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(54) FRONT END FOR A RAIL VEHICLE

(57) A front end (13) for a rail vehicle (10) the front
end (13) comprising a deformable structure (30), includ-
ing a frame (31) movable on a chassis (11) and a me-
chanical protective device (33) mechanically connecting

the frame (31) to the vehicle’s chassis (11). The mechan-
ical protective device (33) is adapted to break if a prede-
termined force F is exceeded, so that the frame (31) may
move on the chassis (11).
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Description

Technical field

[0001] The present invention relates generally to a
front end of a railway vehicle. More particularly, the in-
vention relates to a means to shunt a rail vehicle.

Background Art

[0002] Conventional ways of moving trains around
within railway depots is to use either shunting vehicles
or to couple railway vehicles together. Train couplers are
similar to traction rod normally used to connect two ad-
jacent trains mechanically and electrically (sometimes
also pneumatically). Couplers are easily visible in front
of railway vehicles such as regional trains, and seldom
visible on high speed trains (for aerodynamic reasons)
or light rail vehicles (for aesthetic reasons). When a
shunting operation is required on a light rail vehicle, a
staff member, usually the driver himself, must get off the
vehicle, raise or remove the front extremity in order to
get access to the front coupler and then extend (or unfold)
and connect it with the shunting vehicle or an adjacent
vehicle’s coupler. Such vehicle configuration allowing
coupling of light rail vehicles is known from EP2720924.
[0003] Coupling trams is time consuming and often re-
quires extensive manual operations, increasing both
maintenance costs for tram operating companies and
risks of injuries for the drivers. Similar shunting operation
are also sometimes required in the event that a tram in
commercial service is out of order and needs assistance
to return to the depot.
[0004] Considering the aforementioned drawbacks as-
sociated to shunting operations, there is a need for an
easier, safer and faster means to shunt railway vehicles.

Summary of invention

[0005] It is an object of the present invention to provide
a means to shunt railway vehicles without coupling.
[0006] In the following description, and unless other-
wise stated, the word "longitudinal" defines the travelling
direction of the rail vehicle, which is also the direction in
which the rail track extends, while "transversal" means
a direction that is horizontal and perpendicular to the trav-
elling direction.
[0007] According to one aspect of the invention, there
is provided a front end of a rail vehicle. The rail vehicle
has a shock absorber system designed to cope with im-
pacts on the front of the vehicle and a driver cab structure
which has a structural resistance to protect the driver in
case of a collision. Both the shock absorber system and
the driver cab structure are part of the vehicle’s chassis.
The front end comprises a deformable structure located
preferably at a front extremity of the rail vehicle, so that
in most cases the deformable structure collides with an
obstacle first, in the event of an impact or a collision. The

