US 20160214658A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2016/0214658 A1

HALLER

43) Pub. Date: Jul. 28, 2016

(54)

(71)
(72)
@
(22)

(86)

(30)

Oct. 1, 2013

VEHICLE SEAT OR VEHICLE CAB WITH A
SUSPENSION SYSTEM, AND UTILITY
VEHICLE

Applicant: GRAMMER AG, Amberg (DE)
Inventor: Erwin HALLER, Birgland (DE)
Appl. No.: 14/914,782
PCT Filed: Sep. 24,2014

PCT No.:

§371 (o)D),
(2) Date:

PCT/EP2014/070305

Feb. 26, 2016

Foreign Application Priority Data

(DE) i 102013 110 926.8

Publication Classification

(51) Int.CL
B62D 33/06 (2006.01)
B6ON 2/52 (2006.01)
(52) US.CL
CPC ... B62D 33/0604 (2013.01); B6ON 2/522
(2013.01)
(57) ABSTRACT

The invention relates to a vehicle seat or a vehicle cab with a
suspension system comprising an upper closing part and a
lower closing part which is deflectable in relation to the upper
closing part, which closing parts are connected to each other
in a resilient manner by means of a suspension element, and
with a damping system for damping vibrations acting on at
least one of the two closing parts, wherein the damping sys-
tem and a distance levelling system for adjusting a distance
between the upper closing part and the lower closing part have
a common fluid actuator element controlled by compression
and tension stages
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VEHICLE SEAT OR VEHICLE CAB WITH A
SUSPENSION SYSTEM, AND UTILITY
VEHICLE

[0001] The invention relates to a vehicle seat or a vehicle
cab, having a suspension device comprising an upper end part
and a lower end part that is deflectable relative to the upper
end part, which parts are resiliently interconnected by means
of a suspension element, and comprising a damping device
for damping vibrations acting between the end parts.

[0002] Furthermore, the invention relates to a utility motor
vehicle comprising a vehicle seat and comprising a vehicle
cab.

[0003] Generic vehicle seats or vehicle cabs by means of
which the ride comfort in particular of utility motor vehicles
can be considerably improved are well known from the prior
art.

[0004] The object of the present invention is to support
generic vehicle seats or vehicle cabs respectively in a struc-
turally simpler manner relative to a vehicle body while pro-
viding improved seating comfort and ride comfort respec-
tively.

[0005] The object of the invention is solved by a vehicle
seat or a vehicle cab having the features indicated in claim 1.
[0006] Theinvention expands on the generic prior artin that
the damping device and a distance-adjusting device for
adjusting a distance between the upper end part and the lower
end part comprise a common actuator fluid element con-
trolled by pressure stages and tension stages, as a result of
which a suspension system can be provided which is con-
structed in a correspondingly simple manner.

[0007] Advantageously, at least parts of the damping
device and the distance-adjusting device are implemented in
a structurally simple manner by means of the common actua-
tor fluid element controlled by pressure stages and tension
stages, and therefore these devices can be constructed using
much fewer components in conjunction with a fluid-convey-
ing system.

[0008] Within the meaning of the invention, the present
distance-adjusting device is a height-adjusting device that
operates in the vertical direction, and therefore the upper end
part can be moved relative to the lower end part in a vertical
deflection direction by means of the common actuator fluid
element controlled by pressure stages and tension stages.
[0009] According to the invention, the actuator fluid ele-
ment controlled by pressure stages and tension stages is
arranged between the two end parts such that it can act on the
upper of the two end parts in the vertical direction of the
vehicle in both a vibration-isolating manner and a height-
regulating manner.

[0010] As a result, a hydraulically acting damping and
height-adjusting unit for a suspension system, in terms of a
damping device together with height adjustment, and thus the
entire substructure of the vehicle seat or the vehicle cab
respectively can be implemented in an extremely structurally
simple manner, in order to bring about corresponding vibra-
tion isolation and/or height adjustment exclusively or in an
auxiliary manner.

[0011] Therefore, adjustment forces acting in the vertical
direction of the vehicle can be generated in a structurally
simple manner, as is explained in the following in greater
detail, still by way of example.

[0012] In addition, this hydraulically acting damping and
height-adjusting unit or the common actuator fluid element
controlled by pressure stages and tension stages respectively
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can produce a linearly rising force characteristic curve or
spring characteristic curve respectively over the entirety of
the available suspension travel.

[0013] At this point, it is noted that the common actuator
fluid element controlled by pressure stages and tension stages
and the hydraulically acting damping and height-adjusting
unit respectively can be constructed in a structurally very
simple manner if the actuator fluid element comprises a
hydraulic shock absorber element.

[0014] The object of the invention is furthermore solved by
a utility motor vehicle having the features indicated in claim
11.

