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(57) Abstract: The present invention relates to a heavy
vehicle comprising a frame structure (102, 202, 302) extend-
ing in a longitudinal direction of the vehicle, at least a first
wheel (103a, 203a, 303a), an independent wheel suspension
(104, 204, 304) for said at least first wheel (103a, 203a,
303a) and a load carrying structure (105, 205, 305) con-
figured for carrying a load applied to the vehicle, wherein the
independent wheel suspension (104, 204, 304) comprises a
first spring and/or damper arrangement (106, 206, 306)
wherein the first spring and/or damper arrangement (106,
206, 306) at a first end (106a, 206a, 306a) is connected to the
load carrying structure (105, 205, 306) in a position above or
beside said frame structure (102, 202, 302) and which at a
second end (106b, 206b, 206¢) is connected to the first wheel
(103a, 103b, 103¢), for allowing at least part of a load (F) to
be distributed from the load carrying structure (105, 205,
306) to said first wheel (103a, 203a, 303a) via said first
spring and/or damper arrangement (106, 206, 306) bypassing
said frame structure (102, 202, 302).
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A HEAVY VEHICLE COMPRISING AN INDIVIDUAL WHEEL SUSPENSION

FIELD OF THE INVENTION

The present invention relates to a heavy vehicle, for example a truck or a
tractor for hauling a trailer, wherein the vehicle comprises an individual wheel
suspension for at least one wheel pair, which has a beneficial load distribution
of load from for example goods/cargo to the ground.

BACKGROUND TO THE INVENTION

Heavy vehicles for hauling a trailer or trucks being provided with goods or
functional units such as construction units may during travel experience
different types of undesired movements from the trailer or goods or functional
unit which cause undesired effects on the vehicle performance. Among these
movements, rolling and vibrations are commonly discussed.

Rolling movements may cause roll-over situations for heavy vehicles. Rolling
is a movement caused by dynamic rotational or side forces on the
goods/trailer. It may for example arise as a result of a strong steering
maneuver at high speed, at slippery road condition, or during a strong
deceleration of the vehicle in a curve. Rolling may cause that the vehicle
control is lost or in the worst scenario even that the whole vehicle may tip. In
order to avoid such situations, the vehicle may be equipped with an electronic
protection system which can warn the driver about rolling activity. Also the
attention of the driver is crucial. Today rolling causes a number of accidents
each year.

Vibrational movements are affecting the life-time of functional components and
the driver’s comfort. Vibration may cause the failure of important components
which may result in risks during driving. Also, it is important to reduce vibration
as much as possible for the ergonomics and comfort for the driver. In order to
reduce vibrations, the cab may for example be suspended with a spring type
suspension.
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In US 4566716, a tractor for a tractor-semitrailer combination comprising a fifth
wheel and a rigid rear wheel suspension is disclosed. The fifth wheel is directly
connected to the rear axle by using a vertically extending support column fixed
between a base and the rear axle. The fifth wheel is mounted to an air cushion
arranged on top of the base and is articulated to the base around a shaft. The
base is further connected to the frame by arms. The fifth wheel is directly
supported by the rear axle, and the tractor does not directly carry the load
from the trailer, but still pulls it and the tractive forces are picked up by the
links and arms. It is described that the dynamic behavior of the tractor thereby
is improved. At the same time, the vibrational level in the cab is described to
be reduced. However, the arrangement described in US 4566716 would only
result in limited reduction of rolling-activity to certain extent. Further, the
arrangement makes the positioning of the fifth wheel rather limited, because
since it needs to be directly connected to the rear axle and pivotally arranged,
it is not possible to mount the fifth wheel to the frame.

Hence, there is a continuous need in the art for finding new and improved
ways of increasing the vehicle performance during driving of a heavy vehicle.

SUMMARY OF THE INVENTION

It is an object of the present invention is therefore to find a solution to the
problems indicated above, and hence to increase the performance for a
vehicle such as a heavy truck or tractor during driving, in particular by reducing
the risk for rolling activity, finding ways of reducing vibrations in order to
increase the life-time of vehicular components, and at the same time to
increase the ergonomics and comfort for the driver.

According to a first aspect, the present invention relates to a heavy vehicle
comprising a frame structure extending in a longitudinal direction of the
vehicle, at least a first wheel, an independent wheel suspension for said at
least first wheel and a load carrying structure for carrying a load applied to the
vehicle, wherein the independent wheel suspension comprises a first spring
and/or damper arrangement wherein the first spring and/or damper
arrangement at a first end is connected to the load carrying structure in a
position above or beside said frame structure and which at a second end is
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connected to the first wheel. Thereby, at least part of a load (F), preferably a
major part of the load (F), is allowed to be distributed from the load-bearing
structure to the first wheel via the first spring and/or damper arrangement
bypassing the frame structure. By using individual wheel suspension
combined by positioning the spring and/or damper arrangement as defined
above, the load (F) is transferred in an efficient way to the wheels in a way in
which the effect of rolling activity can be significantly reduced. Especially,
since an individual wheel suspension arrangement is used, the load (F) is
efficiently taken care of by the counterforce in the spring and/or damper
arrangement resulting from the load impact. This combined with connecting
the upper part of the spring and/ or dampers beside or above the frame
structure instead to directly to the frame structure, the load (F) can be
distributed to the wheels in a more direct way compared to attaching them to
the frame structure. It should be noted that the present invention has the
advantage that the load carrying structure can be mounted and partly carried
by the frame structure, and that no extra support structures such as the links
and arm structure as described in US4566716 is needed. In addition, a more
beneficial load distribution is achieved since the load is transferred in a more
direct way to the wheels compared to allowing the load to be transferred to a
central point of a rigid axle, and through the whole axle before reaching the
wheels.

The resulting load distribution of stationary forces is beneficial since a
significant part of the load acting on the load carrying structure is distributed to
the wheels bypassing the frame structure via the spring and/or damper
arrangements. As the frame structure is bypassed, the frame structure is
exposed to less load impact. Also, it has been found that dynamic load
distribution from the load carrying structure, i.e. temporary load acting on the
load carrying structure such as rolling behavior and vibrations can be
significantly reduced by the concept of the invention. The load distribution
mechanism is further explained in the detailed description of the invention.

In embodiments of the invention, the first wheel is a rear wheel. When rear
wheels of a wheel pair are provided with the individual wheel suspension
arrangement according to the invention, the inhibition of rolling is significant,
see Example 2 below.
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In embodiments of the invention, the spring and/or damper arrangement is
formed as one component comprising both spring and damper function.
Thereby, the component both controls vertical movements of the wheel and
controls load distribution from a load carrying structure to the wheels in terms
of both spring and damper action.

In embodiments of the invention, the first spring and/or damper arrangement is
arranged with an inclined operational direction in relation to a height axis (Y) of
the vehicle. The height axis (Y) coincides with the center point between the
longitudinal frame beams. Thereby, a surprisingly good improvement of the
anti-roll effect is achieved compared to using vertical spring and/or damper
arrangements. The inclined operational direction can be described by an
upper portion of the spring and/or damper arrangement being positioned more
close to the center between the longitudinal frame beams than a lower portion
of the spring and/or damper arrangement. Preferably, the inclined operational
direction of the first spring and/or damper arrangement relative to the height
axis (Y) and the length of the first spring and/or damper arrangement form an
angle a which is in the range of from 20 to 60 degrees, such as in the range of
from 40 to 60 degrees in order to achieve an improved effect.

In embodiments of the invention, the first spring and/or damper arrangement
may have a spring function resulting from an air spring, a gas spring, a
hydraulic spring, a coil spring, a rubber spring and/or a leaf spring. The spring
function allows for an efficient uptake of vibrations or rolling activity distributed
from the load carrying structure. Preferably, the spring and/or damper
arrangement may comprise an air bellow. This provides an efficient spring
function.

