EP 3 184 397 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3 184 397 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
28.06.2017 Bulletin 2017/26

(21) Application number: 15003664.8

(22) Date of filing: 23.12.2015

(51) IntClL:

B61G 11/16 (2006.0%)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicant: Dellner Couplers AB
791 95 Falun (SE)

(72) Inventor: GRAHN, Arvid

791 56 Falun (SE)

(74) Representative: Tilmann, Max Wilhelm et al

Ko6nig-Szynka-Tilmann-von Renesse
Patentanwailte Partnerschaft mbB
Monchenwerther Strae 11

40545 Diisseldorf (DE)

(54) ENERGY DISSIPATING DEVICE, CONNECTION DEVICE SUITABLE TO CONNECT A FIRST
CAR OF A MULTI-CAR VEHICLE WITH A SECOND CAR OF THE MULTI-CAR VEHICLE AND
METHOD FOR BUILDING A CONNECTION DEVICE

(57)  The invention relates to an energy dissipating
device suitable to be used as part of a connection device
that connects a first car of a multi-car vehicle with a sec-
ond car of the multi-car vehicle, comprising a plug that
has a longitudinal axis and a mandrel that has an open-
ing, whereby the plug is arranged to be moved at least
partially through the opening, if a force pointing in the
longitudinal axis is applied to the plug, and whereby at
leasta partof the plug and/or atleast a part of the mandrel
is deformed, when the plug is at least partially moved

through the opening, whereby the outer surface of the
plug has at least one protruding rib that extends in the
direction of or parallel to the direction of the longitudinal
axis, said rib being at least partially deformed, when the
plug is atleast partially moved through the opening and/or
the surface of the mandrel that surrounds the opening
has atleast one protruding rib that extends in the direction
of or parallel to the direction of the longitudinal axis, said
rib being at least partially deformed, when the plug is at
least partially moved through the opening.
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Description

[0001] The invention relates to an energy dissipating
device suitable to be used as part of a connection device
that connects a first car of a multi-car vehicle with a sec-
ond car of the multi-car vehicle. The invention also relates
to a connection device suitable to connect a first car of
a multi-car vehicle with a second car of the multi-car ve-
hicle. The invention also relates to a method for building
such a connection device.

[0002] Multi-car vehicles are known in different de-
signs and in different forms of adaptation for uses. Multi-
car vehicles, for example, railway-bound trains (street
cars and subway-trains also being considered as such
trains) are known and are known for the purpose of trans-
porting passengers as well as transporting goods. Fur-
ther types of multi-car vehicles can be magnetic railway
trains or can be buses (road buses as well as buses trav-
elling on fixed tracks). A car of a multi-car vehicle can be
a self-supporting cars, whereby the car has sufficient
wheels that are placed at sufficient locations such that
the car can stand by itself without being supported by
other cars, for example a three-wheeled car, a four
wheeled car or a car with even more wheels placed suit-
able locations. A car of a multi-car vehicle can also be of
the non-self-supporting type, whereby the car has no
wheels or only wheels provided in such number or ar-
ranged at such a place that the car cannot stand by itself,
but is vertically supported by at least one neighbouring
car.

[0003] To form the multi-car vehicles, the individual
cars of the vehicle are connected to one another by
means of a connecting device. The connecting devices
can be provided for different types of purposes. In multi-
car vehicles where only one or only several of the total
of cars is driven, the connecting devices are provided so
that a driven car can drive a non-driven car and thus
ensure that the complete vehicle travels with the same
speed. Connecting devices are also distinguished be-
tween those connecting devices that allow for an easy
decoupling of the cars, whereby easy decoupling is un-
derstood to be accomplished within a couple of minutes,
or for what is called "semi-permanent" coupling of the
cars, for which decoupling of the cars takes efforts and
usually involves the vehicle to have been transported to
a specific work shop. Trains, for example, can have cou-
pler-heads as part of their connecting devices. These
coupler-heads can, for example, be so called "automatic
couplers" that allow decoupling within minutes.