deformable structure includes a frame mounted on the
vehicle’s chassis in such a manner that the frame can
move with respect to the chassis.
[0008] As an example, the frame consists in a sheet
metal part, and has a main bend of approximately 90°,
such that one side of the bent sheet metal part extends
substantially horizontally, and is mounted movably on
the chassis, and the other side extends substantially ver-
tically. The vertical part is positioned towards the front of
the vehicle. In order to provide sufficient rigidity, the frame
is provided with ribs welded between the horizontal por-
tion and the vertical portion of the bent sheet metal part.
[0009] According to another aspect, the frame and the
chassis can be connected via a guiding means whose
function is to guide the deformable structure in a preferred
direction. Since collisions happens mostly at the front
extremity of the vehicle, the guiding means hinders lat-
eral, ie transversal movements, ensuring that the deform-
able structure will move mainly backwards, ie along a
longitudinal axis of the rail vehicle.
[0010] The person skilled in the art knows many ways
to obtain a guiding means, such as roller guide rails, linear
bearings or telescopic slides. However, as the deforma-
ble structure is likely to be damaged after a collision, it
is preferable to have a simple, robust and cheap design
for the guiding means. A pin or a screw attached to either
the frame of the chassis, sliding in a guiding groove or a
guiding slot provided in the other of the frame or the chas-
sis will be preferred to complex and expensive means.
[0011] According to another aspect of the invention, a
mechanical protective device such as a mechanical fuse
connects the frame to the chassis. The mechanical fuse
locks the connection between the frame and the chassis,
and is designed to break when a force exceeding a pre-
determined impact force is exerted onto the deformable
structure. The predetermined impact force is calculated
based on a desired speed, ie a maximum bumping speed,
and the average weight of the vehicles, so that an impact
with another rail vehicle at a very low speed is possible
without breaking the mechanical fuse. Such very low
speed is usually considered to be below 5 km/h, and cor-
respond to the impact speed, for instance the speed of
the moving vehicle bumping into the other vehicle, ie the
vehicle to be pushed, which is supposedly at a stand-
still. This feature permits a rail vehicle equipped with a
front end according to the invention to push another rail
vehicle at very low speed, with limited to no damage to
any of the vehicles, and without the need to connect the
front couplers. Such feature will be very convenient in a
railway depot, as the train drivers will remain safely in
their cabin while pushing other vehicles.
[0012] The mechanical fuse can include of one or more
break-away bolts arranged longitudinally. Break-away
bolts, commonly called fuse-bolts, can be machined bolts
containing a smaller or necked section. The diameter at
the smaller section is sized to break at a selected traction
or tension force, corresponding to the predetermined im-
pact force. Depending on the configuration of the me-
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chanical fuse, different types of break-away bolts could
be used. It should be noted that other types of mechanical
fuses could also be used.
[0013] Whenever a collision occurs at a higher speed,
typically above 10km/h, the break-away bolts will break,
thus unlocking the movable connection between the
frame and the chassis so that the deformable structure
can move backward, i.e. from the front extremity towards
the driver cab structure.
[0014] An opening is provided in the frame to receive
a fuse bolt support dependant or projecting from the chas-
sis. The opening can be a longitudinal slot, extending
longitudinally, ie in the direction of travel. The or each
break away bolt is connected to one said fuse bolt support
and to a fuse bolt interface linked to the frame.
[0015] Alternatively, the mechanical fuse could consist
in a bonded connection, in particular an adhesive bonded
connection that would be sized/configured to tear off
when a force exceeding the predetermined force is ex-
erted on the deformable structure. As a matter of fact,
the word "mechanical" is intended in particular to exclude
common (electrical) fuses. Adhesives may also be con-
sidered as a type of fuse or protective device when con-
necting the frame to the chassis.
[0016] The driver’s cab structure supports most front
parts of the bodyshell and the windscreen, and also pro-
tects the driver in case of a collision. The mechanical
fuse can be used to connect the frame to any part of the
shock absorber system or the driver cab structure, that
are connected to the vehicle’s chassis.
[0017] In another preferred embodiment of the inven-
tion the shock absorber system includes a crashbar hid-
den behind the front lower bodyshell of the vehicle and
which is combined in series with hydraulic dampers, the
hydraulic dampers that are rigidly attached to the vehi-
cle’s chassis. The shock absorber system is preferably
located at the front extremity of the rail vehicle. The crash-
bar is preferably installed at a low level, typically between
300 and 600 millimetres from the top of the rail track, and
behind the front bodyshell so that it does not alter the
vehicle’s aesthetics and is hidden from the public’s sight.
[0018] The frame of the deformable structure can be
mounted movably on the driver cab structure, or on the
crash bar. Preferably the frame is mounted movably on,
and connected via the mechanical fuse to the crashbar,
so that the deformable structure’s is connected in series
with the hydraulic dampers.
[0019] In a preferred embodiment of the invention a
resilient material, such as an elastomer, is mounted on
the frame, preferably in front of the frame and/or covering
the vertical portion of the frame and placed adjacent to
the bodyshell. It is adapted to deform elastically when
the collision force exerted on it remains below a prede-
termined impact force so that a contact or an impact with
another vehicle at very low speed, typically below 5km/h,
will cause no permanent damage to the front end.
[0020] Elastomers, either synthetic, natural, or mixed,
are common materials. They are easy to produce and

