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(57) ABSTRACT

The invention relates to a test stand (100) for the simulation of
forces and moments introduced into a motor vehicle or into
parts of a motor vehicle during driving operation. In order to
allow a simulation of road journeys which is as realistic as
possible, it being possible at the same time to dispense with
vehicle-specific excitation or activation signals, there is pro-
vision, according to the invention, whereby the test stand
(100) has at least one wheel contact plate (2) for receiving a
vehicle wheel (1) and at least one first actuator (3a, 35),
connected at one side to the foundation (101) of the test stand
(100) and at the other side to the wheel contact plate (2), for
moving the wheel contact plate (2) along a first axis (L.1),
preferably along the vertical axis, relative to the foundation
(101) of the test stand (100). The at least one first actuator (3a,
3b) is connected to the wheel contact plate (2) in such a way
that the wheel contact plate (2) is rotatable about a first pref-
erably horizontally running tilting axis (K1). Furthermore,
the test stand (100) has at least one second actuator (4, 5),
engaging on the wheel contact plate (2), for rotating the wheel
contact plate (2) about the first preferably horizontally run-
ning tilting axis (K1). The at least one first actuator (3a, 3b) is
connected to the wheel contact plate (2) via a joint arrange-
ment (9) which allows a rotational movement of the wheel
contact plate (2) relative to the foundation (101) of the test
stand (100).
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Fig.1d
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ROAD SIMULATION TEST STAND

[0001] The invention relates to a test stand for the simula-
tion of forces and moments introduced into a motor vehicle or
into parts of a motor vehicle during driving operation.
[0002] Teststands of the generic type are generally used, in
particular at the end of an operational integrity validation
process, to reproduce as realistically as possible the forces
and loads which occur in real driving operation and which act
on a vehicle to be tested or on parts of a vehicle to be tested.
For this purpose, real operating load simulation tests are
carried out on axle or whole-vehicle test stands in order to be
able to draw conclusions regarding the effects of certain loads
primarily on the operational integrity and vibration behavior
of the vehicle.

[0003] In general, use is made for this purpose of axle or
whole-vehicle test stands (hereinafter also referred to gener-
ally as “test stands”) in which multi-axial force-time profiles
at the wheel central point are realized by means of servohy-
draulic actuators. Here, the specifications for the force-time
profiles to be realized are gathered from test track measure-
ments during which the wheel central point forces occurring
in real operation are measured by means of special measure-
ment wheels. In a complex iterative process, corresponding
generally highly dynamic activation or excitation signals for
the servohydraulic actuators of the test stand are then deter-
mined such that the wheel central point forces measured on
the test track are reproduced as exactly as possible on the test
stand. This process, also referred to as “drive signal iteration”,
can take up to one week.

[0004] For example, the document U.S. Pat. No. 5,610,330
A discloses a method for determining an excitation signal for
the actuators, which engage on the wheel central point of a
motor vehicle to be tested, of a road simulation test stand.
Here, to determine the excitation signal, it is provided that
firstly, during a driving operation measurement, a vehicle
equipped with a measurement wheel is driven over a test track
in order, using the data gained by means of the measurement
wheel, to obtain an excitation function for the actuator of the
test stand. Subsequently, a second vehicle of the same type is
arranged on a test stand, and the actuators of the test stand are
operated according to a start excitation signal. The response
parameters generated in the vehicle arranged on the test stand
are measured and compared with setpoint response param-
eters measured in the first vehicle while it was being driven
over the test track. Depending on the deviations between the
response parameters measured on the test stand and the set-
point response parameters, the excitation function for the
actuators of the test stand is then varied until the measured
response function is consistent with the setpoint values mea-
sured during the driving operation measurement.

[0005] Such a conventional approach which is known from
the prior art has the disadvantage that, to transfer the excita-
tion signals gained iteratively for one vehicle type to the
excitation signals for a vehicle of a different type, it is gener-
ally necessary for load input data of both axles of the second
vehicle type to be gained anew during a driving operation
measurement. In particular, it is generally not possible—
proceeding from the excitation function for a first vehicle
type—to reliably calculate or transfer the excitation function
for a second vehicle type.

[0006] In particular, the activation or excitation signals for
the actuator or the actuators of the test stand are dependent not
only on the vehicle type but rather also on the vehicle variant.
That is to say, if it is sought to derive a station wagon or a
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minivan from a sedan, it has hitherto been necessary for the
entire process for determining the excitation function, includ-
ing the test track measurement, to be repeated. Since the
number of different variants and also the pressure for short-
ening development times are increasing ever further, vehicle
manufacturers are demanding test stand concepts in which
the activation signals are substantially invariant with respect
to design changes in the vehicle. Such approaches which are
invariant with respect to the vehicle type or vehicle variant are
presently unknown.

[0007] A further disadvantage of the known operational
integrity check for motor vehicles is that, in the conventional
approaches, in general only operational load simulation tests
are possible, that is to say the load input data gained during
driving operation measurements for a test subject must gen-
erally be reproduced. This disadvantageously assumes that
fully roadworthy vehicles are already present. With known
test stand concepts, therefore, testing on the test stand can
only take place relatively late in the development process.
This has the disadvantage that changes in said late phase of
vehicle development can be made only with greater difficulty
and consequently at high cost.

[0008] Furthermore, test stand concepts are known in
which the introduction of the forces into the vehicle body
takes place not by means of actuators engaging on the wheel
central point but rather by means of individual wheel contact
plates (cf. EP 0892 263 A2). In the case of a test stand of said
type, a test vehicle is positioned, fully equipped with tires, on
the respective wheel contact plates, the wheel contact plates
being provided in each case with an actuator which introduces
the simulation forces and which acts in the vertical direction.
A disadvantage of a first type of such known test stand con-
cepts with wheel contact plates is that these permit only a
one-dimensional excitation, that is to say a one-dimensional
compression of the vehicle tires with respect to the respective
spring system of the wheel suspension. In this way, the field of
use is effectively restricted to the transmission of the excita-
tion via the wheel contact plates from one specific spring
system to further specific spring systems. In other words, with
such known test stand concepts with wheel contact plates of
the first type, it is thus not possible to introduce further exci-
tation signals, which go beyond the one-dimensional com-
pression, into the vehicle body in order thereby to be able to
simulate as precisely as possible the effects of certain loads
primarily on the operational integrity and the vibration behav-
ior of the vehicle.

