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Abstract

The invention relates to a running gear for a rail vehicle, in particular a high speed rail
vehicle, comprising a wheel set, a running gear frame and a shielding device, the running
gear frame being supported on the wheel set. The shielding device is connected to the
running gear frame via a support structure and is spatially associated to at least a shielded
component of the running gear. The shielding device shields a shielded part of the shielded
component against impacts of objects (B), in particular pieces of ballast, lifted from a track
(T) used during operation of the vehicle. The shielding device comprises a carrier element
and at least one impact element, the at least one impact element being mounted to the
carrier element for covering the carrier element and forming an impact surface for said

objects (B). The impact element comprises at least one load bearing structural element

made from a fiber reinforced composite material.
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IMPACT PROTECTION FOR A RUNNING GEAR OF A RAIL VEHICLE

BACKGROUND OF THE INVENTION

The invention relates to a running gear for a rail vehicle, in particular a high speed rail
vehicle, comprising a wheel set, a running gear frame and a shielding device, the running
gear frame being supported on the wheel set. The shielding device is connected to the
running gear frame via a support structure and is spatially associated to at least a shielded
component of the running gear. The shielding device shields a shielded part of said shielded
component of the running gear against impacts of objects, in particular pieces of ballast,
lifted from a track used during operation of the vehicle. The shielding device comprises a
carrier element and at least one impact element, the at least one impact element being
mounted to the carrier element for covering the carrier element and forming an impact

surface for said objects.

Rail vehicles running at high speeds, e.qg. at operating speeds beyond 180 km/h or more,
often face the problem that, e.g. due to the air flow conditions developing on the underside of
the vehicle, typically, in combination with certain adverse events or circumstances, loose
objects such as, for example, loose pieces of ballast are lifted from the part of the track
currently used (i.e. travelled along) and hit components of the vehicle, in particular,

components of the running gear.

Such objects, depending on their relative speed with respect to the vehicle, may not only
damage the vehicle components they hit. They may also be further accelerated and

reflected back down onto the track bed where their considerably increased kinetic energy

eventually causes one or more other objects, typically pieces of ballast, to be lifted up and hit
the vehicle. In summary, this may lead to an avalanche effect also referred to as ballast
flight with a greatly increased number of pieces of ballast hitting the vehicle underside
components in the rear part of a train. Such ballast flight situations may not only lead to a
considerable damage to the vehicle. The track and its surroundings may also be heavily

affected.

In order to avoid such ballast flight situations it has been suggested in US 7,605,690 B2 to
acoustically detect the build up of ballast flight at an early stage, provide a corresponding
signal (e.g. to the driver or a vehicle control) and to take appropriate countermeasures such

as reducing the speed of the vehicle. However, in particular, on explicit high speed lines,
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reduction of the operating speed of the vehicle typically is highly undesired. Furthermore,
these countermeasures may only become effective after a certain number of impacts and the

associated damage to the components hit had already occurred.

As an approach to deal with the vehicle related part of the ballast flight problem it is known to
provide protective coatings to the affected vehicle components (e.g. according to EN 13261).
However, these coatings, e.g. made of synthetic materials such as polyurethane {PU), are
not suited to withstand the high impact loads occurring at very high operating speeds for an
appropriate amount of time and, furthermore, require extensive maintenance work (in
particular, if directly coated onto the surface of the respective vehicle component).
Furthermore, they are not suitable to solve the baliast flight related problems on the track

side.

A further approach to deal at least with parts of the ballast flight problem has been suggested
in WO 2006/021514 A1. This document discloses a generic running gear for a rail vehicle
wherein so called deflector elements are provided. These deflector elements are intended to
form a shield protecting components of the vehicle from being hit by such objects lifted up
from the track. The generally plate shaped deflector elements, at least in the sections prone
to be hit, are explicitly designed to have a very low inclination with respect to the longitudinal
direction of the running gear (i.e. the driving direction of the vehicle) to largely avoid any
transfer of kinetic energy from the vehicle to the hitting object, which otherwise would be

likely to cause the avalanche effect as outlined above.

However, this low inclination of the relevant impact parts of the deflector elements with
respect to the longitudinal direction of the running gear results in a very large size of these

deflector elements. More precisely, for example, in total, virtually the entire underside of the

running gear ahead of a wheel set shaft (including the gap between the wagon body and the

bogie in the area of the bogie cutout) has to be shielded in order to protect the wheel| set
shaft. Such large shielding devices, however, considerably add to the complexity of the
running gear. Furthemrmore, integration of such large shields in a modern high speed running
gear (typically having very little free building space available) requires considerable

constructional effort.

A similar deflector element approach is known from EP 0 050 200 A1 disclosing generally U-

shaped covers for underfloor vehicle components. These self-carrying covers are made of

fiber reinforced composite material walls extending substantially parallel to the longitudinal

direction, such that they are only exposed to comparatively low impact loads.
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Contrary to that DE 10 2006 004 814 A1 discloses a shielding device with a substantially
vertical arrangement absorbing ballast impact loads via a ballast impact surface formed by a

wire mesh element prone to local damage of individual wires hit by a piece of ballast.

Furthermore, EP 2 517 944 A2 discloses a generic running gear where the shielding device
comprises impact energy absorbing elements comprising a wood material as an impact
energy absorbing material covering the carrier element. The wood material, while providing
good and long term energy absorption, has the disadvantage that it has a comparatively high

tendency to absorb water or other liquids going along with a corresponding swelling of the
impact element compared to its dried state. This leads to problems or increased efforts,
respectively, in mounting the impact element in a long term stable manner despite its
strongly and periodically altering geometry over time. A further problem with such a wood
material is the general low resistance to fire, such that appropriate additional measures have
to be taken to improve fire resistance of the wood material in order to respect operator

standards or official regulations regarding fire safety.

SUMMARY OF THE INVENTION

It is thus an object of the invention to, at least to some extent, overcome the above
disadvantages and to provide a running gear that, with simple design and reduced expense,
provides long-term proper impact protection of the components of the running gear while at
the same time keeping the risk of ballast flight low.