affordable, they can also be moulded to fit almost any
shape and dyed to any colour. Elastomers have high
elastic properties so that they can deform without being
permanently damaged, thereby they are suitable to re-
place some rail vehicle’s bodyshell parts to reduce dam-
ages caused by minor impacts. Elastomers’ high elastic-
ity is also beneficial in case of collision with pedestrians,
reducing significantly injuries severity, compared to more
rigid bodyshell materials such as steel, aluminium, glass
reinforced plastics (GRP), carbon fibre reinforced plas-
tics (CFRP) or even polyurethane foams.
[0021] Preferably, the resilient material is juxtaposed
with the vehicle’s front bodyshell parts, thus forming a
continuous surface and being almost indistinguishable
from other adjacent bodyshell parts.
[0022] According to a further aspect of the invention,
upon breakage of the mechanical fuse, the connection
between the chassis and the frame is not entirely re-
leased, as the guiding means continues to guide the
movement of the frame, along the length of the guiding
slots.
[0023] When the collision force exceeds the predeter-
mined impact force, and the mechanical fuse breaks be-
cause of the excessive force from the impact, it causes
the deformable structure to be partly released, thus no
longer be operative as a damping device as it is only
linked to the chassis by the guiding means. The collided
obstacle or vehicle will then most likely bump into the rail
vehicle’s crashbar and the force will be subsequently
transmitted to the hydraulic dampers of the shock ab-
sorber system. Accordingly, the break-away bolts sizing
as well as the shock absorber system will be specifically
configured for the vehicles in question and will need ap-
propriate adaptation.
[0024] According to another aspect of the invention,
the frame and the chassis can further be connected via
a retaining device. The aim of such a retaining device is
to ensure that the deformable structure cannot become
loose when the mechanical fuse breaks off, and espe-
cially ensure that the deformable structure doesn’t detach
entirely from the vehicle and fall on the track, where it
could cause great damage to vehicles. The retaining de-
vice allows for a range of motion within which the me-
chanical fuse breaks off. In other words, the retaining
device does not interfere with the guiding means, nor
with the mechanical fuse.
[0025] The retaining device can consist of metallic
straps, combining flexibility and strength. Metallic straps
can also provide electrical conductivity in case grounding
connection of the deformable structure is required (as is
required for most metallic parts of a railway vehicle). Any
other connection combining the above mentioned me-
chanical and electrical characteristics could also be used,
as long as it does not interfere with the unlocking of the
connection provided by the mechanical fuse.
[0026] It will become obvious for a person skilled in the
art that such a front end could also be used on a rail
guided vehicle which has no driver’s cab, such as a driv-
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erless metro, or an Automated People Mover (APM).
[0027] The applicants have found that by using a front
end according to the invention, it is safer, faster and more
economic to shunt another railway vehicle.
[0028] Other features and advantages of the present
invention will become apparent from the following de-
tailed description. It should be understood, however, that
the specific embodiments in the detailed description are
given by way of illustration only, since various changes
and modifications within the scope of the invention will
become apparent to those skilled in the art.

Brief description of drawings

[0029]

Figure 1: Side view of a typical light railway vehicle

Figure 2: Side view of two railway vehicles having
their front extremities raised, their couplers extended
and connected.

Figure 3: Side view of two railway vehicles, one ve-
hicle using a front end according to the invention to
push the other vehicle.

Figure 4: Partial perspective view of the back of a
front end according to the invention, including the
crash absorber system.

Figure 5: Enlarged view of a region of Figure 4, show-
ing details of the mechanical fuse. Some parts have
been removed for clarity purpose.

Figure 6: Partial perspective view of a front end of a
railway vehicle, showing the deformable structure
and bodyshell parts.

Figure 7: Perspective view of the front end and its
proximate environment consisting of the crash ab-
sorber system and the folded coupler.

Figure 8: Alternative embodiment of the mechanical
fuse (resilient material not shown).

Figure 9: Illustration of a fuse bolt support.

