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(57) Abréegée/Abstract:

Disclosed Is an Independent wheel suspension (1) for a steerable wheel (37) having a motor (3). The motor Is connected via a
inear guide (5), which Is movable In an approximately vertical direction (A), to a revolute joint (/) which produces a steering
connection, pivotable about an at least approximately vertically running axis of rotation (B), to a vehicle frame (39). The linear guide
(5) Is coupled to a fluidic spring and/or damping element (9) which forms a load-bearing constituent part of the revolute joint (7).
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(57) Abstract: Disclosed is an independent wheel suspen-
sion (1) for a steerable wheel (37) having a motor (3). The
motor 1s connected via a linear guide (5), which is movable
in an approximately vertical direction (A), to a revolute
jomnt (7) which produces a steering connection, pivotable
about an at least approximately vertically running axis of
rotation (B), to a vehicle frame (39). The linear guide (5) 1s
coupled to a fluidic spring and/or damping element (9)
which forms a load-bearing constituent part ot the revolute
joint (7).

(57) Zusammenfassung: Es ist eine Finzelradauthangung
(1 ) fiir ein lenkbares Rad (37) mit emmem Motor (3) offen-
bart. Der Motor ist iiber eine in anndhernd vertikaler Rich-
tung (A) bewegliche Linearfithrung (5) mit einem Drehge-
lenk (7) verbunden, das um eine zumindest anndherungs-
welse vertikal verlautende Drehachse (B) schwenkbare
Lenkverbindung zu einem Fahrzeugrahmen (39) herstellt.
Die Linearfithrung (5) ist mit einem fluidischen Feder und/
oder Damptungselement (9) gekoppelt, das einen tragenden
Bestandteil des Drehgelenks (7) bildet.
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Independent wheel suspension for a spring-mounted steerable wheel

Technical Field

The present invention relates to an independent wheel suspension for a steerable wheel of a

vehicle with the characteristics of the independent claim 1.

Background of the Invention

Traditional agricultural vehicles are normally equipped with simple and robust rigid axles,
wherein the front axles are usually designed with a pendulum joint to improve the cross-country
mobility, while rear axles are often provided without any spring suspension for reasons of
traction optimization. However, the equipment of vehicles with spring suspension systems makes
sense in a number of individual cases, including for reasons of protecting the ground. For
example, independent wheel suspensions for agricultural vehicles have been disclosed 1n the
prior art, which have the advantage compared to rigid axles that the spring suspension 1s not
mutually influenced on both sides of the vehicle. Disclosed independent wheel suspensions

include for example the McPherson strut unit, the oscillating crank or multi-link suspensions.

Said type of independent wheel suspension in which a wheel 1s spring-mounted by way of an
oscillating arm arranged on a hydraulic cylinder such that a linear motion of the wheel 1s
converted into a moment 1s disclosed in DE 8404619 Ul. Additional resources are required for

this purpose, which may incur additional costs and increase the space requirement. Moreover,

steering or driving the wheel 1s impossible.

Furthermore, an axle suspension of an agricultural vehicle is disclosed in DE 196 39 777 Al, in
which a steerable wheel 1s equipped with pneumatic damping. This creates a wheel suspension in

which vertical spring motions of a leading axle are spring-suspended and/or damped.

A spring suspension system for an agricultural vehicle having steerable independent wheel
suspensions is described in EP 1 685 988 B. A crankcase of a wheel hub motor or simlar 1s

arranged on a support tube revolving around a vertical axis. An upper end of the support tube
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which 1s revolving for the purpose of steering is coupled with an air bellows such that the entire

wheel suspension 1s provided with a limited range of spring.

Summary of the Invention

One main goal of the invention is to provide an improved independent wheel suspension of a
steerable and/or driven wheel having a spring suspension system. Said independent wheel
suspension should be as stable as possible, provide large ranges of spring, be coupleable with a

simply functioning damping system and have a design that is as compact as possible.

In accordance with one aspect of the present invention, there 1s provided an independent wheel
suspension for a steerable wheel of a vehicle having a steering column which cooperates with a
linear guide movable 1n an approximately vertical direction via a fork crown, wherein the fork
crown creates a steering connection to a vehicle frame pivotable around an at least approximately
vertically running axis of rotation and wherein the linear guide 1s coupled to a fluidic spring
and/or damping element which forms a load-bearing component of the fork crown, wherein the
damping element comprises a damping cylinder, which is the steering column and wherein the
damping element comprises one or a plurality of pressure reservoirs with connections, wherein
the pressure reservoirs have a fluidic connection with the damping cylinder by way of line

systems.