This and other objects are achieved according to the present invention which is based on the
technical teaching that a running gear having simple, cheap and compact design while
providing long-term proper impact protection of the vehicle components at low risk of ballast
flight may be achieved if the impact element comprises at least one load bearing structural
element made from a fiber reinforced composite material. Such a composite material has
the advantage that it may be easily configured to have low weight and way lower liquid
absorption, in particular, water absorption, compared to the wood material of the carrier
cover known from EP 2 517 944 A2, while at the same time maintaining high impact energy
absorption properties and long term overall structural integrity. Similar applies {o the
maximum swelling (i.e. the size and/or shape difference between the state with maximum
water absorption and the fully dried state). Furthermore, such composite materials can be

tailored to inherently be more fire resistant than the wood material known.
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It will be appreciated, in particular, that reinforcement fiber configurations may be achieved
which provide a similar effect as the natural fibers of the wood material known. Furthermore,
the invention allows implementation of configurations which are beneficial under the aspect
of maintaining long-term overall structural integrity of the impact element despite randomly
distributed high impact loads under random impact situations as they occur with objects

randomly lifted from the track currently traveled.

More precisely, impact elements having randomized alignment of the reinforcement fibers
used in the structural element provide the beneficial effect that, compared to configurations
with a defined mutual alignment of the reinforcement fibers (e.g. parallel fibers), an edge
portion of an object hitting the impact surface only hits a reduced number of fibers under an
angle which is suitable for cutting (or otherwise destroying) the fibers. Hence, overall, even
under such adverse random impact load situations reduce damage and, hence, long-term

overall structural integrity of the impact element may be achieved in a very simple manner.

Thus, according to one aspect, the present invention relates to running gear for a rail vehicle,
in particular a high speed rail vehicle, comprising a wheel set, a running gear frame and a
shielding device. The running gear frame is supported on the wheel set, the shielding device
being connected to the running gear frame via a support structure and being spatially
associated to at least a shielded component of the running gear. The shielding device
shields a shielded part of the shielded component against impacts of objects, in particular
pieces of ballast, lifted from a track used during operation of the vehicle. The shielding
device comprises a carrier element and at least one impact element, the at least one impact
element being mounted to the carrier element for covering the carrier element and forming
an impact surface for said objects. The impact element comprises at least one load bearing

structural element made from a fiber reinforced composite material.

It will be appreciated that the structural element, basically, may have any desired and
suitable configuration. For example, one or more fiber layers with defined mutual orientation
of the fibers used may be provided. For example, one or more fiber layers with mutually
parallel fibers (i.e. so-called unidirectional fiber layers) may be used. Furthermore, it will be
appreciated that a plurality of such unidirectional fiber layers with mutual inclination of the

fibers of different layers may be used.

Preferably, the structural element comprises at least one woven fiber layer, in particular, a
fiber texture. With such an arrangement particularly strong and enduring configurations may

be achieved.
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In addition or as alternative, preferably, the structural element comprises at least one
nonwoven fiber layer, in particular, a fiber mat or fiber felt, the nonwoven fiber layer. With
such a nonwoven fiber layer it is in particular possible to achieve the randomized orientation
of the reinforcement fibers used as outlined above. Hence, ultimately, the isotropic
properties of such a nonwoven fiber layer, as they may be achieved, for example, with such
a randomized fiber arrangement are highly beneficial. Hence, particularly long-term enduring
configurations may be achieved using such nonwoven fiber layers. In particular with respect
to the long-term overall structural integrity, such a nonwoven fiber layer is particularly
efficient if, in a configuration with a plurality of fiber layers, it forms the one of this plurality of

fiber layers which is located closest to the impact surface.

Eventually one single such fiber layer may be sufficient. Preferably, the structural element
comprises a plurality of such fiber layers. Particularly advantageous configurations may be
achieved using a combination of at least one woven fiber layer and at least one nonwoven

fiber layer.

It will be appreciated that, generally, any desired and suitable global alignment of the
reinforcement fibers of the fiber layers as outlined above may be chosen. The global
alignment of the reinforcement fibers may, in particular, be chosen as a function of the
specific functionality of the respective fiber layer to be obtained within the impact element.
Preferably, at least 50% to 80% of the reinforcement fibers at least predominantly, preferably
substantially fully, extend parallel to the plane of main extension of their respective fiber

layer.

With further preferred embodiments of the invention, the structural element is a laminate

element, in particular a high-pressure laminate element, comprising a plurality of layers. In
this case particular simple to manufacture configurations having high strength and durability

may be achieved.

It will be appreciated that, basically, any desired type of reinforcement fiber may be used.
Preferably, the structural element comprises at least one fiber layer comprising fibers, in
particular synthetic fibers, the fibers, in particular being, glass fibers and/or carbon fibers

and/or aramid fibers.

It will be appreciated that different fiber layers may comprise different types of reinforcement
fibers, e.q. fibers made from different materials, fibers of different dimensions (e.g., fiber
diameter and/or fiber length). In particular, the properties (e.q. material and/or dimensions)

for the fibers of the respective fiber layer may be selected as a function of the location and/or
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functionality of the respective fiber layer. For example, the fiber layer located closest to the
impact surface may be provided with fibers having a lower elastic modulus and/or a higher
tensile strength compared to the fibers of the one or more other fiber layer(s) located further

remote from the impact surface.

Similarly, basically, any desired way of bonding the reinforcement fibers may be
implemented within the structural element. For example, the material of the fibers
themselves may be provided mutual bonding among the fibers. Preferably, the structural
element comprises a matrix material embedding the fibers. Basically, any desired and
suitable matrix material may be used. Preferably, the matrix material is a resin. Again,
generally, any desired resin may be used. Particularly simple and easy to manufacture

configurations use an epoxy resin has the matrix material.

With certain preferred embodiments of the invention, the structural element comprises a filler

material, in particular, a mineral filler material. By this means very robust and light

configurations may be achieved.

