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Description

Field of the Invention

[0001] The present invention relates to a rail train body
and a fabrication method therefor, and belongs to the
technical field of rail transit vehicle body structures and
welding.

Background of the Invention

[0002] With the development of modern science and
technology, the performance requirements of rail train
vehicles for light weight, fire safety, vibration comfort and
the like have become more stringent. At present, carbon
steel, stainless steel and aluminum alloy are the most
widely used materials for rail train bodies. Among them,
the aluminum alloy is still the most mature lightweight rail
train body material at present, and mainly includes three
series, that is, 5XXX series, 6XXX series and 7XXX se-
ries, wherein the 6005A aluminum alloy in the 6XXX se-
ries is widely used as a body main structureprofile due
to medium to high strength, good extrusion performance
and corrosion resistance, good weldability, characteristic
that can be strengthened by heat treatment and other
characteristics. However, its yield strength is only about
215 MPa, and the low extrusion fluidity limits the minimum
plate thickness, which affects the further weight reduction
thereof. The 7XXX series aluminum alloys were once the
key research objects to replace the 6005A aluminum al-
loy due to high strength, good comprehensive forming
performance and other characteristics. However, the use
of the 7XXX series aluminum alloys is temporarily re-
stricted due to the stress corrosion sensitivity.
[0003] In recent years, the preparation technology of
aluminum matrix composites reinforced by in-situ na-
noceramic particle (namely, nanoceramic aluminum al-
loys, also referred to as ceramic aluminum) has achieved
breakthrough development. The invention patent with the
application number CN201711114899.X breaks the re-
lationship of strong plasticity inversion and obtains an
aluminum matrix composite with strong plasticity, impact
resistance and fatigue resistance and capable of being
manufactured by extrusion forming by means of the
Orowan strengthening of nanoparticles, refined crystal-
line strengthening, nano reinforcement toughening, dis-
persion strengthening of nano-precipitated phases,
damping effect, and the refinement and modification ef-
fects of rare earths themselves. The invention patent with
the Chinese application number CN201810321256.0
discloses a method for realizing dispersion and distribu-
tion of nanoparticles by stirring with a stirring head for
friction stir welding, which provides a better method for
the connection between aluminum matrix composite
members.
[0004] In summary, by adding nano ceramic particles
into the aluminum alloy, the obtained new material main-
tains the good performance of the original matrix, the

density of the nanoceramic aluminum alloy is only
2.7gcm-3-3gcm-3, which is 1/3 of that of steel. However,
the strength is equivalent to that of ordinary carbon steel,
the nanoceramic aluminum alloy has high strength and
high plasticity, and also has high specific stiffness and
specific modulus, which brings a hope for the further
weight reduction of the body.
[0005] However, the aluminum alloy itself has a large
thermal expansion coefficient and is easy to deform after
welding. Generally, special tooling fixtures need to be
designed and used for the welding of aluminum alloy
workpieces, and after the welding, the size of the final
workpiece needs to be ensured by repair and correction,
therefore the manufacturing process is complicated, and
the cost is relatively high. With the improvement of body
weight reduction, the plate thicknesses and the distribu-
tion density of body profile rib plates need to be further
reduced, which brings greater difficulty to the welding
deformation control of the body.
[0006] Friction stir welding (FSW), as an advanced sol-
id phase welding method, has low heat input, high
strength of welding joint and small welding deformation,
and it is an important means to solve the problem of weld-
ing deformation of lightweight bodies. But at present, the
use of FSW for aluminum alloy bodies is mainly limited
to some sub-components, for example, side wallboard
profiles, bottom rack floor profiles, and so on. The FSW
technology between large components such as a roof, a
side wall and a bottom rack is still in the research stage
and has not been promoted.
[0007] The PCT application with the International ap-
plication number of PCT/JP2011/050275 filed by Japan
Mitsubishi Heavy Industries Ltd. provides an FSW tech-
nical solution for a full vehicle. However, the solution
adopted by the patent is that welding gun equipment is
arranged in the inner side of the body, and FSW welding
is performed on an outer side joint of the body at first;
then the inner side is welded, when the inner side is weld-
ed, arc welding or single shaft shoulder FSW is mainly
adopted, the single shaft shoulder FSW needs to exert
a huge axial pressure to the workpiece during the oper-
ation, which proposes high requirements for the body
manufacturing process; furthermore, it has the disadvan-
tages of complicated tooling equipment, large welding
difficulty, higher cost, and the like. In addition, if the weld-
ing is carried out from the inside of the vehicle, it is apt
to be restricted by the space and is difficult to operate.
The Bobbin Tool FSW technology is an advanced weld-
ing technology developed on the basis of single shaft
shoulder friction stir welding. The working part of a stirring
head consists of upper and lower shaft shoulders and a
stirring needle. During the welding, the upper and lower
shaft shoulders and the stirring needle all generate fric-
tional heat with a base material, and meanwhile drive a
weld metal to flow. Since the upper and lower surfaces
of the workpiece are welded at the same time in the Bob-
bin Tool FSW technology, the problem of incomplete root
welding or weak root connection is completely eliminat-
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ed.
[0008] The patented technology with the European
patent application number EP 1057574B1 mainly relates
to a structure in which both the inner and outer sides
adopt the FSW manner, the welding seam on the inner
side is not supported by a rib plate, so the Bobbin Tool
FSW manner can be adopted;and rib plates are arranged
below left and right FSW joints on the outer side, and
thus only the single shaft shoulder FSW manner can be
adopted. In this solution, when the lower welding seam
is welded, an additional clamping and fixing tool is need-
ed, resulting in low production efficiency; and when the
two upper welding seams are welded, since the upper
rib plates are located at nodes, it is inconvenient for
processing. In order to ensure the butt joint gap with a
connecting plate, mold repair can only be carried out on
the connecting plate, as a result, the butt joint gap is
difficult to guarantee, and the operability is poor.
[0009] In addition, theBobbin Tool FSW manner has
not been adopted for both the inner and outer side con-
nections of the large components of the full vehicle at
home and abroad at present. The prior art is further illus-
trated by the documents DE 10 2017 102552 A1 and CN
201 714 899 U.

Summary of the Invention

[0010] The present invention aims to provide a rail train
body and a fabrication method therefor. The vehicle body
can solve the following problems:

1) It is difficult for the traditional aluminum alloy body
to achieve further weight reduction due to the limita-
tion of the strength of the material itself.
2) The welding deformation problem of the light-
weight body, especially the welding deformation
problem of welding seams in the full length between
a bottom rack and a side wall, and between the side
wall and a roof.
3) During the assembly welding process of the full
vehicle, the single shaft shoulder FSW requires com-
plicated fixture fixing tooling, and there is almost no
space forarrangement of the tooling in some parts.
The single shaft shoulder FSW requires a certain
axial pressure, and the range of the axial pressure
cannot be too large or too small; if the axial pressure
is too large, the stirring head may easily fall down to
damage the base material, and if the axial pressure
is too small, the base metal is stirred insufficiently,
resulting in tunnel defects easily. As the press-in
amount increases, flash is more likely to occur.
4) It is required in a Bobbin Tool FSW welding proc-
ess that plates are aligned and fixed, and that the
welding seams are automatically tracked.
5) Due to the existence of a door opening, and the
lower surface of the door opening is generally
aligned with the upper surface of the bottom rack
floor, the connection between the side wall and the

bottom rack is generally arranged above the bottom
rack floor, such that the welding seam of the side
wall and the bottom rack at the door opening needs
to be broken and cannot be arranged in the full
length, and the door opening is usually provided with
up-down door columns, which brings great difficul-
ties to the FSW welding of the full vehicle, especially
to the implementation of the Bobbin Tool FSW.

[0011] In order to achieve the above objective, the
technical solution adopted by the present invention is:
A rail train body mainly includes a main structure formed
by a roof, a side wall, a bottom rack, a side roof connecting
profile, a side bottom connecting profile and an independ-
ent door corner portion, and has the structural features
as follows:

the roof is primarily formed by welding and assem-
bling a roof side beam profile, an air conditioner plate
profileand an arc-shaped roof profile; the side wall
is primarily formed by welding and assembling a side
wallboard profile, a door column profile and a side
wall upper beam profile; the bottom rack is primarily
formed by welding and assembling bottom rack side
beam profiles and a bottom rack floor profile, and
the bottom rack floor profile is at the middle position,
and the bottom rack side beam profiles are respec-
tively located on two sides of the bottom rack floor
profile;
the roof and the side wall are connected in a Bobbin
Tool FSW manner, and the side wall and the bottom
rack are connected in a Bobbin Tool FSW manner;
and
the side roof connecting profile located above a door
opening is used for connecting the roof and the side
wall, the side bottom connecting profile is used for
connecting the side wall and the bottom rack, and
the side bottom connecting profile is arranged above
the bottom rack floor profile; and the independent
door corner portion is located at each end of the side
bottom connecting profile and is used for connecting
the side wall, the bottom rack and the side bottom
connecting profile.