[0009] In a second type of known test stand concepts with
wheel contact plates, there are provided for each wheel con-
tact plate a plurality of additional actuators, which are con-
nected to a common fastening structure, in order to be able,
via the wheels positioned on the wheel contact plates, to
introduce into the vehicle body even forces which do not act
in the vertical direction (in the spring direction) (cf. DE 102
12255 Al). For this purpose, the common fastening structure
has a horizontal base plate for the fastening of the vertical
actuator, and a plurality of supports which run perpendicular
thereto, the additional actuators being fastened to said sup-
ports. A disadvantage of said second type of known test stand
concepts with wheel contact plates is that a large structural
volume is required on account of the multiplicity of required
individually suspended actuators per wheel contact plate.

[0010] Furthermore, the additional actuators fastened to the
supports yield the further disadvantage that the forces intro-
duced by said additional actuators cannot be correlated with
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vehicle-physical variables, and in particular cannot be attrib-
uted in a simple way to the simulated track profile.

[0011] The present invention is based on the object of fur-
ther developing a test stand of the type specified in the intro-
duction so as to allow as realistic as possible a simulation of
road journeys, in particular of intensively damaging tracks,
wherein at the same time the test stand should be constructed
such that vehicle-specific excitation or activation signals can
be dispensed with for the actuators of the test stand, such that
the test stand is, overall, substantially invariant with respect to
design changes in the vehicle. In particular, the test stand
should be designed to be able, for different vehicle types or
vehicle variants, to simulate as realistically as possible the
forces and loads which act on the vehicle, or on parts of the
vehicle, during driving operation, without a predetermined
excitation signal for the specific vehicle type or for the spe-
cific vehicle variant being required for this purpose. Further-
more, the test stand should have the smallest possible struc-
tural volume while being of the simplest possible design.

[0012] Said objectisachieved according to the invention by
means of the subject matter of independent patent claim 1.
Advantageous refinements are specified in the dependent
claims.

[0013] Accordingly, in particular, a test stand is proposed
for the simulation of forces and moments introduced into a
motor vehicle or into parts of a motor vehicle during real
driving operation, the test stand having at least one wheel
contact plate for receiving a vehicle wheel, and at least one
first actuator, connected at one side to the foundation of the
test stand and at the other side to the wheel contact plate, for
moving the wheel contact plate along a first axis, preferably
along the vertical axis, relative to the foundation of the test
stand, the at least one first actuator being connected to the
wheel contact plate in such a way that the wheel contact plate
is rotatable about a first preferably horizontally running tilt-
ing axis, and the test stand also having at least one second
actuator, engaging on the wheel contact plate, for rotating the
wheel contact plate about the first preferably horizontally
running tilting axis.

[0014] In the concept proposed according to the invention,
the test stand is designed such that the introduction of force
into the vehicle to be tested or into the vehicle part to be tested
takes place such that the excitation states of the vehicle or of
the vehicle part can be reproduced realistically, that is to say
in particular beyond a purely vertical excitation, such that the
influences of the road on the vehicle or vehicle part can be
simulated in a realistic manner on the test stand. In particular,
it was recognized here that the load state event sequences to
be reproduced in the simulation of the forces and loads which
occur in real driving operation and which act on the vehicle or
vehicle part arise from the total force, in terms of magnitude
and direction and the change thereof over time, at the point of
contact between the vehicle wheel and the roadway surface.
Forthis purpose, itis provided according to the invention that,
by means of the actuators of the test stand, the corresponding
multi-dimensional excitation forces must be introduced into
the vehicle to be tested via the vehicle wheel and not—as is
conventional—via the wheel central point. Because the wheel
central point is not invariant with respect to the vehicle, the
conventional and previously described approaches, in which
the test forces are introduced by means of one or more wheel
set bodies connected to the wheel flanges, are not suitable for
forming a variant-compatible test stand.
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[0015] In fact, in the solution according to the invention, it
is provided that the vehicle wheel or the vehicle wheels are
incorporated into the test stand, since it has been recognized
in the present case that, to realize a test stand concept which
is invariant with respect to vehicle variants, the roads them-
selves should serve as the excitation.

[0016] By virtue of the fact that, according to the invention,
an intentional departure has been made from a wheel-central-
point-coupled road simulation test stand and the introduction
of'the test forces and test moments takes place via the vehicle
tire(s), the simulation test stand according to the invention is
suitable for being variant-compatible. In other words, using
one and the same excitation signal which represents a vehicle-
independent road profile function, it is possible with the test
stand proposed in this document to test different vehicle types
or vehicle variants, wherein it is possible in particular to
dispense with vehicle-individual excitation functions for a
specific vehicle.

[0017] Inparticular, it is provided in the solution according
to the invention that the test stand has at least one wheel
contact plate which serves to receive a vehicle wheel of the
vehicle to be tested. Accordingly, in the solution according to
the invention, the introduction of force takes place not via the
wheel central point or the wheel central points but rather via
the wheel contact point itself. Secondly, the actuators of the
test stand engage on the wheel contact plate, such that the
vehicle wheel and the road excitation are incorporated into
the test stand according to the invention. This is the case
because, for different vehicle types or vehicle variants, the
roads constitute the actual invariant. In other words, in the test
stand according to the invention, the actuators which engage
on the wheel contact plate introduce the force flow via the
wheel contact point into the vehicle wheel and from there into
the vehicle, such that the real introduction mechanism of
road/vehicle wheel/vehicle is realized in the test stand.
[0018] The expression “wheel central point” (or “wheel
center”) used in this document is to be understood to mean the
point of intersection of the axis of rotation of the wheel with
the wheel central plane. In contrast, the expression “wheel
contact point” (or “center of tire contact™) is to be understood
to mean the point of intersection of the wheel central plane
with the vertical projection of the wheel axis of rotation onto
the roadway plane or the wheel contact plate.

