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Description

[0001] This application claims the benefit of the filing
date of European Patent Application No. 08002954.9
filed February 18, 2008, the disclosure of which is hereby
incorporated herein by reference.

[0002] The invention relates to a device for investigat-
ing a collision between a test body and a physical struc-
ture.

[0003] Beyond this, the invention relates to a method
of investigating a collision between a test body and a
physical structure.

[0004] Moreover, the invention relates to a program
element.
[0005] Furthermore, the invention relates to a compu-

ter-readable medium.

[0006] Physical tests for simulating a crash between a
vehicle and pedestrians or a vehicle and its occupants
are a powerful tool for developing improvements of tech-
nical devices and may be helpful in product development
and failure analysis.

[0007] Various legal and industrial regulations exist
which need to be fulfilled in order to accept a vehicle as
sufficiently safe. Examples are 2003/102 EG, EEVC
WG17, FMVSS, ACEA, JAMA, or EuroNCAP. Directive
2003/102 EG, for instance, regards the protection of pe-
destrians and other vulnerable road users before and in
the event of a collision with a motor vehicle.

[0008] DE 103 39 409 discloses a shooting device for
accelerating a test body under pre-selected conditions
against a fixed object, which is part of a vehicle, in an
acceleration direction. The test body has a linear moving
carrier on which it is held using a mounting. The carrier
is linked with the inductor cam of a linear motor to permit
control of its firing velocity. The cam moves along a re-
action bar that is parallel to the carrier guide.

[0009] DE 101 04 192 discloses a holder which holds
a test body. The holder is provided with a carrier which
can be accelerated. The carrier can be selectively oper-
ated in either a free-flight mode or a guided mode. At
least part of the accelerated carrier carrying the holder
is movable in the guided mode until the test body collides
with the object, and can be braked in the free-flight mode
prior to the collision.

[0010] However, conventional crash test systems may
be inaccurate, time consuming or inconvenient in use.
[0011] Itis an object of the invention to provide a crash
test system which provides for a sufficiently fast and ac-
curate data accumulation and which is operable conven-
iently by a user.

[0012] In order to achieve the object defined above, a
device for investigating a collision between a test body
and a physical structure, a method of investigating a col-
lision between a test body and a physical structure, a
program element, and a computer-readable medium ac-
cording to the independent claims are provided.

[0013] According to an exemplary embodiment of the
invention, a device for investigating (or controlling) a col-
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lision between a test body (such as a technical member
having similar properties as a human or a body part of a
human) and a physical structure (such as a car or car
components or any other vehicle) is provided, wherein
the device comprises a mounting unit (such as a recep-
tacle) for mounting the test body (for instance, corre-
sponding provisions may be made at the mounting unit
and at the test body allowing to mount the test body suf-
ficiently firm to guarantee that the test body follows a
motion of the mounting unit and sufficiently loose that the
test body continues a motion and is separated from the
mounting unit when a certain threshold force is exceeded
or a respective trigger is initiated), an electric drive unit
(particularly one or more linear electric motors) adapted
for mechanically driving the mounting unit and the test
body mounted thereon, and a control unit (which may,
for instance, operate in accordance with a predefined
operation scheme or a user-defined operation scheme)
adapted for controlling the electric drive unit to accelerate
the test body mounted on the mounting unit (for instance
in such a manner that the test body has a target velocity
in atarget direction at a target position) and for controlling
release of the test body from the mounting unit (for in-
stance in a manner that the mounting unit and the test
body do not continue joint or mutual motion with the
mounting) to direct the accelerated test body towards the
physical structure for collision.

[0014] According to another exemplary embodiment
of the invention, a method of investigating a collision be-
tween a test body and a physical structure is provided,
wherein the method comprises mechanically driving a
mounting unit and a test body mounted thereon by an
electric drive unit, and controlling the electric drive unit
to accelerate the test body mounted on the mounting unit
and to release the test body from the mounting unit to
direct the accelerated test body towards the physical
structure for collision.

[0015] According to yet another exemplary embodi-
ment of the invention, a computer-readable medium (for
instance a CD, a DVD, a USB stick, a floppy disk or a
harddisk) is provided, in which a computer program of
investigating a collision between a test body and a phys-
ical structure is stored which, when being executed by a
processor, is adapted to control or carry out a method
having the above mentioned features.

[0016] According to still another exemplary embodi-
ment of the invention, a program element (for instance a
software routine, in source code or in executable code)
of investigating a collision between a test body and a
physical structure is provided, which program element,
when being executed by a processor, is adapted to con-
trol or carry out a method having the above mentioned
features.

[0017] Data processing for crash test purposes which
may be performed according to embodiments of the in-
vention can be realized by a computer program, that is
by software, or by using one or more special electronic
optimization circuits, that is in hardware, or in hybrid form,
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that is by means of software components and hardware
components.

[0018] The term "physical structure" may particularly
denote any object (particularly any technical apparatus,
member, or a portion thereof) in the real world which may
be under development or analysis and shall therefore be
investigated by a collision test. Thus, during the analysis,
a physical property of the physical structure may be in-
vestigated. Such a physical structure may be a vehicle,
particularly a car, which may require to pass certification
tests to be approved or to meet industrial or legal stand-
ards regarding quality or safety.

[0019] The term "test body" may particularly denote a
physical structure in the real world which can simulate a
possible partner or victim of a collision, for instance a
body or a body part of a human being or an animal. Thus,
the size, the weight, the shape and/or an orientation with
respect to the physical structure may be configured for
the purpose of a realistic crash simulation in accordance
with anatomical frame conditions.

[0020] The term "electric drive unit" may particularly
denote any electric motor which directly generates a
force directly exerted on the mounting unit and, in turn,
on a test body mounted on the mounting unit, particularly
without interconnecting or interposing a hydraulic or
pneumatic force generator between drive unitand mount-
ing unit. Thus, the device may be free of a hydraulic or
pneumatic component. Hence, such an electric drive unit
may be an engine for doing work using electricity, or a
motor that converts electricity (preferably directly) to me-
chanical work.

[0021] According to an exemplary embodiment of the
invention, a crash test device may be provided which
brings a test body to a velocity with respect to a (for in-
stance in a lab system spatially fixed) physical structure
such as a car or any other vehicle, so as to perform a
collision or crash between the test body and the physical
structure (under well-defined conditions) as it may occur
in a real world accident between a pedestrian/car occu-
pant and a vehicle. By providing an electric drive unit
such as an electric motor for performing the acceleration,
a proper control or regulation of the velocity characteris-
tics is possible so that a better control of the motion char-
acteristics of the test body may be achieved as compared
to conventional approaches in which pneumatic or hy-
draulic drives are implemented.

[0022] Thus, an electrically driven test bench or testing
station may be provided for improving the reliability of a
vehicle safety test. By taking this measure, a controlled
or regulated velocity pattern may be achieved without
the necessity to define a test matrix or to perform com-
parison tests. The test and the results may be more pre-
cise and may be essentially independent of the environ-
mental temperature. It may be possible to make the test
procedure faster and to reduce the times required for
changeover or recalibration of the system. The operation
safety may be very high and the operation may be user-
convenient and may involve only a very small effort for
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maintenance.

[0023] Next, further exemplary embodiments of the de-
vice will be explained. However, these embodiments also
apply to the method, to the program element and to the
computer-readable medium.

[0024] The device may be adapted so that the mount-
ing unit and the test body mounted thereon are mechan-
ically driven exclusively by the electric drive unit. In other
words, a purely electric drive mechanism may be imple-
mented. No non-electric drive mechanism are imple-
mented in such an embodiment. The entire drive energy
or drive power for moving the mounting unit may be pro-
vided by the electric drive mechanism in such an embod-
iment. In such an embodiment, the drive mechanism may
be free of any non-electric drive components, particularly
may be free of any pneumatic drive component. The me-
chanical drive mechanism for mechanically driving the
mounting unit and the test body mounted thereon may
consist of an electric drive unit. By such a measure, it
may be dispensible to implement complex and expensive
pneumatic drive systems. In an embodiment, all energy
required for a coarse and a fine control of a sequence of
phases with different acceleration characteristics may be
provided by an electric drive unit which may have one or
more linear motors.