[0012] According to an embodiment of the present in-
vention, the present invention can be further optimized,
and the technical solution formed after optimization is as
follows:
Preferably, the roof, the side wall and the bottom rack
are all formed by tailor welding a plurality of profile units,
a guiding and docking structure is arranged at the tailor
welded welding joint, the guiding and docking structure
aligns the two profile units to be welded at the welding
joint, and the alignment is such that the amount of mis-
alignment is not greater than 0.3 mm; and preferably, a
hollow structure is arranged below the welding joint. More
preferably, the guiding and docking structure includes a
welding support convex structure arranged at the end of
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a first profile welding unit in the two profile units to be
welded, and a welding support concave structure ar-
ranged at the end of a second profile welding unit in the
two profile units to be welded, and the welding support
convex structure of the first profile welding unit is in butt
joint and engaged with the welding support concave
structure of the second profile welding unit; preferably, a
welding support gap is arranged between the welding
support convex structure of the first profile welding unit
and the welding support concave structure of the second
profile welding unit; and more preferably, the welding
support gap does not exceed 0.2mm.
[0013] Preferably, the lowest end of the door column
profile does not exceed the area of the side bottom con-
necting profile, so as to provide an entry space for a stir-
ring head while Bobbin Tool FSW welding is implemented
later between the side wall and the bottom rack.
[0014] Preferably, the inner sides of the roof and the
side wall are mainly connected by the end joint of the
roof side beam profile and the end joint of the side wall
upper beam profile in an FSW manner; the outer sides
of the roof and the side wall are mainly connected by the
end j oint of the roof side beam profile and the end j oint
of the side roof connecting profile, and by the end joint
of the side roof connecting profile and the end joint of the
side wall upper beam profile in the FSW manner, respec-
tively; preferably, the roof side beam profile is provided
with positioning mechanisms at the two end joints at the
welding joint, the side wall upper beam profile is provided
with positioning mechanisms at the two end joints at the
welding joint, and the positioning mechanisms are re-
spectively in overlapping connection with overlapping rib
plates of the side roof connecting profile of an I-shaped
structure; preferably, the positioning mechanism is con-
figured as a cross rib plate; more preferably, the end joint
of the roof side beam profile at the welding joint, the end
joint of the side wall upper beam profile at the welding
joint and the end joint of the side roof connecting profile
at the welding joint are all located at hollow cavities.
[0015] Preferably, the side roof connecting profile is
embedded in the connection site between the roof and
the side wall; the end joint of the roof side beam profile,
the end joint of the side roof connecting profile and the
end joint of the side wall upper beam profile are located
in the same plane; and the overlapping rib plate of the
side roof connecting profile is in contact with the cross
rib plate of the roof side beam profile and the cross rib
plate of the side wall upper beam profile.
[0016] Preferably, the inner sides of the side wall and
the bottom rack are mainly connected by the end joint of
the side wallboard profile and the end joint of the bottom
rack side beam profile in the FSW manner; the outer sides
of the side wall and the bottom rack are mainly connected
by the end joint of the side wallboard profile and the end
joint of the side bottom connecting profile, and the end
joint of the side bottom connecting profile and the end
joint of the bottom rack side beam profile in the FSW
manner, respectively; preferably, the side wallboard pro-

file is provided with positioning mechanisms at the two
end joints at the welding joint, the bottom rack side beam
profile is provided with positioning mechanisms at the
two end joints at the welding joint, and the positioning
mechanisms are respectively in overlapping connection
with the overlapping rib plates of the side bottom con-
necting profile of the I-shaped structure; preferably, the
positioning mechanism is configured as a cross rib plate;
more preferably, the end joint of the side wallboard profile
at the welding joint, the end joint of the bottom rack side
beam profile at the welding joint and the end joint of the
side bottom connecting profile at the welding joint are all
located at hollow cavities.
[0017] Preferably, the side bottom connecting profile
is embedded in the connection site between the side wall
and the bottom rack; the end joint of the side wallboard
profile, the end joint of the side bottom connecting profile
and the end joint of the bottom rack side beam profile are
located in the same plane; and the overlapping rib plate
of the side bottom connecting profile is in contact with
the cross rib plate of the bottom rack side beam profile
and the cross rib plate of the side wallboard profile.
[0018] For the present invention, preferably, the roof
side beam profile, the side wallboard profile, the bottom
rack side beam profile, the bottom rack floor profile and
the independent door corner portion are all made of a
nano ceramic aluminum alloy material; and preferably,
the nano ceramic aluminum alloy is 6XXX series alumi-
num alloy reinforced by nano-TiB2 particle, and more
preferably, 6005A aluminum alloy reinforced by nano-
TiB2 particle. In other words, the above-mentioned ma-
terial can be not only the nano ceramic aluminum alloy,
but also can be ordinary aluminum alloy and other tradi-
tional materials.
[0019] Therefore, the main structure of the vehicle
body of the present invention adopts nano ceramic alu-
minum alloy extruded profiles. By using the high strength,
high rigidity, high damping, high temperature resistance
and other excellent performance of the new material of
nano ceramic aluminum alloy, and in combination with
the structural characteristics of the rail train body, a novel
body is developed to solve the problem of further reduc-
ing the weight of the vehicle body and improving other
overall performance.
[0020] Based on the same inventive concept, the
present invention further provides a fabrication method
of the rail train body, including the following steps:

1) fabricating the independent door corner portion,
welding and assembling the roof side beam profile,
the air conditioner plate profileand the arc-shaped
roof profile to form the roof, welding and assembling
the side wallboard profile, the door column profile
and the side wall upper beam profile to form the side
wall, and welding and assembling the bottom rack
side beam profile and the bottom rack floor profile to
form a main bearing structure of the bottom rack;
preferably, the splicing among a plurality of side wall-
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board profiles, the splicing among a plurality of bot-
tom rack floor profiles, the splicing among a plurality
of air conditioner plate profiles and the splicing
among a plurality of arc-shaped roof profiles adopt
the Bobbin Tool FSW manner;
2) supporting and fixing the roof, the side wall and
the bottom rack to complete the pre-assembly of the
vehicle body, and then completing the welding of the
connection interface of the end joints on the inner
side of the vehicle body and the connection interface
of the inner side end joints respectively;
3) embedding the side roof connecting profiles into
the end joint of the roof side beam profile and the
end joint of the side wall upper beam profile, and
respectively embedding the side bottom connecting
profiles into the end joint of the side wallboard profile
and the end joint of the bottom rack side beam profile
to complete the FSW welding on the outer side of
the vehicle body;
4) after the welding on the outer sides of the side
wall and the bottom rack is completed, embedding
the independent door corner portion into the lower
door corner position on each of the two sides of the
door opening, and then performing welding; and
5) after the assembly welding of the main structure
of the vehicle body is completed, completing the as-
sembly and welding of each equipment mounting
seat to finally complete the vehicle body fabrication.

[0021] After step 2) and before step 3), the method
further includes a repair step: according to the widths of
the side roof connecting profile and the side bottom con-
necting profile, repairing the end joint of the roof side
beam profile on the outer side of the vehicle body, the
end joint of the side wall upper beam profile, the end joint
of the side wallboard profile and the end joint of the bottom
rack side beam profile, so as to ensure that the gap be-
tween the end joint of the roof side beam profile and the
end joint of the side roof connecting profile, the gap be-
tween the end joint of the side wall upper beam profile
and the end joint of the side roof connecting profile, the
gap between the end joint of the side wallboard profile
and the end joint of the side bottom connecting profile,
and the gap between the end joint of the bottom rack side
beam profile and the end joint of the side bottom con-
necting profile, all are not greater than 0.5mm.
[0022] The vehicle body structure and the fabrication
method of the present invention have the following inno-
vation points:

1) the vehicle body is an overall load bearing type
fully welded lightweight structure, and the main pro-
files and the door corner portion of the vehicle body
are made of the nanoceramic aluminum alloy mate-
rial;
2) the welding seams on the inner and outer sides
of the full vehicle large components of the vehicle
body, including the bottom rack, the side walls and

the roof, in the full length all adopt the Bobbin Tool
FSW manner, and a welding joint form that can com-
plete the welding on the inner and outer sides just
from the outer side of the vehicle body is set;
3) the friction stir welding joints between the large
components of the vehicle body are provided with
special rib plates to serve as guide mechanisms and
supporting structures; and
4) the provided fabrication method overcomes the
easy deformation of lightweight body welding, over-
comes the welding difficulty at the door opening, and
is beneficial to improving the strength of the welding
seams of the vehicle body.

[0023] Through the innovative design of the rail train
body structure, compared with the prior art, the rail train
body and the fabrication method therefor of the present
invention have the following effects or characteristics:

1) thenano ceramic aluminum alloy has lower den-
sity, and high specific strength and specific stiffness.
The dead weight of the rail train body made of the
nano ceramic aluminum alloy material can be re-
duced by more than 15% compared with the current
traditional lightweight aluminum alloy body;
2) the fireproof performance and damping perform-
ance of the vehicle body are greatly improved com-
pared with the traditional aluminum alloy vehicle
body;
3) the fatigue performances of the vehicle body struc-
ture and the welding seams are improved;
4) the welding seams among the bottom rack, the
side wall and the roof in the full length can be welded
on the inner and outer surfaces only from the outer
side of the vehicle body, so that the operation is rel-
atively simple;
5) the provided body fabrication method has the
characteristics of high efficiency, environmental pro-
tection, small deformation, good welding seam qual-
ity, good operability, lower cost, and the like; and
6) the FSW technology is adopted in the full vehicle,
and the visible surface on the outer side of the side
wall is very flat, which provides a good foundation
for fabricating a more environmentally friendly vehi-
cle body without painting.