[0019] Inthe solution according to the invention, therefore,
the vehicle to be tested, already equipped with tires, stands on
the respective wheel contact plates, wherein each wheel con-
tact plate can be moved relative to the foundation of the test
stand in a decided manner by means of actuators. Here, for
each wheel contact plate of the test stand, there is provided a
first actuator, connected at one side to the foundation of the
test stand and at the other side to the wheel contact plate, for
moving the wheel contact plate along a first axis, preferably
along the vertical axis, relative to the foundation of the test
stand. Accordingly, a decided vertical movement of the asso-
ciated wheel contact plate and therefore a lifting of the vehicle
wheel standing on the wheel contact plate is possible by
means of the first actuator. In particular, it is possible in this
way for the individual vehicle wheels to be lifted to different
extents if the test stand has a wheel contact plate with an
associated first actuator for each vehicle wheel.

[0020] The expression “actuator” used in this document is
to be understood to mean any motion control unit which
engages on the at least one wheel contact plate and which is
designed to move the wheel contact plate relative to the foun-
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dation of the test stand according to a predefined or predefin-
able event sequence. As actuators, consideration is given in
particular to servohydraulic or servopneumatic motion con-
trol units, that is to say units in which a hydraulically or
pneumatically actuable piston engages on the wheel contact
plate. It is however self-evidently also conceivable for the
motion control unit to have an electrically actuable piston or
the like.

[0021] To be able, by means of the test stand according to
the invention, to simulate the action of longitudinal and side
forces acting on the vehicle to be tested introduced into the
vehicle via a wheel contact point, it is provided in a preferred
embodiment that the wheel contact plate of the test stand is
notonly movable relative to the foundation of the test stand in
the vertical direction but rather is also rotatable about at least
one preferably horizontally running tilting axis. In a preferred
realization of the solution according to the invention, it is
provided here in particular that the wheel contact plate is
rotatable about a first preferably horizontally running tilting
axis and also about a second likewise preferably horizontally
running tilting axis, wherein the first tilting axis runs
obliquely, that is to say not parallel, and preferably perpen-
dicularly or at least substantially perpendicularly, with
respect to the second tilting axis.

[0022] The tilting or rotation of the wheel contact plate
about the first or second tilting axis relative to the foundation
of the test stand may be effected for example by means of
suitably arranged and designed actuators which are provided
in addition to the first actuator which—as already
explained—serves to move the wheel contact plate along a
first axis, preferably along the vertical axis, relative to the
foundation of the test stand. Said further actuators engage
preferably directly on the corresponding wheel contact plate.
[0023] Ina preferred realization of the test stand according
to the invention, it is provided that, firstly, the at least one
wheel contact plate is engaged on by the first actuator by
means of which the wheel contact plate can be moved in the
vertical direction relative to the foundation of the test stand,
and secondly, the wheel contact plate is engaged on by at least
one second actuator which serves to rotate the wheel contact
plate relative to the foundation of the test stand about a first
preferably horizontally running tilting axis. Said first tilting
axis may for example run parallel to the longitudinal axis of
the vehicle standing on the test stand. It is of course however
also conceivable here for the first preferably horizontally
running tilting axis to be an axis running perpendicular to the
longitudinal axis of the vehicle.

[0024] To be able, in the case of the latter preferred realiza-
tion of the test stand, to attain that the wheel contact plate can
be rotated relative to the foundation of the test stand about the
first tilting axis by means of the at least one second actuator,
it is provided that the first actuator, by means of which the
wheel contact plate can be moved in the vertical direction
relative to the foundation of the test stand, is connected to the
wheel contact plate in such a way that the wheel contact plate
can be rotated about the first tilting axis by means of the at
least one second actuator.

[0025] Ifthe first tilting axis about which the wheel contact
plate can be rotated by means of the at least one second
actuator runs parallel to the longitudinal axis of the vehicle, it
is therefore possible for side forces and moments to be intro-
duced into the vehicle wheel. In contrast, if the first horizon-
tally running tilting axis runs perpendicular to the longitudi-
nal direction of the vehicle, it is possible by means of a tilting
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movement of the wheel contact plate for longitudinal forces
to be introduced into the vehicle wheel via the wheel contact
point.

[0026] In order that the effect of longitudinal forces, side
forces and vertical forces on the vehicle can be simulated by
means of the test stand according to the invention, it is pref-
erably provided that the at least one wheel contact plate of the
test stand is both movable vertically relative to the foundation
of'the test stand and also rotatable both about a first preferably
horizontally running tilting axis and also about a second
preferably horizontally running tilting axis, the first tilting
axis running obliquely, that is to say not parallel, and in
particular perpendicularly, with respect to the second tilting
axis. Here, in a preferred realization of the test stand accord-
ing to the invention, it is provided that the test stand has, in
addition to the first actuator which serves for moving the
wheel contact plate preferably along the vertical axis, at least
one second actuator engaging on the wheel contact plate and
also at least one third actuator likewise engaging on the wheel
contact plate. The at least one second actuator engaging on the
wheel contact plate is designed to rotate the wheel contact
plate relative to the foundation of the test stand about a first
preferably horizontally running tilting axis, while the at least
one third actuator serves to rotate the wheel contact plate
about a second preferably horizontally running tilting axis,
the second tilting axis running obliquely with respect to the
first tilting axis and preferably perpendicular to the first tilting
axis.

[0027] With the latter embodiment of the test stand accord-
ing to the invention, it is possible to obtain in particular a
reproduction, accurate in terms of phase and amplitude, ofthe
vertical forces, longitudinal forces and lateral forces which
occur in real driving operation. Furthermore, the force flow
from the test stand via the wheel contact point of the vehicle
wheel into the vehicle reflects the real introduction mecha-
nisms from the road via the vehicle tires into the vehicle. As
a result of the wheel contact plate which is designed to be
tiltable, no external actuating devices (actuators) are required
to introduce longitudinal forces or lateral forces into the
vehicle. This results in a compact design of the device accord-
ing to the invention, as a result of which already known test
stands, such as four-plunger or multiple-plunger systems, can
be retrofitted without great expenditure.