[0025] The mounting unitmay be adapted for mounting
at least one test body of the group consisting of a test
body simulating a human head, a test body simulating a
head of an adult, a test body simulating a head of a child,
a test body simulating a hip of a human, a test body sim-
ulating a leg of a human, and a set of test bodies simu-
lating different body portions of a human. The mounting
unit may be adapted for mounting a test body which may
be a test body simulating a head of an adult, a test body
simulating a head of a child, a test body simulating a hip
of a human, and/or a test body simulating a leg (for in-
stance a leg) of a human. For this purpose, a specific
provision may be taken at the mounting unit to allow to
fasten or attach the corresponding test body thereto. One
mounting unit may be adapted for mounting different test
bodies so that one and the same test device may be used
for testing with different test bodies, for instance five test
bodies which may be required by legal provisions for ap-
proval of vehicles, namely three head simulating test bod-
ies, one hip simulating test body and one leg simulating
test body.

[0026] The device may comprising at least one test
body of the group consisting of a test body simulating a
human head, a test body simulating a head of an adult,
a test body simulating a head of a child, a test body sim-
ulating a hip of a human, a test body simulating a leg of
a human, and a set of test bodies simulating different
body portions of a human. The device may further com-
prise one or more of the previously mentioned test bodies
which may be specifically adapted to correspond to re-
spective fastening provisions at the mounting unit for
mounting the test body. The mounting of a test body at
the mounting unit may be so that upon exertion of forces
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below a threshold value, the test body follows the motion
of the mounting unit. When the threshold force is exceed-
ed, the test body may be however released from the
mounting unit so that the test body moves towards the
physical structure such as a vehicle under examination.
Such a sudden force impact may be initiated by a sudden
deceleration of the mounting unit which may be realized
by a braking operation of the electric motor or by an ob-
stacle or a barrier in the motion direction of the mounting
unit which stops the motion of the mounting unit upon
collision therewith.

[0027] Alternatively, it is also possible that the mount-
ing unit and the test body are firmly fixed to one another
during the acceleration phase. Release of the test body
from the mounting unit may then be triggered by a specific
mechanical or electric signal. For instance, such a signal
may generate an electric or magnetic force which has
the impact that the previously fixed connection between
mounting unitand test unitis released. Alternatively, such
a signal may generate or remove a mechanical force
which has the impact that the previously fixed connection
between mounting unit and test unit is released. Such a
mechanical force may be a force which removes a pre-
vious locking or engagement between mounting unit and
test body.

[0028] The mounting unit may be adapted for substi-
tutably mounting different test bodies. The mounting unit
may be adapted for substitutably/detachably mounting
different test bodies. Thus, a kit or construction set may
be provided comprising different test bodies and one
mounting unit which is configured for mounting each in-
dividual one of the test bodies, one at a time. Therefore,
different tests may be carried out one after the other with
the different test bodies using the same mounting unit. It
is also possible to provide a plurality of mounting units
adjusted to different ones of the test bodies.

[0029] The electric drive unit may comprise an electric
linear motor. A linear motor may be a multiphase alter-
nating current (AC) electric motor that has had its stator
"unrolled" so thatinstead of producing a torque (rotation),
it produces a linear force along its length. One mode of
operation is a Lorenz type actuator in which the applied
force is linearly proportional to the current and the mag-
netic field. Such a linear motor, for instance a high ac-
celeration linear motor, may be relatively short and may
be designed to accelerate an object up to a high speed
and thenrelease the object. When implementing an elec-
tric linear motor in the collision simulation device, a high
accuracy may be achieved.

[0030] The control unit may be adapted for controlling
the electric drive unit to accelerate the test body in ac-
cordance with a predefined velocity profile and/or accel-
eration profile. The control unit may be adapted for con-
trolling the electric drive unit to accelerate the test body
in accordance with a predefined velocity profile (or in ac-
cordance with a predefined acceleration profile). A large
variety of different velocity profiles may be defined by a
user so as to allow to operate the device in accordance
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with user preferences.

[0031] Particularly, the control unit may be adapted for
controlling the electric drive unit.to accelerate the test
body in accordance with a predefined trapezoidal velocity
profile (which may have a slowly rising edge followed by
a plateau followed by a fast falling edge). Such a profile
is shown, for instance, in Fig. 2. A trapezoidal velocity
profile may start with a linearly increasing velocity, fol-
lowed by a plateau in which the velocity is constant over
time, then followed by a linear reduction of the velocity
which may have a slope being higher than the slope in
the rising part of the trapezoidal velocity profile. Such a
profile may allow for a proper acceleration scheme to
define accurate conditions when the test body leaves the
mounting unit.

[0032] The control unit may be adapted for controlling
the electric drive unit to shoot the accelerated test body
towards the physical structure for collision. Thus, when
the test body is released from the mounting unit, the test
body may freely move in space only under the influence
of forces of gravitation starting with the predefined veloc-
ity, to thereby fly towards the collision partner, namely
the physical structure, in accordance with a specificangle
(which may be an angle between a force vector of the
test body at the time of collision and a surface portion of
the physical structure at the position of collision).
[0033] The control unit may be adapted for controlling
the electric drive unit to direct the accelerated test body
towards the physical structure under an adjustable angle.
Therefore, it is not necessarily the case that the control
unit releases the test body in a horizontal direction, but
any inclined angle with regard to a horizontal direction
may be adjusted in the device to increase the degree of
freedom regarding tests carried out.

[0034] The device may comprise a stator or support
on which the mounting unitis movable along a predefined
trajectory. Such a support may be a table or any other
substrate which may be assembled statically in an es-
sentially vibration-free manner and which defines a (for
instance linear) trajectory along which the accelerated
mounting unit is moved.

[0035] Particularly, the support may comprise a guide
rail along which the mounting unit may be movable to
follow the predefined trajectory. Thus, the mounting unit
may be guided in a slidable manner along the guide rail
which thereby defines the motion direction very accurate-
ly.

[0036] The device may comprise a measurement unit
adapted for measuring data indicative of a motion of the
test body mounted on the mounting unitand for supplying
the measurement data to the control unit as a basis for
controlling the electric drive unit. Particularly, the meas-
urement unit may perform a longimetry measurement of
the test body mounted on the mounting unit. When cor-
responding data sets (parameter pairs of time and posi-
tion) are reported to the control unit, the control unit may
verify or monitor whether the present motion character-
istic is appropriate or whether a modification of the reg-



7 EP 2 245 438 B9 8

ulation is necessary.

[0037] The device may comprise an analysis unit
adapted for detecting and evaluating collision data indic-
ative of a collision between the test body and the physical
structure. Such an analysis unit may comprise a camera
for capturing images or a video of the collision for sub-
sequent evaluation. It is further possible that such an
analysis unit comprises one or more sensors positioned
atorinthe testbody and/orin the physical structure which
allows to measure parameters characterizing the colli-
sion. Such an evaluation or analysis unit may be incor-
porated in the device so as to provide an integrated so-
lution for a crash simulation system.

[0038] The electric drive unit may comprise a plurality
of electric linear motors to be operated parallel (timely
and/or spatially) to one another and in a synchronized
manner. It has been surprisingly recognized that, for spe-
cific high power shooting experiments, it might be insuf-
ficient to use only a single electric linear motor to obtain
the required high power values. Therefore, it is possible
to provide a multitude of electric linear motors, for exam-
ple three, four or more, the operation of which are to be
synchronized so as to obtain a sufficiently powerful ac-
celeration of the test body. Particularly, the acceleration
force provided by such an electric drive unit may be at
least 1000 N, particularly may be at least 1500 N, more
particularly may be at least 2000 N. A force of such a
magnitude may be provided by a plurality of linear motors
together. Particularly, a software routine for controlling
the electric linear motors may be particularly specified
so as to synchronize properly the acceleration contribu-
tions of the individual linear motors. Such a software rou-
tine may be configured to enable a switching of the indi-
vidual linear motors parallel in time. The linear motors
may be connected in series. In contrast to conventional
approaches, the entire acceleration power or energy may
be provided by the electric drive unit according to an ex-
emplary embodiment of the invention.

