering systems

as claimed in any one of claims 1 to 9.

11. A method of steering a wvehicle, comprising at least
two stub axles each articulated on a separate king pin,
the king pins being fixed to one or more axle elements
spring suspension-mounted in the vehicle,

comprising a step:

PCT/SE2003/001255
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- in which each stub axle is turned in relation to the
respective king pin by means of at least two power units

each fitted to a separate stub axle.

12. The method as claimed in claim 11,
comprising a step:
- in which each power unit is electrically controlled by

a control signal.

13. The method as claimed in claim 11 or 12,
comprising a step:
- in which independent control signals are delivered to

each power unit.

14. The method as claimed in any one of claims 11 to 13,
comprising a step:
- in which the control signals are a function of the

speed of the vehicle.

PCT/SE2003/001255
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