In one embodiment, the present invention proposes an independent wheel suspension for a
steerable wheel of a vehicle, 1n particular an agricultural towing, transport or specialty vehicle in
which a steering column cooperates with a linear guide movable in an approximately vertical
direction by way of a revolute joint. In so doing, the revolute joint creates a steering connection
to a vehicle frame pivotable around an at least approximately vertically running axis of rotation.
Furthermore, the linear guide 1s coupled to a fluidic spring and/or damping element which forms
a load-bearing component of the revolute joint. For instance, preferably at least parts of the
fluidic spring and/or damping element can project into or be integrated in the steering column. In

addition, the fluidic spring and/or damping element can be arranged in the steering column as an
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integrated component, wherein the steering column can be designed for example as a cylinder or

lifting cylinder for the fluidic spring and/or damping element.

The special advantage of said arrangement having a spring and/or damping system integrated in
the steering column 1s 1n the large ranges of spring which can be realized in this fashion as
needed. Moreover, the limitations with respect to the range of spring as well as the possibility of
coupling with effective damping elements such as they exist in air bellows systems disclosed 1n
the prior art are eliminated. While traditionally-used air bellows provide a very limited range of
spring and are nevertheless relatively voluminous on the one hand and have to be combined with
additional damping elements on the other hand, 1f wheel damping should be possible as well, the
wheel suspension according to the invention offers the possibility to realize very large ranges of
spring with the smallest possible installation space required by way of partial or complete

integratability of the spring systems into a steering column.
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Furthermore, a preferred variant of the independent wheel suspension according to the invention
can provide that the linear guide is equipped with a drive motor for driving the steerable wheel.
This way, both wheels can optionally be provided with an axis having hydrostatic or electrical
wheel hub motors or similar. Optionally, all wheels of a vehicle can be equipped with said drive

motors on the suspensions. The particularly compact design and the realizable long ranges of

spring can contribute to the realization of a very high ground clearance of the vehicle, which can
be very advantageous for example to conduct maintenance operations with a relatively high plant

cover or for use in special cultures.

The steerability of the axles can for example be realized with corresponding steering arms and
swivels which optionally engage on the steering column of every wheel suspension or on other
suspension parts. The required steering forces can be achieved by way of linking the lever above
the steering knuckle or the traditional way by means of linking directly on the steering knuckles.
In one variant of the independent wheel suspension according to the invention, the steering

column itself can optionally be designed to transmit a torque to the revolute joint.

The linear guide can for example be formed with a slide or similar, wherein the slide and the
revolute joint coupled with the steering column each comprise at least one guiding element
through which at least one guide rod runs, such that the slide and the revolute joint are movable
in a linear direction relative to each other. Said suspension achieves the required stability,

because the slide guide can be designed such that the guide rods or the at least one guide rod 1s

encompassed across an adequate length, thus creating favorable leverage ratios. For instance, the
steering column can join a fork crown or similar at its underside, with two guide bars or rods
pointing downward parallel to the steering column anchored on the fork crown, said guide bars
or rods in turn retaining the slide moveable parallel to the steering column and along the guide

bars and guiding it in a longitudinal direction, said slide retaining and supporting the complete

edge connection including the wheel hub motor.

An alternative embodiment variant of the independent wheel suspension according to the

invention can provide that the cylinder or the spring and/or damping element coupled with or at
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least partly integrated in the steering column comprises an air bellows having a spring-mounted
connection with the prop of the slide. Said air bellows can be arranged for example as an
additional spring element between a fork crown or a lower limit stop element of the steering
column and a load-bearing element of the movable slide and be designed optionally as a spring-

mounted element and/or as a limit stop buffer to limit the maximum range of spring deflection or

stmilar.

Furthermore, the spring and/or damping element can comprise one or a plurality of pressure
reservoirs with connections, wherein the pressure reservoirs preferably have a fluidic connection
with the cylinder and the spring and/or damping element of the steering column by way of line
systems. Based on the compact design of the entire wheel suspension, these pressure reservoirs

or the at least one pressure reservoir can be designed as small tanks anchored on the shde
together with the wheel hub motor and thus be placed in the wheel disc of the vehicle’s wheel

anchored on the wheel hub motor without affecting or interfering with the ground clearance or

the ease of movement between the axles in any way.