In embodiments of the invention, the first spring and/or damping unit may have
a damper function resulting from an air damper, a gas damper, a hydraulic
damper and/or a rubber damper. The damper function allows for an efficient
uptake of dynamic forces such as temporary load impacts, for example when
the vehicle is driving over a bump resulting in rolling forces. Preferably, the
spring/and/or damper unit may be a hydraulic damper.
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In embodiments of the invention, the first spring and/or damper arrangement
may comprise both a spring and a damper function. This allows for an efficient
load up-take, due to synergistic effects which thereby are achieved.
Preferably, the spring element may be arranged on top of a damper element.
It was found to be advantageous to use a first spring and/or damper
arrangement comprising an air bellow and a hydraulic damper.

In embodiments of the invention, the first spring and/or damper arrangement is
connected directly or indirectly to an outer part of the load carrying structure.
Preferably, the second end of the first spring and/or damper arrangement may
be connected to a wheel hub of the first wheel, or connected to a wheel
suspension rod attached on the wheel hub. Thereby, an efficient distribution of
load to the wheels is achieved, especially with regards to inhibition of rolling
activity.

In embodiments of the invention, the first spring and/or damper arrangement is
connected to the load carrying structure indirectly via a chassis component.
The chassis component hence carries the load carrying structure. The chassis
component provides an efficient way of arranging the individual wheel
suspension according to the concept of the invention. The chassis component
can preferably be positioned at least partly between the first wheel and a
second wheel, wherein the first and second wheels are positioned on opposite
sides of the vehicle at the same length distance from the front of the vehicle.
The chassis component may be connected to the frame structure, preferably
at an end portion or at the end of the frame structure. Thereby, the chassis
component functions as an extension of the frame structure.

In embodiments of the invention, the frame structure comprises two frame
members/rails/beams which are spaced apart from each other and are
arranged in longitudinal direction relative to the vehicle. Preferably, the
chassis component is arranged at least partly between the two longitudinal
frame members. Thereby the chassis component can function not only as a
support structure for the load carrying structure, but also function as a frame
cross-member. Advantageously, the chassis component can be connected to
the frame beams and extend behind the frame beams, thus a frame-extending
function is achieved. Alternatively, the frame structure may comprise a central
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frame member arranged in a longitudinal direction relative to the vehicle, and
wherein the chassis component can be connected to the central frame
member at the rear end of the central frame member. As a result a very
efficient packaging of components in the vehicle can be achieved.

In embodiments of the invention, the chassis component comprises a body
having a main portion and an upper portion provided on top of the main
portion. The main portion is connected to the frame structure, such a at an end
portion of the frame structure, and the upper portion of the chassis component
is connected to the load carrying structure and is also connected to the first an
optionally the second spring and/or damper arrangement. Thereby, at least
part of a load (F) from said load carrying structure is allowed to be distributed
to the first wheel via the spring and/or damper arrangement bypassing said
frame structure. Since the spring and/or damper arrangements are positioned
in an upper part of the body while the frame structure is connected to the body
at a lower position than the direct or indirect connection points to the load
carrying structure, forces from the load carrying structure can be distributed to
the wheels efficiently with reduced distribution through the frame structure.

Advantageously, the upper portion comprises two or more upwards extending
portions, at least one on each side of the main portion, wherein each of said
upwards extending portions comprises connection elements for the spring/and
or damper arrangements and the load carrying structure. This has been found
as a suitable construction for certain types of load carrying structures in order
to achieve and effective load distribution. One example of a suitable
application is where the load carrying structure is a fifth wheel for hauling a
trailer.

In embodiments of the invention, the chassis component comprises a hollow
space for housing one or more functional units, such as at least a part of a
propeller shaft, a gear box, and/or a differential unit. Also, the hollow space
may be used for housing a drive unit such as an electrical, hydraulic or gas
engine. This results in an efficient packaging of components. In this way the
chassis component becomes multi-functional, both acting as a connection
member to the spring element and the frame structure and also acting as
housing for a functional component.
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In embodiments of the invention, the chassis component is more rigid than the
frame structure in a transverse direction relative to the length of the vehicle.
The stiff construction is advantageous for avoiding deformation/mechanical
failure of the chassis component. In addition, it is beneficial since the stability
of the wheel suspension is further increased. Further, this is advantageous
when arranging a functional unit inside the chassis component. For example,
a gear box requires a significant stiff housing so that the service life-time of the
gear components can be ensured.

In embodiments of the invention, the chassis component may comprise
connection elements for one or several functional units on the outside of the
chassis component, for example connection elements may be provided for a
gear box on an outer rear or front surface of the main portion.

In most applications of the invention, the independent wheel suspension will
further comprise a second spring and/or damper arrangement which at a first
end is connected to the load carrying structure in a position above or beside
the frame structure and which at a second end is connected to a second
wheel. The second wheel is positioned on opposite side of the frame structure
at the same length position from a front of the vehicle as the first wheel. The
second spring and/or damper arrangement advantageously may have the
same characteristics as defined for the first spring and/or damper
arrangement. The wheel pair may be a rear wheel pair. As used herein rear
wheel pair means a wheel pair not being the front wheel pair. For example, the
rear wheel pair may be positioned within the second rear half of the chassis
and may be the last wheel pair at the rear of the vehicle. The rear wheel pair is
advantageously a driven wheel pair. Advantageously, the independent wheel
suspension may also comprise a third and fourth spring and/or damper
arrangements. These may be arranged at each side of the load carrying
structure and attached to a wheel hub/rod of the wheel pair. In some
embodiments, the first and second spring/damper units may have only spring
function, while the third and fourth spring/damper unit may have damper
function. Alternatively, they may have both spring and damper effect.

The invention is suitable for a load carrying structures which are centrally
placed on the heavy vehicle, which traditionally have been mounted on top of
the frame structure. The load carrying structure present on the vehicle may be
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any component/unit which is heavy or which carries a high weight (except for
the longitudinal frame beams). The load carrying structure may for example be
a fifth wheel or a fifth wheel holder, a goods supporting structure, a box for
goods, a container, a swap body, an on-built console structure or an on-built
functional unit.

Especially, the invention is very suitable for a tractor for hauling a trailer where
the load carrying structure is a fifth wheel or fifth wheel holder. The vibrations
and rolling activity can be significantly reduced and the need of anti-roll bars is
significantly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above mentioned and other objects
and advantages may best be understood from the following detailed
description of the embodiments, but not restricted to the embodiments,
wherein is shown schematically:

Fig. 1a shows a vehicle according to a first embodiment of the invention,
exemplified by a tractor for a tractor-trailer combination comprising a fifth
wheel as load carrying structure.

Fig. 1b shows a rear portion of the tractor according to the first embodiment
the invention.

Fig. 2a shows a rear portion of a vehicle according to a second embodiment of
the invention.

Fig. 2b is a planar rear view of the chassis component used in the second
embodiment.

Fig. 2c is a perspective front view of the chassis component when mounted to
a vehicle according to the second embodiment.
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Fig. 2d is a perspective rear view of the chassis component when mounted to
a vehicle according to the second embodiment.

Fig. 3 shows a vehicle according to a third aspect of the invention, where the
vehicle comprises a support structure for goods as load carrying structure.

Fig. 4 shows a truck having a console structure as load carrying structure.

Fig. 5 shows a rear portion of a vehicle according to an additional embodiment
the invention.