[0028] Ina preferred realization, it is provided that the first
actuator has a hydraulically, pneumatically or electrically
actuable piston which is movable along the first axis (prefer-
ably vertical axis) relative to the foundation of the test stand,
the atleast one second and—ifprovided—also the at least one
third actuator being connected on the one hand to the piston
and on the other hand to the wheel contact plate. In this way,
it is possible to realize a high degree of correlation of the first
actuator with the vertical force and at the same time a corre-
spondingly high degree of correlation of the tilting angle with
the longitudinal or lateral force. It is accordingly possible to
make the “drive signal iteration” process mentioned at the
outset simpler and faster and, here, to make the activation
signals at least substantially independent of the vehicle vari-
ant. In particular, the tilting movement of the wheel contact
plate about the longitudinal or transverse axis of the vehicle
wheels can be correlated directly with an actuation of the at
least one second or of the at least one third actuator. The
activation signals of the actuators can therefore be interpreted
directly as an abstract test track profile.
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[0029] Itis conceivable for the first actuator to be connected
to the wheel contact plate via a joint arrangement which
allows a rotational movement of the wheel contact plate rela-
tive to the foundation of the test stand. In this way, the wheel
contact plate can be tilted in any desired directions with
respect to the vehicle wheels, and here, is not restricted only
to the longitudinal and transverse axes of the vehicle wheels.
Itis consequently possible to precisely set the direction of the
forces introduced into the vehicle and thereby reliably repro-
duce test track characteristics in a simple manner.

[0030] A suitable joint arrangement here is for example a
ball joint or a cardan joint. It is alternatively possible for the
joint arrangement to have a first rotary joint which allows a
rotational movement of the wheel contact plate about the first
preferably horizontally running tilting axis relative to the
foundation of the test stand, the joint arrangement preferably
also having a second rotary joint which allows a rotational
movement of the wheel contact plate about the second pref-
erably horizontally running tilting axis relative to the foun-
dation of the test stand.

[0031] In one realization of the test stand according to the
invention, the second and third actuators are designed in each
case as tilting cylinders and are articulatedly connected to the
first actuator, in particular to the deployable and retractable
piston of the first actuator. Accordingly, the inclination of the
wheel contact plate is defined directly by means of the differ-
ence between the cylinder travels of the tilting cylinders (sec-
ond and third actuators).

[0032] The second and third actuators are preferably
designed and arranged with regard to the wheel contact plate
such that the crossing point of the first and second tilting axes
in the non-deflected state of the wheel contact plate lies ver-
tically below a contact point of the vehicle wheel, such that
during tilting about the first and/or second tilting axis or about
the longitudinal axis and/or transverse axis of the vehicle, the
contact point remains in its position or is offset only mini-
mally, in particular with respect to the first axis (vertical axis).
Ifthe first and second tilting axes lie in a plane, such as would
be the case for example if the first actuator were connected to
the wheel contact plate by means of a ball joint, then the point
of intersection of the first and second tilting axes in the non-
deflected state of the wheel contact plate lies exactly verti-
cally below the contact point of the vehicle wheel.

[0033] In this way, tilting angles about the first and second
tilting axes and a deflection along the first vertical axis are
decoupled from one another. It is therefore made consider-
ably easier for the predetermined deflection along the first
axis and the tilt about the tilting axes to be defined from
measured data of a real test track.

[0034] To be able, using the test stand according to the
invention, to simulate the effect on the vehicle to be tested of
steering forces introduced into the vehicle via a wheel contact
point, it is provided in one embodiment that the wheel contact
plate of the test stand is also designed to be rotatable about an
axis of rotation D relative to the foundation of the test stand,
the axis of rotation D running obliquely with respect to the
first tilting axes and obliquely with respect to the second
tilting axis, and the test stand having a third rotary joint. The
axis of rotation D is preferably aligned substantially in the
direction of the vertical axis of the test stand.

[0035] The rotation of the wheel contact plate about the
axis of rotation D relative to the foundation of the test stand
may be effected for example by means of suitably arranged
and designed fourth actuators which are provided in addition
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to the first, second and third actuators. Said fourth actuators
preferably engage directly on the corresponding wheel con-
tact plate.

[0036] Said rotation about the axis of rotation D advanta-
geously allows a torque about the vertical axis of the wheel to
be introduced into the wheel contact point, and therefore also
makes it possible to simulate steering forces which may occur
during vehicle operation.

[0037] According to one advantageous refinement of the
test stand according to the invention, the support elements
have, at their edge regions, stop elements in the direction of
the transverse axis and in the direction of the longitudinal axis
of'the vehicle wheels. The tilting of the support element may
under some circumstances result in slipping of the vehicle
wheel on the support element. For this reason, it is advanta-
geous for stop elements to be provided on the edge regions of
the support element in order to limit the freedom of move-
ment of the vehicle wheels and of the vehicle.

[0038] To regulate the excitations introduced into the
vehicle, each individual actuator is preferably provided with
a travel sensor which acts for example inductively.

[0039] In one embodiment, the test stand has sensors
designed to measure the deflection along the first axis and the
tilting angle about the second and third axes and to output the
measured values as corresponding signal. A controller is pro-
vided which has a signal connection to the sensors and which
serves to compare the measured values with predetermined
setpoint values and activate the actuating devices such that the
deviation is regulated to a minimum value.

[0040] The controller is advantageously designed such that
the predetermined values for the deflection and the tilting are
assumed to be independent of load-induced properties of the
actuators.

[0041] Ifdifferent vehicle models are to be tested on the test
stand, then it is desirable to be able to convert the test stand
quickly and easily for the different vehicle types. To ensure
this, in a preferred realization of the solution according to the
invention, each wheel contact plate together with the associ-
ated motion control units (actuators) for the excitation of said
wheel contact plate is arranged on a base plate mounted so as
to be displaceable relative to the foundation. Each wheel
contact plate may thus be moved to the desired position
quickly and easily, without system-induced conflicts, by dis-
placing the corresponding base plate as a whole, in order
thereby to adjust the test stand to the required wheelbase and
track width values.

[0042] In a preferred realization of the solution according
to the invention, there is provided for each vehicle wheel a
wheel contact plate with a reception dish for receiving the
respective vehicle wheel. Each wheel contact plate is pro-
vided with motion control units (actuators) by means of
which fast changes in displacement per unit time can be
introduced into the wheel contact plate in the vertical, longi-
tudinal and transverse directions of the vehicle. Said intro-
duced forces and moments are then transmitted via the asso-
ciated reception dish to the vehicle wheel. The test stand
according to the invention therefore permits translatory exci-
tations of the vehicle in all three spatial directions and the
introduction of drive and braking moments, wherein said
excitations are introduced into the vehicle via the wheel con-
tact point of the vehicle wheel or the wheel contact points of
the vehicle wheels.