[0015] The vehicle seat according to the invention or the
vehicle cab according to the invention respectively can be
advantageously used in particular in conjunction with utility
motor vehicles, since the vehicle driver is better protected
against premature fatigne owing to the considerably
improved seating comfort and ride comfort respectively. Fur-
thermore, in terms of utility motor vehicles, there is also great
interest in solutions for corresponding suspension systems
that are structurally simple and thus less susceptible to faults.
This also applies in particular with regard to agricultural
utility motor vehicles.

[0016] The suspension system which is provided in the
vehicle seat or the vehicle cab respectively therefore com-
prises the suspension device and the damping device, and in
the present case a height-adjusting device is also implied.
[0017] The suspension device may comprise one or more
suspension elements, which may for example be designed as
amechanical suspension element and/or preferably as a pneu-
matic suspension element.

[0018] Theupper end part of the suspension device may for
example be attached to the underside of a seat part of the
vehicle seat or to the underside of the vehicle cab, or may be
formed directly from this respective underside.

[0019] In this respect, the lower end part of the suspension
device may for example be fastened to a component of a
vehicle body or may be formed directly by said body.
[0020] In any case, the upper end part is mounted on a
substructure of the vehicle seat or the vehicle cab respectively
relative to the lower end part such that said upper end part can
be deflected relative to the lower end part in the vertical
deflection direction, i.e. in the vertical direction of a vehicle,
in particular a utility motor vehicle, in particular if external
vibrations are acting on the vehicle seat or vehicle cab respec-
tively.

[0021] Inthis respect, the upper end part is a component of
the suspension device that vibrates substantially vertically,
the main vibration direction of which is oriented in the verti-
cal direction of the vehicle, i.e. is vertical.

[0022] Forthis purpose, the suspension device is in particu-
lar equipped with a vertical suspension element which can act
in the vertical direction of the vehicle in a resilient manner.
[0023] A deflection mechanism for deflecting the upper end
part relative to the lower end part can be achieved very simply
for example by means of a scissors type frame. However, it
does not necessarily have to comprise a scissors type frame of
this type.

[0024] In structural terms, it is however advantageous for
the upper end part and the lower end part to be operatively
interconnected by means of a scissors type frame. As a result,
the upper end part is also guided in the vertical direction in a
defined manner.
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[0025] A preferred variant of the embodiment provides that
the actuator fluid element is operatively connected to a con-
trollable fluid-conveying device, which is in fluid connection
with both the pressure-stage chamber and the tension-stage
chamber of the actuator fluid element such that various height
adjustments of the upper end part can be carried out by con-
trolling the power of the controllable fluid-conveying device.
[0026] As a result of this fluid connection, the upper end
part can be actively raised or lowered relative to the lower end
part by the fluid-conveying device or by a fluid-conveying
flow generated thereby respectively, in particular depending
on in which conveying direction the fluid-conveying device
conveys the fluid. As a result, the fluid-conveying system can
be advantageously further developed.

[0027] In this respect, it is also particularly advantageous
for the fluid-conveying device to be reversible in terms of its
conveying direction.

[0028] Alternatively, two fluid-conveying devices having
opposite conveying directions could also be integrated into a
correspondingly designed fluid-conveying system.

[0029] In particular in this context, it is advantageous for
the actuator fluid element to be operatively connected to a
controllable fluid-conveying device which is in fluid connec-
tion with both the pressure-stage chamber and the tension-
stage chamber of the actuator fluid element such that the fluid
can be conveyed out of either the pressure-stage chamber or
the tension-stage chamber of the actuator fluid element
depending on the conveying direction of the fluid-conveying
device and/or out of another fluid reservoir of the fluid-con-
veying system into either the pressure-stage chamber or the
tension-stage chamber. As a result, the upper end part can be
actively moved, in particular raised or lowered, relative to the
lower end part very precisely in two opposite directions.
[0030] A particularly preferred variant of the embodiment
provides that the actuator fluid element is operatively con-
nected to a flow-control valve element, which is in fluid
connection with the actuator fluid element and a controllable
fluid-conveying device such that the power of the pressure
stage or the tension stage can be additionally modulated by
means of this flow-control valve element. As a result of this
too, the fluid-conveying system can again be simplified in
terms of structure.

[0031] Here, the flow-control valve element is a device for
modulating damper performance at both the pressure stage
and the tension stage of the actuator fluid element.

[0032] Preferably, the flow-control valve element is imple-
mented as an electrically operable throttle valve in the form of
aproportional flow control valve, since the flow-control valve
element can be actuated very rapidly by this means, as a result
of which corresponding pressure changes in the pressure-
stage or tension-stage chamber respectively of the flow-con-
trol valve element can in turn be achieved very rapidly. It is
clear that as an alternative, flow-control valve elements that
are operable in different ways may also be used.