[0039] In an embodiment, the control unit may be
adapted for controlling the electric drive unitto accelerate
the test body during a first time interval, to regulate a
constant velocity of the test body during a second time
interval succeeding the first time interval, and to decel-
erate the test body during a third time interval succeeding
the second time interval. During the first time interval, the
velocity of the test body may be increased, during the
second time interval the velocity of the test body may be
maintained at a desired target value, and during the third
time interval, a negative acceleration may be impacted
on the test body to thereby brake the mounting unit so
that the test body can be released from the mounting unit.
[0040] In an embodiment, the device may be adapted
so that, exclusively by the electric drive unit, the mounting
unit and the test body mounted thereon are accelerated
during the first time interval, moved with the constant
velocity during the second time interval and decelerated
during the third time interval. Therefore, all three cycles
of an acceleration-forceless operation-deceleration se-
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quence may be powered only by the electric drive unit
alone which therefore acts as the only power supply for
adjusting velocity of mounting unit/test body. In an em-
bodiment, exclusively linear motors are employed for ac-
celerating (a>0), regulating the velocity and decelerating
(a<0). No pneumatic and hydraulic components are nec-
essary in such embodiments.

[0041] The mounting unit may comprise a first fasten-
ing member (such as a recess or a protrusion) adapted
for being engaged with a cooperating second fastening
member (such as a protrusion or a recess) of the test
body for mounting the test body on the mounting unit.
[0042] More specifically, the mounting unit may com-
prise a recess for receiving a protrusion (such as a pin)
of the test body for mounting the test body on the mount-
ing unit. Therefore, an accommodation space may be
formed in the mounting unit which is configured for re-
ceiving a protrusion of the test body which may be shaped
and dimensioned in accordance with the recess. For as-
sembling, the test body may be simply plugged on the
mounting unit using cooperating fastening elements pro-
vided at mounting unit and test body.

[0043] In an embodiment, the test body may form part
of the device.
[0044] The mounting unit may comprise a magnetic

field generating unit for generating a magnetic field in the
recess for receiving, by means of an attracting magnetic
force, the protrusion being made of a magnetic material.
Inanembodimentin which the mounting unithas arecess
and the test body has a pin, the mounting unit may com-
prise a magnetic field generating unit (which may be lo-
cated around the recess) for generating a magnetic field
in and optionally around the recess. The protrusion of
the test body may comprise a magnetic material (for in-
stance a permanent magnet) which may be attracted by
means of an attracting magnetic force provided by the
magnetic field generating unit. It may be preferred that
the magnetic field generating unit is an electromagnet
which may controllably and selectively generate a mag-
netic field only upon powering the electromagnet. Thus,
for maintaining the test body attached to the mounting
unit, the attracting magnetic force may be switched on.

[0045] Stillreferring to the above embodiment, the con-
trol unit may be adapted for activating the magnetic field
generating unit for generating the magnetic field resulting
in the attracting magnetic force in the recess before
(and/or during) accelerating the test body mounted on
the mounting unit. The magneticfield generating unitmay
be deactivated for switching off the attracting magnetic
field when accelerating and/or releasing the test body
from the mounting unit. For instance, the magnetic field
may be switched on when the mounting unit and the test
body rest at the device, whereas the magnetic field may
be switched off when the mounting unit and the test body
move relative to a stator of the device. Therefore, the
control unit may for example send an electric activation
currentto the electromagnet so as to generate a magnetic
field which attracts the pin (which can be made of a fer-
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romagnetic material such as iron, nickel or cobalt or the
like). Hence, before carrying out the experiment and/or
during the acceleration phase at which the test body is
to be mounted fixedly on the mounting unit, the magnetic
field supports the stable configuration. At the latest at the
moment at which the test body is released from the
mounting unit, such a magnetic field may be switched off
because the maintenance of such a magnetic field would
reduce the velocity of the test body when leaving the
mounting unit. In order to further promote the release of
the test body from the mounting unit, it is even possible
that the magnetic field generated by the magnetic field
generating unit changes sign at the moment of releasing
the test body, so that a repelling magnetic force is gen-
erated for promoting release of the test body from the
mounting unit.

[0046] The mounting of the test body on the mounting
unitmay be exclusively accomplished by a force resulting
from form closure of the recess with the protrusion in
combination with the magnetic field attracting the mag-
netic protrusion of the testbody. The mounting force hold-
ing the test body on the mounting unit (before the release)
may be exclusively accomplished by a form closure of
the recess with the pin in combination with the magnetic
field attracting the magnetic pin of the test body. Hence,
no further force components in addition to the positive
locking between pin and recess (or any other two coop-
erating fastening elements) in combination with the at-
tracting magnetic force may be sufficient for a mechan-
ically stable configuration.

[0047] Inanembodiment, a counterweight may be pro-
vided at the device which may be configured to be me-
chanically driven (for instance only) upon mechanically
driving the mounting unit and the test body mounted ther-
eon along a moving direction being oppositely oriented
with regard to the moving direction of the mounting unit
and the test body mounted thereon. In other words, the
counterweight may compensate mechanical forces act-
ing on the device upon accelerating mounting unit and
test body along one direction. When moving the coun-
terweight in an opposite direction, a balancing of such
forces on the device may be achieved so that the device
can be operated smoothly. Such a counterweight is par-
ticularly advantageous when the mounting unit and the
test body are arranged at a lateral side surface of the
device. In such a scenario, it may be advantageous to
arrange the counterweight at an opposing side surface
of the device. When the mounting unit moves in a forward
direction, the balance weight would move in a backward
direction, and vice versa. In other words, a motion of both
the mounting unit and the counterweight may be execut-
ed along a longitudinal extension of the (for instance ob-
long) device. Projected on this longitudinal axis, the
mounting unit may move from a first position (starting
position of the mounting unit) to a second position (des-
tination position of the mounting unit), whereas the coun-
terweight may move simultaneously from the second po-
sition (starting position of the counterweight) to the first
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position (destination position of the counterweight). With
such a configuration, a spatially compact device may be
obtained which can be operated without disturbing shak-
ing or oscillating due to uncompensated forces.

[0048] A mass of the counterweight may equal or may
be identical to a mass of the test body (considering the
mass of the mounting unit). In other words, the counter-
weight may be configured to have a mass which balances
out mechanical loads acting on the device as a conse-
quence of the moving test unit/mounting unit.

[0049] The device may comprise aforce converter me-
chanically coupling the counterweight with the mounting
unit and the test body mounted thereon so that the force
converter converts a force acting on the mounting unit
and the test body mounted thereon to a converted force
acting on the counterweight. Due to a corresponding mo-
tion coupling of the mounting unit and the counterweight,
it is possible to move both the mounting unit and the
counterweight by one and the same drive, i.e. by the elec-
tric drive unit. Therefore, it may be dispensable to use
any additional drive for driving the counterweight. This
allows for a compact device, and also eliminates any syn-
chronizing effort for synchronizing motion of the counter-
weight and the mounting unit, because this is achieved
automatically.

[0050] Particularly, the force converter may comprise
a cable pull mechanism having a cable connecting the
counterweight with a mounting unit to reverse a force
vector acting on the mounting unit and the test body
mounted thereon into an inverse force vector acting on
the counterweight. Such a cable pull mechanismis a very
simple mechanism for inverting the direction of a force
and allows for a compact construction of the device to-
gether with a very reliable force transformation.

[0051] The stator of the device carrying the guide rail
on which the mounting unit can move may further com-
prise a further guide rail on which the counterweight is
movable along a predefined further trajectory. The two
guide rails may be parallel to one another and the two
trajectories may be antiparallel to one another, and spa-
tially displaced by a distance equalling to the transversal
dimension of the stator. Such a configuration allows for
a safe guide mechanism for guiding both the counter-
weight and the mounting unit so as to properly compen-
sate any forces.

[0052] Moreover, the device may comprise a robot
mounting base adapted for mounting a robot for spatially
moving the device. In other words, an adaptor may be
provided such as a flange at which a robot may be mount-
ed with the device. Mounting the device on the robot may
be advantageous since the robot may move the device
freely in space to a destination position at which a shoot-
ing experiment is to be carried out. However, such robots
are very prone to failure when a component mounted
thereon tends to oscillate or exerts uncompensated forc-
es on the robot. Therefore, the configuration with the ro-
bot mounting base is particularly advantageous in com-
bination with the provision of a counterweight which can
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ensure that a force free acceleration experiment is car-
ried out without a disturbing impact on a robot assembled
with the device. This allows for a proper spatial resolution
of an experiment and allows to use even simple robots
thereby reducing costs.