Description of embodiments

[0030] Referring to Figure 1, a rail vehicle 10 is
traveling on a track 200. The track 200 defines the lon-
gitudinal direction. The front end 13 of the rail vehicle 10
is located below the windscreen 14. The front extremity
20 is the portion located the farthest away along the lon-
gitudinal direction, in the direction of travel T of the rail
vehicle 10, ie towards the left of Figure 1.
[0031] Coupled rail vehicles are shown on Figure 2.
The depicted vehicles are two different models of light

rail vehicles 10, 100. Both vehicles have their front ex-
tremity 20, 120 raised, so that the front couplers 114, 115
are made accessible to the drivers, and can be unfolded
and connected to each other.
[0032] A folded coupler 114 can be seen from Figure
7 located behind the crashbar 111.
[0033] Inside depots, railway vehicles circulate at low
speed, typically below 10 km/h. As can be seen from
Figure 3, the present invention makes no use of the front
couplers 114, 115 but instead the vehicle 10 uses its front
end 13 to push the other vehicle 100. The front end 13
contacts the vehicle 100 at a low level, typically 500-600
millimetres above the track level.
[0034] Figure 4 shows an expanded view of a front end
13 of a rail vehicle 10 having a chassis 11, the front end
13 comprises a deformable structure 30. The deformable
structure 30 includes a frame 31, which consists mainly
in a bended metal plate, mounted on the chassis 11 in a
movable manner. A mechanical fuse 33 is attached di-
rectly or indirectly on one end to the frame 31 and on the
other end to the chassis 11. The mechanical fuse 33 is
adapted to break past or above a predetermined force
so that the frame 31 may move backwards on the chassis
11. A resilient material 32 having elastomeric properties,
such as rubber, can be mounted onto the frame 31.
[0035] The resilient material 32 is designed to resist to
low speed impacts, typically below 5km/h, preferably
equal or lower than 3 km/h, without suffering any plastic
deformation. For vehicle such as light rail vehicles, an
impact speed of 3 km/h induces impact forces on the
front end 13 of approximately 150 kN. Values of 150 kN
causes no plastic deformation on the mechanical fuse
33 either, as they are designed to break at a significantly
higher force.
[0036] The mechanical fuse 33 attached between the
frame 31 and the rail vehicle’s chassis 11 is designed to
break when a predetermined impact force is exerted onto
the deformable structure 30. An impact or a collision oc-
curring at a speed above 10km/h will break the mechan-
ical fuse 33 and release the front end 13. The predeter-
mined impact force resulting from this impact is approx-
imately 300kN.
[0037] According to one embodiment of the invention,
the part of the chassis 11 to which the frame 31 is movably
attached comprises a crashbar 111.
[0038] As can be seen on Figure 5, the connection be-
tween the frame 31 and the crashbar 111 also comprises
a retaining device 50 comprising metallic straps, attached
on one end to the frame 31, and on the other end to the
crashbar 111. The retaining device 50 allows for a range
of motions within which the mechanical fuse 33 breaks
off. In other words, the retaining device 50 is operative
to retain the deformable structure 30 attached to the
chassis 11 when the mechanical fuse 33 breaks off
[0039] The front end 13 also includes a guiding means
40 inserted between the frame 31 of the deformable
structure 30 and the vehicle. Such guiding means 40 will
hinder lateral movements and ensure that the deformable
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structure 30 moves in a preferred direction upon failure
of the mechanical fuse 33.
[0040] Preferably, the guiding means 40 allows for a
longitudinal movement of the deformable structure 30, ie
along the direction of travel T of the rail vehicle, which
should be the main direction of the impact force resulting
from a collision between two adjacent rail vehicles on the
same track, or between the rail vehicle and an obstacle.
[0041] An example of a mechanical fuse 33 can be
seen on Figure 5, implementing one or more fuse bolts
331 installed longitudinally, parallel to the vehicle travel-
ling direction. Such arrangement is best suited for the
use of traction fuse bolts, which will break past or above
a selected traction force. The fuse bolts 331 contain a
smaller section which is the location where the bolt will
break. The fuse bolts 331 are rigidly connected on one
end to a fuse bolt support 332 rigidly connected to the
crashbar 111 and bolted on the other end to a fuse bolt
interface 333. An opening 31a in the frame 31 receives
the fuse bolt support 332. The opening 31a is a longitu-
dinal slot, extending from the fuse bolt 332 towards the
front of the vehicle, ie in the direction of travel T. A collision
on the deformable structure 30 will push the frame 31
backwards which in turn will push the fuse bolt interface
333. The fuse bolt interface 333 is connected to the frame
31, in particular rigidly connected, or part of the frame
31, and comprises a vertical steel plate provided with an
opening in its centre. The fuse bolt 331 is inserted into
the opening from one side of the steel plate and bolted
on the other side. The fuse bolt interface 333 thus induces
a traction force on the fuse bolt 331 thanks to the bolted
connection, when the frame 31 moves backwards. An
impact force F greater than 300kN will break the mechan-
ical fuse 33, unlocking the connection between the frame
31 and the chassis 11. The fuse bolt support 332 will
slide inside the opening 31a until the fuse bolt support
332 reaches the vertical portion of the frame 31 and goes
through a vertical slot of the opening 31a.
[0042] Referring to Figure 6, the resilient material 32,
made of rubber, is juxtaposed with the vehicle’s front bod-
yshell 12. The benefit of this configuration is that the bod-
yshell and the resilient material form a continuous surface
so that the resilient material 32 is almost not distinguish-
able from the front bodyshell 12.
[0043] As can been seen on Figure 7, the coupler 114
is located behind the crashbar 111, so that the front ex-
tremity 20 must be raised in order to extend the coupler
114.
[0044] Another embodiment of a mechanical fuse 33
is represented in Figure 8, where the mechanical fuse
33 connects the frame 31 and the rail vehicle’s chassis
11 and where the chassis 11 comprises the driver’s cab
structure 113.
[0045] Figure 9 shows the fuse bolt support 332 bolted
to the driver’s cab structure 113, and the fuse bolts 331
are inserted transversally through both the fuse bolt sup-
port 332 and the fuse bolt interface 333. The fuse bolt
interface 333 includes a tube forming the fuse bolt inter-