[0004] It is known to provide connection devices that
are suitable to connect a first car of a multi-car vehicle
with a second car of a multi-car vehicle with energy dis-
sipating devices. From EP 1 312 527 A1 an energy dis-
sipating device suitable to be used as part of aconnection
device that connects a first car of a multi-car vehicle with
a second car of the multi-car vehicle is known. The con-
nection device in this embodiment is designed as an ar-
ticulated joint. The energy dissipating device arranged
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as part of the connection device has an energy dissipat-
ing member in the form of a deformation tube that dissi-
pates energy when it is deformed. The deformation tube
has a first end and a second end, the first end and the
second end being spaced apart from each other ina com-
pression stroke direction, which is in line with the longi-
tudinal axis of the articulated jointwhenitis in the straight-
ened-out mode of operation. The energy dissipating de-
vice has a stopper in the form of a pressure plate. The
pressure plate has a stopping surface and the first end
of the energy deformation tube is in contact with the stop-
ping surface, the stopping surface preventing that the
first end moves in the compression stroke direction, be-
cause the pressure plate is screwed to flange parts sur-
rounding the deformation tube. The energy dissipating
device furthermore has a deformer, which is called guid-
ing profile (FUihrungsprofil) in EP 1 312 527 A1. At one
end of the guiding profile a mandrel is provided that is in
contact with the second end of the deformation tube and
that is held apart from the pressure plate by the defor-
mation tube, whereby the guiding profile can be moved
towards the pressure plate by application of a linear force
pointing in the compression stroke direction that is larger
than a predetermined threshold value and thereby the
guiding profile deforms the deformation tube when mov-
ing towards the pressure plate. The mandrel moves into
the deformation tube and deforms it outwardly. The guid-
ing profile is guided on straight-line rails provided at either
end of the deformation tube in the flange parts that sur-
round the deformation tube and to which the pressure
plate is fastened by screws.

[0005] From WO 2005/075272 A1 an energy dissipat-
ing device of a connection device that connects a first
car of a multi-car vehicle with a second car of the multi-
car vehicle is known. The energy dissipating device has
an energy dissipating member in the form of a deforma-
tion tube that dissipates energy when itis deformed. The
deformation tube has a flange arranged at a first end of
the deformation tube, which is intended to rest against a
panel of the first car. Arranged inside the deformation
tube at the first end of the deformation tube is a deformer
that has a mandrel arranged at its end that rests against
a waist of the deformation tube whereby the diameter of
the deformation tube is reduced at this waist.

[0006] Anenergydissipatingdevice suitable to be used
as part of a connection device that connects a first car
of a multi-car vehicle with a second car of the multi-car
vehicle is also known from EP 2 949 539 A1.

[0007] The deformation tubes used as energy dissipat-
ing members in EP 1 312 527 A1, WO 2005/075272 A1
and EP 2 949 539 A1 are deformed fully with regard to
their cross section. The respective mandrel deforms the
complete cross section of the respective deformation
tube such that in the cases of WO 2005/075272 A1 and
EP 1312527 A1, where the mandrel is placed inside the
deformation tube, the outer diameter of the deformation
tube after deformation is larger than the outer diameter
of the deformation tube before deformation, while at the
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same time the inner diameter of the deformation tube
after deformation is larger than the inner diameter before
the deformation. In the design known from EP 2 949 539
A1, where the mandrel is placed outside the deformation
tube and the deformation tube is pushed into the opening
of the mandrel, the outer diameter of the deformation
tube after deformation is smaller than the outer diameter
of the deformation tube before deformation, while at the
same time the inner diameter of the deformation tube
after deformation is smaller than the inner diameter of
the deformation tube before deformation. The experi-
ence has shown, that these deformation tubes are usu-
ally designed to be very heavy adding substantial weight
to the connection device. Additionally the invention offers
the possibility to implement energy dissipation where pre-
viously energy dissipation had not been thought of. The
invention allows small energy dissipation sections to be
provided for at many parts that are present in a connec-
tion device anyways. For example gas hydraulic damp-
ers: In many embodiments, gas hydraulic dampers are
implemented in the coupler rod of a connection device.
These gas hydraulic dampers take up some of the small
forces that occur during normal travel of the vehicle and
smoothen the ride. Gas hydraulic dampers often have a
piston that moves inside a tubular member. These parts
can be used to implement the energy dissipating device
according to the invention, for example by using the pis-
ton as plug according to the invention and implement the
mandrel on the tubular member that surrounds the piston.
The advantages of the invention can be taken so far as
to implement the energy dissipation solely on elements
already present in a coupling device without the need to
implement an additional energy dissipating device like a
deformation tube in the connection device. This will save
built-length of the complete connection device and will
save weight.