With certain preferred embodiments of the invention having particularly good and long-term
stable iImpact protection behavior, the structural element has a water absorption value of less

than 25%, preferably less than 20%, more preferably 10% to 15%. Such a low water

‘absorption, in particular, is highly beneficial in terms of the low swelling of the structural

element and, hence, the low alteration in the shape and/or size of the structural element,
which in turn influences the effort for providing long-term stable mounting of the structural

element and, hence, the impact element.

Preferably, the structural element has an impact strength above 15 kJ/m?, preferably

20 kJ/m? to 40 kJ/m?, more preferably 25 kJ/m? to 30 kJ/m?. By this means, in a very simple
manner a long-term enduring, highly stable configuration may be achieved despite the

impact loads to be typically expected from objects lifted from a track in such a rail vehicle

environment.

Furthermore, preferably, the structural element has a tensile strength above 80 N/mm?,
preferably 90 N/mm? to 120 N/mm?, more preferably 100 N/mm? to 110 N/mm?. In addition
or as an alternative, the structural element preferably has a flexural strength above

150 N/mm?, preferably 160 N/mm? to 220 N/mm?, more preferably 180 N/mm? to 200 N/mm?.
In addition or as an alternative, the structural element preferably has a tensile elastic
modulus of 20,000 N/mm? to 35,000 N/mm?, preferably 24,000 N/mm? to 30,000 N/mm?,

more preferably 25 000 N/mm? to 28,000 N/mm?. Furthermore, in addition or as an
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alternative, the structural element preferably has a flexural elastic modulus of 10,000 N/mm?
to 22,000 N/mm?, preferably 14,000 N/mm? to 20,000 N/mm?, more preferably 16,000 N/mm?
to 18,000 N/mm?*. All these parameters (either alone or in arbitrary combination) provide
particularly beneficial properties of the structural element and, ultimately, the impact element
since they allow realizing long-term overall structural integrity of the impact element under
the impact conditions to be expected while at the same time eventually allowing good impact

energy absorption by the impact element.

Furthermore, preferably, the structural element has a density of 1.5 g/cm® to 2.5 g/cm’,
preferably 1.7 g/cm® to 2.2 g/cm’, more preferably 1.8 g/cm® to 2.0 g/cm®. By this means, 2
comparatively lightweight impact element may be achieved while providing long-term

endurance and good impact energy absorption.

Furthermore, preferably, said structural element has at least a requirement R7 and hazard
level HL2 compliance, preferably a requirement R7 and hazard level HL3 compliance,
according to European Norm EN 45545-2. By this means, in particular, a beneficially high
fire safety of the impact element may be achieved.

With certain preferred embodiments of the invention, the shielding device and/or the support
structure comprises at least one impact energy absorbing device, the impact energy
absorbing device being adapted to absorb a noticeable fraction of an impact energy of one of
the objects hitting the shielding device. It will be appreciated that the impact energy
absorbing device may be located at any desired location in the kinematic chain between the
impact surface (hit by the lifted objects) of the shielding device and the running gear frame,
which is suitable for providing such impact energy absorption. Preferably, the impact

element itself forms the at least one impact energy absorbing device. Hence, with certain

embodiments of the invention, the impact element preferably comprises an impact energy

absorbing material, in particular, at least one impact energy absorbing layer.

This impact energy absorption by the shielding device itself and/or its support has the

advantage that, on the one hand, a steeper inclination with respect to the longitudinal
direction If the running gear (or vehicle, respectively) may be selected for the impact surface
of the shielding device, while (thanks to the energy absorption) energy transfer to the parts
hitting the shielding device is still acceptably low (reducing the risk of ballast flight). This
allows a more space saving configuration properly shielding the relevant components of the

running gear while being easier to integrate into a modern running gear.
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It will be appreciated that the shielding device may be used to shield any desired component
of the running gear from such impacts. Preferably, the shielded component is a part of the
wheel set, in particular, a wheel set shaft of the wheel set, since, here, the shielding device is
particularly beneficial (considering the considerable safety relevance of the structural integrity

5 of the wheel set, in particular, of the wheel set shaft).

The amount of impact energy absorption provided by the energy absorbing device may be
selected as a function of the likelihood of ballast flight buildup identified for the specific
vehicle (prior to implementation of the present invention). This likelihood, in turn, among
others, is a function of the speed range of the vehicle to be expected under normal operating
10  conditions. Here, a relevant magnitude is the nominal maximum operation speed of the
vehicle (i.e. the maximum speed to be achieved over longer periods under normal operating
conditions), since the risk of ballast flight buildup has to be kept at an acceptable level for this

nominal maximum operation speed as well. Thus, in general, it applies that a higher nominal

maximum operation speed requires a higher level of impact energy absorption.

15 With preferred embodiments of the invention, the shielding device shields the shielded part
against impacts of pieces of ballast lifted from a ballast bed of a track used during operation
of the vehicle, wherein the ballast bed comprises pieces of ballast having a maximum
nominal diameter and the vehicle has a maximum nominal operating speed. A piece of
ballast of the ballast bed having the maximum nominal diameter defines a nominal impact
20  energy when hitting the shielding device at a nominal relative impact speedq, the nominai
relative impact speed being directed exclusively parallel to a longitudinal direction of the
running gear and having an amount equal to the maximum nominal operating speed of the
vehicle. In this case, to achieve proper reduction of the risk of ballast flight buildup, the
impact energy absorbing device is adapted to absorb at least 5% of the nominal impact

25  energy, in particular at least 15% of the nominal impact energy, preferably at least 25% of

the nominal impact energy.

It will be appreciated that the impact element may generally be of any desired and suitable
shape. In preferably simple cases, the impact element may be a plate shaped element,

which is particularly easy to manufacture and handle. Furthermore, preferably, the impact
30 element may be releasably mounted to the shielding device leading to low maintenance

effort.

It will be appreciated that one single impact element may be sufficient. However,
maintenance is greatly simplified and rendered more cost efficient if a plurality of impact

elements is arranged at the shielding device, the plurality of impact elements, preferably,
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jointly forming substantially the entire impact surface for the objects hitting the shielding

device.

