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(57) A rail vehicle car body (10) includes two end
modules (14), at least one of which is provided with a
lateral access door (142), and a tubular module (18) ex-
tending from one of the two end modules to the other and
mechanically fastened to the two end modules. The tu-
bular module comprises a doorless shell made of alu-
minium alloy extruded longitudinal profiles extending
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from one of the two end modules to the other and longi-
tudinally welded together. With such a structure, the in-
terior outfit of the rail car can be installed through one of
the open ends of the tubular module, after the longitudinal
profiles of the shell have been welded together and paint-
ed. Similarly, refurbishment is simplified, since one of the
end modules can be removed to give access to the inte-
rior of the tubular module.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a method of assembly
of a car body for a rail vehicle, and more particularly for
an inter-regional or intercity train. It also relates to the
resulting car body and a method of refurbishing such a
car body.

BACKGROUND ART

[0002] A modular car body for a rail vehicle formed
from a number of double-skin extruded panels extending
along the length of the vehicle is known from EP 1 043
206. The extruded panels are welded edge to edge along
all the length of the vehicle. Unlike riveting or bolting this
method of assembly does not necessitate a substantial
overlapping of the edge portions of the panels, which
proves particularly beneficial in terms of weight. Practi-
cally, a gain of ca. 600 kg can be achieved for a conven-
tional passenger carriage of 25500 mm.

[0003] When the assembly of the different constitutive
parts of the car body shell involves welding operations,
these welding operations have to be completed before
painting of the inner part of the car body shell and/or the
assembly of the inner outfit of the car body can start.
When at least some of the panels which have to be weld-
ed extend the whole length of the vehicle, such as dis-
closed in EP 1 043 206, the welding operation impede
the installation of the inner oulffit as long as the whole car
body shell has not been completed. With such a se-
quence of operations, the interior outfit of the rail car,
which may include the ceiling, flooring, interior panels,
cabling, lighting and insulation has to be inserted in the
vehicle through the side doors of the car body.

[0004] In the case of a commuter train provided with
wide door openings and large entry platforms regularly
spaced at short intervals on each side of the car body,
the installation of the interior outfit through the side open-
ings does not present a difficulty.

[0005] In the case of inter-regional or intercity trains,
however, the door openings are narrower and located at
the ends of the rail car in order to minimise the entry
space and to maximise the space allocated to the pas-
senger area. Moreover, most elements of the interior out-
fit, notably the seats, are larger and heavier than for com-
muter trains. Thus, the installation of the interior outfit
becomes particularly difficult and results in a considera-
ble loss of time during assembly because of the limited
space available through the side doors.

[0006] Thereistherefore aneed foramore appropriate
car body structure and method of assembly, which can
simplify the installation of the interior oultfit in a car body
shell obtained by longitudinal welding of extruded alu-
minium panels.
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SUMMARY OF THE INVENTION

[0007] The foregoing shortcomings of the prior art are
addressed by the present invention. According to one
aspect of the invention, there is provided method of as-
sembling a rail vehicle car body of a given overall length,
comprising:

- extruding a number of longitudinal aluminium alloy
profiles;

- longitudinally welding together the longitudinal pro-
files to form a doorless tubular module with two open
ends, at least some of the longitudinal profiles ex-
tending from one of the open ends of the tubular
module to the other, the longitudinal distance be-
tween the open ends of the tubular module being
greater than 75% of the overall length of the car body,

- inserting an interior ouffit into the tubular module
through at least one of the two open ends,

- manufacturing two end modules, at least one of
which is provided with a lateral access door opening,

- mechanically fastening the two end modules to the
open ends of the tubular module in areleasable man-
ner, at least one of the end modules being fastened
to the tubular module after the interior outfit has been
inserted into the tubular module.

[0008] The terms "mechanically fastening" apply to dif-
ferent kinds of mechanical connection in which no sub-
stantial heating of the profiles takes place. The mechan-
ical connection is "releasable" within the meaning of the
present invention if assembly and removal of the end
module can be carried out without substantial deforma-
tion of the aluminium alloy profiles.The end modules can
preferably be bolted or riveted to the tubular module,
welding being formally excluded since it involves sub-
stantial heating and does not provide a releasable me-
chanical connection.

[0009] Thanks to the sequence of assembly steps ef-
ficient assembly of the interior outfit can be ensured after
completion of the welding operations and prior to the at-
tachment of the end modules, through the large open
ends of the tubular module.

[0010] Preferably, the method further comprises paint-
ing the tubular module after the longitudinal aluminium
profiles have been welded together and before inserting
the interior ouffit.