Brief Description of the Drawings

[0024]

FIG. 1 is a schematic structural diagram of a vehicle
body according to an embodiment of the present in-
vention;
FIG.2 is a schematic diagram of a cross section of
the vehicle body of the present invention;
FIG.3 shows the welding joint I of the present inven-
tion (the enlarged view II in FIG.2);
FIG.4 shows the welding joint II of the present inven-
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tion (the enlarged view III in FIG.2);
FIG.5 shows the welding joint III of the present in-
vention (the enlarged view IV in FIG.2);
FIG.6 shows the welding joint IV of the present in-
vention (the enlarged view V in FIG.2);
FIG.7 shows the welding joint V according to the
present invention (the enlarged view VI in FIG.2);
FIG.8 is a first schematic diagram of inner side weld-
ing of the Bobbin Tool FSW of the present invention;
FIG.9 is a second schematic diagram of outer side
welding of the Bobbin Tool FSW of the present in-
vention;
FIG.10 is a schematic diagram of outer side welding
of the Bobbin Tool FSW of the present invention;
FIG. 11 is an assembly diagram of the independent
door corner portion of the present invention (the en-
larged view I in FIG. 1); and
FIG. 12 is a flow chart of the fabrication steps of the
present invention.

[0025] In which:
vehicle body-1; roof-2; roof side beam profile-21; air con-
ditioner plate profile-22; arc-shaped roof profile-23; side
wall-3; side wallboard profile-31; door column profile-32;
side wall upper beam profile-33; door opening-34; bottom
rack-4; bottom rack side beam profile-41; bottom rack
floor profile-42; side roof connecting profile-5; side bot-
tom connecting profile-6; independent door corner por-
tion-7; FSW welding equipment-8; profile rib plate-2a,
3a, 4a, 41d; end joint-2a1, 3a1, 4a1, 5a1, 5b1, a1, 6b1,
21a1, 21b1, 31a1, 31b1, 33a1, 33b1, 41a1, 41b1; weld-
ing support convex structure-2a2, 3a2, 4a2; welding sup-
port concave structure-2b2, 3b2, 4b2; welding support
gap-2h, 3h, 4h; overlapping rib plate-5c, 6c; cross rib
plate-21c, 31c, 33c, 41c.

Detailed Description of Embodiments

[0026] Hereinafter, the present invention will be de-
scribed in detail with reference to the drawings and in
conjunction with the embodiments. It should be noted
that the embodiments in the present invention and the
features in the embodiments can be combined with each
other without conflicts. For the convenience of descrip-
tion, if the words "upper", "lower", "left" and "right" appear
below, they only indicate consistency with the upper, low-
er, left and right directions of the drawings themselves,
instead of limiting the structure.
[0027] According to a rail train body, as shown in FIG.1
and FIG.2, the vehicle body 1 comprises a main structure
primarily formed by a roof 2, a side wall 3, a bottom rack
4, a side roof connecting profile 5, a side bottom con-
necting profile6 and an independent door corner portion
7.
[0028] The connections between the roof 2 and the
side wall 3 and between the side wall 3 and the bottom
rack 4 adopt a Bobbin Tool FSW manner, thereby im-
proving the quality and strength performance of welding

seams, greatly reducing the welding deformation, and
eliminating the influence of increased welding deforma-
tion caused by the thinness of rib plates of the vehicle
body and the decrease in the density of the rib plates.
[0029] The roof 2 is primarily formed by welding and
assembling a roof side beam profile 21, an air conditioner
plate profile 22 and an arc-shaped roof profile 23. The
side wall 3 is primarily formed into an integrated structure
by a side wallboard profile 31, a door column profile32
and a side wall upper beam profile 33. The bottom rack
4 is formed by welding and assembling bottom rack side
beam profiles 41 and a bottom rack floor profile42,the
bottom rack floor profile42 is at the middle position, the
bottom rack side beam profiles 41 are located on two
sides of the bottom rack floor profile42. The side roof
connecting profile 5 is used for connecting the roof 2 and
the side wall 3, and is arranged above the door opening
34 at a certain distance, and can be arranged in the di-
rection of the vehicle body in the full length to prevent
the disconnection site of the door opening from affecting
the normal welding. The side bottom connecting profile
6 is used for connecting the side wall 3 and the bottom
rack 4. Since the lower surface of the door opening 34
is generally aligned with the upper surface of the bottom
rack floor profile 42 of the bottom rack 4, the side bottom
connecting profile 6 is arranged above the bottom rack
floor profile 42, is in a broken state at the door opening
34 and cannot be arranged in the full length. For this
reason, the lowest end of the door column profile 32 does
not exceed the area of the side bottom connecting profile
6, so as to provide an entry space for a stirring head
whileBobbin Tool FSW welding is implemented between
the side wall 3 and the bottom rack 4. The independent
door corner portion 7 is located at each end of the side
bottom connecting profile 6 and connects the side wall
3, the bottom rack 4 and the side bottom connecting pro-
file 6 at the same time to strengthen the corner of the
door opening 34 where abrupt change of structural stress
occurs. The main body structure of the vehicle body is
made of a nanoceramic aluminum alloy material, and the
aluminum alloy reinforced by nano-TiB2 particles gener-
ated in situ is preferably used, especially the nano-TiB2
particle reinforced 6005A aluminum alloy. The aluminum
matrix composite is reinforced by nanoparticles generat-
ed in situ. Since the nano reinforcement particles are
thermodynamically stable phases that nucleate and grow
in-situ from an aluminum matrix through chemical reac-
tions, the surface of the reinforcement is free of pollution,
no interface reaction is generated on the surface of the
reinforcement, and the bonding strength is high, thereby
the aluminum matrix composite has high specific
strength, high specific modulus, excellent fatigue resist-
ance, good heat resistance and corrosion resistance and
the like, and the aluminum matrix composite can be di-
rectly synthesized by a melt reaction method, therefore
the cost is greatly reduced.
[0030] The vehicle body is mainly formed by welding
and assemblingextruded profiles, and a part of reinforce-
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ment structures and mounting seats are made of plates,
forge pieces or castings. The chemical components and
welding performance of the nano-TiB2 particle reinforced
6005A aluminum alloy used in the vehicle body profiles
can be controlled to be similar to those of 6005A com-
monly used in the vehicle body by adjusting the compo-
sition content of TiB2(1%-20%), and in this way, the
processing, manufacturing and using risks of the vehicle
body can be reduced. At the same time, the strength and
rigidity performance are reasonably set to adapt to the
lightweight requirements of the rail vehicle body. Specif-
ically, the yield strength of the nano-TiB2 particle rein-
forced 6005A aluminum alloy used in the vehicle body
profiles should be 250-400MPa, and the elastic modulus
E is preferably 70-90GPa.
[0031] The strength of the nano ceramic aluminum al-
loy is 215MPahigher than that of the traditional aluminum
alloy. Under the condition that the strength requirements
of the vehicle body remain unchanged, the vehicle body
profiles can be appropriately thinned, so that the weight
of the vehicle body can be reduced by more than 15%
on the whole. Furthermore, since the melting point of the
nanoceramic aluminum alloy is higher than that of the
traditional aluminum alloy, the melting temperature dur-
ing the extrusion of the profiles increases the extrusion
fluidity. The minimum thickness of the rib plate can be
further thinner than the current 1.8mm, thus improving
the lightweight degree of the vehicle body.
[0032] FIGS.3 to 5 show a friction stir welding joint
structure used among big long boards of the present in-
vention. FIG.3 shows the welding joint I (the enlarged
view II in FIG.2), FIG.4 shows the welding joint II (the
enlarged view III in FIG.2), FIG.5 shows the welding joint
III (the enlarged view IV in FIG.2), the FSW joint struc-
tures of the welding joint I, the welding joint II and the
welding joint III are provided with welding support convex
structures 2a2, 3a2, 4a2 and welding support concave
structures 2b2, 3b2, 4b2. The convex structures and the
concave structures can be engaged with each other dur-
ing the tailor welding among the profiles, and can with-
stand a certain axial pressure of the stirring head during
the stirring process, which is beneficial to ensuring that
the end joints 2a1, 3a1, 4a1 are aligned with the end
joints 2b1, 3b1, 4b1 respectively, the amount of misalign-
ment is not greater than 0.3mm, and the welding support
gaps 2h, 3h, 4h are controlled within 0.2mm.
[0033] The welding joint I, the welding joint II and the
welding joint III are not limited to the corresponding arc-
shaped roof profile 23, the side wallboard profile 31 and
the bottom rack floor profile 42 in FIG. 2, and can be
replaced with each other in different structures. However,
the application scope has priority. For example, the weld-
ing joint I is more suitable for profile structures with
heights of 15-20mm. The welding joint II is more suitable
for profile structures with heights greater than 30mm. The
welding joint III is provided with hollow structures below
the end joints 7a1 and 7b1 of the independent door corner
portion 7, and is suitable for the Bobbin Tool welding