Impact energy absorption may be achieved in any suitable way, e.g. by providing a specific
structural design of the respective energy absorbing element providing energy absorption or
dissipation, respectively, by friction between components or parts of the energy absorbing
element. With further embodiments of the invention, the impact element comprises an
impact energy absorbing material. Here, any suitable material providing a sufficient amount
of impact energy absorption over sufficiently long periods or a sufficient number of individual
Impacts, respectively, may be chosen. Appropriate synthetic materials may be chosen as
the impact energy absorbing material. In any case, it will be appreciated that arbitrary

combinations of different energy absorbing materials may of course be used as well.

As mentioned initially, the energy absorption allows a more favorable arrangement (in
particular, a greater inclination with respect to of the longitudinal direction of the running
gear) of the impact surface of the shielding the device. It should be noted that, in the sense
of the present invention, the impact surface is to be considered the part of the of the
shielding device that has a likelihood of being hit by an object vertically lifted from the track
(e.g. a ballast bed) of more than 10% to 20% at the nominal maximum operating speed of

the vehicle (as outlined above).

Hence, with preferred embodiments of the invention, the shielding device defines an impact
surface for the objects, at least 50% of the impact surface, preferably at least 80% of the
impact surface, more preferably at least 90% of the impact surface, being inclined with
respect to a longitudinal axis of the running gear by an inclination angle. Here, the inclination

angle ranges from 35° to 70°, in particular from 40° to 60°, preferably from 45° to 50°, such

that a comparatively space-saving configuration is achieved that is more easily integrated In

the typically strictly limited space available in the running gear.

With other preferred embodiments of the invention, at least a part of the impact energy
absorption is provided via the support of the shielding device. Hence, with a certain
embodiments of the running gear according to the invention, the shielding device comprises
a shielding element, the shielding element being spatially associated to the shielded
component and being connected to the running gear frame via a second impact energy
absorbing element. This has the advantage that, on the one hand, the energy absorption
does not necessarily have to occur in the region of the impact surface such that a very
simple design of the impact surface may be chosen, if desired. Furthermore, on the other

hand, additional energy absorption may be achieved in a region remote from the impact
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surface increasing the overall impact energy absorption and, eventually, alleviating and

enerqgy absorption related problems or restrictions in the region of the impact surface.

Energy absorption may be achieved at any suitable location and in any suitable way in the
region of the support of the shielding device. For example, one of the components (e.q. a
support element) of the support structure itself may be designed as corresponding energy
absorbing element. Preferably, the shielding element is connected to a support element of
the support structure, the second impact energy absorbing element being arranged between
the shielding element and the support element and/or between the support element and the

running gear frame.

With advantageous embodiments of the invention, one or more components of the running
gear, which are provided anyway for other functional reasons, also integrate the function of
the support structure and/or the function of the second impact energy absorbing element.
Hence, with certain preferred embodiments of the running gear according to the invention,
the support structure comprises a support arm of a drive motor driving the wheel set, the
support arm forming a support element of the support structure supporting the shielding

device. With such a design, a highly functionally integrated configuration may be achieved.

The connection between the shielding device and the support structure may be achieved in
any suitable way. More precisely, any type of connection (positive connection, frictional
connection, adhesive connection etc) or arbitrary combinations thereof may be chosen.
Preferably, a configuration is chosen that provides a connection that is failsafe insofar as it
secures the shielding device against displacement (up to complete loss of the shielding
device) even if fixing elements (such as, typically, threaded bolts, clamps etc) fail during

operation of the vehicle.

Hence, preferably, the shielding device comprises a shielding element, the shielding element
being spatially associated to the shielded component and defining a first connecting section
cooperating with a second connecting section defined by the support structure. The first
connecting section and the second connectihg section define a positive connection, the
positive connection being effective in a height direction of the running gear and/or in a
longitudinal direction of the running gear, thereby providing security against displacement in

the respective direction.

With certain preferred embodiments of the invention, the first connecting section comprises a

pair of first brackets of the shielding element and the second connecting section comprises a

pair of second brackets of the support structure. Each of the first brackets defines a
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longitudinal first bracket axis, while each of the second brackets defines a longitudinal
second bracket axis. At least one first bracket axis and/or at least one second bracket axis is
inclined with respect to a longitudinal direction of the running gear such that such a securing
positive connection is obtained in a very simple manner. Preferably, at least one first
bracket axis and/or at least one second bracket axis is inclined with respect to a plane
defined by a longitudinal direction and a transverse direction of the running gear. This leads
to a very beneficial configuration with a positive connection in, both, the longitudinal direction

and the height direction providing a very high degree of safety against displacement.

The present invention also relates to a rail vehicle, in particular a high speed rail vehicle,
comprising a wagon body and at least one running gear according to the invention, the

wagon body being supported on the running gear. With such a vehicle that the embodiments

and advantages as outlined above in the context of the running gear according to the

invention may be realized to the same extent. Hence, it is here merely referred to the

explanations given above.

As mentioned initially, the present invention is particularly effective in the context of high-
speed rail vehicles. Hence, preferably, a nominal maximum operating speed is defined for
the rail vehicle, the nominal maximum operating speed being greater than 180 km/h,
preferably being greater than 200 km/h, more preferably greater than 240 km/h.

Further embodiments of the invention will become apparent from the following description of

preferred embodiments which refers to the appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic side view of a preferred embodiment of the rail vehicle according
to the invention comprising a preferred embodiment of the running gear

according to the invention,

Figure 2 is a schematic top view of a part of the running gear of Figure 1 (seen in a

section along line lI-ll of Figure 1);

Figure 3 is a schematic sectional representation of a part of the running gear of Figure 2

(seen In a section along line llI-111 of Figure 2);
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IS a schematic bottom view of the shielding device of the running gear of Figure 3

(seen in the direction of arrow |V of Figure 3);

is a schematic side view of the shielding device of the running gear of Figure 3

(seen in the direction of arrow V of Figure 3),

IS @ schematic top view of the shielding device of the running gear of Figure 3

(seen in the direction of arrow Vi of Figure 3),

IS a schematic sectional representation of a detail of the running gear of Figure 2

(seen in a section along line VII-VII of Figure 2);

Is a schematic sectional representation of a detail of the shielding device of

Figure 6 (seen in a section along line VIII-VIII of Figure 6).