Finally, the invention comprises an agricultural utility vehicle having at least one independent
wheel suspension according to one of the embodiment variants described above, a vehicle trame,
with the at least one, but typically at least two independent wheel suspensions arranged on it. The
agricultural utility vehicle can be designed for example as a towing vehicle and comprise at least
one or a plurality of ground treatment devices attached on the vehicle frame. However, the utility
vehicle can also be designed as multi-purpose or combination vehicle or as specialty vehicle and

comprise a semi-mounted device or similar with an insecticide spray tank or other agricultural

functional components.

The purpose of the independent wheel suspension according to the invention is to provide the

spring-mounted and/or damped wheel guidance for a steerable wheel. The independent wheel
suspension can be provided for example for single, double or multi-tracked utility vehicles. It a
plurality of independent wheel suspensions included in the claims according to the invention is

provided for a utility vehicle, the rotating motion of one or a plurality of independent wheel
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suspensions can be simultaneous or in succession and homogeneous or inhomogeneous with
respect to the rotating motion. According to the invention, a motor can be provided for driving
the wheel. The motor can be arranged on the linear guide and drive the steerable wheel. A broad
range for the selected performance of the used motor is available to the person skilled at the art,
allowing him to select the optimized performance with respect to the intended purpose ot the
independent wheel suspension included in the claims. The motor can be designed for example as
a wheel hub motor, as a transmission with an oil motor or as an electrical drive unit. The motor 1s
connected with a revolute joint by way of a linear guide movable in an approximately vertical
direction. The linear guide can be designed for example as a rail guide. Depending on the
selected embodiment, the hinged connection can also comprise at least one ball bearing or
similar components. The revolute joint creates a steering connection to a vehicle frame pivotable
around a vertical axis of rotation. Moreover, the linear guide is coupled with a fluidic spring
and/or damping element. The fluidic spring and/or damping element can be for example a
hydraulic and/or pneumatic spring system. The spring and/or damping element forms a load-
bearing component of the revolute joint. In the process, the revolute joint can comprise one or a
plurality of components of the spring and/or damping element. For example, a steering column
arranged on the revolute joint can be provided. In connection with the desired rotating motion of
the independent wheel suspension, a torque can be transmitted from the steering column to the

revolute joint. The steering column can be designed such that it additionally acts as a cylinder of

a spring and/or damping element.

In a preferred embodiment of the present invention, the motor can be arranged on a slide. For
example, the motor can be arranged on the slide by means of threaded and/or clamped
connections and/or different additional fastening elements. The slide can comprise a linear guide
element with a guide rod running through it. The linear guide element can for example be

designed as a bore hole or as a guide channel. In this embodiment, the selected diameter ot the
cuide element of the revolute joint can deviate from the selected diameter of the guide element of
the slide. The selected diameter of the guide element of the revolute joint can for example be
selected such that it is designed as interference fit for the guide rod such that the guide rod is

rigidly arranged in the guide element of the revolute joint. This can allow the slide and the
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revolute joint to be movable relative to each other in a linear direction. In a preferred
embodiment, the relative motion ts such that the revolute joint adopts a fixed position and a
linear motion of the slide takes place toward or away from the revolute joint. In another
embodiment of the present invention, the cylinder comprises an air bellows having a spring-
mounted connection with a prop of the shide. The air bellows 1s preferably made of flexible
material. The prop can be formed for example by a flat surface which the air bellows can be
placed upon. Furthermore, the damping element can comprise one or a plurality of pressure
reservoirs with connections. The pressure reservoirs can have a fluidic connection with the
cylinder by way of line systems. In a selected embodiment, the pressure reservoirs can be
designed as a pneumatic and/or hydraulic cylinder. The spring action of the spring and/or
damping element can be influenced and optimized by increasing the pressure of the presser

reservolrs which 1s achieved for example via the connections.

Based on experience, the independent wheel suspension included in the claims according to the
invention 1s for example suitable for use 1n agricultural utility vehicles, because different ground
gradients occur here, which can be cushioned or damped optimally with the independent wheel
suspension included 1n the claims. Furthermore, a ground treatment device can be attached on an
agricultural utility vehicle, wherein the independent wheel suspension is designed such that it is
able to carry the additional load without being damaged and the damping or cushioning is
ensured even with the additional load. The ground treatment device can for example be a spray

rod assembly. Aside from the latter, other ground treatment devices such as for examples

ploughs or similar machines are also possible.