[0053] The device may comprise a user interface for
enabling a user to communicate with the device. The
device may comprise a user interface for enabling a user
to bidirectionally communicate with the device. Thus, the
user may supply the device via the user interface with
control demands via input elements such as a keypad,
a joystick, or the like. Furthermore, results of the inves-
tigation may be displayed to a user on a display unit of
the user interface, for instance a liquid crystal display
(LCD) unit or the like.

[0054] Particularly, embodiments of the invention may
be advantageously applied in the context of the simula-
tion of a crash of the physical structure, for instance a
crash of a vehicle, like an automobile, with a pedestrian
or its occupant.

[0055] Another field of application of exemplary em-
bodiments of the invention is a simulation or test of in-
tegrity of operation of the physical structure. More gen-
erally, embodiments of the invention may be applied to
any material test in structural mechanics. Results from
the crash test may be analyzed under consideration of
finite element (FE) calculations which may deliver com-
plementary information.

[0056] The aspects defined above and further aspects
of the invention are apparent from the examples of em-
bodiment to be described hereinafter and are explained
with reference to these examples of embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The invention will be described in more detail
hereinafter with reference to examples of embodiment
but to which the invention is not limited.

Fig. 1 illustrates a device for investigating a collision
between a body part impactor and a car according
to an exemplary embodiment of the invention.

Fig. 2 shows a velocity profile of a mounting unit and
a test body during operation of a device for investi-
gating a collision between a test body and a physical
structure according to an exemplary embodiment of
the invention.

Fig. 3illustrates a three-dimensional view of a device
for investigating a collision between a test body and
a physical structure according to an exemplary em-
bodiment of the invention.

Fig. 4 is a detailed view of a portion of the device of
Fig. 3.

Fig. 5 shows a relative orientation and motion of dif-
ferent test bodies relative to a physical structure of
a collision test.

Fig. 6 shows a collision between a car and a crash
test dummy.
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Fig. 7 and Fig. 8 show two three-dimensional views
of a device for investigating a collision between a
test body and a physical structure according to an-
other exemplary embodiment of the invention.
Fig. 9 to Fig. 12 show the device of Fig. 7 and Fig.
8 during four phases of a collision experiment.

DESCRIPTION OF EMBODIMENTS

[0058] The illustration in the drawing is schematically.
[0059] Inthe following, referring to Fig. 1, a device 100
for simulating a collision between a test body 102 and a
physical structure 104 according to an exemplary em-
bodiment of the invention will be described.

[0060] The test body 102 simulates a body portion of
a human being, whereas the physical structure 104 is a
vehicle which shall be tested and possibly approved
when determined safety characteristics meet specific cri-
teria.

[0061] The device 100 comprises a mounting unit 106
for mounting the test body 102. Particularly, a protrusion
108 of the test body 102 is shaped and dimensioned to
fit to a recess 110 of the mounting unit 102.

[0062] A linear electric motor 112 is provided and di-
rectly coupled electrically with the mounting unit 106 for
mechanically driving the mounting unit 106 and the test
body 102 mounted thereon.

[0063] A control unit 114 (which can be a central
processing unit, CPU, or a microprocessor) is provided
and is adapted for controlling the linear electric motor
112 to accelerate the test body 102 mounted on the
mounting unit 106 in accordance with a desired motion
pattern and for controlling release of the test body 102
from the mounting unit 106 at a predefined spatial posi-
tion to move the accelerated test body 102 towards the
physical structure 104 for collision.

[0064] Fig. 1 shows, in solid lines, the test body 102 in
an operation mode in which it is fastened or assembled
at the mounting unit 106. In dotted or dashed lines, Fig.
1 shows the test body 102 after being released from the
mounting unit 106. This may be initiated by suddenly
stopping the moving mounting unit 106 (see arrow 116
indicating a motion direction) at a position at which the
mounting unit 106 intentionally collides with a spatially
fixed block 118. At this point of time, the mounting unit
106 is suddenly stopped and, under the influence of in-
ertia, the test body 102 continues its motion towards the
vehicle 104 (see arrow 120).

[0065] The test body 102 may be a test body for sim-
ulating a head of an adult or of a child, a test body sim-
ulating a hip of a human, a test body simulating a leg of
a human or any other test body.

[0066] The mounting unit 106 is adapted for substitut-
ably or detachably mounting different test bodies 102.
[0067] The control unit 114 is adapted for controlling
the linear drive motor 112 to accelerate the test body 102
in accordance with a predefined trapezoidal velocity pro-
file as the one shown in Fig. 2 which will be described
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below in more detail.

[0068] After the mounting unit 106 has been stopped
by the block 118, the test body 102 is shot towards the
physical structure 104 for performing a defined collision
regarding velocity, collision position and collision angle.
[0069] The mounting unit 106 is mounted on a support
122 (which may also be denoted as a stator, since it re-
mains spatially fixed) which comprises a guide rail 124
along which the mounting unit 106 is movable along a
predefined trajectory. This can be taken from a cross-
sectional view 150 along a line B-B’ shown in Fig. 1.
[0070] A measurement unit 126 adapted to perform a
longimetry measurement of the test body 102 mounted
on the mounting unit 106 is provided for measuring data
indicative of a motion of the test body 102 mounted on
the mounting unit 106 and for supplying the measure-
ment data to the control unit 114 as a basis for controlling
the linear drive motor 122.

[0071] Furthermore, a camera 128 (for instance a vid-
eo camera, a CCD camera, a CMOS camera or the like)
is provided for measuring or capturing data indicative of
the collision between the flying test body 102 and the
vehicle 104. Corresponding data may be supplied to the
control unit 114 for evaluation. The control unit 114 may
also have a capability of evaluating the collision data to
calculate output data.

[0072] A user interface 130 is provided which is in bi-
directional (or unidirectional) communication with the
control unit 114 and which allows a user to define control
commands for driving the device 100 and for receiving
dataindicative of a result of the investigation of the device
100.

[0073] Itis noted that all aspects mentioned in the em-
bodiment of Fig. 7 (particularly all aspects related to a
counterweight and its operation, a magnetic attachment
of the test body, the mounting on a robot, the configura-
tion of an electric drive unit) can be implemented in the
embodiment of Fig. 1 as well.

[0074] In the following, some basic recognitions of the
present inventors will be explained based on which ex-
emplary embodiments of the invention have been devel-
oped.

[0075] According to an exemplary embodiment of the
invention, a device for performing vehicle component
tests may be provided.

[0076] The European commission has issued a direc-
tive for safety of pedestrians. This directive has the goal
to reduce the number of pedestrians killed or injured in
traffic by performing modifications of the construction in
the front region of vehicles. According to legal regula-
tions, new types of vehicles will only be approved when
having passed a number of pedestrian protection tests
successfully. This may particularly include tests regard-
ing an upper leg collision with a vehicle or the collision
of a hip region with a front edge of the vehicle.

[0077] The US National Highway Traffic Safety Admin-
istration issues Federal Motor Vehicle Safety Standards
(FMVSS) and Regulations to which manufacturers of mo-
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tor vehicle and equipment items must conform and certify
compliance. These Federal safety standards are regula-
tions written in terms of minimum safety performance re-
quirements for motor vehicles or items of motor vehicle
equipment. These requirements are specified in such a
manner "that the public is protected against unreasona-
ble risk of crashes occurring as a result of the design,
construction, or performance of motor vehicles and is
also protected against unreasonabile risk of death or in-
jury in the event crashes do occur." Occupant protection
is part of standards such as the FMVSS 201 (interior
impact) and following standards. European standards
and other national regulations for occupant protection
are EG 74/60, ECE R21, JIS (Japan).

[0078] According to an exemplary embodiment of the
invention, a device for execution of crash tests for pe-
destrian protection and protection of occupants may be
provided, particularly for simulating a collision of pedes-
trians or occupants with a vehicle structure. For carrying
out such tests, specific test bodies may be shot onto the
vehicle components. This may have the goal to shoot the
testbodies with a sufficiently accurate velocity and spatial
accuracy onto such components in order to obtain com-
parable and meaningful data allowing to decide whether
a vehicle under test fulfils specific requirements.