[0043] By usinga suitable control application, it is possible
by means of the test stand, aside from the translatory reactions
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of the vehicle in all three spatial directions, to also realisti-
cally reproduce the roll-pitch-yaw reactions to any desired
road states. The test stand is therefore suitable for example for
the temporally offset testing of a complete vehicle for partial
operational integrity defects, for defects in the use of connect-
ing elements, and for inadequate component clearances. In
particular, the test stand is therefore suitable as an auxiliary
aid during vehicle development in order to obtain an optimi-
zation of the vehicle’s own weight without losses in long-
term vehicle quality and robustness in real driving operation.
[0044] The reception dishes which receive the vehicle
wheels on the test stand and which effect the transmission of
the excitation states from the wheel contact plates via the
respective wheel contact points to the vehicle wheels are
expediently provided, on their base and side surfaces, with
rotatably mounted rolling bodies or rotatably mounted balls
or the like, such that the vehicle wheels are firstly held
securely in the reception dishes but secondly can oscillate
freely in their reception dishes. A consistent low level of
friction is obtained in this way.

[0045] To attain the highest possible degree of flexibility
with regard to the different vehicle types to be tested on the
test stand, it is advantageous for the wheel contact plates to be
provided with a three-dimensional mechanical grid-type
clamping system, which allows a displacement of the base
and/or side faces and therefore an adaptation of the reception
dishes to vehicle wheels of different diameter and of different
width (and for example also to a twinned arrangement of
tires).

[0046] Itis alternatively or additionally conceivable for the
reception dishes to be designed to be exchangeable in order to
provide the wheel contact plates with correspondingly
adapted reception dishes according to the diameter and/or the
width of the vehicle wheels.

[0047] The reception dishes may either be mounted prefer-
ably releasably on the corresponding wheel contact plates or
connected directly to the respective actuators. In the latter
case, the wheel contact plates themselves would thus be
designed as reception dishes.

[0048] Embodiments ofthe solution according to the inven-
tion will be described below on the basis of the appended
drawings, in which:

[0049] FIG. 1a shows a side view of a vehicle wheel stand-
ing on a wheel contact plate of a test stand according to a first
embodiment, the wheel contact plate being in a non-deflected
state;

[0050] FIG. 15 shows a side view of the vehicle wheel
standing on the wheel contact plate of the test stand according
to FIG. 14, the wheel contact plate being deflected relative to
the foundation of the test stand;

[0051] FIG. 1¢ shows a frontal view of the vehicle wheel
standing on the wheel contact plate of the test stand according
to FIG. 1a, the wheel contact plate being in a non-deflected
state;

[0052] FIG. 1d shows a frontal view of the vehicle wheel
standing on the wheel contact plate of the test stand according
to FIG. 14, the wheel contact plate being deflected relative to
the foundation of the test stand;

[0053] FIG. 2a shows a side view of a vehicle wheel stand-
ing on a wheel contact plate of a test stand according to a
second embodiment, the wheel contact plate being in a non-
deflected state;

[0054] FIG. 26 shows a side view of the vehicle wheel
standing on the wheel contact plate of the test stand according
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to FIG. 24, the wheel contact plate being deflected relative to
the foundation of the test stand;

[0055] FIG. 2¢ shows a frontal view of the vehicle wheel
standing on the wheel contact plate of the test stand according
to FIG. 2a, the wheel contact plate being in a non-deflected
state;

[0056] FIG. 2d shows a frontal view of the vehicle wheel
standing on the wheel contact plate of the test stand according
to FIG. 24, the wheel contact plate being deflected relative to
the foundation of the test stand;

[0057] FIG. 3a shows a side view of a vehicle wheel stand-
ing on a wheel contact plate of a test stand according to a third
embodiment; and

[0058] FIG. 36 shows a partial sectional view of the wheel
contact plate along the line A-A in FIG. 3a from below.
[0059] In the appended drawings, identical or functionally
identical components of the test stand are provided with the
same reference symbols.

[0060] Exemplary embodiments of the test stand according
to the invention will be described in more detail below with
reference to the appended drawings. The drawings illustrate
in each case only one wheel contact plate with the associated
actuator units. It is however self-evidently conceivable for the
test stand to have more than only a single wheel contact plate.
If complete vehicles are to be tested on the test stand, then it
is desirable for the test stand to have a wheel contact plate for
each vehicle wheel, wherein each wheel contact plate is
assigned corresponding actuators in order to be able to move
the individual wheel contact plates independently of one
another relative to the foundation of the test stand.

[0061] A first embodiment of the test stand 100 according
to the invention is shown in FIGS. 1a to 1d. As illustrated, the
test stand 100 has at least one wheel contact plate 2 for
receiving a vehicle wheel 1. Furthermore, for each wheel
contact plate 2 there is provided a first actuator 3a, 35 which
is connected at one side to the foundation 101 of the test stand
100 and at the other side to the wheel contact plate 2. The first
actuator 3a, 3b serves to move the wheel contact plate 2 along
a first axis L1 relative to the foundation 101 of the test stand
100. In the illustrated embodiment, the first axis L1 is the
vertical axis.

[0062] The first actuator 3a, 36 has a hydraulically, pneu-
matically or electrically actuable piston 35 which can be
deployed out of and retracted into a cylinder 3a. The upper
end region of the piston 34 is connected to the central point of
the wheel contact plate 2. In detail, for this purpose, use is
made of a joint arrangement 9 which is designed such that the
wheel contact plate 2 connected to the upper end region of the
piston 35 is rotatable about a first tilting axis K1 which runs
horizontally in the drawings.

[0063] The joint arrangement 9 by means of which the
upper end region of the piston 35 is connected to the wheel
contact plate 2 is on the other hand designed such that the
wheel contact plate 2 is also rotatable about a second tilting
axis K2 which runs horizontally in the drawings. As illus-
trated, the second tilting axis K2 runs preferably at right
angles to the first tilting axis K1.

[0064] To be able to effect a tilting movement of the wheel
contact plate 2 relative to the foundation 101 of the test stand
100, at least one second actuator 4, 5 is provided which
engages on the wheel contact plate 2 and which serves to
rotate the wheel contact plate 2 about the first tilting axis K1.
Use is also made of at least one third actuator 6, 7 which
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engages on the wheel contact plate 2 and which serves to be
ableto rotate the wheel contact plate 2 about the second tilting
axis K2.