Brief Description of the Drawings

The invention and its advantages are explained in more detail below based on the exemplary
embodiments and the enclosed figures. Other characteristics, purposes and advantages of the
present invention can be derived from the detailed description of a preferred embodiment of the

invention below, which serves as a non-limiting example and makes reference to the enclosed

drawings.
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Fig. 1 shows a first perspective representation of an embodiment of an independent wheel

suspension according to the invention.

Fig. 2 shows an additional perspective representation of the independent wheel suspension
according to Fig. 1.

Fig. 3 shows a perspective representation of a movable slide of the independent wheel
suspension.

Fig. 4 shows an additional perspective representation of a slide according to Fig. 3.

Fig. 5 shows a perspective diagram of an embodiment variant of an agricultural utility vehicle

with independent wheel suspensions.

Detailed Description of the Preferred Embodiments

Identical reference numbers are used for the same elements or elements with the same effect.
Furthermore, for the sake of clarity, only the reterence numbers required for the description of
the respective figure are illustrated in the individual figures. The 1llustrated embodiments only

represent examples indicating how the device according to the invention can be designed and do

not represent a conclusive limitation.

The schematic perspective representations of Fig. | and Fig. 2 1llustrate different views of an
embodiment variant of an independent wheel suspension 1 according to the invention, such as it
can be used for example 1n agricultural utility vehicles (cp. Fig. 5). The independent wheel

suspension 1 includes a wheel hub motor 3 as drive which comprises a wheel joining flange 4 for
a driven wheel of the vehicle. Within the scope of the present invention, embodiments of
independent wheel suspensions 1 can also be provided which do not comprise a motor 3. The
wheel hub motor 3 i1s connected with a revolute joint 7 by way of a linear guide 5 movable in an
approximately vertical direction A. The revolute joint 7 designed as a fork crown connected with
an underside of the steering column 17 shown in the illustrated exemplary embodiment creates a

steering connection to a vehicle frame (not illustrated), pivotable around an at least

approximately vertical running axis of rotation B. Optionally, the steering connection to the

vehicle frame can also be linked to the linear guide 5.
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The linear guide 5 designed as a vertically movable slide is coupled with a fluidic spring and/or
damping element 9. Here, the damping element 9 comprises a damping cylinder. In the
illustrated embodiment, the damping cylinder is at the same time designed as and integrated in
the steering column 17 and it can initiate a rotating motion of the revolute joint 7 by transmitting
a torque. Moreover, the damping element 9 can comprise an air bellows 15 which has at least
superficial contact with the linear guide 5 or can also be connected with it. In the illustrated
embodiment, the linear guide 5 is designed as a slide 5a. As shown in the illustrated
embodiment, the damping element 9 can comprise one or a plurality of pressure equalization
reservoirs 11. The pressure in the pressure equalization reservoirs 11 can be changed by means
of the connections 13 and the spring effect of the damping element 9 can be influenced in this
fashion. In the illustrated exemplary embodiment, the wheel hub motor 3 is designed as a

hydraulic or hydrostatic drive and therefore comprises hydraulic connections 19.

The perspective representation of Fig. 2 shows a second view of the independent wheel
suspension 1 according to Fig. 1. The wheel hub motor 3 is arranged on a slide Sa. The guide
element 25 of the revolute joint 7 is designed as bore hole in the illustrated embodiment, with a
cuide rod 23 fastened in it by means of interference fit. Moreover, the guide rod 23 runs through
a guide element 27 of the linear guide 5 or is encompassed by the latter. Here, the guide element
27 is designed as a guide channel. Consequently, the linear guide 5, designed as shide Sa in the
illustrated embodiment, and the revolute joint 7 are movable relative to each other in a hinear

direction. The wheel hub motor 3 is fastened on the linear guide 5 or the slide 5a by means of a
fastening element 21. The fixation can be achieved for example by means of threaded and/or

plug-in connections engaging in the recesses 29 (not illustrated, cp. Fig. 4) and/or screw threads

of the linear gwide 3.