DETAILED DESCRIPTION

Fig. 1a depicts a first embodiment of the invention, in which a heavy vehicle
exemplified by a tractor 100 for hauling a trailer is shown. The tractor 100
comprises a frame structure 102 extending in a longitudinal direction of the
vehicle, a first and second wheel 103a and 103b which are suspended by an
individual wheel suspension 104. Further, a load carrying structure 105
configured for carrying a load applied to the vehicle is arranged on the frame
structure 102. In Fig. 1a, the load carrying structure is a fifth wheel 105
arranged on top of the frame structure 102 via a fifth wheel holder 105a.

The frame structure 102 comprises two elongated frame beams 102a, 102b,
which are spaced apart from each other and extend along the length direction
of the vehicle. Each of the frame beams may have a U-profile cross-section.
The frame beams are connected to each other by cross-member frame beams
101 which are positioned in transverse direction relative to the longitudinal
frame beams. Alternatively, the frame structure 102 may be centrally
positioned with a smaller distance between the longitudinal beams than
traditionally.

The tractor 100 is provided with an individual wheel suspension 104 for a
wheel pair 103. The wheels 103a and 103b are members of the same wheel
pair 103, wherein the wheels are positioned on the opposite side of the vehicle
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at the same length distance from the front. In this embodiment, the wheel pair
is a rear wheel pair.

The load carrying structure 105 is configured for carrying a load applied to the
vehicle. In Fig. 1a and b, the load carrying structure 105 is illustrated by a fifth
wheel 105 and a fifth wheel holder 105a. However, the load carrying structure
105 may also be a goods supporting structure, a box for goods, a container, a
swap body, an on-built console structure or an on-built functional unit. For
example, the load carrying structure may be an on-built unit centrally
positioned member for example a console structure for functional equipment,
i.e. a crane, a lift, a digger, or a concrete mixer. Also, the load carrying
structure 105 may be an on-built support structure for goods for example a
support structure for timber. As used herein, the term “load carrying structure”
does not include the longitudinal frame beams 102a and 102b.

Fig. 1b schematically depicts a rear view of a portion of the heavy vehicle 100
and shows the individual wheel suspension 104 in more detail. (In Fig. 1b, the
wheels 103a and 103b are illustrated by its wheel hubs without showing its
tires.)

The individual wheel suspension 104 comprises individual drive axles 109a
and 109b for rotating each of the first and second wheels 103a and 103b. A
differential unit 108 is mounted to the frame, for example to a frame cross-
member 101. Hence, the differential unit 108 is positioned between the frame
beams 102a and 102b. The drive axles 109a and 109b extend from and are
pivotally connected to the differential unit 108.

Further, the individual wheel suspension 104 comprises spring and/or damper
arrangements 106 and 107 which each are used as suspension elements for
one of the wheels 103a and 103b respectively. The spring and/or damper
arrangements 106 and 107 are connected one to each of the wheels 103a,
103b and controls the vertical movement and load capacity on the wheels.

The individual wheel suspension 104 allows for that the wheels 103a and
103b can move vertically independent from each other. Hence, when one
wheel is driving over a bump, the opposite positioned wheel of the wheel pair
is not significantly influenced by the vertical movement of the wheel exposed



WO 2014/178761 PCT/SE2013/000060

10

15

20

25

30

- 11 -

to the bump. Therefore, the opposite positioned wheel is having increased
contact to the ground compared to using a rigid axle suspension arrangement
where the wheels in a wheel pair are connected by a rigid axle. Preferably, the
drive axles 109a and 109b are also pivotally arranged to the wheels 103a and
103b so that the wheels can move vertically without being tilted.

By using the individual wheel suspension 104 comprising the spring and/or
damper arrangements 106 and 107, an advantage load distribution from the
load carrying structure 105 to the wheels 103a and 103b can be achieved
where at least part of a load (F) can be distributed from the load carrying
structure 105 to the first and second wheels 103a and 103b via the first and
second spring and/or damper arrangements 106 and 107 bypassing the frame
structure 102. Below the spring and/or damper arrangements 106 and 107 are
described in more detail.

The spring and/or damper arrangement 106 may be a spring element alone or
a damper unit alone. Preferably, the arrangement may comprise both a spring
and a damper component which are either positioned spaced apart or present
as an integrated unit being a combination of a spring and a damper.

The spring function may be obtained by using for example an air spring, a gas
spring, a hydraulic spring, a coil spring, a rubber spring and/or a leaf spring.
Alternatively, or additionally, the arrangement 106 may include a damper for
example an air damper, a gas damper, a hydraulic damper and/or a rubber
damper. In the embodiment illustrated in Fig. 1a and 1b, the spring and/or
damper arrangement 106 is in the form of a combined unit, in which an air
bellow which is situated on top of a hydraulic damper.

The spring and/or damper arrangement 106 is arranged between the load
carrying structure 105 and the wheel 103a. The first end (upper portion) 106a
of the spring and/or damper arrangement 106 is connected to the load
carrying structure 105 in a position above or beside the frame structure 102
and a second end 106b of it is connected to the first wheel 103a. The first end
106a may be connected pivotally directly or indirectly to the load carrying
structure 105. The second end (lower portion) 106 b of the spring and/or
damper arrangement 106 may be directly or indirectly pivotally connected to
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the wheel 103a. For example, the second end 106b may be pivotally
connected to the wheel hub or a wheel suspension rod, preferably at an end
portion close to the wheel hub. 1t should be noted that according to the present
invention, it is avoided to directly or indirectly connect the spring and damper
unit 106 to the frame structure 102. The wording “directly connected” is used
herein to describe that the unit is attached to the load carrying structure/wheel
by fixing means, while “indirectly connected” is used to describe that the unit is
attached to the load carrying structure via one or more other components.

As seen in Fig. 1b, the spring and/or damper arrangement 106 is positioned
beside the frame structure, with its upper end attached to the fifth wheel 105
indirectly via the support structure 105a. However, the invention is not limited
to this configuration. In some embodiments, the upper portion i.e. the first end
106a of spring and/or damper arrangement 106 extends above the upper
edge of the longitudinal frame structure 102. In other embodiments of the
invention, the load carrying structure 105 or the support structure 105a to
which the spring and/or damper arrangement is connected extends below the
upper edge of the frame structure. It is preferred that the spring and/or damper
arrangement 106 extends to or above an upper edge of the longitudinal frame
structure 102.

Since the spring and/or damper arrangement 106 is in direct or indirect
contact with the load carrying structure 105 and the spring and/or damper
arrangement 106 is connected to the wheel 103a, load is distributed from the
load carrying structure 105 to the wheels 103 with a minimum load distribution
via the frame structure. Since an individual wheel suspension arrangement
104 is used, the load (F) is efficiently taken care of by the counterforce in the
spring and/or damper arrangement 106 resulting from the load impact.

The spring and/or damper arrangement 107 can be arranged in an equivalent
way between the load carrying structure 105 and the second wheel 103b as
the first spring and/or damper arrangement 106 is arranged between the load
carrying structure 105 and the first wheel 103a. Hence, the second spring
and/or damper arrangement 107 may have the same characteristics as the
first spring/and or damper unit 106 with the difference that the position is on
the opposite side of the load carrying structure compared to the first spring
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and/or damper arrangement 106. In Fig. 1b, the spring and/or damper
arrangement 107 is arranged between the load carrying structure 105 and a
second wheel 103b. More specifically, the spring and/or damper arrangement
107 is connected with its upper portion 107a connected to the fifth wheel
holder 105b and with its lower portion 107b connected to the wheel hub 103b.
Hence, the springs and/or dampers arrangements 106 and 107 are in
mechanical contact to the load carrying structure 105 and connected to each
wheel 103a, 103b respectively, so that the spring/damper unit 106, 107
extends from the load carrying structure 205 to the wheel hubs 103a, 103b
bypassing the frame structure 202.