[0065] In detail, in the embodiment illustrated in FIGS. 1a
to 1d, it is provided that a total of two second actuators 4, 5 are
used, said two actuators 4, 5 being arranged on both sides of
the first axis L1 and engaging in each case on the wheel
contact plate 2. In the embodiment illustrated in FIGS. 1a to
1d, use is nevertheless also made of two third actuators 6, 7
which are likewise arranged on both sides of the first axis L1
and engage in each case on the wheel contact plate.

[0066] Inthe illustrated embodiments, the second and third
actuators are designed in each case as pneumatically or
hydraulically actuable piston-cylinder arrangements. It is
however self-evidently also conceivable to use double-acting
piston-cylinder arrangements which can transmit both tensile
and also compressive forces to the wheel contact plate 2. In
this case, it is sufficient for in each case only one second
and/or one third actuator to engage on the wheel contact plate
2.

[0067] The first embodiment according to FIGS. 1a to 1d
differs from the embodiment illustrated in FIGS. 2a to 2d in
particular in that, in the first embodiment, the second and third
actuators 4, 5 and 6, 7 are connected to the piston 36 of the first
actuator in each case via a bridge element 11. In detail, the
respective second and third actuators 4, 5 and 6, 7 are in each
case connected to the bridge element 11, so as to be pivotable
about a horizontal axis, by means of a joint 10, such that
during the tilting of the wheel contact plate 2, the actuators 4,
5 and 6, 7 are pivotable in a vertical plane relative to the
foundation 101 of the test stand 100.

[0068] The embodiment of the test stand 100 according to
the invention illustrated in FIGS. 2a to 2d substantially cor-
responds to the embodiment described above with reference
to FIGS. 1ato 15, wherein here, however, the second and third
actuators 4, 5 and 6, 7 are not connected to the piston 36 of the
first actuator. In fact, it can be seen in the second embodiment
that the actuators 4, 5 and 6, 7 are connected at one side
directly to the foundation 101 of the test stand 100 and at the
other side to the wheel contact plate 2.

[0069] In the illustrated exemplary embodiments, the first
actuator 3a, 3b is designed in the form of a double-acting
cylinder-piston arrangement, wherein the piston 36 of the first
actuator can be pneumatically, hydraulically or electrically
deployed out of and retracted into the cylinder 35, which is
fixedly connected to the foundation 101 of the test stand 100,
in the vertical direction in order to be able to introduce vertical
forces via the wheel contact point into the vehicle wheel 1
positioned on the wheel contact plate.

[0070] Indetail, in the illustrated exemplary embodiments,
the piston 35 of the first actuator is connected to the wheel
contact plate 2 via a joint arrangement 9 which allows a
rotational movement of the wheel contact plate 2 relative to
the foundation 101 of the test stand 100. Here, the joint
arrangement is designed as a ball joint, wherein it is however
self-evidently also conceivable to use for example two rotary
joints connected to one another or a cardan joint etc.

[0071] The tilting of the wheel contact plate 2 about a
second tilting axis K2 (in this case the longitudinal axis of the
vehicle wheel 1) takes place by means of suitable activation of
the third actuators 6, 7. The wheel contact plate 2 can also be
rotated about the first tilting axis K1 (in this case the trans-
verse axis of the vehicle wheel 1) by virtue of the second
actuators 4, 5 being suitably activated. In the illustrated
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embodiments, the second and third actuators are designed in
each case as single-acting hydraulically or pneumatically
actuable cylinder-piston arrangements. The respective tilting
cylinder pairs are attached to opposite ends of the underside
of the wheel contact plate 2. Accordingly, the inclination of
the wheel contact plate 2 is defined directly by the difference
between the cylinder travels of the tilting cylinders. Upon
actuation of the second and third actuators 4, 5 and 6, 7, which
are designed in each case as a cylinder-piston arrangement,
the wheel contact plate 2 is inclined corresponding to the
difference between the piston travels of the cylinder-piston
arrangements.

[0072] It is self-evidently also possible instead of the pairs
of second and third actuators to use individual actuating
devices which act in both directions, such as for example
double-acting hydraulic cylinders.

[0073] Indetail, in the illustrated embodiments, the second
actuators 4, 5 are connected to the wheel contact plate 2 via a
joint arrangement 8, preferably via a cardan joint. Further-
more, the third actuators 6, 7 are likewise connected to the
wheel contact plate 2 via ajoint arrangement 8', preferably via
a cardan joint.

[0074] Furthermore—as already mentioned—in the first
embodiment according to FIGS. 1a to 1d, the second and third
actuators are articulatedly connected to a connecting element
11 which in turn is connected to the piston 35 of the first
actuator. This makes it possible for the test stand concept
proposed in this document to be transferred to conventional
four-plunger or multiple-plunger systems without great out-
lay.

[0075] The wheel contact point, that is to say the point of
intersection of the wheel central plane with the vertical pro-
jection of the wheel axis of rotation onto the wheel contact
plate 2, preferably lies above a crossing point of the first and
second tilting axes K1, K2. Therefore, during the tilting of the
wheel contact plate 2, the position of the wheel contact point
along the vertical axis (first axis [.1) does not change or
changes only minimally, and the movement along the vertical
axis L1 is decoupled from the tilting movements about the
tilting axes K1, K2. If—as is illustrated in the drawings—the
first axis [L1 is the vertical axis, then a tilting of the wheel
contact plate 2 about the longitudinal or transverse axis duly
results in force components being introduced into the vehicle
wheel 1 along said axes via the wheel contact point, but the
vehicle wheel 1 does not move along the first axis L1 because
the amplitude for said movement is proportional to the spac-
ing from the crossing point in the plane spanned by the tilting
axes K1, K2. If said spacing of the contact surface to the
crossing point is zero, then consequently the amplitude in the
direction of the first axis L1 is also zero. If the two tilting axes
K1, K2 lie in a plane, which would be the case for example if
the piston 35 of the first actuator were connected to the wheel
contact plate 2 via a ball joint, then the point of intersection of
the two tilting axes K1, K2 takes the place of the crossing
point.

[0076] FIGS.3aand3billustrate a further possible embodi-
ment of the present invention. In said embodiment, in addi-
tion to the vertical movement along the axis [.1 and the tilting
movements about the substantially horizontally aligned tilt-
ing axes K1 and K2, a rotation of the wheel contact plate 2
about an axis of rotation D which runs substantially parallel to
the vertical axis L1 is also permitted.