manner. FIG.6 shows the welding joint IV (the enlarged
view V in FIG. 2), the roof 2 and the side wall 3 are mainly
connected in an FSW manner on the inner and outer
sides. The inner sides are connected by the end joint
21b1 of the roof side beam profile 21 and the end joint
33a1 of the side wall upper beam profile 33 in the FSW
manner. The outer sides are respectively connected by
the end joint 21a1 of the roof side beam profile 21 and
the end joint 5b1 of the side roof connecting profile 5,
and by the end joint 5a1 of the side roof connecting profile
5 and the end joint 33b1 of the side wall upper beam
profile 33 in the FSW manner. The roof side beam profile
21 is provided with cross rib plates 21c at the end joint
21a1 and the end joint 21b1, cross rib plates 33c are
arranged at the end joint 33a1 and the end joint 33b1 of
the side wall upper beam profile 33, and are respectively
in overlapping connection with an overlapping rib plate
5c in the side roof connecting profile 5 of an I-shaped
structure. The end joint 21b1 of the roof side beam profile
21 and the end joint 33a1 of the side wall upper beam
profile 33, the end joint 21a1 of the roof side beam profile
21 and the end joint 5b1 of the side roof connecting profile
5, and the end joint 5a1 of the side roof connecting profile
5 and the end joint 33b1 of the side wall upper beam
profile 33 are all located at hollow cavities to ensure the
working space of the upper and lower shaft shoulders.
[0034] FIG. 7 is a schematic diagram of the welding
joint V (the enlarged view VI in FIG. 2). The side wall 3
and the bottom rack 4 are mainly connected on the inner
and outer sides in the FSW manner. The inner sides of
the side wall 3 and the bottom rack 4 are connected by
the end joint 31b1 of the side wallboard profile 31 and
the end joint 41a1 of the bottom rack side beam profile
41in the FSW manner. The outer sides of the side wall
3 and the bottom rack 4 are respectively connected by
the end joint 31a1 of the side wallboard profile 31 and
the end joint 6b1 of the side bottom connecting profile 6,
and connected by the end joint 6a1 of the side bottom
connecting profile 6 and the end joint 44b1 of the bottom
rack side beam profile 41 in the FSW manner. The side
wallboard profile 31 is provided with a cross rib plate 31c
at the end joint 31a1 and the end joint 31b1, and a cross
rib plate 41c is arranged at the end joint 41a1 of the bot-
tom rack side beam profile 41 and the end joint 41b1 of
the bottom rack side beam profile 41, and are respectively
in overlapping connection with the overlapping rib plate
6c in the side bottom connecting profile 6 of the I-shaped
structure. The end joint 31b1 of the side wallboard profile
31 and the end joint 41a1 of the bottom rack side beam
profile 41, the end joint 31a1 of the side wallboard profile
31 and the end joint 6b1 of the side bottom connecting
profile 6, and the end joint 6a1 of the side bottom con-
necting profile 6 and the end joint 41b1 of the bottom rack
side beam profile 41 are all located at hollow cavities to
ensure the working space of the upper and lower shaft
shoulders.
[0035] FIG. 8 and FIG. 9 are schematic diagrams of
inner side welding of the Bobbin Tool FSW, wherein the
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y direction is the width direction of the vehicle body, and
the z direction is the height direction of the vehicle body.
FIGS. 8-10 describe the connection between the roof 2
and the side wall 3. The connection between the side
wall 3 and the bottom rack 4 is similar to the connection
between the roof 2 and the side wall 3. Generally speak-
ing, the side bottom connecting profile 6 is embedded in
the connection site between the side wall 3 and the bot-
tom rack 4; the end joint of the side wallboard profile 31,
the end j oint of the side bottom connecting profile 6 and
the end j oint of the bottom rack side beam profile 41 are
located in the same plane; and the overlapping rib plate
of the side bottom connecting profile 6 is in contact with
the cross rib plate of the bottom rack side beam profile
41 and the cross rib plate of the side wallboard profile 31.
[0036] When the roof 2 and the side wall 3 are welded,
the end joint 21b1 of the roof side beam profile 21 and
the end joint 33a1 of the side wall upper beam profile 33
on the inner side are welded at first from the outside of
the vehicle body 1 by using a Bobbin Tool FSW stirring
head. A guide mechanism fixed on FSW welding equip-
ment 8 is further arranged which is in the synchronous
translation movement in the x direction with the FSW
stirring head. During the welding process, the guide
mechanism can not only provide a tracking body for the
FSW stirring head to always work in the butt joint gap,
but also can avoid the arrangement of complex fixed sup-
ports and fixtures at the joints, thereby greatly improving
the welding efficiency and reducing the cost.
[0037] FIG.10 is a schematic diagram of outer side
welding of the Bobbin Tool FSW. After the inner side is
welded, in order to eliminate the welding deformation in
the early stage, the end joint 21a1 of the roof side beam
profile 21 and the end joint 33b1of the side wall upper
beam profile 33 on the outer side need to be repaired
and aligned to ensure that the butt joint gaps between
the end joint 21a1 and the end joint 5b1 of the side roof
connecting profile 5 and between the end joint 33b1 and
the end joint 5a1 of the side roof connecting profile 5 are
not greater than 0.5mm. After repairing, the side roof con-
necting profile 5 is embedded into the connection site
between the roof 2 and the side wall 3, so that the end
joint 21a1, the end joint 5b1 of the side roof connecting
profile 5, the end joint 5a1 of the side roof connecting
profile 5 and the end joint 33b1of the side wall upper
beam profile 33 are located in the same plane. The over-
lapping rib plate 5c of the side roof connecting profile 5
is in contact with the cross rib plate 21c of the roof side
beam profile 21 and the cross rib plate 33c of the side
wall upper beam profile 33 to play a supporting role during
the welding process, which is beneficial to the alignment
between the end joint 21a1 on the outer side and the end
joint 33b1of the side wall upper beam profile 33, so as
to ensure that the amount of misalignment of butt joint is
not greater than 0.3mm. During the subsequent welding,
the connection interface of the end joint 21a1 of the roof
side beam profile 21 and the end joint 5b1 of the side
roof connecting profile 5, and the connection interface of

the end joint 5a1 of the side roof connecting profile 5 and
the end joint 33b1 of the side wall upper beam profile 33
are respectively welded.
[0038] FIG.11 is a schematic assembly diagram of the
independent door corner portion (the enlarged view I in
FIG.1). The independent door corner portion 7 is welded
and assembled on the vehicle after the side bottom con-
necting profile 6 is welded with the side wall 3 and the
bottom rack 4, so that the FSW stirring head can move
straight forward when crossing the door opening 34 and
smoothly enter the hollow cavity between the next section
of side wall 3 and the bottom rack 4 from the end head,
thereby being convenient for welding by the Bobbin Tool
FSW welding equipment 8 from the head of the train to
the tail of the train in the x direction (that is, the length
direction of the vehicle body is the x direction) without
shielding. After the welding of the side wall 3 and the
bottom rack 4 is completed, the independent door corner
portion 7 is embedded below the door column profile 32,
and the welding seams of the independent door corner
portion 7 with the door column profile 32, the side bottom
connecting profile 6, the bottom rack side beam profile
41 and the side wallboard profile 31 are completed. The
board thicknesses of the arc surface and various surfac-
es of the forged independent door corner portion 7 can
be freely set, and there is enough strength to resist the
effect of abrupt change of structural rigidity stress caused
by the notch effect of the door opening 34, and the inde-
pendent door corner portion can also seal the exposed
cavities of the door column profile 32, the side wallboard
profile 31 and the bottom rack side beam profile 41.
[0039] FIG.12 is a flow chart of fabrication steps. The
specific fabrication steps are as follows:

S1: melting an aluminum ingot, adding an Mg ele-
ment, and adding a mixed salt uniformly mixed with
KFB4 and K2TiF6 ceramic powder, stirring to cause
the mixed salt to react with the melt, taking out the
reaction by-products, performing degasification and
refinementon the remaining reaction products, and
casting the remaining reaction products into a cast-
ing blank. In order to prevent the growth of crystal
grains of ceramic particles, a small amount of rare
earth elements such as Sc can be added during the
casting process, and other metal elements can also
be added in a small amount.
S2: fabricating the casting blank suitable for extru-
sion into a cylindrical cast ingot, heating up to
450-550°C, and extruding the cast ingot into a ce-
ramic aluminum alloy profile product through a cus-
tomized mold, and then performing solid solution and
aging heat treatment. The maximum outer circle di-
ameter of the cross section of the profile is generally
within 600mm.
S3: fabricating a forging blank with a specific shape
by forging the casting blank suitable for forging.
S4: performing finish machining on the forging blank
to fabricate the independent door corner portion 7.
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S5: welding and assemblingthe roof side beam pro-
file 21, the air conditioner plate profile 22 and the
arc-shaped roof profile 23 to form the roof 2, wherein
the splicing among a plurality of air conditioner plate
profiles 22 and the splicing among a plurality of arc-
shaped roof profiles 23 adopt the FSW manner;
welding and assemblingthe side wallboard profile
31, the door column profile32 and the side wall upper
beam profile 33 to form the side wall 3, wherein the
splicing among a plurality of side wallboard profiles
31 adopts the FSW manner; and
welding and assemblingthe bottom rack side beam
profile 41 and the bottom rack floor profile 42 to form
a main bearing structure of the bottom rack 4, where-
in the splicing among a plurality of bottom rack floor
profiles 42 adopts the FSW manner, and preferably
adopts the Bobbin Tool FSW manner.
S6: supporting and fixing the roof 2, the side wall 3
and the bottom rack 4 by using tools to complete the
pre-assembly of the vehicle body 1; and then, com-
pleting the welding of the connection interface of the
end joint 21b 1 of the roof side beam profile 21 and
the end joint 33a1 of the side wall upper beam profile
33 on the inner side of the vehicle body 1, and the
connection interface of the end joint 31b1 of the side
wallboard profile 31 and the end joint 41a1 of the
bottom rack side beam profile 41 on the inner side
of the vehicle body 1.
S7: according to the width of the side roof connecting
profile 5 and the side bottom connecting profile 6,
replacing the double-shoulder FSW stirring head
with a milling cutter, repairing the end joint 21a1 of
the roof side beam profile 21, the end joint 33b1 of
the side wall upper beam profile 33, the end joint
31a1 of the side wallboard profile 31 and the end
joint 41b1 of the bottom rackside beam profile 41 on
the outer side of the vehicle body 1, so as to ensure
that the gap between the end joint 21a1 of the roof
side beam profile 21 and the end joint 5b1 of the side
roof connecting profile 5, the gap between the end
joint 33b1 of the side wall upper beam profile 33 and
the end joint 5a1 of the side roof connecting profile
5, the gap between the end joint 31a1 of the side
wallboard profile 31 and the end joint 6b1 of the side
bottom connecting profile 6, and the gap between
the end joint 41b1 of the bottom rack side beam pro-
file 41 and the end joint 6a1 of the side bottom con-
necting profile 6, all are not greater than 0.5mm.
S8: respectively embedding the side roof connecting
profile 5 and the side bottom connecting profile 6 into
the end joint 21a1 of the roof side beam profile 21,
the end joint 33b1 of the side wall upper beam profile
33, the end joint 31a1 of the side wallboard profile
31, and the end joint 41b1 of the bottom rack side
beam profile 41 to complete the FSW welding on the
outer side.
S9:after the welding seams on the outer sides of the
side wall 3 and the bottom rack 4 are implemented,

embedding the independent doorcorner portion7 in-
to the lower door corner position on each of the two
sides of the door opening 34, and then performing
welding.
S10: after the assembly welding of the main body
structure of the vehicle body is completed, complet-
ing the assembly and welding of other equipment
mounting seats to finally complete the vehicle body
fabrication.

[0040] The content clarified by the above embodi-
ments should be understood as that these embodiments
are only used for illustrating the present invention more
clearly, rather than limiting the scope of the present in-
vention. The scope of protection is defined by the ap-
pended claims.

Claims

1. A rail train body, mainly comprising a main structure
formed by a roof (2), a side wall (3), a bottom rack
(4), a side roof connecting profile (5), a side bottom
connecting profile (6) and an independent door cor-
ner portion (7), characterized in that:

the roof (2) is primarily formed by welding and
assembling a roof side beam profile (21), an air
conditioner plate profile (22) and an arc-shaped
roof profile (23); the side wall (3) is primarily
formed by welding and assembling a side wall-
board profile (31), a door column profile (32) and
a side wall upper beam profile (33); the bottom
rack (4) is primarily formed by welding and as-
sembling bottom rack side beam profiles (41)
and a bottom rack floor profile (42), and the bot-
tom rack floor profile (42) is at the middle posi-
tion, and the bottom rack side beam profiles (41)
are respectively located on two sides of the bot-
tom rack floor profile (42);
the roof (2) and the side wall (3) are connected
in a Bobbin Tool FSW manner,and the side wall
(3) and the bottom rack (4) are connected in a
Bobbin Tool FSW manner; and
the side roof connecting profile (5) located above
a door opening (34) is used for connecting the
roof (2) and the side wall (3), the side bottom
connecting profile (6) is used for connecting the
side wall (3) and the bottom rack (4), and the
side bottom connecting profile (6) is arranged
above the bottom rack floor profile (42); and the
independent door corner portion (7) is located
at each end of the side bottom connecting profile
(6) and is used for connecting the side wall (3),
the bottom rack (4) and the side bottom connect-
ing profile (6).

2. The rail train body according to claim 1, wherein the
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roof (2), the side wall (3) and the bottom rack (4) are
all formed by tailor welding a plurality of profile units,
a guiding and docking structure is arranged at the
tailor welded welding joint, the guiding and docking
structure aligns the two profile units to be welded at
the welding joint, and the alignment is such that the
amount of misalignment is not greater than 0.3mm;
and preferably, a hollow structure is arranged below
the welding joint.

3. The rail train body according to claim 2, wherein the
guiding and docking structure comprises a welding
support convex structure arranged at the end of a
first profile welding unit in the two profile units to be
welded, and a welding support concave structure ar-
ranged at the end of a second profile welding unit in
the two profile units to be welded, and the welding
support convex structure of the first profile welding
unit is in butt joint and engaged with the welding sup-
port concave structure of the second profile welding
unit; preferably, a welding support gap is arranged
between the welding support convex structure of the
first profile welding unit and the welding support con-
cave structure of the second profile welding unit; and
more preferably, the welding support gap does not
exceed 0.2mm.

4. The rail train body according to any one of claims
1-3, wherein the lowest end of the door column profile
(32) does not exceed the area of the side bottom
connecting profile (6), so as to provide an entry space
for a stirring head while Bobbin Tool FSW welding
is implemented between the side wall (3) and the
bottom rack (4).

5. The rail train body according to any one of claims
1-3, wherein the inner sides of the roof (2) and the
side wall (3) are mainly connected by the end joint
of the roof side beam profile (21) and the end joint
of the side wall upper beam profile (33)in an FSW
manner;

the outer sides of the roof (2) and the side wall
(3) are mainly connected by the end joint of the
roof side beam profile (21) and the end joint of
the side roof connecting profile (5), and by the
end joint of the side roof connecting profile (5)
and the end joint of the side wall upper beam
profile (33) in the FSW manner, respectively;
preferably, the roof side beam profile (21) is pro-
vided with a positioning mechanism at the two
end joints at the welding joint, the side wall upper
beam profile (33) is provided with a positioning
mechanism at the two end joints at the welding
joint, and the positioning mechanisms are re-
spectively in overlapping connection with over-
lapping rib plates of the side roof connecting pro-
file (5) of an I-shaped structure; preferably, the

positioning mechanism is configured as a cross
rib plate; and
more preferably, the end joint of the roof side
beam profile (21) at the welding joint, the end
joint of the side wall upper beam profile (33) at
the welding joint and the end joint of the side
roof connecting profile (5) at the welding joint
are all located at hollow cavities.

6. The rail train body according to claim 5, wherein the
side roof connecting profile (5) is embedded in the
connection site between the roof (2) and the side
wall (3); the end joint of the roof side beam profile
(21), the end joint of the side roof connecting profile
(5) and the end joint of the side wall upper beam
profile (33) are located in the same plane; and the
overlapping rib plate of the side roof connecting pro-
file (5) is in contact with the cross rib plate of the roof
side beam profile (21) and the cross rib plate of the
side wall upper beam profile (33).

7. The rail train body according to any one of claims
1-3, wherein the inner sides of the side wall (3) and
the bottom rack (4) are mainly connected by the end
joint of the side wallboard profile (31) and the end
joint of the bottom rack side beam profile (41) in the
FSW manner;

the outer sides of the side wall (3) and the bottom
rack (4) are mainly connected by the end joint
of the side wallboard profile (31) and the end
joint of the side bottom connecting profile (6),
and by the end joint of the side bottom connect-
ing profile (6) and the end joint of the bottom
rack side beam profile (41) in the FSW manner,
respectively;
preferably, the side wallboard profile (31) is pro-
vided with a positioning mechanism at the two
end joints at the welding joint, the bottom rack
side beam profile (41) is provided with a posi-
tioning mechanism at the two end joints at the
welding joint, and the positioning mechanisms
are respectively in overlapping connection with
the overlapping rib plates of the side bottom con-
necting profile (6) of an I-shaped structure; pref-
erably, the positioning mechanism is configured
as a cross rib plate; and
more preferably, the end joint of the side wall-
board profile (31) at the welding joint, the end
joint of the bottom rack side beam profile (41) at
the welding joint and the end joint of the side
bottom connecting profile (6) at the welding joint
are all located at hollow cavities.