The differential unit 108 is arranged within the frame structure 102. The
differential unit 108 comprises two vertical side surfaces which are positioned
in a direction extending along a longitudinal direction of the vehicle and which
are provided with holes for the drive axles 109a and 109b for the wheels 103a
and 103b respectively. The drive axles 109a and 109b are pivotally attached
to the differential unit 108 and to the wheel 103a so that the wheel 103a is
allowed to move in vertical direction without influencing the ground contact of
wheel 103b.

Wheel suspension rods 110a and 110b may be arranged between the
differential unit 108 and the wheels 103a and 103b. Alternatively, the wheel
suspension rods 110a and 110b may also be connected to other parts of the
chassis for example the frame structure 102. The amount of wheel suspension
rods and suitable positioning of these will depend on the specific application of
the invention. In the embodiment in Fig. 1, three wheel suspension rods 110a
and 110b are used for each of the wheels 103a and 103b, including two V-
shaped rods and a toe-link rod provided at each of the wheels 103a and 103b.
The wheel suspension rods 110a and 110b are arranged between the wheels
and the differential unit 108.

The wheel suspension 104 may comprise further spring and/or damper
arrangements (not shown in Fig. 1) which connects each of the wheels in the
wheel pair to the load carrying structure. It was found preferably to use an air
bellow arranged on top of a hydraulic damper as spring and/or damper
arrangements. In several embodiments of the invention, it has been found
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advantageous to apply two spring and/damper units at each wheel 103a and
103b in the wheel pair.

The load distribution mechanism achieved by the present invention will now be
in detail explained. A load carrying structure on a vehicle is normally exposed
to two different types of load, namely stationary load and dynamic load.

Stationary load (F) from the load carrying structure 105 as used herein means
load which is distributed to the wheels when the vehicle does not move. The
amount of stationary load acting on each of the wheels of the vehicle depends
on where along the vehicle the load carrying structure 105 is positioned. An
important parameter when considering the stationary load distribution is
therefore the wheel base length i.e. the length between the front wheel pair
and the next (second) wheel pair. For example, for a tractor having a wheel
base length X and a fifth wheel positioned at a distance10% of X from the
second wheel pair (the rear wheel pair), the load F acting on the fifth wheel
and being distributed to the second wheel pair can roughly be approximated
as being 100%-10% of the total load of the fifth wheel. The load on the front
wheel pair can hence be estimated as around 10% of the total load on the fifth
wheel. Hence, for a vehicle according to the invention, it may be envisaged
that the more close to the longitudinal position of the wheel pair 103a, 103b
the load carrying structure 105 is positioned, the more advantageous load
distribution is achieved when considering avoiding the load being transferred
through the frame structure 102.

Dynamic load distribution is herein defined as load that is distributed when the
vehicle or load carrying structure is moving, for example rolling activity and
vibrations. By connecting the upper end of the spring and/or damper
arrangement in an individual wheel suspension, not to the frame structure, but
to a load carrying structure directly or indirectly, hence separated from the
frame structure, rolling forces can be mitigated in a more direct and efficient
way. Advantageously, the spring and/or damper arrangements 106 and 107
should be arranged with an upper portion 106a, 107a close to the an outer
end of the load carrying structure 105 and the lower portion close to the
wheels 103a, 103b.
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It has been found that the impact of dynamic forces can be significantly
reduced. An advantage with using individual wheel suspension combined with
the arrangement of the spring and/or dampers as defined in claim 1, a
significant improvement of anti-roll effect is achieved. Distribution of vibrations
through the frame structure 102 can also be significantly reduced according to
the invention. Thereby, prolonged life time of a number of components is
expected. Also the driver will experience higher driver comfort as the
vibrations distributed from the load carryings structure via the frame structure
to the cab is significantly reduced.

Advantageously, in order to achieve an efficient inhibition/reduction of rolling
activity, the spring and/or damper arrangement 106, 107 in the individual
wheel suspension 104 should be arranged close to the wheels and preferably
with an inclined operational direction in relation to a height axis (Y) of the
vehicle. The inclined operational direction can be described by an upper
portion of the spring and/or damper arrangement being positioned more close
to the center between the longitudinal frame beams than a lower portion of the
spring and/or damper arrangement. That is, the spring and/or damper
arrangements 106 and 107 extend not vertically but in an angle which results
in that the first and a second spring and/or damper arrangement 106, 107
incline towards the load carrying structure 105. Preferably, the inclined
operational direction of the spring and/or damper arrangements 106, 107
relative to the height axis (Y) forms an angle a which is in the range of from 20
to 60 degrees, preferably from 40 to 60 degrees. In order to achieve an
optimal anti-roll effect, it has been found that the angle a should be as large as
possible. In other words, the lower ends 106b and 107b should be positioned
with a long distance from each other, and for example be connected to the
wheel hubs 103a, 103b at a distance in the range of from 1.0 m to 2.5 m,
preferably 1.30 m — 2.5 m, more preferably 1.6 — 2.5 m, most preferably at
distance above 1.75 m, while the distance between the upper ends 106a and
107a should be smaller than the distance between the lower ends 106b and
107b, preferably in the range of from about 0.4 m to about 1.4 m. However, in
order to achieve optimal anti-roll effect, the upper ends should be connected
to the outer parts of the load carrying structure, therefore the invention is
particularly suitable for centrally placed load carrying structures for example a
fifth wheel or a centrally positioned support structure. Hence, the spring and/or
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damper arrangements 106 and 107 should advantageously be arranged with
an upper portion 106a, 107a close to the an outer end of the load carrying
structure 105 and the lower portion close to the wheels 103a, 103b.

Due to the inclined operational direction of the spring/damper units 106, 107
and the individual wheel suspension 104, an beneficial counter force is
achieved which optimally reduces/inhibits the rolling activity, especially with
regards to side forces and rotational forces. In some embodiments of the
invention it has been found that the need for stabilizer bars can be significantly
reduced, for example the dimension of the bar may be reduced by 50 % or
more. Theoretical calculations have even shown that the wheel suspension
arrangement according to the invention in some cases even may allow for the
exclusion of stabilizer bars.

It should be noted that when the spring/dampers are inclined, the vertical
damping effect is reduced. Therefore, in order to achieve comparable effect as
for a vertical damper, it may be necessary to increase the stiffness of the
damper according to the present invention. In some embodiments, it may be
expected that a major part of the rolling forces can be mitigated directly
without influencing the frame structure. For example, preferably above 60%,
more preferably above 75%, of the load (F) may be distributed from load
carrying structure to a wheel pair via the spring and/or damper arrangements,
essentially without being distributed via the frame structure. Due to the
presence of vertically movable axles for the wheels in the wheel pair, the
rolling activity is taken care of by the counterforce of the spring/damper units.

Fig. 2a-d schematically depicts selected parts of a heavy vehicle 200
according to a second embodiment of the invention. This embodiment is built
on several common concepts as the first embodiment. For example, the
vehicle 200 comprises a frame structure 202, a first and second wheel 203a
and 203b, an individual wheel suspension 204, and a fifth wheel as load
carrying structure 205. The individual wheel suspension 204 further comprises
spring and/or damper arrangements 206 and 207 being arranged between the
wheels 203a and 203b and the load carrying structure 205. Also, the spring
and/or damper arrangements 206 and 207 are pivotally connected with their
upper ends 206a and 207a to the close to the load carrying structure 205. The
lower ends 206b and 207b of the spring and/or damper arrangements 206 and
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207 are pivotally connected to the wheels 203a and 203b, such as to the
wheel hubs. Alternatively, the lower portions 206b and 207b may be
connected to the wheels at an end section of a wheel suspension rod close to
the wheel. The spring and/or damper arrangements 206,207 are illustrated in
Fig. 2a-d by air bellows integrated on top of hydraulic dampers. The second
embodiment may have the same configuration and characteristics as
described for the first embodiment expect for the following three main
differences.