[0008] Given this background, the problem to be
solved by the invention is to provide an energy dissipating
device suitable to be used as part of a connection device
that connects a first car of a multi-car vehicle with a sec-
ond car of the multi-car vehicle that can be built in a more
lightweight manner. It is also an object of the invention
to suggest a connection device having such an energy
dissipating device and a method for building such a con-
nection device.

[0009] This problem is solved by the subject matter of
claims 1, 8 and 9. Preferred embodiments are described
in the subordinate claims and in the description following
hereafter.

[0010] The general concept of the invention is to pro-
vide a rib (preferably a plurality of protruding ribs) on at
least one of two objects that are moved relative to each
other, if a force is applied to one of the two objects, and
to have the protruding rib being atleast partially deformed
when the one object is moved relative to the other object.
When deforming the ribs, preferably the effect of smear-
ing the material of the object to be deformed is used.
Providing protruding ribs leaves space next to the ribs,
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into which the material can be smeared. To achieve the
energy dissipating effect, it is therefore also not neces-
sary, to cut into material, i.e. to sever material from the
object.

[0011] The energy dissipating device has a plug that
has alongitudinal axis as will be described further below.
In the context of a preferred embodiment, the plug can
be a tubular object, preferably a deformation tube. Since
the invention is based, however, on the cooperation of
two objects and only necessitates one of the two objects
to be an energy dissipating object, the plug also can be
a rigid object, if it is made to cooperate with a second
object, namely the mandrel, if the mandrel is designed
to be energy dissipating. The plug is described to have
a longitudinal axis in order to allow a relative movement
between the plug and the mandrel to be described. The
use of the term "longitudinal axis" does, however, not
mean that the maximum extent of the plug is in direction
of the longitudinal axis. Embodiments of the invention
can be thought of, where the plug has a larger extent in
a direction perpendicular to the longitudinal axis than in
the direction of the longitudinal axis. However, in a pre-
ferred embodiment, the maximum extent of the plug is in
the direction of the longitudinal axis. In a preferred em-
bodiment, the plug is an object with rotational symmetry
with respect to the longitudinal axis. Thatis in a preferred
embodiment there is at least one sectional plane perpen-
dicular to the longitudinal axis in which plane the section
of the plug is an object with rotational symmetry about
the longitudinal axis. In a preferred embodiment, in the
plurality of sectional planes perpendicular to the longitu-
dinal axis, the respective section of the plug in that re-
spective sectional plane is an object with rotational sym-
metry about the longitudinal axis. In a preferred embod-
iment, the longitudinal axis of the plug points in the di-
rection of or parallel to the direction of the maximum ex-
tend of the plug. In a preferred embodiment, the longitu-
dinal axis is co-axial or parallel to the central axis of the
hole in the mandrel.

[0012] The energy dissipating device according to the
invention has a mandrel that has an opening, whereby
the plugis arranged to be moved at least partially through
the opening if a force pointing in the direction of or parallel
to the direction of the longitudinal axis is applied to the
plug and whereby at least a part of the plug and/or at
least a part of the mandrel is deformed, when the plug is
at least partially moved through the opening. In a pre-
ferred embodiment, the plug is already partially, even if
it is minimally, inserted into the opening of the mandrel
in the normal mode of operation of the energy dissipating
device, i.e. the mode of operation where the energy dis-
sipation has not taken place yet. Arranging the plug to
be partially inserted into the opening of the mandrel al-
lows for the relative movement of the plug relative to the
mandrel to be coordinated in a better manner. However,
designs can be thought of, where the plug is held dis-
tanced from the opening and whereby the plug first needs
to be moved to engage into the opening of the mandrel,
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if a force pointing in the longitudinal axis is applied to the
plug, before deformation can begin.

[0013] The invention can be achieved by two alterna-
tives, which can also be combined. In a first alternative,
the outer surface of the plug has at least one protruding
rib that extends in the direction of or parallel to the direc-
tion of the longitudinal direction, said rib being at least
partially deformed, when the plug is at least partially
moved through the opening. In the second alternative,
which can also be combined with the first alternative, the
surface of the mandrel that surrounds the opening has
at least one protruding rib that extends in the direction of
or parallel to the direction of the longitudinal direction,
said rib being at least partially deformed when the plug
is at least partially moved through the opening.