Fig. 3 shows a perspective representation of the slide 5a. Said slide 5a comprises guide elements

27 designed as hollow channels in the illustrated embodiment. As illustrated in Fig. 1, the slide

Sa is in superficial contact with one or a plurality of components of the spring and/or damping

element 9 by way of a prop 31. As shown in the embodiment illustrated in Fig. 1, this can for

example be an air bellows 15.
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Fig. 4 shows another perspective representation of the slide 5a. The slide Sa comprises fastening
surfaces 33 for a fastening element 21 (not illustrated, see Fig. 2 for this purpose). The fastening
surfaces 33 are provided with recesses 29 which can comprise for example screw threads tor

fastening the fastening element 21 by means of threaded joints. The slide 5a can comprise a taper

43 in pre-defined areas.

The perspective representation of Fig. 5 shows an embodiment of a utility vehicle 35 with
independent wheel suspensions 1. A wheel 37 each is arranged on one independent wheel
suspension 1. The independent wheel suspensions are attached in a frame 39. A ground treatment

device, in the present case a spray rod assembly 41, is additionally arranged on the frame 39.

The special advantage of said arrangement with the spring suspension and/or damping 9 at least
partially integrated in the steering column 17 is in the very large ranges of spring which can be
realized as needed with the relatively long steering column 17 which is not subject to any length
restrictions. Furthermore, the limitations with respect to the range of spring as well as the
possibility of coupling with effective damping elements such as they exist in air bellows known
from the prior art do not apply. While the traditionally used air bellows offer a very limited range
of spring and are nevertheless relatively voluminous on the one hand and have to be combined
with additional damping elements on the other hand, if wheel damping should be possible as
well, the wheel suspension 1 according to the invention offers the possibility to realize very large
ranges of spring with the smallest possible installation space required by way of partial or

complete integratability of the spring systems 9 into a steering column 17.

The invention was described with reference to a preferred embodiment. However, it 1s
conceivable for a person skilled at the art that modifications or changes can be made to the

invention without leaving the scope of protection of the following claims.
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Reference list:
1 Independent wheel suspension
3 Drive motor, wheel hub motor
4 Wheel joining flange
S Linear guide '
Ja Slide
7 Revolute joint
9 Spring and/or damping element
11 Pressure equalization reservoir/pressure reservoir
13 Connection

15 Air bellows

17 Steering column

19 Hydraulic connection

21 Fastening element

23 Guide rod

25 Guide element of the revolute joint

27 Guide element of the slide

29 Recess

31 Prop

33 Fastening surface
335 Vehicle

37 Wheel

39 Frame

41 Spray rod assembly
43 Taper

A Vertical axis

B Axis of rotation
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Claims

]. An independent wheel suspension (1) for a steerable wheel (37) of a vehicle having a
steering column (17) which cooperates with a linear guide (5) movable 1n an approximately
vertical direction (A) via a fork crown(7), wherein the fork crown (7) creates a steering
connection to a vehicle frame (39) pivotable around an at least approximately vertically running
axis of rotation (B) and wherein the linear guide (5) 1s coupled to a fluidic spring and/or damping
element (9) which forms a load-bearing component of the fork crown (7); wherein

the damping element (9) comprises a damping cylinder, which 1s the steering column (17)
and

wherein the damping element (9) comprises one or a plurality of pressure reservoirs (11)
with connections (13), wherein the pressure reservoirs (11) have a fluidic connection with the

damping cylinder by way of line systems.

2. The independent wheel suspension according to claim 1 wherein the vehicle 1s an

agricultural towing, transport or specialty vehicle.

3. An independent wheel suspension according to claim 1 or 2 1n which the fluidic spring

and/or damping element (9) is arranged 1n the steering column (17) as an integrated component.

4. An independent wheel suspension according to any one of claims 1 to 3 1n which the

linear guide (5) 1s equipped with a drive motor (3) for driving the steerable wheel (37).

5. An 1independent wheel suspension according to any one of claims 1 to 4 in which the fork

crown (7) comprises two linear guide elements (25) with two guide rods (23) running through 1t.

6. An independent wheel suspension according to any one of claims 1 to 5 in which the

steering column (17) 1s designed to transmit a torque to the fork crown (7).
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7. An independent wheel suspension according to any one of claims 1 to 6 in which the
damping cylinder or the spring and/or damping element (9) coupled with or at least partially
integrated 1n the steering column (17) comprises an air bellows (15) which has a spring-mounted

connection with a prop (31) of a slide (5a).

8. An agricultural utility vehicle (35) having at least one independent wheel suspension (1)
according to any one of claims 1 to 7, a vehicle frame (39) which the at least one independent
wheel suspension (1) 1s arranged on and at least one or a plurality of ground treatment or semi-

mounted devices (41) attached on the vehicle frame.
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