A first difference from the first embodiment is that in Fig. 2a-d, the spring
and/or damper arrangements 206, 207 are not directly connected to the load
carrying structure 205 but indirectly connected to the load carrying structure
205 via a chassis component 211. The chassis component 211 comprises a
body having a main portion 212 and an upper portion 213 provided on top of
the main portion 212, see Fig. 2b. The chassis component 211 is arranged
essentially between the first and the second wheels 203a and 203b and is
connected to the frame structure 202. The chassis component 211 thereby
supports the load carrying structure 205.

The main portion 212 is configured for being connected to the frame structure
302 so that the main portion 212 forms an extension of the frame structure
202 in its longitudinal direction. The load carrying structure 205 is mounted to
the upper portion 213 of the chassis component 211. The spring and damper
arrangements are further connected to the upper portion 213 of the chassis
component 211.Therefore, at least part of a load (F) from the load carrying
structure 205 is allowed to be distributed to the wheels 203a, 203b via the
spring and/or damper arrangement 206, 207 bypassing the frame structure
202. The chassis component 211 is connected to the frame structure 202.

The main portion 212 is attached to the frame structure 202. Preferably, the
main portion 212 comprises connection points 216 for connecting the chassis
component 211 to an end portion of the frame structure 202. Thereby, the
chassis component 211 may also function as an extension of the frame
structure 202. Alternatively the main portion 212 may be provided between the
longitudinal frame beams 202a and 202b. The frame structure 202 is
connected to the main portion 212. The upper portion 213 is located above the
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main portion 212 in height direction of the vehicle (Y-axis). Thereby, the load
(F) acting the load carrying structure 205 is mainly distributed though the fifth
wheel holder to the wheels 103a and 103b via the upper portion 213 and the
spring and/or damper arrangements 206, 207.

The upper portion 213 comprises connection points 214 and 215. The
connection points 214 are construed for the spring and/or damper
arrangements 206 and 207 and connection points 215 are provided for the
load carrying structure 205. In this way the upper portion 213 connects the
load carrying structure 205 to the spring and/or damper arrangements 2086,
207. The upper portion 213 may be arranged in different ways depending on
the type of load carrying structure. However, an even improved inhibition of
rolling can be achieved by arranging the connection points 214 with a short
distance from the connection points 215 for the load carrying structure 205, for
example a distance of less than 0.3 m, preferably a distance of less than 0.1
m. Thereby, a reduced force distribution through the frame structure through is
achieved. The upper portion 213 of the chassis component 211 may
preferably be arranged as two or more at least partly upwards extending
portions 213a, 213b, wherein at least one portion 213a or 213b is positioned
on each side of the main portion 212. The upwards extending portions 213a
and 213b may each comprise connection points 214 for at least one or more
spring/and or damper arrangements 206 and 207 and comprise connection
points 215. Alternatively, the upper portion 213 may be formed in other ways,
for example it may be formed as one uniform upper portion positioned above
the main portion of the chassis component.

The chassis component 211 can advantageously be more rigid than the frame
structure 202 in a transverse direction relative to the length of the vehicle. The
stiffness of the chassis component 211 may be at least two times higher than
the stiffness of the frame structure 202, more preferably the stiffness is more
than 10 times higher than the stiffness of the frame structure 202 in a
transverse direction relative to the length of the vehicle.

The chassis component may be a casted iron component formed as one body.
Hence the main portion and the upper portion may be formed as one
integrated unit. Alternatively the main portion and the upper portion may be
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constructed separately and thereafter the upper portion or portions are
mounted to the main portion.

The chassis component 211 may have supplementary technical functions. For
example, the chassis component 211 may be at least partly hollow and
function as housing for functional units such as a differential unit 208. In this
case, the chassis component comprises openings for the individual axles 209a
and 209b for the wheels 203a and 203b. Also other functional units may be
partly or completely housed by the chassis component, for example a gear
box or a drive unit such as an electric, hydraulic or gas engine. For example,
at least part of a differential unit and/or a gear unit may be housed inside the
chassis component 211, preferably in the main portion 212 of the chassis
component. In some embodiments of the invention, a full gear box is housed
inside the chassis component.

Also, the chassis component 211 may comprise connection elements for
mounting a functional unit to the chassis component 211. The functional unit
may be a differential, a gear box, a drive unit such as an electric, hydraulic or
gas engine. For example, the chassis component 211 may at its rear portion
be provided with a connection area for such a function unit. Alternatively, the
front portion may be provided with connection points or connection areas for
such functional units. Advantageously, a front and/or a rear surface of the
main portion 212 of the body is/are provided with a hole for a propeller shaft
218 or equivalents. Alternatively, the body may for example be provided with a
hole for pipes connected to a hydraulic motor positioned inside the chassis
component 211.

The chassis component 211 may also comprise attachment points for wheel
suspension rods 210, see Fig. 2c. Three wheel suspension rods 210a, 210b
are used at each wheel, wherein the rods are connected to the main portion
212 of the chassis component 211. However, also other configurations may be
possible. The amount of wheel suspension rods and suitable positioning of
these will depend on the specific application of the invention. In the second
embodiment, the three rods include two V-shaped rods and one toe-link rod,
which are arranged between the wheels and the chassis component 211.
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A second difference between the first embodiment and the second
embodiment is that in the second embodiment two additional (a third and a
fourth) spring and or damper units 206, 207 are used. These are positioned at
each of the wheels 213a, 213b. Hence, there may be two spring and damper
units arranged between the load carrying structure and each wheel in the
wheel pair. The spring and/or damper arrangements can for example be
connected at two opposite sides to the wheel hub as shown in Fig. 2c and Fig.
2d. The additional spring and/or damper arrangements may have the same
characteristics as the first and second spring and/or damper arrangement.

A third between the first embodiment and the second embodiment is that in
the second embodiment a central frame member 202 is used as frame
structure. The central frame member is composed of a centrally positioned
beam structure 202 which extends in longitudinal direction. In Fig. 2a, 2c and
2d, the beam structure is formed of two longitudinal beams, however it is also
possible to use one tube-shaped longitudinal beam. The central frame
member 202 provides for completely different way of packaging
components/units of the vehicle. Due to the use of individual wheel
suspension for the driven rear wheels, the propeller shaft does not need as
much space in vertical direction as for propeller shafts for rigid axles.
Therefore, the central frame member may be an elongated housing for the
propeller shaft. The chassis component 211 may be formed as an integral part
of the housing of the propelier shaft. Vehicular components may be packed in
boxes surrounding the housing of the propeller shaft. However, it should be
noted that the chassis component 211 is also suitable for a conventional frame
structure comprising two beams extending in longitudinal direction, where the
beams are positioned spaced apart and close to the outer longitudinal sides of
the vehicle.

The invention is not limited to the embodiments described above. In contrast,
many modifications are possible within the same inventive concept. For
example, the invention may be applied for many types of vehicles, especially
vehicles where the risk for rolling is significant. Therefore, the invention is
applicable to vehicles having a total weight above 3500 kg in particular the
invention is directed towards heavy trucks and tractors. In order to illustrate
that the invention is not limited to only tractors having a fifth wheel (as shown



WO 2014/178761 PCT/SE2013/000060

10

15

20

25

30

35

- 21 -

in Fig. 1-2), the following additional embodiments of the invention are
mentioned.