[0014] Ina preferred embodiment, the maximum diam-
eterof the plugin a plane perpendicular to the longitudinal
axis is larger than the minimum diameter of the opening
of the mandrel. Given that in the first alternative the outer
surface of the plug is described to have at least one pro-
truding rib and given that the outer surface of the plug
therefore need not be an object with constant diameter
in a plane perpendicular to the longitudinal axis, the term
"maximum diameter" is understood to be the length of
that line of all lines that in a plane perpendicular to the
longitudinal axis connects one point on the outer surface
of the plug with a second point on the outer surface of
the plug, while crossing the longitudinal axis which has
the maximum length. Given that in the second alternative
the surface of the mandrel that surrounds the opening is
described to have at least one protruding rib and given
that the opening therefore need not be constant in diam-
eter in a plane perpendicular to the longitudinal axis, the
term "minimum diameter" is understood to be the length
of that line of all lines that in a plane perpendicular to the
longitudinal axis connects one point on the surface of the
mandrel that surrounds the opening with a second point
on the surface of the mandrel that surrounds the opening,
while crossing the longitudinal axis, which has the mini-
mum length.

[0015] The rib is claimed to extend in the direction of
or parallel to the direction of the longitudinal axis. This
leads to the effect that as the plug is moved into the open-
ing in the direction of its longitudinal axis, further parts of
the rib are made to engage with parts of the mandrel and
are thus being deformed. This enhances the total amount
of energy being dissipated as the plug is moved into the
opening of the mandrel. The term "one protruding rib that
extends along the longitudinal axis" also includes "one
protruding rib that extends along a direction parallel to
the longitudinal axis". This depends on what is consid-
ered to be the longitudinal axis of the plug. If the plug is
designed to be an object that has rotational symmetry
about an axis and if this axis is called the longitudinal
axis, then the one protruding rib arranged at the outer
surface of the plug extends along a direction parallel to
the longitudinal axis of a such defined longitudinal axis
of the plug. The term "one protruding rib that extends
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along the longitudinal axis" also includes the term "one
protruding rib that extends in a direction, which direction
can be fragmented into two vectors that are perpendic-
ular to one another, whereby one of the two vectors points
in the direction of the longitudinal axis or in a direction
parallel to the direction of the longitudinal axis". The ad-
vantages of the invention can already be achieved, if the
rib is not perfectly extending along the longitudinal axis.
For example, arrangements of protruding rib can be
thought of, that progresses along the plug in a helical
manner. The same applies for the at least one protruding
rib that is provided on the surface of the mandrel in the
second alternative of the invention.

[0016] Inapreferred embodiment, atleastone protrud-
ing rib in a plane perpendicular to the longitudinal axis of
the plug has a square cross section or a triangular cross
section or a trapezoid cross section or the cross section
of a segment of a circle. In a preferred embodiment, the
geometric shape of the cross section of the protruding
rib stays the same along its extent along the longitudinal
axis. In a preferred embodiment, the surface area that
the section of the protruding rib in a section perpendicular
to the longitudinal axis takes up, stays the same along
the extent of the protruding rib along the longitudinal axis.
Embodiments can, however, be thought of, where the
surface area that a section of a protruding rib takes up
in a plane perpendicular to the longitudinal axis decreas-
es when compared to the surface area that a section of
a protruding rib takes up in a plane perpendicular to the
longitudinal axis when take at a different position along
the longitudinal axis of the plug. This can either be
achieved by reducing the height of the rib over the basic
body of the plug or the height that the rib extends into
the opening of the mandrel, if the rib is arranged at the
mandrel. This can, however, be also arranged by way of
increasing the outer diameter of the basic body of the
plug, making the plug merge with the basic body increas-
ingly along the extent of the protruding rib along the lon-
gitudinal axis. This increased merger of the rib with the
basic body of the plug makes it more difficult to deform
the plug the more the plug enters into the opening and
hence increases the energy necessary to perform this
deformation. Such a design can be used to stop the
amount of travel of the plug into the opening of the man-
drel.