[0079] In contrast to conventional apparatuses in
which test bodies are accelerated using pneumatic or
hydraulic cylinders for regulating the test velocity during
the acceleration of the test body, exemplary embodi-
ments of the invention implement linear electric motors
which accelerate the testbody in a controlled or regulated
manner along a certain length to a corresponding test
velocity. During the acceleration phase, the increase of
the velocity may be continuously monitored by a length
measurement system. The signal of the length measure-
ment system can be detected by a software and can be
evaluated. The software may supply, via a servo regula-
tor, the linear electric motors with corresponding electric-
ity. By taking this measure, it may be possible to carry
out the acceleration of the test body in accordance with
a definable trapezoidal motion profile, which can be
adapted to the different tests.

[0080] Fig.2 shows adiagram 200 having an abscissa
202 along which the time is plotted. Along an ordinate
204, the velocity is plotted. A trapezoidal velocity profile
is shown as a curve 206. The time axis 202 is correlated
with different operation states of a device according to
an exemplary embodiment of the invention, in which a
mounting unit 106 is shown which is connected to a test
body 102 which is, during a plateau phase of the curve
206, released from the mounting unit 106 when sliding
along a guide rail 124.

[0081] Oneormore (electric) drive units may be mount-
ed on a carrier which, in turn, by means of struts or bars,
can be connected with an impact carrier in a certain dis-
tance.

[0082] Fig. 3 shows a device 300 according to an ex-
emplary embodiment of the invention showing a guide
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rail 302, a front connection member 304, a side cover or
energy chain guide 306, a lower leg impactor 308, an
impactor carrier 310 and a drive unit 312.

[0083] The shoot device 300 is provided on each side
with precision guides 302. For the various test bodies
308, the launching unit 300 can be reassembled if desired
fast and easily, by substituting the impact carrier 310 by
another mounting unit.

[0084] Fig. 4 shows the device 300 in further detail.
[0085] Fig. 4 shows the impactor carrier 310 on which
the lower leg impactor 308 or any other test body is
mounted. An impactor clamp is denoted with reference
numeral 402. Furthermore, plug connections 404 for sen-
sor cables are shown as well as plug connections 406
for load current cables. A linear guide wagon 408 is
shown as well as an ironless electric linear motor 410.
[0086] Itis noted that all aspects mentioned in the em-
bodiment of Fig. 7 (particularly all aspects related to a
counterweight and its operation, a magnetic attachment
of the test body, the mounting on a robot, the configura-
tion of an electric drive unit) can be implemented in the
embodiment of Fig. 3 and Fig. 4 as well.

[0087] Fig.5shows atestscenario 500 correlating the
geometry of the car 104 with different test bodies, namely
an adult head test body 502, a child head test body 504,
a hip testbody 506, and a leg testbody 508. With a device
100 or 300 according to an exemplary embodiment of
the invention, the respective test bodies 502, 504, 506,
508 can be directed with controlled velocity, impact angle
and/or spatially relation to the car 104 to trigger a collision
under precisely controlled conditions.

[0088] Such tests, as shown in Fig. 6, may simulate a
collision between the car 104 and a crash test dummy or
human 600.

[0089] In the following, some advantages will be men-
tioned which can be achieved with a device according to
an exemplary embodiment of the invention.

[0090] One advantage is that such an apparatus is ca-
pable of adjusting the regulated velocity with which the
electric drive accelerates the mounting unit with an ac-
curacy of +/- 0.05 km/h or more. In the field of pedestrian
and occupant protection, tests with at least five different
test bodies with dozens of different weights and angles
may be required. This may require to define the desired
velocity profile for each test, and the apparatus will then
be regulated automatically. In contrast to this, in conven-
tional apparatuses, a complex determination of the re-
quired velocity which is defined by a pressure generation
has to be defined which is time consuming.

[0091] Furthermore, test matrix determination and cal-
ibration tests may be dispensable according to exempla-
ry embodiments of the invention. Conventional test ap-
paratuses are operated pneumatically or hydraulically.
The desired test velocities must therefore be determined
on the basis of a test matrix and calibration tests. Such
a test matrix may be a table constructed based on tests
which describe the correlation between desired velocity,
test body, test mass and test angle. Five test bodies re-
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quired for specific test sequences each represent a hu-
man body part (three heads, one hip, one leg). The three
heads may have different masses and/or dimensions and
may be accelerated to 35 km/h or 40 km/h with different
testangles (forinstance in arange between 50° and 65°).
The velocity, the mass and the test angle of a hipimpactor
may result from the construction of the vehicle to be test-
ed. Thus, the device front may be measured in accord-
ance with a test procedure, and test data are evaluated
therefrom.

[0092] The test mass may be in a range between 9 kg
and 14 kg, and the velocity may be in a range between
16 km/h and 40 km/h, wherein the test angle may vary
between 20° and 60°. The leg form can be shot with dif-
ferent angles (for instance 0° to 6°) and with a velocity
of 40 km/h to the vehicle front to be examined. Further-
more, the temperature in the examination space and the
humidity in the examination space may have to be taken
into account. According to legal provisions, the tests
should be carried out in a range between 18°C and 26°
C and at between 10 % and 70 % humidity. The different
temperatures and humidity values may result conven-
tionally from different filling properties of a pressure con-
tainer and correspondingly different test velocities. Thus,
these two components also have to be implemented in
the test matrix in a conventional system. This may result
in a plurality of different test constellations which have to
be carried out after operation and maintenance of the
acceleration device. This may require between the per-
formance of 400 to 700 tests.

[0093] Calibration tests may be tests which are re-
quired in order to test the respective shot device. In this
context, one or more tests on a collision rack or stand
have to be carried out in order to test the matrix and, if
necessary, to correct it. This may also ensure to achieve
the desired velocity in an accepted field of tolerances.
[0094] Erroneous tests (tests out of a range of accept-
able velocities, hits apart from the field of tolerance)
should be prevented since they are very expensive due
to high efforts required for preparing the vehicle and the
test bodies. Furthermore, due to the implantation of finite
element simulations in the field of pedestrian and occu-
pant protection development it has become even more
important to provide a very good agreement with the test
parameters. This also includes that the velocity toleranc-
es have to be considered.

[0095] Furthermore, exemplary embodiments ofthein-
vention allow to perform more precise tests and to
achieve more precise results. While the development of
pneumatic and hydraulic apparatuses is more or less un-
changed, finite element simulation in automotive devel-
opment has become so important that many tests are
only carried outin order to confirm simulation results. For
this purpose, it is required to have very precise testing
conditions yielding results which are properly compara-
ble with FE data. At the regulated velocity, a sensor ver-
ifies in frequencies whether the velocity is correct, as long
as the test body is in acceleration. In conventional appa-
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ratuses, a pressure can be generated up to a value de-
termined by a test matrix, and the test body may be shot
from a shot device. At the point of time of the shot, no
regulating management is possible any longer. The user
has to rely upon the fact that the velocity has been correct.
[0096] Furthermore, exemplary embodiments ofthein-
vention do not show a strong dependency of the room
temperature which is a problem with conventional appa-
ratuses in which, for instance, sealings and operation
fluid have to adjusted to a respective velocity.

[0097] Conventionaltestsystems are very sensitive re-
garding temperature and humidity in the test environ-
ment. However, according to exemplary embodiments
of the invention, such a temperature dependence is effi-
ciently suppressed, since the velocity is regulated in real
time using an electric drive unit.

[0098] Furthermore, it may be possible to carry out the
tests in a faster manner. The electric drive may be par-
ticularly advantageously in this respect, because when
the test body carrier drives back immediately after the
end of the tests into the initial position, no time consuming
piston back drive procedures are required which conven-
tionally has to be carried out manually. Such a conven-
tional need for a manual back transportation is also a
source of danger and injury because a user has to be
located directly in a shot region of the apparatus.
[0099] Moreover, the electric drive provides the oppor-
tunity at each time to position the launch device with a
precision of millimetres and less, for instance in order to
capture a test body or to detect a target (test body hit
point) at the device under examination with high preci-
sion.

[0100] Furthermore, a waiting time for generating a
pressure is eliminated, which is required at conventional
hydraulic or pneumatic cylinders. This may allow to safe
up to 15 minutes or more per test. This may correspond
with a reduction of the time of a complete test of 15 % or
more.