[0077] In detail, in said embodiment, the wheel contact
plate 2 of FIGS. 1 and 2 is replaced by a pedestal plate 14
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which, as already described, can be moved through the test
stand 100 vertically along the axis [.1 and tilted about the axes
K1 and K2. With regard to a rotation about the vertical axis
L1, the pedestal plate 14 is fixed with respect to the first
actuator 3a, 35 and therefore also relative to the foundation
101. Said pedestal plate 14 is in turn connected by means of a
third rotary joint 15 to the wheel contact plate 2 such that the
pedestal plate 14 and the wheel contact plate 2 can be moved
rotationally relative to one another about an axis of rotation D
which is aligned perpendicular to the planes spanned by the
pedestal plate 14 and the wheel contact plate 2. The pedestal
plate 14 and wheel contact plate may for example be con-
nected to one another by means of an axle or shaft.

[0078] The rotational movement may be effected, as illus-
trated in FIGS. 3a and 35, by means of fourth actuators 15, 16
which are designed as single-acting hydraulic cylinders. The
actuators 15, 16 are in engagement at one end with a fastening
bolt 18 attached to the pedestal plate 14. The other end of the
actuators is in engagement with a fastening bolt 19 attached to
the wheel contact plate 2. Since the actuators 16, 17 are
arranged laterally with respect to the axis of rotation D or the
third rotary joint 15, a force imparted by one of the four
actuators 16, 17 causes a torque about the axis of rotation D,
and a change in length of the actuators 16, 17 is converted into
a rotational movement of the wheel contact plate 2 relative to
the pedestal plate 14 and therefore relative to the foundation
101.

[0079] The actuators 16, 17 may, as already described for
the other actuators, be designed as hydraulic, electric or pneu-
matic actuators. If one of the actuators 16 is designed as a
double-acting cylinder, then the second of the fourth actuators
17 can be dispensed with. It is also possible to use actuators
which directly generate a rotational movement. These are for
example electric, hydraulic or pneumatic motors which
impart a torque to, and produce a rotational movement of;, the
wheel contact plate 2 directly or via a gearing.

[0080] It is advantageous, as described, for the pedestal
plate 14 to be connected directly to the wheel contact plate 2,
that is to say for only the elements required for the rotational
movement about the axis of rotation D to be arranged between
the pedestal plate 14 and wheel contact plate 2. The rotational
forces are usually lower than the vertical and tilting forces,
because said rotational forces are not determined by the
weight of the vehicle. The fourth actuators 16, 17 may there-
fore be designed to be smaller than the other actuators 3a, 35,
4,5, 6,7, and constitute a lower additional mass to be moved
by the first, second and third actuators.

[0081] Furthermore, in said arrangement, the rotational
movement about the axis of rotation D is decoupled from the
other movements and allows a simpler simulation, because
the rotational movement about D has no influence on the other
movements about K1, K2 or along 1.

[0082] From a design aspect, it may however also be expe-
dient for the pedestal plate 14 and the elements required for
the rotation about the axis of rotation D to be arranged
between the foundation and the first actuator 3a, 3b or
between the first actuator 3a, 36 and the second actuators 4, 5
and third actuators 6, 7. In this case, the coupling of the
rotational movement about the axis of rotation D to the tilting
and longitudinal movements must be compensated by means
of suitable activation of the other actuators.

[0083] Asindicatedinthe drawings, the wheel contact plate
2 may have stop elements at its edge region. The stop ele-
ments run preferably in the direction of the longitudinal axis
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and/or of the transverse axis of the vehicle wheel 1, and serve
to prevent the vehicle wheel 1 from sliding off the wheel
contact plate 2 during the operation of the test stand 100. The
stop elements are self-evidently not wheel fixing means, such
that the dynamic natural oscillation behavior of the roadway/
tires/chassis system can be realistically simulated.

[0084] The test stand 100 according to the invention is
characterized in that the respective wheel contact plates 2 can
betilted about the transverse axis K1 and the longitudinal axis
K2 ofthe vehicle wheel 1 relative to the foundation 101 of the
test stand 100. Here, a longitudinal force can be generated by
means of the tilting movement about the transverse axis
(=first tilting axis K1), whereas a side force can be generated
by means of the tilting about the longitudinal axis (=second
tilting axis K2).

[0085] In particular, it is possible by means of the solution
according to the invention for significant longitudinal and
lateral forces to be introduced directly into the vehicle wheel
1, thereby allowing a reproduction of longitudinal and side
forces which is accurate in terms of phase and amplitude.
Since the excitation forces are introduced into the vehicle
from the wheel contact plate 2 via the vehicle wheel 1, a real
introduction mechanism is reproduced.

[0086] The central position of the wheel contact plate 2
correlates directly to the displacement travel or cylinder travel
of'the first actuator 3a, 36 (vertical cylinder) and the inclina-
tion of the wheel contact plate correlates directly to the dif-
ference between the cylinder travels of the tilting cylinders
(second and third actuators). The activation signals of the
actuators can therefore be interpreted directly as an abstract
road profile. It is therefore possible for the activation signals
to be directly transferred from a first vehicle type to a modi-
fied second vehicle type. Accordingly, the test stand principle
disclosed in this document is variant-compatible.

[0087] Since the components required for realizing the tilt-
able wheel contact are relatively small, and in particular since
no additional externally acting actuators are required, the test
stand 100 according to the invention is suitable even for
vehicles having more than two axles. Furthermore, if neces-
sary even existing four-plunger or multiple-plunger systems
can be easily retrofitted because the solution according to the
invention is characterized firstly by its modular design and
secondly by the separation of the tilting mechanism from the
vertical cylinder (=first actuator 3a, 3b). Conversely, a con-
ventional four-plunger system can be adapted by deactivating
the tilting movement.

[0088] Furthermore, an additional advantage is that intense
decoupling of the excitations is attained, because there is on
the one hand a high degree of correlation of the cylinder travel
of'the vertical cylinder (=first actuator 3a, 36) and on the other
hand a high degree of correlation of the tilting angle to the
longitudinal and side forces.

[0089] The solution according to the invention is not
restricted to the embodiments described above with reference
to the drawings, but rather emerges from a juxtaposition of all
the features disclosed herein.