face longitudinal member 3331, a fuse bolt interface front
end 3333 and a fuse bolt interface rear end 3332, the
fuse bolt interface front end 3333 is connected to the
frame 331 while the fuse bolt interface rear end 3332 is
connected to the fuse bolt support 332 via the fuse bolts
331. An inclined notch 98 has been machined on the fuse
bolt interface rear end 3332 and a corresponding chamfer
99 machined in the fuse bolt support 332, facing the notch
98, the chamfer 99 and the notch 98 preferably being
parallel. In the event of a collision on the front end 13,
the frame 31 will push backwards and thus will apply a
mainly longitudinal force on the mechanical fuse 33. The
longitudinal force transmitted to the fuse bolt interface
front end 3333, the fuse bolt interface longitudinal mem-
ber 3331 and the fuse bolt interface rear end 3332 will
become a shear force in the fuse bolt(s) 331, which will
break if the force exceeds a predetermined shear force.
Upon failure of the fuse bolts 331, the fuse bolt interface
333 will move backwards (towards the rear of the vehicle)
and the notch 98 in the fuse bolt interface rear end 3332
will meet the chamfer 99 of the fuse bolt support 332,
thus forcing the fuse bolt interface 333 to move down-
wards. This safety measure ensure that the fuse bolts
interface will be fully released so that it does not interfere
with the shock absorber system 112 and that it moves in
a preferred direction, ie towards the bottom or downward-
ly. The mechanical fuse 33 further includes its own re-
taining device, consisting also of a metallic strap con-
nected to the fuse bolt support 332, to ensure that no
part can fall on the track.
[0046] Figure 4 also shows an example of a guiding
means 40 consisting of longitudinal slots 42 which have
been laser-cut in the frame 31. The slots 42 extend mainly
in the horizontal portion of the frame 31, and also slightly
in the vertical portion. Bolts 41 extend through the slots
42 and are bolted to the crashbar 111. The slots 42 in
the frame 31 are slightly larger than the nominal diameter
of the bolts 41, but smaller than the bolt heads. In the
vertical portion of the frame 31, the slots 42 are larger
than the bolt heads and extend slightly higher than the
bolt heads so that the bolts 41 will not retain the frame
31 when the fuse bolt(s) 331 breaks. The tightening of
the bolts 41 is such that the effort applied to the frame
does not interfere with the function of the mechanical
fuse 33. The orientation of the slots 42 will ensure that
the frame will move in a direction essentially parallel to
the longitudinal direction.