8. The rail train body according to claim 7, wherein the
side bottom connecting profile (6) is embedded in
the connection site between the side wall (3) and the
bottom rack (4); the end joint of the side wallboard
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profile (31), the end joint of the side bottom connect-
ing profile (6) and the end joint of the bottom rack
side beam profile (41) are located in the same plane;
and the overlapping rib plate of the side bottom con-
necting profile (6) is in contact with the cross rib plate
of the bottom rack side beam profile (41) and the
cross rib plate of the side wallboard profile (31).

9. The rail train body according to any one of claims
1-3, wherein the roof side beam profile (21), the side
wallboard profile (31), the bottom rack side beam
profile (41), the bottom rack floor profile (42) and the
independent door corner portion (7) are all made of
a nano ceramic aluminum alloy material; and pref-
erably, the nano ceramic aluminum alloy is nano-
TiB2 particle reinforced 6XXX series aluminum alloy,
and more preferably nano-TiB2 particle reinforced
6005A aluminum alloy.

10. A fabrication method of the rail train body according
to any one of claims 1-9, characterized in that the
fabrication method of the rail train body comprises
the following steps:

1) fabricating the independent door corner por-
tion (7), welding and assembling the roof side
beam profile (21), the air conditioner plate profile
(22) and the arc-shaped roof profile (23) to form
the roof (2), welding and assembling the side
wallboard profile (31), the door column profile
(32) and the side wall upper beam profile (33)
to form the side wall (3), and welding and as-
sembling the bottom rack side beam profile (41)
and the bottom rack floor profile (42) to form a
main bearing structure of the bottom rack (4);
preferably, the splicing among a plurality of side
wallboard profiles (31), the splicing among a plu-
rality of bottom rack floor profiles (42), the splic-
ing among a plurality of air conditioner plate pro-
files (22) and the splicing among a plurality of
arc-shaped roof profiles (23) adopt the Bobbin
Tool FSW manner;
2) supporting and fixing the roof (2), the side wall
(3) and the bottom rack (4) to complete the pre-
assembly of the vehicle body (1), and then com-
pleting the welding of the connection interface
of the end joints on the inner side of the vehicle
body (1);
3) embedding the side roof connecting profile
(5) into the end joint of the roof side beam profile
(21) and the end joint of the side wall upper beam
profile (33), and respectively embedding the
side bottom connecting profile (6) into the end
joint of the side wallboard profile (31) and the
end joint of the bottom rack side beam profile
(41) to complete the FSW welding on the outer
side of the vehicle body;
4) after the welding on the outer sides of the side

wall (3) and the bottom rack (4) is completed,
embedding the independent door corner portion
(7) into the lower door corner positionon each
of the two sides of the door opening (34), and
then performing welding; and
5) after the assembly welding of the main struc-
ture of the vehicle body is completed, completing
the assembly and welding of each equipment
mounting seat to finally complete the vehicle
body fabrication.

11. The fabrication method of the rail train body accord-
ing to claim 10, wherein after step 2) and before step
3), the method further comprises a repair step: ac-
cording to the widths of the side roof connecting pro-
file (5) and the side bottom connecting profile (6),
repairing the end joint of the roof side beam profile
(21) on the outer side of the vehicle body (1), the end
joint of the side wall upper beam profile (33), the end
joint of the side wallboard profile (31) and the end
joint of the bottom rack side beam profile (41), so as
to ensure that the gap between the end joint of the
roof side beam profile (21) and the end joint of the
side roof connecting profile (5), the gap between the
end joint of the side wall upper beam profile (33) and
the end joint of the side roof connecting profile (5),
the gap between the end joint of the side wallboard
profile (31) and the end joint of the side bottom con-
necting profile (6), and the gap between the end joint
of the bottom rack side beam profile (41) and the end
joint of the side bottom connecting profile (6), all are
not greater than 0.5mm.

Patentansprüche

1. Schienenzugkörper, der hauptsächlich eine
Hauptstruktur enthält, die durch ein Dach (2), eine
Seitenwand (3), ein Untergestell (4), ein Seitendach-
verbindungsprofil (5), ein Seitenbodenverbindungs-
profil (6) und einen unabhängigen Türeckbereich (7)
gebildet ist, dadurch gekennzeichnet, dass:

das Dach (2) primär durch Verschweißen und
Zusammenbauen eines Dachseitenträgerpro-
fils (21), eines Klimaanlagenplattenprofils (22)
und eines bogenförmigen Dachprofils (43) ge-
bildet ist; die Seitenwand (3) primär durch Ver-
schweißen und Zusammenbauen eines Seiten-
wandplattenprofils (31), eines Türsäulenprofils
(32) und eines Seitenwandoberträgerprofils
(33) gebildet ist; das Untergestell (4) primär
durch Verschweißen und Zusammenbauen von
Untergestellseitenträgerprofilen (41) und eines
Untergestellbodenprofils (42) gebildet ist, und
das Untergestellbodenprofil (42) an der Mitten-
position ist und sich die Untergestellseitenbal-
kenprofile (41) entsprechend auf zwei Seiten
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des Untergestellbodenprofils (42) befinden;
das Dach (2) und die Seitenwand (3) durch eine
Art Rührreibschweißen mit Spulenwerkzeug
verbunden sind, und die Seitenwand (3) und das
Untergestell (4) durch eine Art Rührreibschwei-
ßen mit Spulenwerkzeug verbunden sind; und
das Seitendachverbindungsprofil (5), das sich
über einer Türöffnung (34) befindet, zum Ver-
binden des Daches (2) und der Seitenwand (3)
verwendet wird, das Seitenbodenverbindungs-
profil (6) zum Verbinden der Seitenwand (3) und
des Untergestells (4) verwendet wird, und das
Seitenbodenverbindungsprofil (6) über dem Un-
tergestellbodenprofil (42) angeordnet ist; und
der unabhängige Türeckbereich (7) sich an ei-
nem jeweiligen Ende des Seitebodenverbin-
dungsprofils (6) befindet und zum Verbinden der
Seitenwand (3), des Untergestells (4) und des
Seitenbodenverbindungsprofils (6) verwendet
wird.

2. Schienenzugkörper nach Anspruch 1, wobei das
Dach (2), die Seitenwand (3) und das Untergestell
(4) alle durch Auftragsverschweißen einer Vielzahl
von Profileinheiten gebildet sind, eine Führungs- und
an Andockstruktur an der auftragsverschweißten
Schweißverbindung angeordnet ist, wobei die Füh-
rungs- und Andockstruktur die zwei zu verschwei-
ßenden Profileinheiten an der Schweißverbindung
ausrichtet, und die Ausrichtung derart ist, dass der
Betrag einer Fehlausrichtung nicht größer als 0,3
mm ist; und vorzugsweise eine hohle Struktur unter-
halb Schweißverbindung angeordnet ist.

3. Schienenzugkörper nach Anspruch 2, wobei die
Führungs- und Andockstruktur einen Schweißträger
mit konvexer Struktur, der an dem Ende einer ersten
Profilschweißeinheit aus den zwei zu verschweißen-
den Profileinheiten angeordnet ist, und einen
Schweißträger mit konkaver Struktur, der an dem
Ende einer zweiten Profilschweißeinheit aus den
zwei zu verschweißenden Profileinheiten angeord-
net ist, enthält, und der Schweißträger mit konvexer
Struktur der ersten Profilschweißeinheit in stumpfer
Verbindung ist und mit dem Schweißträger mit kon-
kaver Struktur der zweiten Profilschweißeinheit in
Eingriff ist; vorzugsweise ein Schweißträgerspalt
zwischen dem Schweißträger mit konvexer Struktur
der ersten Profilschweißeinheit und dem
Schweißträger mit konkaver Struktur der zweiten
Profilschweißeinheit angeordnet ist; und weiter be-
vorzugt der Schweißträgerspalt 0,2 mm nicht über-
schreitet.

4. Schienenzugkörper nach einem der Ansprüche 1 bis
3, wobei das unterste Ende des Türsäulenprofils (32)
nicht das Gebiet des Seitenbodenverbindungspro-
fils (6) überschreitet, so dass es einen Eintrittsraum

für einen Rührkopf, während Rührreibschweißen mit
Spulenwerkzeug durchgeführt wird, zwischen der
Seitenwand (3) und dem Untergestell (4) vorsieht.