[0101] Moreover, reassembling can be performed with
low effort in a fast time. The five test bodies which are
frequently used for pedestrian and occupant protection
tests can be mounted using different launch units (or
mounting units) to be assembled and disassembled on
the apparatus. In such a conventional case, the shot de-
vices cannot be mounted by one person alone, and the
time consumption for the reassembly may be in the order
of magnitude between 1 hour and 8 hours. In contrast to
this, embodiments of the invention are designed in such
a manner that there is only one shot device and there
are only three carriers for the test bodies which can be
exchanged in an easy manner because they have to be
only fastened with a number of (for instance 8) screws
or any other fastening elements. The time for reassembly
may be 15 minutes or less.

[0102] Beyond this, a high degree of security for oper-
ating a device according to an exemplary embodiment
of the invention may be achieved. Pneumatic and hy-
draulic apparatuses work with different pressure contain-
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ers with work pressures between 2 bar and 11 bar. The
pressure containers are a source of danger, and thus the
security provisions during and after the test have to be
strict. Such a risk does not occur according to exemplary
embodiments of the invention.

[0103] Furthermore, exemplary embodiments ofthein-
vention may be operated in an easy manner. The oper-
ation of pneumatic and hydraulic apparatuses requires
high skill of users. According to an exemplary embodi-
ment of the invention, a large amount of such knowledge
is no longer required for managing or handling the appa-
ratus. The control of the device can be performed via
menus (supported with images, videos and/or error anal-
ysis). Furthermore, a full automatic capturing and eval-
uating of test data may be integrated in the device.
[0104] Moreover, the maintenance efforts may be very
small. Due to the low-friction or frictionless drive, the high
effort when changing cylinder pistons and sealing rings
may be eliminated.

[0105] Since the device accordingto an exemplary em-
bodiment of the invention can be operated immediately
and provides reliable test results, a high performance
can be combined with a short waiting time between dif-
ferent ones of a sequence of tests. The operation of the
device can be performed by one person, regarding tests
and reassembly. Thus, the skills and man power required
for operating the device are relatively low. Moreover, ex-
pensive work media such as nitrogen or hydraulic oil can
be avoided.

[0106] Fig. 7 shows a device 700 for investigating a
collision between atestbody 102, in the presentexample
a test body simulating a head of a human being, and a
physical structure (not shown) according to another ex-
emplary embodiment.

[0107] Also in this embodiment, the mounting unit 106
and the testbody 102 are exclusively driven by an electric
drive unit which is realized by a plurality of linear motors,
for instance by four linear motors in the described em-
bodiment. Reference numeral 702 shows the secondary
portions of the linear motors. The four electric linear mo-
tors are operated parallel to one another in a synchro-
nized manner. For this reason, a control unit (not shown
in Fig. 7) controls the four linear motors based on a soft-
ware routine so as to synchronize their operation in time.
In other words, the four linear motors are operated to be
switched parallel in time. The four linear motors are con-
nected in series to one another. The provision of four
linear motorsresults from the fact that for the acceleration
of heavy objects, the use of for instance only one or two
linear motor may not be sufficient when pneumatic or
hydraulic acceleration systems shall be completely omit-
ted, as in the embodiment shown in Fig. 7 and Fig. 8.
Therefore, the described embodiment of the invention
overcome the prejudice in the pertinent technical field in
which the artisans considered it to be impossible to op-
erate such a shooting device only on the basis of linear
motors, without using hydraulic or pneumatic accelera-
tion systems, and nevertheless to obtain the required ve-
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locities and forces. However, an arrangement with mul-
tiple parallel linear motors as shown in Fig. 7 has solved
this long-lasting probleminthe artin a very compact man-
ner. For instance, itis possible to manufacture the device
of Fig. 7 with a length (in a direction 116) of about 700
mm or less, and dimensions in directions perpendicularly
to this direction 116 of for instance 200 mm x 200 mm or
less.

[0108] AsbestshowninFig. 12,the testbody 102 com-
prises a protrusion or pin 1202 made of a magnetic ma-
terial which is shaped and dimensioned to correspond to
a recess (compare reference numeral 1204) in the
mounting unit 106 so that this recess may engage with
the protrusion 1202 for holding the test body 102 on the
mounting unit 106.

[0109] Additionally, although not shown in Fig. 7 and
Fig. 8, the mounting unit 106 has incorporated an elec-
tromagnet for generating a magnetic field around the re-
cess for receiving the protrusion 1202, so that the test
body 102 may be fastened at the mounting unit 106 not
only by the form closure between protrusion 1202 and
recess, butalso by an attracting magnetic force. The con-
trol unit (not shown in Fig. 7) may be adapted for activat-
ing the electromagnet for generating the magnetic field
resulting in the attracting magnetic force in the recess
before accelerating the test body 102 mounted on the
mounting unit 106. The control unit may be further adapt-
ed for deactivating the electromagnet for switching off
the attracting magnetic field when the test body 102 is to
be accelerated by the mounting unit 106. Alternatively,
it is also possible to maintain the magnetic force during
the acceleration phase and to switch off the magnetic
field only upon release of the test body 102 from the
mounting unit 106.

[0110] As can be taken from Fig. 7, the mounting unit
106 is mounted via the guide rails 302 on a support 704
of the device 700. On an opposite side surface of the
support 704, as better shown in Fig. 8, a counterweight
706 is mounted which is configured to be mechanically
driven upon mechanically driving the mounting unit 106
and the test body 102 mounted thereon along a moving
direction 708 which is oppositely oriented with regard to
a moving direction 116 of the mounting unit 106 and the
test body 102 mounted thereon.

[0111] A mass of the counterweight 706 is adjusted to
a mass of the test body 102 (in combination with the
mounting unit 106) to therefore at least partially equili-
brate or balance out forces acting on the support 704
upon accelerating the test body 102 along the direction
116. Therefore, a nearly force-free acceleration may be
achieved by the balance mass 706.

[0112] A cable pull mechanism 710 is provided as well
which comprises a cable inversion member 712 as well
as hauling ropes 714. The ropes or cables 714 connect
the counterweight 706 with the mounting unit 106 to re-
verse a force vector acting on the mounting unit 106 and
the test body 102 mounted thereon to an inverse force
vector acting on the counterweight 706. Therefore, it may
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be dispensable to provide a separate drive unit for driving
the countermass 706, so that also the countermass 706
is indirectly driven by the electric linear motor.

[0113] Ascanbetakenbestfrom Fig. 8, a further guide
rail 802 is provided for guiding the balance mass 706
along the direction 708.

[0114] Furthermore, a robot mounting base 716 is pro-
vided as a flange at which a robot (not shown in figures)
is to be mounted. The mounting of a very simple robot is
possible according to an exemplary embodiment, since
the provision of the balance weight 706 allows for a force-
free operation of the device 700, so that no disturbing
forces are exerted on the robot during the acceleration
experiment.

[0115] A damper or shock absorber 804 is provided at
the counterweight 706 to absorb mechanical forces when
the balance mass 706 abuts against a front member 806
of the device 700.

[0116] After releasing the test body 102 from the
mounting unit 106 the test body 102 is in free flight for
about 40 mm before interacting with the collision body
(not shown).

[0117] Although the embodiment of Fig. 7 and Fig. 8
is configured for head collision experiments in an occu-
pant compartment of a vehicle, a similar configuration is
possible with an embodiment as shown in Fig. 1, for in-
stance.

[0118] Still referring to the embodiment of Fig. 7 and
Fig. 8, the use of linear motors allows for a recoilless
acceleration due to the motion of the counterweight 706
in the acceleration phase. Consequently, it is possible to
use the device 700 in combination with a robot being
sensitive regarding vibrations, for instance a six axes ro-
bot, thereby allowing for a precise and simple positioning
of the device 700 without the danger of deteriorating op-
eration of such a robot.

[0119] In order to meet legal requirements regarding
passive vehicle safety (see US directive FMVSS 201,
European directive ECE R21, etc.) collision experiments
have to be performed in an occupant cell of a vehicle in
order to protect an occupant regarding injuries resulting
from an collision of a head and components within a ve-
hicle. Embodiments of the invention, particularly the em-
bodiment of Fig. 7 and Fig. 8, may be used for such a
purpose.