DETAILED DESCRIPTION OF THE INVENTION

In the following, a preferred embodiment of a high-speed rail vehicle 101 according to the

invention will be described with reference to Figures 1 to 8. The vehicle 101 comprises a

wagon body 102 supported at both of its ends (via a secondary suspension) on a preferred

15  embodiment of a running gear according to the invention in the form of a bogie 103. The

bogie 103 runs on a track T with a ballast bed comprising pieces of ballast B having a

defined maximum diameter d.a,.

In order to simplify the explanations given below, an x,y,z-coordinate system has been

iIntroduced into the Figures, wherein (on a straight, level track) the x-axis designates the

20  longitudinal direction of the running gear 103 (and the vehicle 101, respectively), the y-axis

designates the transverse direction of the running gear 103 (and the vehicle 101,

respectively) and the z-axis designates the height direction of the running gear 103 (and the

vehicle 101, respectively).

As can be seen from Figures 2 and 3 (both showing views of the end side half of the running

25 gear 103 located on the right hand side of Figure 1) media comprises a running gear frame

104 supported (In a conventional manner via a secondary suspension) on the two wheel sets

105. Each wheel set 105 comprises two wheels 106.1, 106.2 connected by a wheel set shaft

107. Each wheel set 105 is driven by an associated drive unit 108 (comprising a motor 108.1

and a gear 108.2) suspended via a drive unit suspension to the running gear frame 104,
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The vehicle 101 has a nominal maximum operating speed Vmax above 240 km/h such that it
faces the problem of ballast flight as it has been outlined above. Hence, it is necessary,
among others, to protect safety relevant and impact sensitive components of the running
gear 103 such as the (otherwise uncovered) part 107.1 of the wheel set shaft 107 against
impacts of pieces of ballast B or other objects lifted in the height direction (z-direction) from
the track T (comprising a ballast bed). Furthermore, there is not only the need to protect the
components of the running gear 103 against impacts. It is also desirable to at least reduce

the likelihood of a buildup of such ballast flight situations.

In the present example, both these needs are addressed by a shielding device 109 closely
spatially associated to the wheel set shaft 107 on the end side part of the shaft facing away
from the running gear center. The shielding device 109 is closely spatially associated to free
part 107.1 of the wheel set shaft 107 located adjacent to the motor 108.1 between the brake
disc 105.1 and the wheel 106.1. In order to simplify the explanations given below, an
XS,ys,zs-coordinate system has been introduced into the Figures, the relation of which with

respect to the x,y,z-coordinate system can be taken from Figure 2.

The shielding device 109 comprises a shielding element 109.1 connected to the running gear
frame 104 via a support structure in the form of a support arm 108.3. The support arm 108.3
1S a part of the suspension supporting the drive device 108, and, hence, in a beneficial and

space saving manner integrates the function of supporting the drive device 108 and the
shielding device 1089.

The generally planar and plate shaped shielding element 109.1, on its side facing away from

the shaft 107 and down towards the track T, carries a plurality of impact elements 109.2,

109.3. The generally planar and plate shaped impact elements 109.2, 109.3 (apart from

negligible small gaps formed in between them) together form substantially the entire impact
surface 109.4 (defining the xs,ys-plane) of the shielding device 109, i.e. the part of the of the
shielding device 109 that has a likelthood of being hit by an object B vertically lifted from the
track T (e.g. a ballast bed) of more than 10% to 20% during normal operation at the nominal
maximum operating speed vnay Of the vehicle (as outlined above). The shielding element
109.1 is connected to the support arm 108.3 via first brackets 109.5 as will be explained in

greater detail further below.

As can be seen from Figure 8, the shielding element 109.1 comprises a rear carrier element
109.6 (typically made from a metal, such as steel or the like) carrying the impact elements
109.2, 109.3. In the present example, each impact element 109.2, 109.3 comprises an
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Impact energy absorbing element 109.7 facing the carrier element 109.6 and a load bearing

structural element 109.8 forming the impact surface 109.4.

As can be further seen from Figure 8, the structural element 109.8 is a laminate element
(typically a high-pressure laminate element) made from a fiber reinforced composite material.
The structural element 109.8 comprises a plurality of layers, namely a first fiber layer 109.9

and a second fiber layer 109.10 embedded within matrix layers 109.1 1.

The first fiber layer 109.9 is a woven fiber layer, namely a fiber texture woven from first
reinforcement fibers, more precisely glass fibers. The reinforcement fibers of the first fiber
layer 109.9 predominantly extend within the plane of main extension of the first fiber layer
109.9, i.e. in a plane substantially parallel to the impact surface 109.4. This first fiber layer
109.9 provides high structural stability to the structural element 109.8. The regular alignment

of the fibers of the first fiber layer 109.9 is particularly beneficial under the local impact loads
(Wwhen a piece of ballast B hits the impact surface 109.4, as it is indicated by the dashed

contour 112 of Figure 8) and the resulting deformation of the structural element 109.8.

As can be inferred from contour 112, the bowl-like deformation of the structural element
109.8 leads to considerable tensile loads introduced into the structural element 109.8 in the
plane of main extension of the layer parts located on the side facing away from the impact
surface 109.4 (i.e. the layer parts located adjacent to the impact energy absorbing element
109.7), which may be easily taken by the regularly aligned fibers of the first fiber layer 109.9

located in this area.

The second fiber layer 109.10 is a nonwoven fiber layer, namely a fiber mat, also comprising
glass fibers as reinforcement fibers. The reinforcement fibers of the second fiber layer

109.10 predominantly extend within the plane of main extension of the second fiber layer

109.10, i.e. in a plane substantially parallel to the impact surface 109.4.