5. Schienenzugkörper nach einem der Ansprüche 1 bis
3, wobei die Innenseiten des Daches (2) und der
Seitenwand (3) hauptsächlich durch die Endverbin-
dung des Dachseitenträgerprofils (21) und die End-
verbindung des Seitenwandoberträgerprofils (33)
durch eine Art Reibrührschweißen verbunden sind;

die Außenseiten des Daches (2) und der Sei-
tenwand (3) hauptsächlich durch die Endverbin-
dung des Dachseitenträgerprofils (21) und die
Endverbindung des Seitendachverbindungs-
profils (5) bzw. durch die Endverbindung des
Seitendachverbindungsprofils (5) und die End-
verbindung des Seitenwandoberträgerprofils
(33) durch die Art Reibrührschweißen verbun-
den sind,
vorzugsweise das Dachseitenträgerprofil (21)
mit einem Positionierungsmechanismus an den
zwei Endverbindungen an der Schweißverbin-
dung versehen ist, das Seitenwandoberträger-
profil (33) mit einem Positionierungsmechanis-
mus an den zwei Endverbindungen an der
Schweißverbindung versehen ist, und die Posi-
tionierungsmechanismen entsprechend mit
überlappenden Rippenplatten des Seitendach-
verbindungsprofils (5) einer I-förmigen Struktur
in überlappender Verbindung sind; vorzugswei-
se der Positionierungsmechanismus als eine
Querrippenplatte ausgebildet ist; und
weiter vorzugsweise sich die Endverbindung
des Dachseitenträgerprofils (21) an der
Schweißverbindung, die Endverbindung des
Seitenwandoberträgerprofils (33) an der
Schweißverbindung und die Endverbindung
des Seitendachverbindungsprofils (5) an der
Schweißverbindung alle an hohlen Aussparun-
gen befinden.

6. Schienenzugkörper nach Anspruch 5, wobei das
Seitendachverbindungsprofil (5) an der Verbin-
dungsstelle zwischen dem Dach (2) und der Seiten-
wand (3) eingebettet ist; sich die Endverbindung des
Dachseitenträgerprofils (21), die Endverbindung
des Seitendachverbindungsprofils (5) und die End-
verbindung des Seitenwandoberträgerprofils (33) in
derselben Ebene befinden; und die überlappende
Rippenplatte des Seitendachverbindungsprofils (5)
mit der Querrippenplatte des Dachseitenträgerpro-
fils (21) und der Querrippenplatte der Seitenwando-
berträgerprofils (33) in Berührung ist.

7. Schienenzugkörper nach einem der Ansprüche 1 bis
3, wobei die Innenseiten der Seitenwand (3) und des
Untergestells (4) hauptsächlich durch die Endver-
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bindung des Seitenwandplattenprofils (31) und die
Endverbindung des Untergestellseitenträgerprofils
(41) durch die Art Reibrührschweißen verbunden
sind;

die Außenseiten der Seitenwand (3) und des
Untergestell (4) hauptsächlich durch die End-
verbindung des Seitenwandplattenprofils (31)
und die Endverbindung des Seitenbodenverbin-
dungsprofils (6) bzw. durch die Endverbindung
des Seitenbodenverbindungsprofils (6) und die
Endverbindung des Untergestellseitenträger-
profils (41) durch die Art Reibrührschweißen
verbunden sind; vorzugsweise das Seitenwand-
plattenprofil (31) mit einem Positionierungsme-
chanismus an den zwei Endverbindungen an
der Schweißverbindung versehen ist, das Un-
tergestellseitenträgerprofil (41) mit einem Posi-
tionierungsmechanismus an den zwei Endver-
bindungen an der Schweißverbindung verse-
hen ist, und die Positionierungsmechanismen
entsprechend mit den überlappenden Rippen-
platten des Seitenbodenverbindungsprofils (6)
einer I-förmigen Struktur in überlappender Ver-
bindung sind;
vorzugsweise der Positionierungsmechanis-
mus als eine Querrippenplatte ausgebildet ist;
und
weiter vorzugsweise sich die Endverbindung
des Seitenwandplattenprofils (31) an der
Schweißverbindung, die Endverbindung des
Untergestellseitenträgerprofils (41) an der
Schweißverbindung und die Endverbindung
des Seitenbodenverbindungsprofils (6) an der
Schweißverbindung alle an den hohlen Ausspa-
rungen befinden.

8. Schienenzugkörper nach Anspruch 7, wobei das
Seitenbodenverbindungsprofil (6) an der Verbin-
dungsstelle zwischen der Seitenwand (3) und dem
Untergestell (4) eingebettet ist; die Endverbindung
des Seitenwandplattenprofils (31), die Endverbin-
dung des Seitenbodenverbindungsprofils (6) und die
Endverbindung des Untergestellseitenträgerprofils
(41) sich in derselben Ebene befinden; und die über-
lappende Rippenplatte des Seitenbodenverbin-
dungsprofils (6) mit der Querrippenplatte des Unter-
gestellseitenträgerprofils (41) und der Querrippen-
platte des Seitenwandplattenprofils (31) in Berüh-
rung ist.

9. Schienenzugkörper nach einem der Ansprüche 1 bis
3, wobei das Dachseitenträgerprofil (21), das Sei-
tenwandplattenprofil (31), das Untergestellseitenträ-
gerprofil (41), das Untergestellbodenprofil (42) und
der unabhängige Türeckbereich (7) alle aus einem
Nanokeramik-Aluminiumlegierungsmaterial herge-
stellt sind; und vorzugsweise die Nanokeramik-Alu-

miniumlegierung eine Nano-TiB2-Partikel-verstärkte
6XXX-Serie-Aluminiumlegierung und weiter vor-
zugsweise eine Nano-TiB2-Partikel-verstärkte
6005A-Aluminiumlegierung ist.

10. Herstellverfahren des Schienenzugkörpers nach ei-
nem der Ansprüche 1 bis 9, dadurch gekennzeich-
net, dass das Herstellverfahren des Schienenzug-
körpers die folgenden Schritte enthält:

1) Herstellen des unabhängigen Türeckbe-
reichs (7), Verschweißen und Zusammenbauen
des Dachseitenträgerprofils (21), des Klimaan-
lageplattenprofils (22) und des bogenförmigen
Dachprofils (23) zum Bilden des Daches (2),
Verschweißen und Zusammenbauen des Sei-
tenwandplattenprofils (31), des Türsäulenprofils
(32) und des Seitenwandoberträgerprofils (33)
zum Bilden der Seitenwand (3), und Verschwei-
ßen und Zusammenbauen des Untergestellsei-
tenträgerprofils (41) und des Untergestellbo-
denprofils (42) zum Bilden der Haupttragstruktur
des Untergestells (4);
wobei das Spleißen zwischen einer Vielzahl von
Seitenwandplattenprofilen (31), das Spleißen
zwischen einer Vielzahl von Untergestellboden-
profilen (42), das Spleißen zwischen einer Viel-
zahl von Klimaanlageplattenprofilen (22) und
das Spleißen zwischen einer Vielzahl von bo-
genförmigen Dachprofilen (23) vorzugsweise
eine Art Rührreibschweißen mit Spulenwerk-
zeug anwendet;
2) Halten und Fixieren des Daches (2), der Sei-
tenwand (3) und des Untergestell (4) zum Ver-
vollständigen der Vormontage des Fahrzeug-
körpers (1) und dann Vervollständigen des Ver-
schweißens der Bindungsschnittstelle der End-
verbindungen auf der Innenseite des Fahrzeug-
körpers (1);
3) Einbetten des Seitendachverbindungsprofils
(5) in die Endverbindung des Dachseitenträger-
profils (21) und die Endverbindung des Seiten-
wandoberträgerprofils (33), und entsprechen-
des Einbetten des Seitenbodenverbindungs-
profils (6) in die Endverbindung des Seiten-
wandplattenprofils (31) und die Endverbindung
des Untergestellseitenträgerprofils (41) zum
Vervollständigen des Rührreibschweißens auf
der Außenseite des Fahrzeugkörpers;
4) nachdem das Verschweißen auf den Außen-
seiten der Seitenwand (3) und dem Untergestell
(4) abgeschlossen ist, Einbetten des unabhän-
gigen Türeckbereichs (7) in die untere Türeck-
position auf jeder der zwei Seiten der Türöffnung
(34) und dann Durchführen des Schweißens;
und
5) nachdem das Zusammenbauschweißen der
Hauptstruktur des Fahrzeugkörpers abge-

23 24 



EP 3 929 054 B1

14

5

10

15

20

25

30

35

40

45

50

55

schlossen ist, Vervollständigen der Montage
und Schweißen jedes Ausrüstungsmontagesit-
zes zum finalen Vervollständigen der Fahrzeug-
körperherstellung.

11. Herstellerverfahren des Schienenzugkörpers nach
Anspruch 10, wobei das Verfahren nach Schritt 2)
und vor Schritt 3) ferner einen Reparaturschritt ent-
hält: in Übereinstimmung mit den Breiten des Sei-
tendachverbindungsprofils (5) und des Seitenbo-
denverbindungsprofils (6), Reparieren der Endver-
bindung des Dachseitenträgerprofils (21) auf der Au-
ßenseite des Fahrzeugkörpers (1), der Endverbin-
dung des Seitenwandoberträgerprofils (33), der
Endverbindung des Seitenwandplattenprofils (31)
und der Endverbindung des Untergestellseitenträ-
gerprofils (41), so dass gewährleistet wird, dass der
Spalt zwischen der Endverbindung des Dachseiten-
trägerprofils (21) und der Endverbindung des Sei-
tendachverbindungsprofils (5), der Spalt zwischen
der Endverbindung des Seitenwandoberträgerpro-
fils (33) und der Endverbindung des Seitendachver-
bindungsprofils (5), der Spalt zwischen der Endver-
bindung des Seitenwandplattenprofils (31) und der
Endverbindung des Seitenbodenverbindungsprofils
(6) und der Spalt zwischen der Endverbindung des
Untergestellseitenträgerprofils (41) und der Endver-
bindung des Seitenbodenverbindungsprofils (6) al-
les nicht größer als 0,5 mm sind.