[0090] In particular, the drawings show in each case only a
single wheel contact plate 2 with a single vehicle wheel 1
positioned thereon. The test stand 100 according to the inven-
tion may in contrast have a multiplicity of wheel contact
plates 2 with associated actuator units, wherein the number of
wheel contact plates 2 preferably corresponds to the number
of wheels 1 of the vehicle to be tested. It would however also
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be possible for a test stand 100 according to the invention to
be provided for example only for a single vehicle axle or
wheel suspension.

1. A test stand (100) for the simulation of forces and
moments introduced into a motor vehicle or into parts of a
motor vehicle during driving operation, the test stand (100)
having the following:

at least one wheel contact plate (2) for receiving a vehicle

wheel (1); and
at least one first actuator (3a, 3b), connected at one side to
the foundation (101) of the test stand (100) and at the
other side to the wheel contact plate (2), for moving the
wheel contact plate (2) along a first axis (I1), preferably
along the vertical axis, relative to the foundation (101) of
the test stand (100), the at least one first actuator (3a, 35)
being connected to the wheel contact plate (2) in such a
way that the wheel contact plate (2) is rotatable about a
first preferably horizontally running tilting axis (K1);

the test stand (100) also having at least one second actuator
(4, 5), engaging on the wheel contact plate (2), for rotat-
ing the wheel contact plate (2) about the first preferably
horizontally running tilting axis (K1); and

the at least one first actuator (3a, 35) being connected to the

wheel contact plate (2) via a joint arrangement (9) which
allows a rotational movement of the wheel contact plate
(2) relative to the foundation (101) of the test stand
(100).

2. The test stand (100) as claimed in claim 1,

the joint arrangement (9) having a ball joint or a cardan

joint.

3. The test stand (100) as claimed in claim 1, the joint
arrangement (9) having a first rotary joint which allows a
rotational movement of the wheel contact plate (2) about the
first preferably horizontally running tilting axis (K1) relative
to the foundation (101) of the test stand (100).

4. The test stand (100) as claimed in claim 3,

the joint arrangement (9) also having a second rotary joint

which allows a rotational movement of the wheel con-
tact plate (2) about the second preferably horizontally
running tilting axis (K2) relative to the foundation (101)
of'the test stand (100).

5. The test stand (100) as claimed in claim 1, the test stand
(100) having two second actuators (4, 5) which are arranged
on both sides of the first axis (L.1) and engage in each case on
the wheel contact plate (2).

6. The test stand (100) as claimed in claim 1, the first
actuator (3a, 3b) having a hydraulically, pneumatically or
electrically actuable piston (35) which is moveable along the
first axis (L1) relative to the foundation (101) of the test stand
(100), and the at least one second actuator (4, 5) being con-
nected on the one hand to the piston (36) and on the other hand
to the wheel contact plate (2).

7. The test stand (100) as claimed in claim 1, the test stand
(100) also having at least one third actuator (6, 7), engaging
on the wheel contact plate (2), for rotating the wheel contact
plate (2) about a second preferably horizontally running tilt-
ing axis (K2), the second tilting axis (K2) running obliquely
with respect to the first tilting axis (K1) and preferably per-
pendicularly with respect to the first tilting axis (K1).

8. The test stand (100) as claimed in claim 7,

the test stand (100) having two third actuators (6, 7) which

are arranged on both sides of the first axis (L.1) and
engage in each case on the wheel contact plate (2).
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9. The test stand (100) as claimed in claim 1, the joint
arrangement (9) having a third rotary joint (15) which allows
a rotational movement of the wheel contact plate (2) about an
axis of rotation (D) relative to the foundation (101) of the test
stand (100), the axis of rotation (D) running obliquely with
respect to the first tilting axis (K1) and obliquely with respect
to the second tilting axis (K2).

10. The test stand (100) as claimed in claim 9,

the test stand (100) also having at least one fourth actuator

(16, 17), engaging on the wheel contact plate (2), for
rotating the wheel contact plate (2) about the axis of
rotation (D), and

the at least one fourth actuator (16, 17) being connected on

the one hand to the piston (35) and on the other hand to
the wheel contact plate (2).

11. The test stand (100) as claimed in claim 7, the first
actuator (3a, 3b) having a hydraulically, pneumatically or
electrically actuable piston (35) which is moveable along the
first axis (L1) relative to the foundation (101) of the test stand
(100), and the at least one third actuator (6, 7) being con-
nected on the one hand to the piston (36) and on the other hand
to the wheel contact plate (2).

12. The test stand (100) as claimed in claim 1, the at least
one second actuator (4, 5) being connected to the wheel
contact plate (2) via a joint arrangement (8), preferably via a
cardan joint; and/or the at least one third actuator (6, 7) being
connected to the wheel contact plate (2) via a joint arrange-
ment (8'), preferably via a cardan joint.

13. The test stand (100) as claimed in claim 1, the first
actuator (3a, 3b) and/or the second actuator (4, 5) and/or the
third actuator (6, 7) and/or the fourth actuator (16, 17) having
in each case a double-acting hydraulic or pneumatic cylinder.

14. The test stand (100) as claimed in claim 1, the at least
one wheel contact plate (2) having a reception dish for receiv-
ing the vehicle wheel (1).

15. The test stand (100) as claimed in claim 14,

the reception dish having bodies, in particular rolling bod-

ies or balls, mounted rotatably on its base and/or side
faces.

16. The test stand (100) as claimed in claim 14,

the reception dish having a mechanical grid-type clamping

system for displacing the base and/or side faces of the
reception dish for the purpose of adapting the reception
dish to tires of different diameter and of different width.

17. The test stand (100) as claimed in claim 14,

the reception dish being connected releasably to the wheel

contact plate (2).

18. The test stand (100) as claimed in claim 14,

the wheel contact plate (2) being designed as a reception

dish.

19. The test stand (100) as claimed in claim 1, the test stand
(100) also having at least one sensor for measuring a deflec-
tion of the wheel contact plate (2) along the first axis (1)
and/or for measuring a rotational movement of the wheel
contact plate (2) about the first and/or the second tilting axis
(K1, K2) and/or about the axis of rotation (D).

20. The test stand (100) as claimed in claim 19,

the test stand (100) also having at least one controller

which is designed to activate the appropriate actuators as
a function of the deflection or rotational movement
detected by the at least one sensor and as a function of
predetermined or predeterminable setpoint values for
the deflection or rotational movement.
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