The reinforcement fibers of the second fiber layer 109.10 have a randomized orientation as it

has been outlined above. Hence, ultimately, the second fiber layer 109.10 has substantially
Isotropic properties in its plane of main extension, which is highly beneficial for the area
located close to the impact surface 109.4 as it has been outlined above. Hence, as can be
further seen from Figure 8, the second fiber layer 109.10 is the fiber layer located closest to
the impact surface 109.4, such that a particularly long-term enduring configuration with long
term overall structural integrity of the respective impact element 109.2, 109.3 is achieved in
the present example using such a nonwoven fiber layer 109.10 located close to the impact
surface 109.4.
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While, in the present example, only two fiber layers are provided, it will be appreciated that

arbitrary numbers and/or combinations and/or sequences of such woven and/or nonwoven

fiber layers may be implemented with other embodiments of the invention. Hence, in

particular, more than two such fiber layers may be used. For example, at least two adjacent
5 nonwoven fiber layers 109.10 may be located close to the impact surface yielding a

configuration where, at a certain point in time after local destruction of the outermost
nonwoven fiber layer 109.10, the more inward located second nonwoven fiber layer 109.10

takes over the function of the destroyed part of the outermost nonwoven fiber layer 109.10.

In the present example, the fiber layers 109.9 and 109.10 are bonded together by the matrix
10 layers 109.11 made from a matrix material embedding the fibers. Basically, any desired and
suitable matrix material may be used. In the present example, the matrix material is an
epoxy resin. Furthermore, the matrix material contains a mineral filler material in order to
achieve a very robust and light configuration. It will be appreciated, however, that such filler

material may also be omitted with other embodiments of the invention.

15 In the present example, particularly good and long-term stable impact protection behavior is
achieved since the structural element 109.8 has a water absorption value of about 14%.
Such a low water absorption is particularly beneficial in terms of the low swelling of the
structural element 109.8 and, hence, the low alteration in the shape and/or size of the
structural element 109.8 which influences the effort for providing long-term stable mounting

20 of the structural element 109.8 and, hence, the impact element 109.2. The present example,
a simple screw connection is sufficient which, thanks to the low alteration in shape and size

of the structural element 109.8 during operation, doesn’t loosen over time.

Furthermore, in the example, the structural element 109.8 has an impact strength of

25 kJ/m?®. By this means, a long-term enduring, highly stable configuration is achieved

25  despite the impact loads to be typically expected from objects B lifted from track T in stich a

rail vehicle environment.

Furthermore, in the present example, the structural element 109.8 has a tensile strength of
about 100 N/mm?, a flexural strength of about 180 N/mm?, a tensile elastic modulus of
25,000 N/mm?, and a flexural elastic modulus of 16,000 N/mm? to 18,000 N/mm?. All these
30 parameters provide particularly beneficial properties of the structural element 109.8 and,
ultimately, the impact element 109.2 since they allow realizing long-term overall structural
integrity of the impact element 109.2 under the impact conditions to be expected in such a

rail vehicle environment while at the same time allowing good impact energy absorption.
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Furthermore, in the present example, the structural element 109.8 has a density of 1.9 g/cma,
which yields a comparatively lightweight impact element 109.2 while providing long-term

endurance and good impact energy absorption.

Furthermore, in the present example, the structural element 109.8 has a requirement R7 and

hazard level HL2 compliance according to European Norm EN 45545-2. By this means a

particularly beneficial high level of fire safety of the impact element 109.2 is achieved.

Each impact element 109.2, 109.3 is releasably connected to the shielding element 109.1 via
a plurality of screw connections. Hence, rapid exchange of the respective first mpact energy

absorbing element 109.2, 109.3 is guaranteed.

The impact energy absorbing element 109.7 is a first impact energy absorbing element made
of an impact energy absorbing material, comprising e.g. a rubber material or the like,
providing good energy dissipation by internal friction. Further impact energy absorption is

provided by a second impact energy absorbing element in the form of rubber bearings 110

via which the support arm 108.3 and other parts of the drive unit 108, respectively, are

elastically connected to the running gear frame 104.

Hence, in the embodiment shown, in total, considerable and well noticeable impact energy
absorption is achieved. More precisely, a total amount of impact energy absorption is
achieved, wherein at least 15% of a nominal impact energy E, of a piece of ballast B is
absorbed. The nominal impact energy E, is defined by a piece of ballast B having a
maximum nominal diameter d,ax (Of the pieces of ballast in the ballast bed of the track T) and
hitting the impact surface 109.4 at a nominal relative impact speed v;. The nominal relative

Impact speed v; is directed exclusively parallel to the longitudinal direction of the running gear

103 and has an amount equal to the maximum nominal operating speed Vmax.

It will be appreciated that, with other embodiments of the invention, the impact energy
absorbing element 109.7 may also be omitted, such that each impact element 109.2, 109.3

exclusively comprises a structural element 109.8 as outlined above. It will be appreciated

that, in such a case, energy absorption to some extent may also occur within the structural
element 108.8, wherein energy absorption is a function of the inner friction within and
between the components of the structural element 109.8 (i.e. the inner friction within the
matrix material, the inner friction within the filler material, the friction between matrix material
and the filler material, the friction between the matrix material and/or the filler material and

the reinforcement fibers as well as the friction between the reinforcement fibers themselves).
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As can be seen from Figure 2, the shielding element 109.1 is arranged such that the impact
surface 109.4 is inclined with respect to the longitudinal axis (x-axis) of the running gear 103
by an angle a = 45°, which has several advantages. However, with other embodiments of
the invention having non-planar shielding elements and/or non-planar energy absorbing
elements (i.e. an arbitrarily curved and/or polygonal impact surface) at least 50% (up to at
least 90%) of the impact surface are inclined with respect to the longitudinal axis by such a

rather steep inclination angle.

Furthermore, it will be appreciated that, with other embodiments of the invention, other rather
steep inclination angles o may be chosen. Typically, the inclination angle « ranges from 35°
to 70° and preferably is about o = 45° £ 5°. This rather steeply inclined arrangement of the

impact surface 109.4 has several advantages.