Fig. 3 shows a rear portion of a truck having a cargo supporting structure as
load carrying structure 305 arranged on top of the upper portions 313a and
313b of a chassis component 311 according to an embodiment of the
invention. As can be seen in the Fig. 3, the spring and/or damper arrangement
306 and 307 are connected to the load carrying structure 305 via the upper
portions 313a and 313b of the chassis component 311. Further, the spring
and/or damper arrangement 306 and 307 are connected to the wheel hubs
303a and 303b. The main portion 312 of the chassis component 311 is
connected to the frame beams 302a and 303b. Hence, the spring and/or
damper arrangements 306 and 307 are indirectly connected to the load
carrying structure 305 in a position above or beside said frame structure 302.
In this way the load impact on the frame beams can be significantly reduced.

Fig. 4 shows a rear portion of a truck according to an embodiment of the
invention where the load carrying structure is a console structure 405 for a
functional device such as a lift device. As can be seen in the Fig. 4, the spring
and/or damper arrangement 406 and 407 are connected to the load carrying
structure 405 via the upper portions 413a and 413b of the chassis component
411. Further, the spring and/or damper arrangement 406 and 407 are
connected to the wheel hubs 403a and 403b. The main portion 412 of the
chassis component 411 is connected to the frame beams 402a and 403b.
Hence, the spring and/or damper arrangements 406 and 407 are indirectly
connected to the load carrying structure 405 in a position above or beside said
frame structure 402. In this way the load impact on the frame beams can be
significantly reduced.

Fig. 5 shows a rear portion of a truck according to a further embodiment of the
invention, where the load carrying structure is a console structure 505. The
embodiment shows an example of using springs and dampers as separate
components. As can be seen in the Fig. 5, damper arrangements 506 and 507
are connected to the load carrying structure 505 via the upper portions 513a
and 513b of the chassis component 511. The dampers 506 and 507 may for
example be hydraulic dampers. Further, the damper arrangements 506 and
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507 are connected to the wheel hubs 503a and 503b. The main portion 512 of
the chassis component 511 is connected to the frame beams 502a and 503b.
Hence, the damper arrangements 506 and 507 are indirectly connected to the
load carrying structure 405 in a position above or beside said frame structure
402. In Fig. 5, the wheel hub/inner wheel support of each wheel 503a and
503b has been prolonged in height direction and comprises connection points
519 for a first leaf spring 520 on its upper part. The first leaf spring 520
thereby is positioned in a transverse direction in relation to the longitudinal
frame beams 502a and 502b. The first leaf spring 520 supports the chassis
component 511 on its upper portion 513. Hydraulic dampers 506 and 507 are
arranged between the upper portions 513a and 513b and the wheels 503a
and 503b. Hence, in this embodiment, the spring and/or damper arrangement
comprise a transverse leaf spring 520 and the dampers 506 and 507. It should
be noted that is possible to include further transverse leaf springs in this
embodiment of the invention. For example, it would be possible to use a
second transversely positioned leaf spring which is arranged between a lower
part of the wheel hub and a lower part of the chassis component. It should be
noted that also longitudinal positioning of one or more leaf springs could be
possible without deviating from the concept of the invention.

In conclusion, many different embodiments of the invention are possible, in
particular with regards to the amount, exact positioning, and choice of
spring/damper arrangements and the design of the chassis component. It
should be noted that the invention is not limited to a rear wheel pair but can be
applied to any wheel pair positioned between the front and rear wheels.
Further the type of individual wheels suspension may be varied including for
example the type and amount of wheel suspension rods. Therefore, the
invention is applicable for many different types of heavy vehicles. For
example, the vehicle may be provided with functional units as load carrying
structure. Hence, the load carrying structure 205, 305, 405 may be any on-
built unit which is arranged in direct or indirect connection with the spring
and/or damper arrangements according to claim 1. Therefore, the invention is
applicable both in trucks for transportation of goods and for tractors having a
fifth wheel for hauling a trailer. Also, the invention is applicable for several
other types of heavy vehicles for example special vehicles, such as vehicles
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provided with construction equipment like a digger unit; or a rescue vehicle
such as a fire-fighting vehicle etc.

Example 1: Vibration calculation

The level of vibrations reaching the cab was calculated (a) for a standard
tractor and (b) for a tractor according to the invention. The standard tractor is
here a 4x2 tractor provided with a rigid rear axle while the tractor according to
the invention is provided with an independent wheel suspension arrangement
with inclined spring and damper units as shown in Fig. 2.

A vehicle analysis method (so called complete vehicle modeling, CVM) was
used for estimating the vibrations experienced inside the cab of the vehicles.
The acceleration during a time period where the vehicle is driving on a random
noise road was calculated. This acceleration value is indicative for the level of
vibrations inside the cab.

Longitudinal as used herein refers to a direction along the length of the
vehicle. Lateral as used herein refers to refers to a direction in the transverse
direction relative the length of the vehicle. Vertical as used herein refers to
vibrations along the height of the vehicle. The overall comfort value is a
calculated mean value of the vibrations where all the three directions are
included.

Table 1:

Calculated values Standard (a) IRS (b) Frequency range
(Hz)

Longitudinal B-pillar | 0.46 0.44 1.2-12
LH-side
Lateral B-pillar LH- | 0.31 0.26 0.7-1.5
side
Vertical B-pillar LH- | 0.43 0.41 0.7-1.5
side
Overall comfort 0.71 0.66 1.2
value
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From table 1, it is demonstrated that the acceleration values “b” are below the
acceleration values “a” for longitudinal and lateral and the overall value.
Hence, vibrations can be significantly reduced in with the solution according to
the invention.

Example 2: Stability calculation

The level of rolling of a tractor trailer combination was estimated (a) using a
vehicle analysis method (CVM), for a standard tractor (a) and for tractor
according to the invention (b). The same configurations of the vehicles as

used in example 1 were also used in example 2.

Table 2:
Calculated values Standard (a) IRS (b)
Effective vertical kz=317 N/mm kz=323* N/mm
stiffness
Roll stiffness kp=487 kNm/rad k=578 kNm/rad
Effective vertical cz=33 Ns/mm (lin 0) cz=24** Ns/mm (lin 0)
damping
Roll damping c=19149 Nsm/rad c9p=42393 Nsm/rad

As can be seen from the calculation results in Table 2, the roll damping effect
for the vehicle according to the invention is more than twofold of the damping
effect of the standard truck. Hence, the roll damping effect is very significant
compared to the reference value for the comparable vehicle with rigid rear
axle. The increased roll damping means that vehicles having the arrangement
according to the invention may be produced with a stabilizer bar of smaller
dimension or in some cases even without the stabilizing bar. This would result
in a significant reduction of weight of the vehicle.
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It can further be seen from Tab. 2, the effective vertical damping was
somewhat reduced. This is due to that the same type of spring and damper
units for the vehicle a and b. For vehicle b, the inclined angle of the spring
and/or damper arrangement results in that the damping in vertical direction is
5 somewhat decreased. In order to achieve the corresponding effective vertical
damping value as for a standard truck (vehicle a), a stiffer damper can be
used. It will be obvious for those skilled in the art to choose a suitable stiffness

for the spring and damper units.
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CLAIMS

1.