[0120] Referring to Fig. 9 to Fig. 12, a complete accel-
eration sequence will be described for the device 700
shown in Fig. 7.

[0121] Diagrams 900, 1000, 1100 and 1200 illustrate
a relationship between time (abscissa) and velocity (or-
dinate) during the experiment.

[0122] Fig. 9 shows a scenario before accelerating.
Fig. 10 shows a scenario during acceleration, wherein a
constant acceleration is applied to the test body 102. Fig.
11 shows a situation at which a constant velocity is main-
tained, and Fig. 12 shows the scenario of a deceleration
during which the test body 102 is released from the
mounting unit 106.
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[0123] As shown in Fig. 12, the pin 1202 of the test
body 102 is centered in a recess in the mounting unit 106
which is indicated schematically by reference numeral
1204 in Fig. 12. Around this recess, the electromagnet,
for instance in the form of a coil powerable by electric
current, can be arranged.

[0124] It should be noted that the term "comprising"
does not exclude other elements or features and the "a"
or "an" does not exclude a plurality. Also elements de-
scribed in association with different embodiments may
be combined.

[0125] It should also be noted that reference signs in
the claims shall not be construed as limiting the scope
of the claims.

Claims

1. A device for investigating a collision between a test
body (102) and a physical structure (104), wherein
the device comprises
a mounting unit (106) for mounting the test body
(102);
an electric drive unit (112) adapted for mechanically
driving the mounting unit (106) and the test body
(102) mounted thereon;
acontrol unit (114) adapted for controlling the electric
drive unit (112) to accelerate the test body (102)
mounted on the mounting unit (106) and for control-
ling release of the the test body (102) mounted on
the mounting unit (106) and for controlling release
of the test body (102) from the mounting unit (106)
to direct the accelerated test body (102) towards the
physical structure (104) for collision;
characterised by the device being adapted so that
the mounting unit (106) and the test body (102)
mounted thereon are mechanically driven directly
and exclusively by the electric drive unit (112).

2. The device according to claim 1,
wherein the electric drive unit (112) comprises an
electric linear motor (122).

3. The device according to claim 1 or 2,
wherein the electric drive unit (112) comprises a plu-
rality of, particularly at least three, more particularly
at least four, electric linear motors (122) to be oper-
ated parallel to one another in a synchronized man-
ner.

4. The device according to any one of claims 1 to 3,
wherein the control unit (114) is adapted for control-
ling the electric drive unit (112) to shoot the acceler-
ated test body (102) towards the physical structure
(104) for collision.

5. The device according to any one of claims 1 to 4,
comprising a stator (112) on which the mounting unit
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(106) is movable along a predefined trajectory.

The device according to claim 5,

wherein the stator (122) comprises a guide rail (124)
on which the mounting unit (106) is movable along
the predefined trajectory.

The device according to any one of claims 1 to 6,
comprising a measurement unit (126) adapted for
measuring data indicative of a motion of the test body
(102) mounted on the mounting unit (106) and for
supplying the measurement data to the control unit
(114) as a basis for controlling the electric drive unit
(112)

The device according to claim 7,

wherein the measurement unit (126) is adapted to
perform a longimetry measurement of the test body
(102) mounted on the mounting unit (106).

The device according to any one of claims 1 to 8,
wherein the mounting unit (106) comprises a recess
for receiving a protrusion of the test body (102) for
mounting the test body (102) on the mounting unit
(106).

The device according to any one of claims 1 to 9,
comprising a counterweight (706) configured to be
mechanically moved upon mechanically driving the
mounting unit (106) and the test body (102) mounted
thereon, mechanically driving the mounting unit and
the test body/mounted thereon, wherein the coun-
terweight (706) is moved along a moving direction
which is oriented oppositely with regard to a moving
direction of the mounting unit (106) and the test body
(102) mounted thereon.

The device according to claim 10,

wherein a mass of the counterweight (706) equals a
mass of the test body (102) (mounted on the mount-
ing unit (106).

The device according to claim 10 or 11,

comprising a force converter mechanically coupling
the counterweight (706) with the mounting unit (106)
and the test body (102) mounted thereon so that the
force converter converts a force acting on the mount-
ing unit (106) and the test body (102) mounted ther-
eon into a converted force acting on the counter-
weight (706).

The device according to claim 12,

wherein the force converter comprises a cable pull
mechanism having a cable connecting the counter-
weight (706) with the mounting unit (106) to reverse
a force vector acting on the mounting unit (106) and
the test body (102) mounted thereon into an inverse
force vector acting on the counterweight (706).
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The device according to any one of claims 10 to 13,
wherein the stator (122) comprises a further guide
rail (124) on which the counterweight (706) is mov-
able along a predefined further trajectory.

A method of investigating a collision between a test
body (102) and a physical structure (104) wherein
the method comprises

mechanically driving a mounting unit (106) and a test
body (102) mounted thereon directly and exclusively
by an electric drive unit (112);

controlling the electric drive unit (112) to accelerate
the test body (102) mounted on the mounting unit
(106) and to release the test body (102) from the
mounting unit (106) to direct the accelerated test
body (102) towards the physical structure (104) for
collision.

Patentanspriiche

1.

Eine Vorrichtung zum Untersuchen einer Kollision
zwischen einem Testkorper (102) und einer physi-
schen Struktur (104), wobei die Vorrichtung aufweist
eine Befestigungseinheit (106) zum Befestigen des
Testkorpers (102);

eine elektrische Antriebseinheit (112), angepasst
zum mechanischen Antreiben der Befestigungsein-
heit (106) und des darauf befestigten Testkdrpers
(102);

eine Steuereinheit (114), angepasst zum Steuern
der elektrischen Antriebseinheit (112), um den Test-
koérper (102), der auf der Befestigungseinheit (106)
befestigt ist, zu beschleunigen und zum Steuern des
Lésens des Testkorpers (102) von der Befestigungs-
einheit (106), um den beschleunigten Testkorper
(102) zum ZusammenstoB3 in Richtung der physi-
schen Struktur (104) zu leiten;

dadurch gekennzeichnet, dass

die Vorrichtung derart angepasst ist, dass die Befe-
stigungseinheit (106) und der darauf befestigte Test-
kérper (102) direkt und ausschlief3lich mittels der
elektrischen Antriebseinheit (112) mechanisch an-
getrieben werden.

Die Vorrichtung gemaf Anspruch 1,
wobei die elektrische Antriebseinheit (112) einen
elektrischen Linearmotor (122) aufweist.

Die Vorrichtung gemaf Anspruch 1 oder 2,

wobei die elektrische Antriebseinheit (112) eine
Mehrzahl von, insbesondere zumindest drei, weiter
insbesondere zumindest vier, elektrischen Linear-
motoren (122) aufweist, um parallel zueinander in
synchronisierter Weise betrieben zu werden.

Die Vorrichtung gemaR irgendeinem der Anspriiche
1 bis 3,
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wobei die Steuereinheit (114) angepasst ist zum
Steuern der elektrischen Antriebseinheit (112) zum
StolRen des beschleunigten Testkdrpers (102) zum
ZusammenstoR in Richtung der physischen Struktur
(104).

Die Vorrichtung gemaR irgendeinem der Anspriiche
1 bis 4,

aufweisend einen Stator (122), auf welchem die Be-
festigungseinheit (106) entlang einer vordefinierten
Bahn beweglich ist.

Die Vorrichtung gemafR Anspruch 5,

wobei der Stator (122) eine Fiihrungsschiene (124)
aufweist, auf welcher die Befestigungseinheit (106)
entlang der vordefinierten Bahn beweglich ist.

Die Vorrichtung gemaR irgendeinem der Anspriiche
1 bis 6,

aufweisend eine Messeinheit (126), angepasst zum
Messen von Daten, die indikativ fiir eine Bewegung
des Testkorpers (102) sind, der auf der Befesti-
gungseinheit (106) befestigt ist, und zum Liefern der
Messdaten an die Steuereinheit (114), als eine Basis
zum Steuern der elektrischen Antriebseinheit (112).

Die Vorrichtung gemaf Anspruch 7,

wobei die Messeinheit (126) angepasst ist, um eine
Langenmessung des Testkorpers (102), der auf der
Befestigungseinheit (106) befestigt ist, durchzufiih-
ren.