First, depending on the impact angle (at which the object B hits the impact surface 109.4)
this inclination angle o produces a deflection of the hitting object B in a direction roughly
vertically (i.e. roughly parallel to the height direction, i.e. the z-direction), downwards onto the
track T. The subsequent (roughly) vertical impact on the track T has the advantage that the
likelihood of lifting further objects B from the track T is reduced compared to a track bed
impact at an oblique angle.

The impact energy absorption provided by the first energy absorbing elements 109.2, 109.3
and the second impact energy absorbing element 110 is also effectively reducing the
likelihood of lifting further objects B from the track T since it reduces the kinetic energy of the
object B, such that an overall reduction of the risk of ballast flight buildup is achieved,

Furthermore, the (rather steep) inclination angle o leads to a comparatively space-saving
configuration of the shielding device 109 with a comparatively small dimension of the
shielding device 109 in the xs-direction such that the shielding device 109 may be easily

integrated into the typically strictly limited space available in the running gear 103.

As indicated above, the connection between the shielding device 109 and the support arm
108.3 is achieved via a pair of first brackets 109.5 of the shielding element 109.1 forming a
first connecting section and a pair of second brackets 108.4 of the support arm 108.3 forming
a second connecting section. As can be seen, among others, from Figure 7 the first brackets
109.5 and the second brackets 108.4 pair-wise cooperate such that a positive connection is
formed, which is effective in the height direction (z-direction) of the running gear 103.

Further connecting elements, such as threaded bolts 111 (reaching through bores in the first
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brackets 109.5 and second brackets 108.4) are used to secure the shielding element 109.1

to the support arm 108.3.

Each of the first brackets 109.5 defines a longitudinal first bracket axis 109.6, while each of
the second brackets 108.4 defines a longitudinal second bracket axis 108.5 (see Figure 2).
The bracket axes 109.6, 108.5 are inclined with respect to the longitudinal direction (x-
airection) of the running gear 103 such that such substantially V-shaped arrangement of the

first and second connecting section is achieved.

This V-shaped configuration, on the one hand, has the advantage that the pair of first
brackets 109.5 of the shielding element 109.1 may be simply hooked into the pair of second
brackets 108.4 (from the side facing away from the shaft 107).

On the other hand, the V-shaped configuration may also provide security against
displacement of the shielding element 109.1 in the longitudinal direction (x-direction) in case
of a failure of the connecting elements 111. To this end, a slight inclination (by a few
degrees, e.g. 5° to 10°) of the plane defined by the bracket axes 109.6, 108.5 with respect to
the xy-plane may be chosen such that, in case of failure of the connecting elements 111, the
shielding element 109.1 (e.g. under the influence of the vibrations present under normal
operation) may slide towards the shaft 107 until a positive connection is formed between the
first brackets 109.5 and the second brackets 108.4 in the longitudinal direction (x-direction).

However, it will be appreciated that this inclination, on the one hand, does not necessarily
have to be present since the longitudinal forces generated by impacts may lead to the same
result. Furthermore, with other embodiments of the invention, a stronger inclination may be
chosen (for example 30° to 45°), e.g. together with a positive connection between the first

and second brackets in the longitudinal direction (x-direction) formed already under normal

operating conditions.

Hence, in any case, a failsafe connection is achieved insofar as it secures the shielding

device 109 against displacement (up to complete loss of the shielding device 109) even if the

connecting elements 111 fail during operation of the vehicle.

it will be appreciated that, in the present embodiment, a corresponding shielding device 109
Is associated to the other wheel set 105 of the running gear 103 in a manner (point or mirror)
symmetric with respect to the longitudinal center plane CP of the running gear 103, such that

the vehicle 101 is suitable for bi-directional operation with same protection to its components.
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In the foregoing, the invention has been described in the context of protecting the wheel set
shaft 107. However, it will be appreciated that the shielding device may be used to shield
any other desired component of the running gear 103 from such impacts. For example other
security relevant and/or impact sensitive components, such as e.g. an antenna or other

5 components of a train control system may be the shielded component.
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Claims

1. A running gear for a rail vehicle, comprising
- a wheel set,
- arunning gear frame and
5 - a shielding device;
- said running gear frame being supported on said wheel set;

- said shielding device being connected to said running gear frame via a support
structure and being spatially associated to at least a shielded component of said
running gear,

10 - said shielding device shielding a shielded part of said shielded component against

impacts of objects (B), lifted from a track (T) used during operation of said vehicle;

- said shielding device comprising a carrier element and at least one impact

element,

- said at least one impact element being mounted to said carrier element for

15 covering said carrier element and forming an impact surface for said objects (B);

characterized in that

- said impact element comprises at least one load bearing structural element made from
a fiber reinforced composite material, wherein said structural element is a laminate

element comprising a plurality of layers.

20 2. The running gear according to claim 1, wherein said rail vehicle is a high speed rall
vehicle.
3. The running gear according to claim 1 or 2, wherein said objects (B) are pieces of
ballast.
4, The running gear according to any one of claims 1 to 3, wherein
25 - said structural element comprises at least one woven fiber layer,
or

- said structural element comprises at least one nonwoven fiber layer;

or
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said structural element is a laminate element.

5. The running gear according to claim 4, wherein said woven fiber layer is a fiber
texture.
6. The running gear according to any one of claims 4 to 5, wherein
5 - said nonwoven fiber layer is a fiber mat or fiber feit
or

- said nonwoven fiber layer forming one of a plurality of fiber layers located closest

to said impact surface.

/. The running gear according to any one of claims 4 to 6, wherein said laminate
10 element is a high-pressure laminate element, comprising a plurality of layers.
8. The running gear according to any one of claims 1 to 7, wherein

said structural element comprises at least one fiber layer comprising fibers;
or
said structural element comprises a matrix material;
15 or

said structural element comprises a filler material.

9. The running gear according to claim 8, wherein said fibers are synthetic fibers.

10. The running gear according to claim 9, wherein said synthetic fibers include one or

more of: glass fibers, carbon fibers and aramid fibers.

20 11. The running gear according to claim 8, wherein said matrix material is a resin.