Reference signs list

[0047]

10 Rail vehicle
11 Chassis
111 Crashbar
112 Shock absorber system
113 Driver cab structure
114 Front coupler of other rail vehicle 10
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12 Bodyshell
13 Front end
14 Windshield
20 Front extremity of vehicle 10
30 Deformable structure
31 Frame
31a Opening
32 Resilient material
33 Mechanical fuse
331 Fuse bolt
331a Smaller section
332 Fuse bolt support
333 Fuse bolt interface
3331 Fuse bolt interface longitudinal member
3332 Fuse bolt interface rear end
3333 Fuse bolt interface front end
40 Guiding means
41 Bolt
42 Slot
50 Retaining device
98 Notch
99 Chamfer
100 Other rail vehicle
115 Front coupler of other rail vehicle 100
120 Front extremity of other rail vehicle 100
200 Track

Claims

1. Rail vehicle (10), the rail vehicle (10) having a front
end (13) and a chassis (11), said front end (13) com-
prising a deformable structure (30), wherein said de-
formable structure (30) includes:

a frame (31) movable on the chassis (11); and
a mechanical protective device (33) mechani-
cally connecting the frame (31) to the chassis
(11), the mechanical protective device (33) be-
ing adapted to break if a predetermined impact
force (F) is exceeded, so that the frame (31) may
move on the chassis (11).

2. Rail vehicle (10) according to claim 1, wherein a re-
silient material (32) is mounted on the frame (31),
the resilient material (32) being adapted to elastically
deform under an impact force below 150 kN.

3. Rail vehicle (10) according to claim 2, wherein the
resilient material (32) comprises an elastomer.

4. Rail vehicle (10) according to any of the previous
claims, wherein the predetermined impact force (F)
corresponds to an impact speed above 10 km/h.

5. Rail vehicle (10) according to any of the previous
claims, wherein the chassis (11) includes a driver
cab structure (113) and a shock absorber system

(112) and in that the mechanical protective device
(33) mechanically connects the frame (31) to the
driver cab structure (113) or to the shock absorber
system (112).

6. Rail vehicle (10) according to any of the previous
claims, wherein the frame (31) and the chassis (11)
are connected via a guiding means (40) operative to
guide the deformable structure (30) in a predeter-
mined direction when the mechanical protective de-
vice (33) breaks.

7. Rail vehicle (10) according to any of the previous
claims, wherein the mechanical protective device
(33) includes one or more break-away bolts (34).

8. Rail vehicle (10) according to any of the previous
claims, wherein the frame (31) and the chassis (11)
are further connected via a retaining device opera-
tive (50) to retain the deformable structure (30) at-
tached to the chassis (11) when the mechanical pro-
tective device (33) breaks.

9. Rail vehicle (10) according to claim 8, wherein the
retaining device (50) consists of one or more flexible
straps.

10. Rail vehicle according to any of the previous claims,
wherein the resilient material (32) is juxtaposed with
a bodyshell (12) of the rail vehicle (10) and together
with the bodyshell (12) presents a continuous sur-
face.

11. Method for moving a rail vehicle, wherein the rail
vehicle (10) is shunted with another rail vehicle (100)
using a front end (13) according to any of the previ-
ous claims.
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