[0011] The method may further comprise manufactur-
ing two bolster subassemblies from steel, and bolting the
bolster subassembilies to the tubular module.

[0012] The method may further comprise cutting win-
dow openings in the tubular module. Where a window
opening interrupts a longitudinal welding line between
two longitudinal profiles, the edge of the window opening
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at the intersection with the welding line should preferably
be perpendicular to the latter.

[0013] Inthe case of anintermediate car, the end mod-
ules are provided with a gangway opening.

[0014] According to a further aspect of the invention,
there is provided a method of assembling a rail vehicle
car body of a given overall length, comprising:

- extruding a number of longitudinal aluminium alloy
profiles,

- longitudinally welding together the longitudinal pro-
files to form a doorless tubular module with two open
ends, at least some of the longitudinal profiles ex-
tending from one of the open ends of the tubular
module to the other, the longitudinal distance be-
tween the open ends of the tubular module being
greater than 75% of the overall length of the car body,

- manufacturing two end modules, at least one of
which is provided with a lateral access door opening,
and

- mechanically fastening two each of the two end mod-
ules in a releasable manner to a respective one of
the two longitudinal ends of the tubular module, at
least one of the two end modules being provided with
a lateral access door opening.

[0015] With such a structure, the interior ouffit of the
rail car, which may include the ceiling, flooring, interior
panels, cabling, lighting and insulation, can be installed
through one of the open ends of the tubular module after
the longitudinal profiles have been welded together and
painted. Similarly, refurbishment is simplified, since one
of the end modules can be removed to give access to
the interior of the tubular module.

[0016] The length of the tubular module is more than
75% of the total length of the car body, the remaining
25% being allocated to the two end modules. The alu-
minium alloy extruded longitudinal profiles preferably
form two body side walls, a roof and a floor.

[0017] According to a preferred embodiment, the lon-
gitudinal profiles form double skinned walls, which pro-
vide mechanical strength to the shell.

[0018] The tubular module may further comprise two
steel bolster subassemblies each mechanically attached
to the tubular module towards a respective one of the
two end modules and providing an interface for a bogie
and a coupler. The bolster subassembly is preferably a
welded and machined assembly, manufactured from
steel and attached to the aluminium tube e.g. using bolts
bolted into tapping bars inserted in a diaphragm welded
to the car body extruded profiles. The material selection
provides the necessary strength and stiffness with a min-
imised vertical cross section to ensure that the passenger
area of the vehicle has as low a walking floor height as
possible.
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[0019] At least one of the end modules may comprise
a steel sub-frame and an upper structure bolted to the
steel sub-frame, the upper structure being manufactured
from formed internal and external aluminium panels,
which are welded together. The module may be provided
with a communication gangway opening for accessing
an adjacent rail car through a gangway attached to the
upper structure. The sub-frame provides the necessary
strength to react to coupler lateral damper loads and the
overriding reaction forces from the coupler and anti-
climbers.

[0020] Advantageously, at least one, and preferably
each of the longitudinal ends of the tubular module com-
prises a strengthening annular diaphragm extending in
aplane perpendicular to the longitudinal extruded profiles
and welded to the extruded profiles extending from one
of the two longitudinal ends of the tubular module to the
other. Advantageously, each strengthening annular dia-
phragm can be provided with holes for receiving bolts for
fastening the end modules to the tubular module.
[0021] According to a further aspect of the invention,
there is provided a method of refurbishing a rail vehicle
car body as disclosed hereinbefore, comprising:

- removing at least one end module from the tubular
module, to give free access to at least one open end
of the tubular module,

- removing the existing interior outfit from the tubular
module through the at least one open end,

- installing a new interior ouffit in the tubular module
through the at least one open end,

- fastening the removed end module to close the open
end.

[0022] The car body shell structure can also be adapt-
ed to a driving car, in which case one of the end modules
is a driver’s cab.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Other advantages and features of the invention
will become more clearly apparent from the following de-
scription of specific embodiments of the invention given
as non-restrictive examples only and represented in the
accompanying drawings in which:

- figure 1 is a side view of a car body of rail vehicle in
accordance with the invention,

- figure 2 illustrates an exploded view of the car body
of figure 1,

- figure 3 illustrates a cross-section of a tubular mod-
ule of the car body of figure 1,
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- figure 4 illustrates a bolster subassembly of the car
body of figure 1,