12. The running gear according to claim 11, wherein said resin is an epoxy resin.

13. The running gear according to claim 8, wherein said filler material is a mineral filler

material.
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The running gear according to any one of claims 1 to 13, wherein

. said structural element has a water absorption of less than 25%;
or ‘

. said structural element has an impact strength above 15 kJ/m?;
or

- said structural element has a tensile strength above 80 N/mm?;
or

- said structural element has a flexural strength above 150 N/mm?:
or

. said structural element has a tensile elastic modulus of 20,000 N/mm? to
35,000 N/mm? '

or

. said structural element has a flexural elastic modulus of 10,000 N/mm? to
22 000 N/mm?;

or

- said structural element has a density of 1.5 g/(:m3 to 2.5 g/cm3;

or

- said structural element has at least a requirement R7 and hazard level HL2

compliance.

The running gear according to claim 14, wherein
- said structural element has a water absorption of less than 20%;

or

- said structural element has an impact strength of 20 kd/m2 to 40 kJ/m2;

or

. said structural element has a tensile strength of 90 N/mm? to 120 N/mm?*;

or

. said structural element has a flexural strength of 160 N/mm? to 220 N/mm?;

or
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. said structural element has a tensile elastic modulus of 24,000 N/mm? to
30,000 N/mm?:

ar

. said structural element has a flexural elastic modulus of 14,000 N/mm? to
20,000 N/mm?:

or
- said structural element has a density of 1.7 g/cm® to 2.2 g/em®;
or

- said structural element has a requirement R7 and hazard level HL3 compliance,
according to EN 45545-2.

The running gear according to claim 14, wherein

- said structural element has a water absorption of 10% to 15%;

or

- said structural element has an impact strength of 25 kdJ/im2 to 30 kJ/m2;

or

said structural element has a tensile strength of 100 N/mm? to 110 N/mm?;

or

. said structural element has a flexural strength of 180 N/mm? to 200 N/mm?;
or

- said structural element has a tensile elastic modulus of 25,000 N/mm? to
28,000 N/mm?;

or

. said structural element has a flexural elastic modulus of 16,000 N/mm? to
18000 N/mm?:

or

- said structural element has a density of 1.8 g/cm® to 2.0 g/em”.

The running gear according to any one of claims 1 to 16, wherein

- at least one of said shielding device and said support structure comprises at least

one impact energy absorbing device;
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- said impact energy absorbing device being adapted to absorb a noticeable fraction

of an impact energy of one of said objects (B) hitting said shielding device.

The running gear according to claim 17, wherein said impact element forming said at

least one impact energy absorbing device.

The running gear according to claim 17 or 18, wherein said impact element

comprising an impact energy absorbing material.

The running gear according to claim 19, wherein said impact energy absorbing

material is at least one impact energy absorbing layer.

The running gear according to any one of claims 1 to 20, wherein said shielded

component is a part of said wheel set.

The running gear according to claim 21, wherein said wheel set is a wheel set shaft of

sald wheel set.

The running gear according to any one of claims 1 to 22, wherein

- said shielding device shields said shielded part against impacts of pieces of ballast

(B) lifted from a ballast bed of a track (T) used during operation of said vehicle;

- said ballast bed comprising pieces of ballast (B) having a maximum nominal

diameter,;
- said vehicle having a maximum nominal operating speed;

- a piece of ballast (B) of said ballast bed having said maximum nominal diameter
defining a nominal impact energy when hitting said shielding device at a nominal
relative impact speed, said nominal relative impact speed being directed
exclusively parallel to a longitudinal direction of said running gear and having an

amount equal to said maximum nominal operating speed of said vehicle;

- sald impact energy absorbing device being adapted to absorb at least 5% of said

nominal impact energy.

The running gear according to claim 23, wherein said impact energy absorbing device

being adapted to absorb at least 15% of said nominal impact energy.
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The running gear according to claim 23, wherein said impact energy absorbing device

being adapted to absorb at least 25% of said nominal impact energy.

The running gear according to any one of claims 1 to 25, wherein

- said impact element is a plate shaped element;

or

- said impact element is releasably mounted to said shielding device;
or

- a plurality of said impact elements are arranged at said shielding device.

The running gear according to claim 26, wherein said plurality of impact elements
jointly forming substantially the entire impact surface for said objects (B) of said

shielding device.

The running gear according to any one of claims 1 to 27, wherein
- said shielding device defines an impact surface for said objects (B);

- at least 50% of said impact surface being inclined with respect to a longitudinal

axis of said running gear by an inclination angle;

- said inclination angle ranging from 35° to 70°.

The running gear according to claim 28, wherein

- at least 80% of said impact surface being inclined with respect to a longitudinal

axis of said running gear by an inclination angle;
or

- said inclination angle ranging from 40° to 60°.

The running gear according to claim 28, wherein

- at least 90% of said impact surface being inclined with respect to a longitudinal

axis of said running gear by an inclination angle;
or

- said inclination angle ranging from 45° to 50°.
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The running gear according to any one of the claims 1 to 30, wherein

- said shielding device comprises a shielding element;

- said shielding element being spatially associated to said shielded component;

- said shielding element being connected to said running gear frame via a second

impact energy absorbing element.

The running gear according to claim 31 wherein

- said shielding element is connected to a support element of said support structure;

- said second impact energy absorbing element being arranged between said

shielding element and said support element or between said support element and
said running gear frame.

A rail vehicle, comprising
a wagon body and

at least one running gear according to any one of claims 1 to 32;

- said wagon body being supported on said running gear.

The rail vehicle according to claim 33, wherein said rail vehicle is a high speed rail
vehicle.

The rail vehicle according to claim 33 or 34, wherein

a hominal maximum operating speed is defined for said rail vehicle,

- said nominal maximum operating speed being greater than 180 km/h.

The rail vehicle according to claim 33 or 34, wherein

said nominal maximum operating speed being greater than 200 km/h.

The rail vehicle according to claim 33 or 34, wherein

said nominal maximum operating speed being greater than 240 km/h.
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