[0033] If the flow-control valve element is in fluid connec-
tion with the actuator fluid element and the controllable fluid-
conveying device such that the power of the pressure stage
and the tension stage can be additionally modulated by means
of this flow-control valve element while not affecting the
power of the fluid-conveying device, the response behaviour
of the actuator fluid element can be improved further.

[0034] In the present case, vibrations can be very effec-
tively isolated if the flow-control valve element is in fluid
connection with the actuator fluid element and the control-
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lable fluid-conveying device such that vibrations of one of the
end parts can be isolated by means of the flow-control valve
element.

[0035] If a low-pressure connection of the fluid-conveying
device is in fluid connection with the tension-stage chamber
by means of a low-pressure line and a high-pressure connec-
tion of the fluid-conveying device is in fluid connection with
the tension-stage chamber by means of a high-pressure line,
or vice versa, the low-pressure line and the high-pressure line
being fluidically interconnected by means of an electrically
operable proportional flow control valve, as well as an active
height adjustment, vibration isolation can also be carried out
in a manner which is particularly simple structurally and in
terms of process.

[0036] Inthis case, the low-pressure side and high-pressure
side switch depending on the conveying direction of the fluid-
conveying device.

[0037] Here, the type and intensity of the control of the
common actuator fluid element controlled by pressure stages
and tension stages can be influenced by means of a control
algorithm of a corresponding open-loop and/or closed-loop
control device.

[0038] In this respect, it is advantageous for there to be an
open-loop and/or closed-loop control device for adjusting a
fluid-conveying device and/or a flow-control valve element
depending on a load acting on the upper end part.

[0039] Specifically, adjusting the fluid-conveying device
and/or the flow-control valve element depending on the type
and intensity of the external forces acting on the actuator fluid
element makes it possible to significantly increase the seating
comfort.

[0040] The common actuator fluid element controlled by
pressure stages and tension stages may operate particularly
efficiently if the open-loop and/or closed-loop control device
comprises an acceleration-measuring sensor which is
arranged on the face of the lower end part and is intended for
detecting accelerations acting on the lower end part.

[0041] Yet more precise open-loop or closed-loop control
of the common actuator fluid element controlled by pressure
stages and tension stages can be achieved if the open-loop
and/or closed-loop control device comprises a position-mea-
suring sensor for detecting a distance and/or a distance varia-
tion between the upper and the lower end part.

[0042] The present invention provides an actively con-
trolled suspension system using very simple means, which
suspension system additionally has the common actuator
fluid element controlled by pressure stages and tension
stages, which can temporarily adjust a set height level, in
particular a set height of a vehicle seat. On the other hand, it
can also be actively involved in isolating vibrations. In this
respect, this means that the hydraulic damping and height-
adjusting unit is also produced to be particularly simple in
structure.

[0043] Here, a conventional air suspension element or the
like may be used as basic suspension, while the common
actuator fluid element controlled by pressure stages and ten-
sion stages can act in the vertical suspension direction in an
auxiliary manner as an additional active component or addi-
tional active assembly.

[0044] The controllable fluid-conveying device is prefer-
ably in the form of a high-pressure pump which is driven by
an electric motor and has a variable rotational speed and
ideally a rotational direction reversal. It has, for example, a
defined fluid discharge rate in cm®/revolution, which intro-
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duces a specific conveyed fluid quantity produced thereby
into the pressure-stage chamber or pressure-stage side
respectively or into the tension-stage chamber or tension-
stage side of the actuator fluid element at a corresponding
rotational speed respectively, as a result of which an extension
force (pressure-stage side) or retraction force (tension-stage
side) acting on the upper end part is generated in accordance
with the flow resistance inherent in the pressure-stage side or
tension-stage side respectively.

[0045] When stopped, i.e. 0.0 I conveying capacity of the
controllable fluid-conveying device, the actuator fluid ele-
ment acts as a passive shock absorber, which in its basic
design contains characteristic data for the tension-stage and
pressure-stage powetr, as is also used in passive, commercially
available vehicle seats.

[0046] When the controllable conveying device is acti-
vated, in accordance with its rotational speed and its convey-
ing direction, a defined conveyed quantity is transferred from
the tension-stage side to the pressure-stage side, or vice versa,
by pumping. The flow resistance produced depending on
conveyed quantity at the valve holes in the pressure stage
brings about an extension force or vertically acting support-
ing force respectively on the piston-rod side of the actuator
fluid element. This means that the upper end part of the
suspension device to which a load is applied is raised by a
value resulting therefrom. The flow resistance produced
depending on conveyed quantity at the tension stage brings
about an retraction force on the opposite piston-rod side, as a
result of which the upper end part can be lowered quickly
relative to the lower end part or brought closer to the lower
end part respectively.

[0047] This active force or extension or retraction force
respectively is used on the one hand for height adjustment and
on the other hand as a control variable for influencing the
vibration isolation and also to increase or decrease the
damper performance of the actuator fluid element.