- figure 5 illustrates an end module of the car body of
figure 1,

- figure 6 illustrates a subframe of the end module of
figure 5,

- figure 7 illustrates the underside of the vehicle of
figure 1,

- figure 8 illustrates the interior layout of the car body
of figure 1, and

- figure 9 illustrates a detail of a second embodiment
of the invention;

DETAILED DESCRIPTION OF VARIOUS EMBODI-
MENTS

[0024] Referring to figure 1, the car body 10 of pas-
senger rail vehicle 12 consists of two end modules 14
and one tubular module 18 extending from one of the two
end modules to the other. As illustrated, the tubular mod-
ule 18 constitutes the major part of the car body 1. Its
length amounts to more than 75%, and preferably more
than 85% of the overall length of the car body. For a
typical car body length of 25,500 mm, the length of the
tubular module is preferably more than 19,125 mm and,
in the specific example of figure 1, equal to 22,350 mm.
[0025] Asiillustrated in figure 2, the tubular module 18
comprises a roof 20, left and right doorless side walls 22
and a floor 26. These panels extend from one of the two
end modules to the other and are longitudinally welded
together, i.e. in a direction parallel to the longitudinal axis
of the tubular module.

[0026] More specifically, and as illustrated in figure 3,
each of the roof, floor and side walls is composed of a
plurality of extruded profiles cut to the appropriate length,
which are welded along their length and machined as far
as necessary. In this particular embodiment, the roof 20
includes a roof plank 201 flanked by two cant rails 202,
203. The roof plank 201 and cant rails 202, 203 are lon-
gitudinally welded together to form the roof before they
are assembled to the side walls 22. Similarly, each side
wall 22 includes an upper body side 221, a centre body
side 222 and a lower body side 223, which are welded
together along their length before the side wall 22 itself
is welded to the roof 20 and floor 26. In case a side wall
22 requires window and/or other openings, the cutting
out and/or other machining operations are carried out
before welding the side wall 22 to the roof 20 and floor
26. The floor 26 includes a planar wall section made of
a centre floor plank 261, flanked by two inner floor planks
262 and two outer floor planks 263. The plan wall section
itself is flanked by two sole bars 264. These extruded
elements are longitudinally welded together and ma-
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chined before the floor is welded to the side walls 22.
One or more jigs (not shown) may be used to temporally
maintain the extruded elements in position during weld-
ing.

[0027] While some of the extruded profiles may be in-
terrupted to accommodate window openings or roof re-
cesses for electrical equipment, at least some of the ex-
truded profiles, and singularly the cant rails 202, upper
body sides 221, lower body sides 223, sole bars 264 and
outer floor planks 263 located at the upper and lower
edges of the car body shell as well as the centre and
inner floor planks 261, 262 extend from one end of the
tubular module to the other and are welded to one another
along the full length of the tubular module without inter-
ruption.

[0028] As can be seen on figure 3, the cant rails 202
are thicker than the roof plank. 201, to provide additional
rigidity to the corners of the shell structure cross-section.
The floor planks 261, 262, 263, sole bars 264, body sides
221, 222, 223, roof planks 201 and cant rails 202 are all
double skinned extrusion profiles to ensure a lightweight
self-supporting tube design whilst meeting all necessary
strength and stiffness requirements. Additional stiffness
is provided at the edges of the car body shell by the sole
bar 264 and cant rail 202 extrusion elements, which are
larger in section than the other extrusion elements.
[0029] Allthe extruded elements are pre-drilled so that
no machining is required during the final assembly of the
car body. C-shaped slots 30, 32 are provided on the bot-
tom of the sole bar and other floor-related extrusion ele-
ments for mounting underfloor equipment and inside de
car body, protruding from the floor planks, body sides
and/or roof planks for the mounting of seats, interior in-
stallation and trim, providing a high degree of flexibility
in the interior layout.

[0030] Oneormore structural ring-shaped diaphragms
34 can be welded or otherwise secured at the centre
and/or at intermediate positions of the tubular module 18
to increase body shell stiffness and to provide a channel
for air ducts between the floor and roof space. Similarly,
two annular end diaphragms 38 are welded at the ends
of the tubular structure to reinforce the stiffness of the
tubular structure and reduce the major modes of vibration
of the tubular module. The two annular end diaphragms
are also provided with holes in and constitute an attach-
ment interface for each of the end modules.