A heavy vehicle comprising a frame structure (102, 202, 302, 402, 502)
extending in a longitudinal direction of the vehicle, at least a first wheel
(103a, 203a, 303a, 403a, 503a), an independent wheel suspension (104,
204, 304, 404) for said at least first wheel (103a, 203a, 303a, 403a, 503a)
and a load carrying structure (105, 205, 305, 405, 505) for carrying a load
applied to the vehicle, wherein the independent wheel suspension (104,
204, 304, 404, 504) comprises a first spring and/or damper arrangement
(106, 206, 306, 406, 506) characterized in that

the first spring and/or damper arrangement (106, 206, 306, 406, 506) at a
first end (106a, 206a, 306a, 406a, 506a) is connected to the load carrying
structure (105, 205, 305, 405, 505) in a position above or beside said
frame structure (102, 202, 302, 402, 502) and which at a second end
(106b, 206b, 306b, 406b, 506b) is connected to the first wheel (103a,
203a, 303a, 403a, 503a),

for allowing at least part of a load (F) to be distributed from the load
carrying structure (105, 205, 305, 405, 505) to said first wheel (103a, 2033,
303a, 403a, 503a) via said first spring and/or damper arrangement (106,
206, 306, 406, 506) bypassing said frame structure (102, 202, 302, 402,
502).

The vehicle according to claim 1, characterized in that the first wheel
(103a, 203a, 303a, 403a, 503a) is a rear wheel.

The vehicle according to claim 1 or 2, characterized in that the spring
and/or damper arrangement (106, 206, 306, 406) is formed as one
component comprising both spring and damper function.

The vehicle according to anyone of the preceding claims, characterized in
that the first spring and/or damper arrangement (106, 206, 306, 406, 506)
is arranged with an inclined operational direction in relation to a height axis
(Y) of the vehicle.

The vehicle according to claim 4, characterized in that the inclined
operational direction of the first spring and/or damper arrangement (1086,



WO 2014/178761 PCT/SE2013/000060

10

15

20

25

30

35

- 27 -

206, 306, 406, 506) relative to the height axis (Y) forms an angle a which is
in the range of from 20 to 60 degrees, preferably in the range of from 40 to
60 degrees.

. The vehicle according to anyone of the preceding claims, characterized in

that the first spring and/or damper arrangement (106, 206, 306, 406) has a
spring function resulting from an air spring, a gas spring, a hydraulic spring,
a coil spring, a rubber spring and/or a leaf spring.

. The vehicle according to anyone of the preceding claims, characterized in

that the first spring and/or damping unit (1086, 206, 306, 406, 506) has a
damper function resulting from an air damper, a gas damper, a hydraulic
damper and/or a rubber damper.

. The vehicle according to anyone of the preceding claims, characterized in

that the first spring and/or damper arrangement (106, 206, 306, 406)
comprise a spring arranged on top of a damper, preferably an air bellow
and a hydraulic damper.

. The vehicle according to anyone of the preceding claims, characterized in

that the vehicle comprises a second wheel (103b, 203b, 303b, 403b, 503b)
positioned on opposite side of the frame structure (102, 202, 302, 402,
502) at the same length position from a front of the vehicle as the first
wheel (103a, 203a, 303a, 403a), wherein said independent wheel
suspension (104, 204, 304, 404, 504) further comprises a second spring
and/or damper arrangement (107, 207, 307, 407, 507) which at a first end
(107a, 2074, 307a, 407a, 507a) is connected to the load carrying structure
(105, 205, 305, 405, 505) in a position above or beside said frame
structure (102, 202, 302, 402, 502) and which at a second end (107b,
207b, 307b, 407b, 507b) is connected to the second wheel (103b, 203b,
303b, 403b, 503b), wherein preferably the second spring and/or damper
arrangement (107, 207, 307, 407, 507) has the same characteristics as the
first spring and/or damper arrangement (106, 206, 306, 406, 506).

10. The vehicle according to anyone of the preceding claims, characterized in

that the load carrying structure (105, 205, 305, 405, 505) is a fifth wheel or
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a fifth wheel holder, a goods supporting structure, a box for goods, a
container, a swap body, an on-built console structure or an on-built
functional unit. ‘

11.The vehicle according to anyone of the preceding claims, characterized in

that the vehicle is a tractor for hauling a trailer and the load carrying
structure (105, 205) is a fifth wheel or fifth wheel holder.

12. The vehicle according to anyone of the preceding claims, characterized in

that the first spring and/or damper arrangement (206, 306, 406, 506) is
connected to the load carrying structure (205, 305, 405, 505) via a chassis
component (211, 311, 411, 511).

13. The vehicle according to claim 12, characterized in that the chassis

component (211, 311, 411, 511) comprises a body having a main portion
(212, 312, 412, 512) and an upper portion (212, 313, 413, 513) provided
on top of said main portion (212, 312, 412, 512), wherein said main portion
(212, 312, 412, 512) is connected to said frame structure (202, 302, 402,
502), and wherein

said upper portion (213, 313, 413, 513) of said chassis component (211,
311, 411, 511) is connected to the load carrying structure (205, 305, 405,
406) and to the first and the second spring and/or damper arrangement
(206, 207, 306, 307, 406, 407, 506, 507 ) for allowing at least part of a load
(F) from said load carrying structure (205, 305, 405, 505) to be distributed
to the first wheel (203a, 303a, 403a, 503a) via the spring and/or damper
arrangement (206, 207, 306, 307, 406, 407, 506, 507) bypassing said
frame structure (202, 302, 402, 502).

14.The vehicle according to claim 13, characterized in that the upper portion

(213, 313) comprises two upwards extending portions (213a, 213b, 313a,
313b), one on each side of the main portion (212, 312), wherein each of
said upwards extending portions (213a, 213b, 313a, 313b) comprises
connection elements (214, 215, 314, 315) for the spring/and or damper
arrangement (206, 207, 306, 307) and the load carrying structure (205,
305).
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15. The vehicle according to anyone of the preceding claims 12-14,
characterized in that the frame structure (202, 302) comprises a central
frame member arranged in a longitudinal direction relative to the vehicle,
and wherein the chassis component (211, 311) is connected to the central
frame member at the rear end of the central frame member.

16. The vehicle according to anyone of the claims 12-15, characterized in that
said chassis component (211, 311) comprises a hollow space for housing
one or more functional units, such as at least part of a propeller shaft, a
gear box, a differential unit and/or a drive unit such as an electrical,
hydraulic or gas electric engine.

17. A heavy vehicle comprising a frame structure extending in a longitudinal
direction of the vehicle, at least a first wheel, an independent wheel
suspension for said at least first wheel and a load carrying for carrying a
load applied to the vehicle, wherein the independent wheel suspension
comprises a first spring and/or damper arrangement wherein
the first spring and/or damper arrangement at a first end is connected to
the load carrying structure in a position above or beside said frame
structure and which at a second end is connected to the first wheel,
for allowing at least part of a load (F) to be distributed from the load
carrying structure to said first wheel via said first spring and/or damper
arrangement bypassing said frame structure.

18. The vehicle according to claim 17, wherein the first wheel is a rear wheel.

19. The vehicle according to claim 17 or 18, wherein the spring and/or damper
arrangement is formed as one component comprising both spring and
damper function.

20. The vehicle according to anyone of the preceding claims, wherein the first
spring and/or damper arrangement is arranged with an inclined operational
direction in relation to a height axis (Y) of the vehicle.

21.The vehicle according to claim 20, wherein the inclined operational
direction of the first spring and/or damper arrangement relative to the
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height axis (Y) forms an angle a which is in the range of from 20 to 60
degrees, preferably in the range of from 40 to 60 degrees.

22.The vehicle according to anyone of the preceding claims, wherein the first
spring and/or damper arrangement has a spring function resulting from an
air spring, a gas spring, a hydraulic spring, a coil spring, a rubber spring
and/or a leaf spring.

23. The vehicle according to anyone of the preceding claims, wherein the first
spring and/or damping unit has a damper function resulting from an air
damper, a gas damper, a hydraulic damper and/or a rubber damper.