[0048] As an additional feature, in the present case the
flow-control valve element is provided, which additionally
influences the isolation of the introduction of vibrations.
Here, the damper performance of the actuator fluid element,
which is defined as hard in the passive state, is set to be softer.
This means that the flow resistance between the pressure
stage and tension stage of the actuator fluid element is
reduced by means of the flow-control valve element.

[0049] Further advantages, aims and properties of the
present invention are explained with reference to the draw-
ings and the following description, in which a vehicle seat
substructure of a utility motor vehicle seat comprising a com-
mon actuator fluid element, controlled by tension stages and
pressure stages, of a damping device and of a distance-adjust-
ing device is shown and described by way of example. In the
drawings:

[0050] FIG. 1 is a schematic perspective view of vehicle
seat substructure comprising a common actuator fluid ele-
ment, controlled by tension stages and pressure stages, of a
damping device and of a distance-adjusting device, the actua-
tor fluid element being arranged between two end parts of a
suspension device such that it acts on one of the two end parts
in the vertical direction of the vehicle in both a vibration-
isolating manner and a height-adjusting manner,

[0051] FIG. 2 schematically shows a first fluid circuit dia-
gram of a first possible fluid-conveying system of the actuator
fluid element from FIG. 1;
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[0052] FIG. 3 schematically shows a further fluid circuit
diagram of a further possible fluid-conveying system of the
actuator fluid element from FIG. 1, and

[0053] FIG. 4 schematically shows a graph having different
spring characteristic curves of the suspension device from
FIG. 1.

[0054] The vehicle seat substructure 1, shown in FIG. 1, of
a vehicle seat (not shown here in greater detail) comprises a
suspension device 2, which is characterized by an upper end
part 3 and a lower end part 4 which, in this embodiment, are
both coupled to one another by a scissors type frame 5 in a
height-adjustable manner.

[0055] The scissors type frame 5 substantially consists of
two pairs of scissor arms 6 and 7, which in turn each comprise
a first scissor arm 8 and 9 respectively and a second scissor
arm 10 and 11.

[0056] The first scissor arms 8 and 9 respectively are on the
one hand rotationally mounted on the lower end part 4 by
means of a common lower fixed-bearing device 12. On the
other hand, they are mounted on the upper end part 3 in a
linearly movable manner by means of a common upper mov-
able-bearing device 13.

[0057] The second scissor arms 10 and 11 behave similarly,
and are rotationally mounted on the upper end part 3 by means
of'a common upper fixed-bearing device 14 and are mounted
on the lower end part 4 in a linearly movable manner by
means of a common lower movable-bearing device 15.
[0058] The first and second scissor arms 8, 10 and 9, 11
respectively of the respective pairs of scissor arms 6 and 7
respectively are rotationally interconnected by means of piv-
otal points 16 (only explicitly provided with a reference
numeral at this point).

[0059] Furthermore, the suspension device 2 also com-
prises a suspension element 19, by means of which the two
end parts 3 and 4 are resiliently interconnected. In this
embodiment, the suspension element 19 is provided by a
pneumatic-spring element.

[0060] When installed, the upper end part 3 is integrated in
the vehicle seat on the seat-part side and the lower end part 4
is integrated in the vehicle seat on the vehicle-body side such
that the upper end part 3 can rebound and deflect respectively
relative to the lower end part 4 in the vertical direction 21 of
the vehicle, i.e. vertically, when a corresponding external
stimulus acts on the vehicle seat or on the vehicle respectively.
[0061] In order for it to be possible to at least partially
isolate the vibrations of the upper end part 3, the vehicle seat
substructure 1 further comprises a damping device 25 com-
prising a hydraulic shock absorber element 26.

[0062] Thehydraulic shock absorber element 26 is attached
by its cylinder part 27 to a cross bar 28 of the common lower
movable-bearing device 15 and by a piston part 29 (see FIG.
2) to the first scissor arm 9 of the second pair of scissor arms
7.

[0063] In this embodiment, the hydraulic shock absorber
element 26 forms the basis for the claimed actuator fluid
element 31 controlled by pressure stages 30 and tension
stages 30A, by means of which element active vibration iso-
lation can additionally be achieved, and furthermore height
adjustment of the upper end part 3 relative to the lower end
part 4 can also be achieved.

[0064] For this purpose, the actuator fluid element 31 con-
trolled by pressure stages 30 and tension stages 30A is
arranged between the two end parts 3, 4 such that it can act on
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the upper end part 3 in the vertical direction 21 of the vehicle
in an actively vibration-isolating manner and also in a height-
adjusting manner.