[0031] A steel bolster subassembly 40 is attached un-
derneath the tubular module 18 to an underside of the
floor 26 and comprises a bolster 42 providing an interface
for the bogie 44, a crossmember 46 projecting towards
the adjacent end of the tubular module and a pair of gird-
ers 47 extending from the crossmember to the bolster
and the coupler. As illustrated in figure 4, the bolster su-
bassembly 40 is a rigid welded and machined assembly,
manufactured from steel. This subassembly is attached
to the underside of the floor using bolts and tapping bars
inserted in the car body extrusion elements. The number
of bolts is adapted to the longitudinal shear loads and
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vertical loads applied to the subassembly in several sce-
narios, including collision. The material selection pro-
vides the necessary strength and stiffness with a mini-
mised vertical cross-section to ensure that the passenger
area of the vehicle has as low a walking floor height as
possible.

[0032] Referring to figures 5 to 7, each end module 14
includes an upper structure 140 manufactured from
formed internal and external aluminium panels and/or
extruded elements, which are welded together to create
a stiff, lightweight design. This upper structure 140 in-
cludes a roof 140A, side walls 140B provided with pas-
senger door openings 142 and end wall 140C provided
with a gangway opening 143, a floor 140D as well as an
annular diaphragm 138 extending in a vertical transverse
plane to provide rigidity and form an interface with the
tubular module. The aluminium upper structure is bolted
to a steel sub-frame 144. Asillustrated in figure 5, energy
absorbing anti-climbers 145 are mounted at floor level at
the ends of the sub-frame for absorbing the crash energy
associated with the collision scenarios detailed in the
High Speed TSI revision. They are specified to work in
conjunction with the energy absorbing intermediate cou-
pler system. Since the end module houses the passenger
doors, it is not designed to deform during the specified
collision scenarios, in order to preserve the doors as a
means of emergency exit. Therefore, the sub-frame in-
cludes a square-shaped non-deformable open box struc-
ture with an inner transverse sill 146, an outer transverse
sill 147 connected by a series of longitudinal sills 148,
and a series of additional elements 149 which provide
an interface for fixing the sub-frame 144 to the upper
structure 140. The inner transverse sill 146 of this struc-
ture also provides an attachment interface extending in
a vertical plane and bolted to the crossmember 46 at the
end of the bolster subassembly 40 when the end module
is mechanically fastened to the tubular module. The cou-
pler 60 shown in figure 6 has an inner end 62 directly
connected to the crossmember 46 of the bolster sub-
assembly or to the transverse sill 146 and a coupling end
64 protruding from the sub-frame through a window 150
formed in the transverse sill 147, which provides lateral
and vertical abutments to the coupler. The coupler is pro-
vided with a telescopic shock absorbing structure 66 as
is well known in the art. The sub-frame 144 provides the
necessary strength to react to coupler lateral damper
loads and to the overriding reaction forces from the cou-
pler, while the longitudinal loads are directly transmitted
to the crossmember 46 of the bolster subassembly 40 or
to the transverse sill 146. Thus, loads applied during col-
lision are distributed between the transverse sill 147, the
sub-frame 144 and the bolster subassembly 140.
[0033] The interior outfit of the end module 140 can be
manufactured after the end module has been bolted to
the tubular module. In a preferred embodiment of the
invention, however, the end modules are painted, com-
pletely equipped with interior outfit and technical equip-
ment like door systems, lighting, control equipment, pas-
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senger information modules, etc. and pre-tested before
being bolted to the tubular end module

[0034] The interior layout of the car body is shown in
figure 8. The interior outfit 50 including ceiling, flooring,
interior panels, air ducts, cabling, lighting, seats 52, pas-
senger information and entertainment modules, tables,
54, toilets 56 and insulation is installed in the tubular mod-
ule 18 from one open end of the module after completion
of the welding operations including the welding of the end
diaphragms 38 and after the shell of the tubular module
has been painted. Finally, the end modules 14 are posi-
tioned so that bolts can be inserted through the holes of
the inner transverse sill 146 and crossmember 46 and
through the holes of the end diaphragms 38 and of the
diaphragm 138 of the end modules to mechanically at-
tach the end modules to the tubular modules in a releas-
able manner. Additionally, an adhesive substance can
be used for attaching the upper structure 140 of the end
module to the end diaphragm 38. Refurbishment of the
car can also be efficiently carried out from the open ends
of the tubular modules after removal of one of the end
modules.

[0035] While a preferred embodiment of the invention
has been described, itis to be understood by those skilled
in the art that the invention is naturally not limited to this
embodiment. Many variations are possible.

[0036] Additional strengthening extrusions may be
provided at the sole bar and cant rail to strengthen the
structure to react crash loads associated with the High
Speed TSI revision collision scenarios.