24.The vehicle according to anyone of the preceding claims, wherein the first
spring and/or damper arrangement comprise a spring arranged on top of a
damper, preferably an air bellow and a hydraulic damper.

25. The vehicle according to anyone of the preceding claims, wherein the
vehicle comprises a second wheel positioned on opposite side of the frame
structure at the same length position from a front of the vehicle as the first
wheel, wherein said independent wheel suspension further comprises a
second spring and/or damper arrangement which at a first end is
connected to the load carrying structure in a position above or beside said
frame structure and which at a second end is connected to the second
wheel, wherein preferably the second spring and/or damper arrangement
has the same characteristics as the first spring and/or damper
arrangement.

26. The vehicle according to anyone of the preceding claims, wherein the load
carrying structure is a fifth wheel or a fifth wheel holder, a goods
supporting structure, a box for goods, a container, a swap body, an on-built
console structure or an on-built functional unit.

27.The vehicle according to anyone of the preceding claims, wherein the
vehicle is a tractor for hauling a trailer and the load carrying structure is a
fifth wheel or fifth wheel holder.
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28.The vehicle according to anyone of the preceding claims, wherein the first

spring and/or damper arrangement is connected to the load carrying
structure via a chassis component.

29.The vehicle according to claim 28, wherein the chassis component

comprises a body having a main portion and an upper portion provided on
top of said main portion, wherein said main portion is connected to said
frame structure, and wherein

said upper portion of said chassis component is connected to the load
carrying structure and to the first and the second spring and/or damper
arrangement for allowing at least part of a load (F) from said load carrying
structure to be distributed to the first wheel via the spring and/or damper
arrangement bypassing said frame structure.

30. The vehicle according to claim 29, wherein the upper portion comprises

31.

two upwards extending portions, one on each side of the main portion,
wherein each of said upwards extending portions comprises connection
elements for the spring/and or damper arrangement and the load carrying
structure.

The vehicle according to anyone of the preceding claims 27-30, wherein
the frame structure comprises a central frame member arranged in a
longitudinal direction relative to the vehicle, and wherein the chassis
component is connected to the central frame member at the rear end of the
central frame member.

32.The vehicle according to anyone of the claims 27-31, wherein said chassis

component comprises a hollow space for housing one or more functional
units, such as at least part of a propeller shaft, a gear box, a differential
unit and/or a drive unit such as an electrical, hydraulic or gas electric
engine.



WO 2014/178761 PCT/SE2013/000060

1/6




WO 2014/178761 PCT/SE2013/000060

2/6

\

~104

Fig.1b



WO 2014/178761

205a
N\
207a >
207
203b
207b @ O
209b

202

Y
ala
F
\\l 205 2052
215
i / 213a 214
SN
/ 206
r 203a
211
U
7 D
\_% O
208 209a
202

PCT/SE2013/000060

3/6

»204




WO 2014/178761 PCT/SE2013/000060




WO 2014/178761 PCT/SE2013/000060

307a 305 306a
\ yA
313b \ / 313a
~ 2 \
& T _2AN 313
3071 306
3030 LD SN 303a
304< 3n / 312
af 5 03 o [
9 C
307010 7 = 1 —306b
. N — ——
so2 302 \302a
Fig.3

413

~ 4020~

—— '\
402 T——"-402a

Fig.4



WO 2014/178761 PCT/SE2013/000060

6/6

[< — >\
513b 513a
\Ha 521b 590 521a /EH
\ . ' l / 513
l1l

5044 N\ "up. 511 VAR

|-||I' 'llll-| ‘
507b— 1) 3 ~__~ _F o\sosb

502b/\/\"_\502/\/\/\ 502a

Fig.5



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2013/000060

A.

CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B60G, B62D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 6820900 B1 (BERGSTROM AKE ET AL), 23 November 1-32
2004 (2004-11-23); abstract; column 4, line 36 - column 6, line
18; figures 2-4

X US 20060055162 A1 (BECKMANN DETLEV ET AL), 16 1-32
March 2006 (2006-03-16); abstract; paragraphs [0012], [0024]-
[0026]; figures

X US 6736232 B1 (BERGSTROM AKE ET AL), 18 May 2004 1-32
(2004-05-18); abstract; column 4, line 20 - column 5, line 61;
figures 3,4

X

Further documents are listed in the continuation of Box C.

& See patent family annex.

*
“AP

“pr

“r

“O”

“p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

w

wye

oy

R

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

19-02-2014

Date of mailing of the international search report

20-02-2014

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer

Carl Froderberg

Telephone No. + 46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2013/000060

C (Continuvation). DOCUMENTS CONSIDERED TO BE RELEVANT

29 September 2011 (2011-09-29); abstract; figures 7,12

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20130048406 A1 (KURAMOTO TAKASHI), 28 February 1-32
2013 (2013-02-28); abstract; paragraphs [0015], [0016],
[0046], [0049], [0051]; figures 4,5,8; claim 2

A US 20030047906 A1 (HICKS WILLIAM J ET AL), 13 March 1-32
2003 (2003-03-13); abstract; paragraphs [0048]-[0051]; figures
8-11

A US 20120256392 A1 (ORIET LEO P), 11 October 2012 (2012- | 1-32
10-11); abstract; figures 3,4

A US 20110079978 A1 (SCHREINER MATTHEW A ET AL), 7 1-32
April 2011 (2011-04-07); abstract; paragraphs [0005], [0041];
figure 4

A US 20110233887 A1 (PRONSIAS TIMONEY EANNA ET AL), | 1-32

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2013/000060

Continuation of: second sheet
International Patent Classification (IPC)
B60G 3/18 (2006.01)

B60G 11/00 (2006.01)

B60G 13/00 (2006.01)

B60G 15/00 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/SE2013/000060
usS 6820900 B1  23/11/2004 BR 0014316 A 21/05/2002
DE 60009329 T2  10/02/2005
EP 1226062 B1  24/03/2004
JP 2003510222 A 18/03/2003
SE 516471 C2  15/01/2002
SE 9903520 L 30/03/2001
L wo 0123244 A1 05/04/2001
us 20060055162 At 16/03/2006 BR 0214454 A 03/11/2004
DE 10158107 C1  27/02/2003
EP 1448426 B1 13/04/2005
ES 2240854 T3  16/10/2005
JP 2005510405 A 21/04/2005
JP 3994202 B2  17/10/2007
KR 20040053331 A 23/06/2004
KR 100592158 B1  26/06/2006
us 7207600 B2  24/04/2007
e WO . 03045760 Al __ 05/06/2003
UsS 6736232 B1  18/05/2004 BR 0014342 A 11/06/2002
DE 60013631 T2  22/09/2005
EP 1226063 B1  08/09/2004
JP 2003510223 A 18/03/2003
SE 516470 C2  15/01/2002
SE 9903519 L 30/03/2001
e wo 0123245 A1 05/04/2001
u 20130048406 A1 28/02/2013 JP 2013043481 A 04/03/2013
usS 20030047906 A1 13/03/2003 US 20100244406 A1 30/09/2010
us 20080265545 A1 30/10/2008
e Us. . 7416204 B2 26/08/2008
us 20120256392 A1 11/10/2012 US 8342556 B2 01/01/2013
us 20110079978 A1 07/04/2011 US 8402878 B2  26/03/2013
e us_ . 20110169240 A1 14/07/2011 _
us 20110233887 A1 29/09/2011 CA 2582004 A1 07/04/2005
DK 1675767 T3  02/09/2013
IE S20070107 A2 18/04/2007
IE 20040670 A1 04/05/2005
usS 20100102532 A1 29/04/2010
us 20070145809 A1 28/06/2007
us 8327966 B2  11/12/2012
WO 2005030563 A3 26/05/2005

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