[0065] In this respect, the vehicle seat substructure 1 not
only comprises a simple damping device 25 but also a dis-
tance-adjusting device (not specifically provided with a ref-
erence numeral here) for adjusting the distance 32 between
the upper end part 3 and the lower end part 4, the damping
device 25 and the distance-adjusting device together compris-
ing the actuator fluid element 31 controlled by pressure stages
30 and tension stages 30A. This means that the vehicle seat
substructure 1 is extremely compact, despite its functionality
being considerably enhanced.

[0066] Furthermore, a controllable fluid-conveying device
33 for conveying a fluid, this being a hydraulic fluid 46 as in
the present embodiment, and a flow-control valve element 34
are also provided in the vehicle seat substructure 1.

[0067] The fluid-conveying device 33 consists of a hydrau-
lic pump 35, which is continuously driven by an electric
motor 36, the fluid-conveying device 33 having two opposite
conveying directions 59 and 59A (see drawings, 59, 59A), as
will be explained in more detail below.

[0068] In this case, the flow-control valve element 34 is
designed as an electrically operable throttle valve in the form
of a proportional flow control valve 37.

[0069] The controllable fluid-conveying device 33, the
flow-control valve element 34 and the actuator fluid element
31 controlled by pressure stages 30 and tension stages 30A
respectively are fluidically interconnected by means of a cor-
responding fluid pipeline system 38 (only provided with a
reference numeral in FIG. 1 by way of example).

[0070] In the arrangement of the first fluid-conveying sys-
tem 39 shown in FIG. 2 according to the first flow diagram
39A, the actuator fluid element 31 controlled by pressure
stages 30 and tension stages 30A is arranged on the left. To the
right thereof, there is the flow-control valve element 34, and
the controllable fluid-conveying device 33 is arranged further
to the right and has two opposite conveying directions 59 and
59A respectively.

[0071] The actuator fluid element 31 controlled by pressure
stages 30 has an external housing 42 which forms a hydraulic-
fluid tank 41 and also defines the actual working cylinder 43
in which the piston part 29 consisting of the piston head 44
and the piston rod 45 moves.

[0072] Some of the hydraulic fluid 46 is stored in the
hydraulic-fluid tank 41. Furthermore, the hydraulic-fluid tank
41 also provides a gas-volume compensation space 47.
[0073] The working cylinder 43 comprises a pressure-stage
chamber 48, by means of which the pressure stage 30 of the
actuator fluid element 31 is implemented. The corresponding
tension stage 30A is produced inter alia by means of a ten-
sion-stage chamber 49 of the working cylinder 43.

[0074] Furthermore, the actuator fluid element 31 also
comprises a rising pipe 50 comprising a pressure-compensa-
tion valve 51 for pressure compensation within the tension-
stage chamber 49, in particular when the pressure stage 30 is
activated, it then being possible for hydraulic fluid 46 to flow
out of the hydraulic-fluid tank 41 into the tension-stage cham-
ber 49 through this rising pipe 50.

[0075] For pressure compensation in the pressure-stage
chamber 48 when the tension stage 30A is activated, a foot
valve 52 is provided through which hydraulic fluid 46 can
flow out of the hydraulic-fluid tank 41 into the pressure-stage
chamber 48, but not in the other direction.
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[0076] A pressure-stage/tension-stage valve 53 of the
actuator fluid element 31 is also integrated in the piston head
44, by means of which valve a basic tension stage/pressure
stage is inherent in the actuator fluid element 31 as a passively
acting hydraulic shock absorber element.

[0077] As already mentioned above, the actuator fluid ele-
ment 31 is connected, by its cylinder part 27, to the cross bar
28 and thus also to the lower end part 4 by means of a lower
connecting point 53, while said element is connected, by its
piston part 29, to the first scissor arm 9 of the second pair of
scissor arms 7 and thus also to the upper end part 3 by means
of'an upper connecting point 54.

[0078] The actuator fluid element 31 comprises, at its ten-
sion-stage chamber 49, a tension-stage chamber connection
56, with which a first fluid pipeline 57 is in fluid connection.
This first fluid pipeline 57 represents a fluid connection
between the tension-stage chamber 49 and a first connection
58 of the hydraulic pump 35, and therefore the hydraulic fluid
46 can be conveyed out of the tension-stage chamber 49 by
means of the controllable fluid-conveying device 33 in the
conveying direction 59 of the hydraulic pump 35. In this case,
the first fluid pipeline 57 is a low-pressure line and the first
connection 58 is a low-pressure connection.

[0079] A further fluid pipeline 61 leads from a further con-
nection 60 of the hydraulic pump 35 to a pressure-stage
chamber connection 62, and therefore the hydraulic fluid 46
conveyed out of the tension-stage chamber 49 can be further
conveyed into the pressure-stage chamber 48, as a result of
which the piston part 29 is accordingly pushed out of the
cylinder part 27. As a result, the upper end part 3 is raised in
the vertical direction 21 of the vehicle and is thus moved
further away from the lower end part 4. In this case, the further
fluid pipeline 61 is a high-pressure line and the further con-
nection 60 is a high-pressure connection.