[0017] In a preferred embodiment, the protruding rib
terminates at its radially most outward end in an end sur-
face that has a circumferential extent and an extent in a
direction perpendicular to the longitudinal axis of the plug.
In a preferred embodiment, this end surface has the
shape of a section of an outer surface of a cylinder.
[0018] In a preferred embodiment the outer surface of
the plug has a plurality of protruding ribs that extend in
the direction of or parallel to the direction of the longitu-
dinal axis, said ribs being at least partially deformed,
when the plug is at least partially moved through the
opening, and/or the surface ofthe mandrel that surrounds
the opening has a plurality of protruding ribs that extends
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in the direction of or parallel to the direction of the longi-
tudinal axis, said ribs being at least partially deformed,
when the plug is at least partially moved through the
opening. Providing a plurality of protruding ribs increases
the material that is deformed during energy dissipation
and hence allows the amount of energy dissipated during
energy dissipation to be increased.

[0019] In a preferred embodiment, the protruding ribs
are equally spaced over the outer surface of the plug. In
a preferred embodiment, the plug has a tubular shape,
especially preferred the shape of a hollow cylinder,
whereby the plurality of protruding ribs is arranged on
the outer surface of this tubular body. In a preferred em-
bodiment, all of the plurality of protruding ribs extend in
the same direction and keep the same distance to their
neighbouring ribs as they extend along the longitudinal
direction.

[0020] In apreferred embodiment, the plug has a basic
body with the protruding ribs arranged on the outer sur-
face of this basis body, whereby the basic body - if the
protruding ribs are imagined not to be there - has a spe-
cific geometric shape of its outer circumference, whereby
in the preferred embodiment, the shape of the opening
of the mandrel has the same shape. In a preferred em-
bodiment, the opening has a circular or elliptical cross
section, whereby in the embodiments of the second al-
ternative, where the mandrel has at least one protruding
rib, this one protruding rib of the mandrel protrudes in-
wards into such a circular or elliptical opening. In a pre-
ferred embodiment of the first alternative, where the outer
surface of the plug has a plurality of protruding ribs, the
envelope that connects the most protruding point of each
rib in a plane perpendicular to the longitudinal axis has
a circular or elliptical shape. In a preferred embodiment,
the maximum diameter of the envelope is larger than the
minimum diameter of the opening at the mandrel.
[0021] In a preferred embodiment of the preferred em-
bodiment where a plurality of protruding ribs is provided,
valleys are provided between the protruding ribs.
[0022] In apreferred embodiment, the outer surface of
the plug has the plurality of protruding ribs that extend in
the direction of or parallel to the direction of along the
longitudinal axis and in that the mandrel has an inclined
surface facing the ribs wherein said inclined surface in-
clines towards the longitudinal axis and/or the ribs each
have an inclined front surface facing the mandrel wherein
said inclined front inclines away from the longitudinal ax-
is. Providing for such inclined fronts or such an inclined
surface enhances the way that the ribs are deformed as
the plug is moved further into the opening of the mandrel.
In the alternative embodiment, where the surface of the
mandrel that surrounds the opening has the plurality of
protruding ribs that extends in the direction of or parallel
to the direction of the longitudinal axis and in that the plug
has an inclined surface facing the ribs wherein said in-
clined surface inclines away from the longitudinal axis
and/or the ribs each have an inclined front surface facing
the plug said inclined front inclines towards the longitu-
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dinal axis. Providing such an inclined surface of inclined
front or inclined surface facilitates the deformation of the
ribs as the plug is moved further into the opening of the
mandrel. In a preferred embodiment, the outside angle
between the inclined surface on the mandrel and the lon-
gitudinal axis of the plug is less than 90°, preferably less
than 80°, even more preferred less than 70°, and even
more preferred less than 60°, and even more preferred
less than 50°, and even more preferred less than 45°,
and even more preferred less than 40°. In a preferred
embodiment, the inside angle between the inclined front
and the longitudinal axis of the plug is less than 90°, pref-
erably less than 80°, even more preferred less than 70°,
and even more preferred less than 60°, and even more
preferred less than 50°, and even more preferred less
than 45°, and even more preferred less than 40°.
[0023] In a preferred embodiment, the plug is a defor-
mation tube. Designs can be thought of, where a first
energy dissipation takes place as ribs are deformed as
the plug is moved further into the opening of a mandrel
and where afurther opening is provided behind the open-
ing of the mandrel, which forces the deformation tube to
be further deformed, namely in a manner similar to the
deformation of the deformation tubes in the prior art. This
leads to a staggered dissipation of energy.

[0024] In a preferred embodiment, the plug is made of
a medium/high strength steel with good elongation prop-
erties.

[0025] Inapreferred embodiment, the mandrelis made
of a ultra-high strength steel with high yield stress and
hardness.