Die Vorrichtung gemaR irgendeinem der Anspriiche
1 bis 8,

wobei die Befestigungseinheit (106) eine Ausspa-
rung zum Aufnehmen eines Uberstandes der Test-
koérpers (102) aufweist, zum Befestigen des Testkor-
pers (102) auf der Befestigungseinheit (106).

Die Vorrichtung gemaR irgendeinem der Anspriiche
1 bis 9,

aufweisend ein Gegengewicht (706), konfiguriert um
mechanisch mit dem mechanischen Antreiben der
Befestigungseinheit (106) und des darauf befestig-
ten Testkdrpers (102) bewegt zu werden, wobei das
Gegengewicht (706) entlang einer Bewegungsrich-
tung bewegt wird, die in Bezug auf eine Bewegungs-
richtung der Befestigungseinheit (106) und des dar-
auf befestigten Testkérpers (102) entgegengesetzt
orientiert ist.

Die Vorrichtung gemaf Anspruch 10,

wobei eine Masse des Gegengewichtes (706) gleich
einer Masse des Testkdrpers (102) ist, der auf der
Befestigungseinheit (106) befestigt ist.

Die Vorrichtung gemafR Anspruch 10 oder 11,
aufweisend einen Kraftwandler, der das Gegenge-
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wicht (706) mechanisch mit der Befestigungseinheit
(106) und des darauf befestigten Testkorpers (102)
derart koppelt, so dass der Kraftwandler eine Kraft,
die auf die Befestigungseinheit (106) und den darauf
befestigten Testkorper (102) wirkt, in eine konver-
tierte Kraft konvertiert, die auf das Gegengewicht
(706) wirkt.

Die Vorrichtung gemaf Anspruch 12,

wobei der Kraftwandler eine Seilzugeinrichtung auf-
weist, die ein Seil hat, welche das Gegengewicht
(706) mit der Befestigungseinheit (106) verbindet,
um einen Kraftvektor, der auf die Befestigungsein-
heit (106) und den darauf befestigten Testkdrper
(102) wirkt, in einen inversen Kraftvektor zu rever-
sieren, der auf das Gegengewicht (706) wirkt.

Die Vorrichtung gemaR irgendeinem der Anspriiche
10 bis 13,

wobei der Stator (122) eine weitere Fiihrungsschie-
ne (124) aufweist, auf welche das Gegengewicht
(706) entlang einer vordefinierten weiteren Bahn be-
weglich ist.

Ein Verfahren zur Untersuchung einer Kollision zwi-
schen einem Testkérper (102) und einer physischen
Struktur (104), wobei das Verfahren aufweist
mechanisches Antreiben einer Befestigungseinheit
(106) und eines darauf befestigten Testkorpers
(102), direkt und ausschlieBlich mittels einer elektri-
schen Antriebseinheit (112);

Steuern der elektrischen Antriebseinheit (112), um
den Testkorper (102), der auf der Befestigungsein-
heit (106) befestigt ist, zu beschleunigen, und um
den Testkorper (102) von der Befestigungseinheit
(106) zu lésen, um den beschleunigten Testkorper
(102) zum ZusammenstoB3 in Richtung der physi-
schen Struktur (104) zu leiten.

Revendications

Dispositif d’étude d’une collision entre un corps d’es-
sai (102) et une structure physique (104), dans le-
quel le dispositif comprend

une unité de montage (106) pour supporter le corps
d’essai (102) ;

une unité d’entrainement électrique (112) congue
pour entrainer mécaniquement l'unité de montage
(106) et le corps d’essai (102) monté sur celle-ci ;
une unité de commande (114) congue pour com-
mander I'accélération par l'unité d’entrainement
électrique (112) du corps d’essai (102) monté sur
'unité de montage (106) et pour commander le dé-
gagement du corps d’essai (102) de I'unité de mon-
tage (106) pour diriger le corps d’essai accéléré
(102) vers la structure physique (104) pour produire
une collision ;
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caractérisé en ce que le dispositif est congu de telle
sorte que I'unité de montage (106) et le corps d’essai
(102) monté sur celle-ci sont entrainés mécanique-
ment directement et exclusivement au moyen de
I'unité d’entrainement électrique (112).

Dispositif selon la revendication 1,
dans lequel I'unité d’entrainement électrique (112)
comprend un moteur linéaire électrique (122).

Dispositif selon la revendication 1 ou 2,

dans lequel I'unité d’entrainement électrique (112)
comprend une pluralité, en particulier au moins trois,
plus particulierement au moins quatre, de moteurs
linéaires électriques (122) devant fonctionner en pa-
ralléle les uns par rapport aux autres de maniére
synchronisée.

Dispositif selon'une quelconque des revendications
1a3,

dans lequel 'unité de commande (114) est congue
pour commander le lancement par l'unité d’entrai-
nement électrique (112) du corps d’essai accéléré
(102) vers la structure physique (104) pour produire
une collision.

Dispositif selon’'une quelconque des revendications
1a4,

comprenant un stator (122) surlequel I'unité de mon-
tage (106) est mobile le long d’une trajectoire pré-
définie.

Dispositif selon la revendication 5,

dans lequel le stator (122) comprend un rail de gui-
dage (124) sur lequel l'unité de montage (106) est
mobile le long de la trajectoire prédéfinie.

Dispositif selon'une quelconque des revendications
1a6,

comprenant une unité de mesure (126) congue pour
mesurer des données indicatives d’'un mouvement
du corps d’essai (102) monté sur I'unité de montage
(106) et pour fournir les données de mesure a l'unité
de commande (114) en tant que base pour comman-
der l'unité d’entrainement électrique (112).

Dispositif selon la revendication 7,

dans lequel I'unité de mesure (126) est congue pour
réaliser une mesure longimeétrique du corps d’essai
(102) monté sur I'unité de montage (106).

Dispositif selon'une quelconque des revendications
1a8,

dans lequel I'unité de montage (106) comprend un
évidement pour recevoir une saillie du corps d’essai
(102) pour monter le corps d’essai (102) sur l'unité
de montage (106).
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Dispositif selon 'une quelconque des revendications
1a9,

comprenant un contrepoids (706) configuré pour
étre déplacé mécaniquement lors de I'entrainement
mécanique de I'unité de montage (106) et du corps
d’essai (102) monté sur celle-ci, dans lequel le con-
trepoids (706) est déplacé le long d’'une direction de
déplacement qui est orientée a 'opposé par rapport
a une direction de déplacement de I'unité de mon-
tage (106) et du corps d’essai (102) monté sur celle-
Ci.

Dispositif selon la revendication 10,

danslequel une masse du contrepoids (706) estéga-
le a une masse du corps d’essai (102) monté sur
'unité de montage (106).

Dispositif selon la revendication 10 ou 11,
comprenant un convertisseur de force couplant mé-
caniquement le contrepoids (706) a l'unité de mon-
tage (106) et au corps d’essai (102) monté sur celle-
ci de telle sorte que le convertisseur de force con-
vertisse une force agissant sur l'unité de montage
(106) et le corps d’essai (102) monté sur celle-ci en
une force convertie agissant sur le contrepoids
(706).

Dispositif selon la revendication 12,

dans lequel le convertisseur de force comprend un
mécanisme de traction de cable comprenant un ca-
ble reliant le contrepoids (706) a I'unité de montage
(106) pour inverser un vecteur de force agissant sur
'unité de montage (106) et le corps d’essai (102)
monté sur celle-ci en un vecteur de force inverse
agissant sur le contrepoids (706).

Dispositif selon 'une quelconque des revendications
10213,

dans lequel le stator (122) comprend un autre rail de
guidage (124) surlequel le contrepoids (706) est mo-
bile le long d’une autre trajectoire prédéfinie.

Procédé d’étude d’une collision entre un corps d’es-
sai (102) et une structure physique (104), le procédé
consistant a

entrainer mécaniquement une unité de montage
(106) et un corps d’essai (102) monté sur celle-ci
directement et exclusivement au moyen d’une unité
d’entrainement électrique (112) ;

commander I'accélération par I'unité d’entrainement
électrique (112) du corps d’essai (102) monté sur
I'unité de montage (106) et le dégagement du corps
d’essai(102) de l'unité de montage (106) pour diriger
le corps d’essai accéléré (102) vers la structure phy-
sique (104) pour produire une collision.
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