[0080] It is precisely the reverse case if the hydraulic fluid
46 is conveyed in the conveying direction 59A, which is
opposite the first conveying direction 59. In this further case,
the first fluid pipeline 57 becomes a high-pressure line and the
further fluid pipeline 61 becomes a low-pressure line.
[0081] A connecting line 63 is also connected between the
first fluid pipeline 57 and the further fluid pipeline 61, by
means of which connecting line the flow-control valve ele-
ment 34 is in fluid connection between the actuator fluid
element 31 and the controllable fluid-conveying device 33.
More precisely, the flow-control valve element 34 is con-
nected in parallel with the controllable fluid-conveying
device 33 with respect to the actuator fluid element 31. There-
fore, the flow resistance at the actuator fluid element 31 can be
changed by means of the flow-control valve element 34, inde-
pendently of the conveying direction 59 or 59A respectively
of the fluid-conveying device 33, as a result of which an
influence on the vibration-isolating capacity of the actuator
fluid element 31 can be achieved.

[0082] An overtlow fluid line 64 is also provided between
the hydraulic pump 35 and the hydraulic-fluid tank 41.
[0083] A feed line 65 comprising a non-return valve 66 is
also arranged between the first fluid pipeline 57 and the
hydraulic-fluid tank 41; likewise, a further feed line 67 com-
prising a further non-return valve 68 is provided between the
further fluid pipeline 61 and the hydraulic tank 41. As a result,
if necessary, hydraulic fluid 46 can be directly conveyed out
of'the hydraulic-fluid tank 41 into the pressure-stage chamber
48 or into the tension-stage chamber 49 by means of the
hydraulic pump 35.
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[0084] In the further arrangement of the first fluid-convey-
ing system 40 shown in FIG. 3 according to the first flow
diagram 40A, the flow-control valve element 34 is missing
(see in particular FIG. 2). Otherwise, the set-up of the
arrangement from FIG. 2 is identical to the set-up of the
further arrangement shown in FIG. 3. In this respect, the
further arrangement is not explained again, in order to avoid
repetitions. The function of the flow-control valve element 34
(not present) is achieved at least in part by way of the reversal
of the conveying direction 59 or 59A respectively.

[0085] The arrangements shown in the flow diagrams 39A
and 40A each represent a first advantageous damping and
height-adjusting unit 90 of the invention. In this respect, this
hydraulically acting damping and height-adjusting unit 90
can not only be considered to be an additional functional
assembly of the damping device 25, but at the same time is
also the height-adjusting and distance-adjusting device
respectively (not explicitly provided with a reference numeral
here) for adjusting the distance 32 with respect to the upper
end part 3 and the lower end part 4 in the vertical direction 21
of the vehicle.

[0086] Itis also advantageous for linearly rising force char-
acteristic curves 75 and 79 to be provided over the entirety of
the available suspension travel s, as is also shown by the graph
70 shown in FIG. 4.

[0087] In the graph 70, the existing suspension travel s is
plotted in millimetres on the abscissa 71, a desired average
vertical height level 72 being at 90 mm, so that the upper end
part 3 can ideally cover both a vertically downwardly avail-
able negative suspension travel and a vertically upwardly
available positive suspension travel of 90 mm in each case.
[0088] The force F counteracting a load on the upper end
part 3 is plotted on the ordinate 73 of the graph 70 in Newtons.
[0089] The central spring characteristic curve 74 plotted on
this graph 70 is that of the suspension element 19 which
extends through the point of intersection 76 of the line 77
produced by the load of 1000 N and the further line 78
produced by the vertical height level 72 and which progresses
logarithmically at the start of the suspension travel s and
exponentially at the end of the suspension travel s; in
between, the central spring characteristic curve 74 of the
suspension element 19 rises linearly.

[0090] The force characteristic curve 75 extending above
the central spring characteristic curve 74 contains the effect of
activating the pressure stage 30 of the actuator fluid element
31 controlled by pressure stages 30 and tension stages 30A,
this upper force characteristic curve 75 extending completely
linearly over the entirety of the suspension travel s.

[0091] The upper force characteristic curve 75 therefore
shows the upper target values for the forces generated by the
damping and height-adjusting unit 90 in the vertical direction
21 of'the vehicle.

[0092] The lower force characteristic curve 79 extending
below the central spring characteristic curve 74 describes the
forces generated by the damping and height-adjusting unit 90
in the vertical direction 21 of the vehicle with respect to lower
target values. The lower force characteristic curve 79 contains
the effect of activating the tension stage 30A of the actuator
fluid element 31 controlled by pressure stages 30 and tension
stages 30A, this lower force characteristic curve 79 also
extending completely linearly over the entirety of the suspen-
sion travel s.