[0037] Similarly, an additional U-shaped or ring-
shaped diaphragm 238, illustrated in figure 9, can be
sandwiched between the end diaphragms 38 of the tu-
bular module 18 and the diaphragm 138 of the respective
end module 14 to further reinforce the structure of the
car body.

[0038] The car body shell structure can also be adapt-
ed to a driving car, in which case one of the end modules
is a driver’s cab.

Claims

1. A method of assembling a rail vehicle car body of a
given overall length, comprising:

- extruding a number of longitudinal aluminium
alloy profiles (201, 202,203,204,221,222,223,
261,262,263);

- longitudinally welding together the longitudinal
profiles to form a doorless tubular module (18)
with two open ends, at least some of the longi-
tudinal profiles extending from one of the open
ends of the tubular module to the other, the lon-
gitudinal distance between the open ends of the
tubular module being greater than 75% of the
overall length of the car body,

- inserting an interior outfit into the tubular mod-
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ule through at least one of the two open ends,
- manufacturing two end modules (14), at least
one of which is provided with a lateral access
door opening (142),

- mechanically fastening the two end modules
to the open ends of the tubular module in a re-
leasable manner, at least one of the end mod-
ules being fastened to the tubular module after
the interior outfit has been inserted into the tu-
bular module.

The method of claim 1, further comprising:

- painting the tubular module after the longitudi-
nal profiles have been welded together and be-
fore inserting the interior outfit.

The method of claim 1 or claim 2, further comprising:

- manufacturing two bolster subassemblies from
steel,

- bolting the bolster subassemblies to the tubular
module.

The method of any one of claims 1 to 3, further com-
prising:

- positioning a strengthening annular diaphragm
at each of the longitudinal ends of the tubular
module in a plane perpendicular to the longitu-
dinal extruded profiles, and

- welding each strengthening annular dia-
phragm to the extruded profiles extending from
one of the two longitudinal ends of the tubular
module.

The method of claim 4, comprising bolting the two
end modules to the strengthening annular dia-
phragm of the tubular module in a releasable man-
ner.

The method of any one of claims 1 to 5, further com-
prising:

- cutting window openings in the tubular module.

The method of any one of claims 1 to 6, further com-
prising:

- providing a gangway opening in each of the
end modules.

A rail vehicle car body (10) of a given overall length,
comprising:

- a doorless tubular module (18) having two lon-
gitudinal ends and comprising aluminium alloy
extruded longitudinal profiles longitudinally
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10.

11.

12

13.

14,

welded together (201, 202, 203, 204, 221, 222,
223, 261, 262, 263) at least some of the longi-
tudinal profiles extending from one of the two
longitudinal ends of the tubular module to the
other, the tubular module further comprising an
interior outfit, the longitudinal distance between
the ends of the tubular module being greater
than 75% of the overall length of the car body,
and

- two end modules (14) each mechanically fas-
tened in a releasable manner to a respective
one of the two longitudinal ends of the tubular
module, at least one of the two end modules
being provided with a lateral access door open-
ing (142).

The rail vehicle car body of claim 8, wherein the lon-
gitudinal extruded profiles form double skinned
walls.

The rail vehicle car body of claim 8 or claim 9, wherein
the tubular module further comprises two steel bol-
ster subassemblies (40) each mechanically attached
to the tubular module towards a respective one of
the two end modules and providing an interface for
a bogie and a coupler.

The rail vehicle car body of any one claims 8 to 10,
wherein at least one of the end modules comprises
a steel sub-frame (144) and an upper structure (140)
bolted to the steel sub-frame, the upper structure
being manufactured from formed internal and exter-
nal aluminium panels, which are welded together.

The rail vehicle car body of any one of claims 8 to
11, wherein each of the longitudinal ends of the tu-
bular module comprises a strengthening annular di-
aphragm (38) extending in a plane perpendicular to
the longitudinal extruded profiles and welded to the
extruded profiles extending from one of the two lon-
gitudinal ends of the tubular module to the other.

The rail vehicle of car body of claim 12, wherein each
strengthening annular diaphragm is provided with
holes for receiving bolts for fastening the end mod-
ules to the tubular module.

A method of refurbishing a rail vehicle car body as
claimed in any one of claims 8 to 13, comprising:

- removing at least one end module (14) from
the tubular module (18), to give free access to
at least one open end of the tubular module,

- removing the existing interior outfit from the
tubular module through the at least one open
end,

-installing a new interior outfit in the tubular mod-
ule through the at least one open end,
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- fastening the removed end module to close the
open end.
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