[0026] The connectiondevice suitable to connect a first
car of a multi-car vehicle with a second car of the multi-
car vehicle according to the invention, comprises an en-
ergy dissipating device according to any one of claims 1
to7.

[0027] The method for building a connection device
according to the invention provides for the plug to be
arranged in front of the mandrel so as to allow the plug
to be moved at least partially through the opening, if a
force pointing in the longitudinal axis is applied to the
plug.

[0028] Below, the invention will be explained in con-
junction with Fig. that only show embodiments of the in-
vention. In the Fig.

Fig. 1 aperspective view onto one quarter of the plug
and one quarter of the mandrel of a first em-
bodiment of an energy dissipating device ac-
cording to the invention,

Fig. 2 a front view onto the one quarter of the plug
and the one quarter of the mandrel of Fig. 1,

Fig. 3 aperspective view taken from a different view-
point onto the one quarter of the plug and the
one quarter of the mandrel of Fig. 1

Fig. 4 aperspective view onto one quarter of the plug

and one quarter of the mandrel of a second
embodiment of an energy dissipating device
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according to the invention,

Fig. 5 a front view onto the one quarter of the plug
and the one quarter of the mandrel of Fig. 4,

Fig. 6 a front view onto the one quarter of the plug
and the one quarter of the mandrel of Fig. 4
in a different operational state than shown in
Fig. 5,

Fig. 7 a schematic front view onto a protruding rib
arranged to surround the opening of the man-
drel just before it comes into contact with the
plug,

Fig. 8 the view of Fig. 7 showing how the rib smears
away the material of the plug,

Fig. 9 a schematic front view onto a rib protruding
from a plug just before it comes into contact
with the mandrel and

Fig. 10  the view of Fig. 9 showing how the rib is
smeared way by the mandrel.

[0029] For ease of reference, the Fig. 1 to 6 only show

one quarter 1, 101 of a plug and one quarter 2, 102 of a
mandrel of embodiments of the invention. The plug and
the mandrel each are completed by further three quarters
(not shown in the Fig 1 to 6) that look identical to the
quarters shown and are arranged around the longitudinal
axis A of the plug to complete the plug and the mandrel.
[0030] The plug and the mandrel are part of an energy
dissipating device suitable to be used as part of a con-
nection device that connects a first car of a multi-car ve-
hicle with a second car of the multi-car vehicle. The De-
vices comprises the plug that has a longitudinal axis A
and the mandrel that has an opening 3, 103. The plug is
arranged to be moved at least partially through the open-
ing 3, 103, if a force pointing in the direction of or parallel
to the direction of the longitudinal axis A is applied to the
plug.

[0031] In the first embodiment shown in Fig. 1 to 3, the
outer surface of the plug has a plurality of protruding ribs
4 that extend in the direction of or parallel to the direction
ofthelongitudinal axis A. In this embodiment, the mandrel
has an inclined surface 5 facing the ribs 4 wherein said
inclined surface 5 inclines towards the longitudinal axis
A. The outside angle between the inclined surface 5 on
the mandrel and the longitudinal axis A is less than 90°
and about 25-30°.

[0032] As can be best seen from Fig. 3, the maximum
diameter of the plug in a plane perpendicular to the lon-
gitudinal axis is larger than the minimum diameter of the
opening of the mandrel. Therefore the ribs 4 will be par-
tially deformed, when the plug is at least partially moved
through the opening 3. Because valleys 6 are arranged
between the ribs 4, the deformation of the ribs 4 will lead
to material fromtheribs 4 to be smearedinto these valleys
6.

[0033] The embodiment shown in Fig. 4 to 6 differs
from the one shown in Fig. 1 to 3 in that the ribs 104 are
arranged to surround the opening 105 of the mandrel.
The surface of the mandrel that surrounds the opening
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has a plurality of protruding ribs 104 that extend parallel
to the direction of the longitudinal axis A, said ribs 104
being at least partially deformed, when the plug is at least
partially moved through the opening as can best be seen
when comparing Fig. 5 (deformed ribs 104) to Fig. 6 (ribs
104 just before deformation). As can be best seen from
Fig. 4, the plug has an inclined surface 107 facing the
ribs 104 wherein said inclined surface inclines away from
the longitudinal axis A and the ribs 104 each have an
inclined front surface108 facing the plug said inclined
front 108 inclines towards the longitudinal axis A. Valleys
106 are provided between the ribs 104.