[0093] It can be clearly seen from the graph 70 that in
particular the suspension element 19 serves as a basis for
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receiving a basic load which acts on the suspension as a mass.
The maximum possible spring force is in particular specified
by the dimension of the damping and height-adjusting unit
90, which is 200 N in the vertical direction 21 of the vehicle
in the graph 70 shown. In the event of temporary level varia-
tions which may occur for example by the drivers weight
shifting when driving uphill, downhill or at an angle, depend-
ing on the direction and intensity of the variation, the forces
generated by the damping and height-adjusting unit 90 can be
increased or decreased. In the present damping and height-
adjusting unit 90, the forces generated thereby are actively
utilised to influence external introductions of force that are
fed into the suspension system. The damping and height-
adjusting unit 90 may on the one hand work with the intro-
duction of force, i.e. a retraction force is caused or a support-
ing force respectively for carrying the mass is reduced, as a
result of which the upper end part 3 is actively lowered rela-
tive to the lower end part 4. On the other hand it may also work
against the introduction of force, the supporting force being
accordingly increased, as a result of which the upper end part
3 is actively raised relative to the lower end part 4.

[0094] The available force, for example 200 N, may be
defined by the dimension of the hydraulic pump 35 with the
following parameters: pressure (bar) and conveyed quantity
(cm®/rev). The dynamics or control force respectively of the
adjustment is mainly dependent on the hydraulic fluid volume
introduced into the actuator fluid element 31 via the fluid-
conveying device 33, which volume is conveyed from the
tension-stage chamber 49 into the pressure-stage chamber 48,
or vice versa.

[0095] The type and intensity of the control is taken as a
basis in a control algorithm of a correspondingly designed
open-loop and/or closed-loop control device (not explicitly
shown here).

[0096] By means of the open-loop and/or closed-loop con-
trol device, the damping and height-adjusting unit 90 may be
accordingly adjusted depending on a load acting on the upper
end part 3.

[0097] For this purpose, the open-loop and/or closed loop
control device on the one hand comprises an acceleration-
measuring sensor 96 which is arranged on the face 95 of the
lower end part 4 and is intended for detecting accelerations
acting on the lower end part 4 and on the other hand comprises
a position-measuring sensor 97 for detecting the current dis-
tance 32 and/or a corresponding distance variation between
the upper and the lower end part 3, 4 (see FIG. 1).

[0098] It will be understood that the embodiments
described above are only first configurations of the invention.
The configuration of the invention is therefore not limited to
these embodiments.

[0099] At this point, reference is explicitly therefore once
again made to the fact that the above-described vehicle seat
substructure 1 may alternatively also be used as a vehicle cab
substructure, provided that it is dimensioned accordingly.
[0100] All ofthe features disclosed in the application docu-
ments are claimed as being essential to the invention provided
that they are novel over the prior art either individually or in
combination.

LIST OF REFERENCE NUMERALS

[0101] 1 vehicle seat substructure
[0102] 2 suspension device
[0103] 3 upper end part

[0104] 4 lower end part
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[0105]
[0106]
[0107]
[0108]
[0109]
[0110]
[0111]
arms
[0112]
[0113]
[0114]
[0115]
[0116]
[0117]
[0118]
[0119]
[0120]
[0121]
[0122]
[0123]
[0124]
[0125]
[0126]
[0127]
[0128]
[0129]
[0130]
[0131]
[0132]
[0133]
[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]
[0141]
[0142]
[0143]
[0144]
[0145]
[0146]
[0147]
[0148]
[0149]
[0150]
[0151]
[0152]
[0153]
[0154]
[0155]
[0156]
[0157]
[0158]
[0159]
[0160]
[0161]
[0162]
[0163]
[0164]
[0165]
[0166]
[0167)]

5 scissors type frame
6 first pair of scissor arms
7 second pair of scissor arms

8 first scissor arm of the first pair of scissor arms

9 first scissor arm of the second pair of scissor arms
10 second scissor arm of'the first pair of scissor arms
11 second scissor arm of the second pair of scissor

12 common lower fixed-bearing device

13 common upper movable-bearing device

14 common upper fixed-bearing device

15 common lower movable-bearing device

16 pivotal points

19 suspension element

21 vertical direction of the vehicle
25 damping device

26 hydraulic shock absorber element
27 cylinder part

28 cross bar

29 piston part

30 pressure stage

30A tension stage

31 actuator fluid element

32 distance

33 fluid-conveying device

34 flow-control valve element

35 hydraulic pump

36 electric motor

37 proportional flow control valve
38 fluid pipeline system

39 first fluid-conveying system

39 first flow diagram

40 further fluid-conveying system
40A further flow diagram

41 hydraulic-fluid tank

42 external housing

43 working cylinder

44 piston head

45 piston rod

46 hydraulic fluid

47 gas-volume compensation space
48 pressure-stage chamber

49 tension-stage chamber

50 rising pipe

51 pressure-compensation valve
52 foot valve

53 pressure-stage/tension-stage valve
54 lower connecting point

55 upper connecting point

56 tension-stage chamber connection
57 first fluid pipeline

58 first connection

59 first conveying direction

59A second conveying direction
60 further connection

61 further fluid pipeline

62 pressure-stage chamber connection
63 connecting line

64 overflow fluid line

65 feed line

66 non-return valve

67 further feed line

68 further non-return valve

70 graph
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[0168] 71 abscissa

[0169] 72 height level

[0170] 73 ordinate

[0171] 74 central spring characteristic curve
[0172] 75 upper force characteristic curve
[0173] 76 point of intersection

[0174] 77 line produced

[0175] 78 further line produced

[0176] 79 lower force characteristic curve
[0177] 90 damping and height-adjusting unit
[0178] 95 face

[0179] 96 acceleration-measuring sensor
[0180] 97 travel-measuring sensor

What is claimed is:

1. A vehicle seat or vehicle cab, comprising: a suspension
device including an upper end part and a lower end part that is
deflectable relative to the upper end part, which parts are
resiliently interconnected by means of a suspension element,
and comprising a damping device for damping vibrations
acting on at least one of the two end parts, wherein the
damping device and a distance-adjusting device for adjusting
a distance between the upper end part and the lower end part
comprise a common actuator fluid element controlled by
pressure stages and tension stages, the actuator fluid element
being operatively connected to a controllable fluid-conveying
device, which is in fluid connection with both the pressure-
stage chamber and the tension-stage chamber of the actuator
fluid element such that the fluid can be conveyed out of either
the pressure-stage chamber of the actuator fluid element into
the tension-stage chamber or out of the tension-stage cham-
ber of the actuator fluid element into the pressure-stage cham-
ber depending on the conveying direction of the fluid-con-
veying device.

2. The vehicle seat or vehicle cab according to claim 1,
wherein the controllable fluid-conveying device is in fluid
connection with both the pressure-stage chamber and the
tension-stage chamber of the actuator fluid element such that
various height adjustments of the upper end part can be car-
ried out by controlling the power of the controllable fluid-
conveying device.

3. The vehicle seat or vehicle cab according to claim 1,
wherein the controllable fluid-conveying device is in fluid
connection with both the pressure-stage chamber and the
tension-stage chamber of the actuator fluid element such that
the fluid can be conveyed out of another fluid reservoir of a
fluid-conveying system into either the pressure-stage cham-
ber or the tension-stage chamber depending on the conveying
direction of the fluid-conveying device.

4. The vehicle seat or vehicle cab according to claim 1,
wherein the actuator fluid element is operatively connected to
a flow-control valve element, which is in fluid connection
with the actuator fluid element and a controllable fluid-con-
veying device such that the power of the pressure stage or the
tension stage can be additionally modulated by means of this
flow-control valve element.

5. The vehicle seat or vehicle cab according to claim 4,
wherein the flow-control valve element is in fluid connection
with the actuator fluid element and the controllable fluid-
conveying device such that the power of the pressure stage
and the tension stage can be additionally modulated by means
of this flow-control valve element while not affecting the
power of the fluid-conveying device.

6. The vehicle seat or vehicle cab according to claim 4,
wherein the flow-control valve element is in fluid connection
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with the actuator fluid element and the controllable fluid-
conveying device such that vibrations of one of the end parts
can be isolated by means of the flow-control valve element.

7. The vehicle seat or vehicle cab according to claim 2,
wherein a low-pressure connection of the controllable fluid-
conveying device is in fluid connection with the tension-stage
chamber by means of a low-pressure line and a high-pressure
connection of the controllable fluid-conveying device is in
fluid connection with the pressure-stage chamber by means of
a high-pressure line, or vice versa in the reverse conveying
direction, the low-pressure line and the high-pressure line
being fluidically interconnected by means of an electrically
operable proportional flow control valve.

8. The vehicle seat or vehicle cab according to claim 1,
characterised by an open-loop and/or closed-loop control
device for adjusting a controllable fluid-conveying device
and/or a flow-control valve element depending on a load
acting on the upper end part.

9. The vehicle seat or vehicle cab according to claim 8,
wherein the open-loop and/or closed-loop control device
comprises an acceleration-measuring sensor which is
arranged on the face of the lower end part and is intended for
detecting accelerations acting on the lower end part.

10. The vehicle seat or vehicle cab according to either
claim 8, wherein the open-loop and/or closed-loop control
device comprises a travel-measuring sensor for detecting a
distance and/or a distance variation between the upper and the
lower end part.

11. A utility motor vehicle comprising a vehicle seat and a
vehicle cab, characterised by a vehicle seat and/or a vehicle
cab according to claim 1.

#* #* #* #* #*
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