[0034] Fig. 7 shows schematic front view onto a pro-
truding rib 204 arranged to surround the opening 205 of
the mandrel just before it comes into contact with the
inclined surface 207 of the plug. Fig. 8 shows the view
of Fig. 7, but how the rib 204 smears away the material
of the plug. A bulk 210 of material is made during this
smearing, which enters into the gap between adjacent
ribs 204.

[0035] Fig. 9 shows a schematic front view onto rib 304
protruding from a plug just before it comes into contact
with the inclined surface 305 of the mandrel. Fig. 10
shows the view of Fig. 9, but how the material of rib 304
is smeared away by the mandrel. A bulk 310 of material
is made during this smearing, which enters into the gap
between adjacent ribs 304.

Claims

1. Energy dissipating device suitable to be used as part
of a connection device that connects a first car of a
multi-car vehicle with a second car of the multi-car
vehicle, comprising

- a plug that has a longitudinal axis (A) and
-amandrel that has an opening (3, 103), where-
by the plug is arranged to be moved at least
partially through the opening (3, 103), if a force
pointing in the direction of or parallel to the di-
rection of the longitudinal axis (A) is applied to
the plug, and whereby at least a part of the plug
and/or atleast a part of the mandrel is deformed,
when the plug is at least partially moved through
the opening (3, 103),

characterized in that

the outer surface of the plug has at least one pro-
truding rib (4) that extends in the direction of or par-
allel to the direction of the longitudinal axis (A), either
said rib being at least partially deformed, when the
plug is at least partially moved through the opening
(3) and/or said rib at least partially deforming a part
of the mandrel, when the plug is at least partially
moved through the opening (3)

and/or

the surface of the mandrel that surrounds the open-
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ing (103) has at least one protruding rib (104) that
extends in the direction of or parallel to the direction
of the longitudinal axis (A), either said rib (104) being
at least partially deformed and/or said rib (104) at
least partially deforming a part of the plug, when the
plug is at least partially moved through the opening
(103).

Energy dissipating device accordingtoclaim 1, char-
acterized in that

the outer surface of the plug has a plurality of pro-
truding ribs (4) that extend in the direction of or par-
allel to the direction of the longitudinal axis (A), said
ribs (4) being at least partially deformed, when the
plug is at least partially moved through the opening
3),

and/or

the surface of the mandrel that surrounds the open-
ing (103) has a plurality of protruding ribs (104) that
extends in the direction of or parallel to the direction
of the longitudinal axis (A), said ribs (104) being at
least partially deformed, when the plug is at least
partially moved through the opening (103).

Energy dissipating device accordingto claim 2, char-
acterized in that the outer surface of the plug has
the plurality of protruding ribs (4) that extend in the
direction of or parallel to the direction of along the
longitudinal axis (A) and in that the mandrel has an
inclined surface (5) facing the ribs (4) wherein said
inclined surface (4) inclines towards the longitudinal
axis (A) and/or the ribs each have an inclined front
surface facing the mandrel wherein said inclined
front inclines away from the longitudinal axis.

Energy dissipating device according to claim 2 or 3,
characterized in that the surface of the mandrel
that surrounds the opening (103) has the plurality of
protruding ribs (104) that extends in the direction of
or parallel to the direction of the longitudinal axis (A)
and in that the plug has an inclined surface (107)
facing the ribs (104) wherein said inclined surface
inclines away from the longitudinal axis (A) and/or
the ribs (104) each have an inclined front surface
(108) facing the plug wherein said inclined front sur-
face (108) inclines towards the longitudinal axis.

Energy dissipating device according to any ones of
claims 1 to 4, characterized in that the plug is a
deformation tube.

Energy dissipating device according to any ones of
claims 1to 5, characterized in that the plug is made
of a medium/high strength steel with good elongation
properties.

Energy dissipating device according to any ones of
claims 1 to 6, characterized in that the mandrel is
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made of a ultra-high strength steel with high yield
stress and hardness.

Connection device suitable to connect a first car of
a multi-car vehicle with a second car of the multi-car
vehicle, comprising an energy dissipating device ac-
cording to any one of claims 1to 7.

Method for building a connection device according
toclaim 8, characterized in thatthe plugis arranged
in front of the mandrel so as to be moved at least
partially through the opening (3, 103), if a force point-
ing in the longitudinal axis (A) is applied to the plug.
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