Revendications

1. Corps de rame, comprenant principalement une
structure principale formée par un toit (2), une paroi
latérale (3), une crémaillère inférieure (4), un profil
de liaison de toit latéral (5), un profil de liaison infé-
rieur latéral (6) et une partie d’angle de porte indé-
pendante (7), caractérisé en ce que :

le toit (2) est principalement formé par le sou-
dage et l’assemblage d’un profil de poutre laté-
rale de toit (21), d’un profil de plaque de clima-
tiseur (22) et d’un profil de toit en forme d’arc
(23) ; la paroi latérale (3) est principalement for-
mée par le soudage et l’assemblage d’un profil
de panneau mural latéral (31), d’un profil de co-
lonne de porte (32) et d’un profil de poutre su-
périeure de paroi latérale (33) ; la crémaillère
inférieure (4) est principalement formée par le
soudage et l’assemblage de profils de poutres
latérales de crémaillère inférieure (41) et d’un
profil de plancher de crémaillère inférieure (42) ;
et le profil de plancher de crémaillère inférieure
(42) est en position centrale et les profils de pou-
tres latérales de crémaillère inférieure (41) sont
respectivement situés sur les deux côtés du pro-
fil de plancher de crémaillère inférieure (42) ;

le toit (2) et la paroi latérale (3) sont reliés à l’aide
d’un outil Bobbin FSW, et la paroi latérale (3) et
la crémaillère inférieure (4) sont reliés à l’aide
d’un outil Bobbin FSW ; et le profil de liaison de
toit latéral (5) situé au-dessus d’une ouverture
de porte (34) est utilisé pour relier le toit (2) et
la paroi latérale (3), le profil de liaison inférieur
latéral (6) est utilisé pour relier la paroi latérale
(3) et la crémaillère inférieure (4), et le profil de
liaison inférieur latéral (6) est disposé au-dessus
du profil de plancher de crémaillère inférieure
(42) ; et la partie d’angle de porte indépendante
(7) est située à chaque extrémité du profil de
liaison inférieur latéral (6) et est utilisée pour re-
lier la paroi latérale (3), la crémaillère inférieure
(4) et le profil de liaison inférieur latéral (6).

2. Corps de rame selon la revendication 1, dans lequel
le toit (2), la paroi latérale (3) et la crémaillère infé-
rieure (4) sont tous formés par soudage sur mesure
d’une pluralité d’unités de profil, une structure de gui-
dage et d’accueil est disposée au niveau du joint de
soudure soudé sur mesure, la structure de guidage
et d’accueil aligne les deux unités de profil à souder
au niveau du joint de soudure, et l’alignement est tel
que la quantité de désalignement n’est pas supé-
rieure à 0,3 mm ; et de préférence, une structure
creuse est disposée en dessous du joint de soudure.

3. Corps de rame selon la revendication 2, dans lequel
la structure de guidage et d’accueil comprend une
structure convexe de support de soudage disposée
à l’extrémité d’une première unité de soudage de
profil dans les deux unités de profil à souder, et une
structure concave de support de soudage disposée
à l’extrémité d’une seconde unité de soudage de pro-
fil dans les deux unités de profil à souder, et la struc-
ture convexe de support de soudage de la première
unité de soudage de profil est en joint bout à bout et
engagée avec la structure concave de support de
soudage de la seconde unité de soudage de profil ;
de préférence, un espace de support de soudage
est aménagé entre la structure convexe de support
de soudage de la première unité de soudage de profil
et la structure concave de support de soudage de la
seconde unité de soudage de profil ; et de préféren-
ce, l’espace de support de soudage n’excède pas
0,2 mm.

4. Corps de rame selon l’une quelconque des revendi-
cations 1 à 3, dans lequel l’extrémité la plus basse
du profil de colonne de porte (32) ne dépasse pas
la surface du profil de liaison inférieur latéral (6), de
manière à fournir un espace d’entrée pour une tête
d’agitation pendant le soudage d’outil Bobbin FSW
est mis en oeuvre entre la paroi latérale (3) et la
crémaillère inférieure (4).
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5. Corps de rame selon l’une quelconque des revendi-
cations 1 à 3, dans lequel les côtés intérieurs du toit
(2) et de la paroi latérale (3) sont principalement re-
liés par le joint d’extrémité du profil de poutre latérale
de toit (21) et le joint d’extrémité du profil de poutre
supérieure de paroi latérale (33) de la manière FSW ;

les côtés extérieurs du toit (2) et de la paroi la-
térale (3) sont principalement reliés par le joint
d’extrémité du profil de poutre latérale de toit
(21) et le joint d’extrémité du profil de liaison de
toit latéral (5), et par le joint d’extrémité du profil
de liaison de toit latéral (5) et le joint d’extrémité
du profil de poutre supérieure de paroi latérale
(33) de la manière FSW, respectivement ;
de préférence, le profil de poutre latérale de toit
(21) est pourvu d’un mécanisme de positionne-
ment aux deux joints d’extrémité au niveau du
joint de soudure, le profil de poutre supérieure
de paroi latérale (33) est pourvu d’un mécanis-
me de positionnement aux deux joints d’extré-
mité au niveau du joint de soudure, et les mé-
canismes de positionnement sont respective-
ment en liaison par chevauchement avec les
plaques de nervure par chevauchement du profil
de liaison de toit latéral (5) d’une structure en
forme de I ; de préférence, le mécanisme de po-
sitionnement est configuré en tant que plaque
de nervure transversale ; et
de préférence, le joint d’extrémité du profil de
poutre latérale de toit (21) au niveau du joint de
soudure, le joint d’extrémité du profil de poutre
supérieure de paroi latérale (33) au niveau du
joint de soudure et le joint d’extrémité du profil
de liaison de toit latéral (5) au niveau du joint de
soudure sont tous situés dans des cavités creu-
ses.

6. Corps de rame selon la revendication 5, dans lequel
le profil de liaison de toit latéral (5) est incorporé dans
le site de liaison entre le toit (2) et la paroi latérale
(3) ; le joint d’extrémité du profil de poutre latérale
de toit (21), le joint d’extrémité du profil de liaison de
toit latéral (5) et le joint d’extrémité du profil de poutre
supérieure de paroi latérale (33) sont situés dans le
même plan ; et la plaque de nervure par chevauche-
ment du profil de liaison de toit latéral (5) est en con-
tact avec la plaque de nervure transversale du profil
de poutre latérale de toit (21) et la plaque de nervure
transversale du profil de poutre supérieure de paroi
latérale (33).

7. Corps de rame selon l’une quelconque des revendi-
cations 1 à 3, dans lequel les côtés intérieurs de la
paroi latérale (3) et de la crémaillère inférieure (4)
sont principalement reliés par le joint d’extrémité du
profil de panneau mural latéral (31) et le joint d’ex-
trémité du profil de poutre latérale de crémaillère in-

férieure (41) de la manière FSW ;

les côtés extérieurs de la paroi latérale (3) et de
la crémaillère inférieure (4) sont principalement
reliés par le joint d’extrémité du profil de pan-
neau mural latéral (31) et le joint d’extrémité du
profil de liaison inférieur latéral (6), et par le joint
d’extrémité du profil de liaison inférieur latéral
(6) et le joint d’extrémité du profil de poutre la-
térale de crémaillère inférieure (41), respective-
ment, de la manière FSW ;
de préférence, le profil de panneau mural latéral
(31) est pourvu d’un mécanisme de positionne-
ment aux deux joints d’extrémité au niveau du
joint de soudure, le profil de poutre latérale de
crémaillère inférieure (41) est pourvu d’un mé-
canisme de positionnement aux deux joints
d’extrémité au niveau du joint de soudure, et les
mécanismes de positionnement sont respecti-
vement en liaison par chevauchement avec les
plaques à nervures par chevauchement du profil
de liaison inférieur latéral (6) d’une structure en
forme de «I» ; de préférence, le mécanisme de
positionnement est configuré comme une pla-
que à nervures transversale ; et de préférence
encore, le joint d’extrémité du profil de panneau
mural latéral (31) au niveau du joint de soudure,
le joint d’extrémité du profil de poutre latérale de
crémaillère inférieure (41) au niveau du joint de
soudure et le joint d’extrémité du profil de liaison
inférieur latéral (6) au niveau du joint de soudure
sont tous situés au niveau de cavités creuses.

8. Corps de rame selon la revendication 7, dans lequel
le profil de liaison inférieur latéral (6) est incorporé
dans le site de liaison entre la paroi latérale (3) et la
crémaillère inférieure (4) ; le joint d’extrémité du pro-
fil de panneau mural latéral (31), le joint d’extrémité
du profil de liaison inférieur latéral (6) et le joint d’ex-
trémité du profil de poutre latérale de crémaillère in-
férieure (41) sont situés dans le même plan ; et la
plaque de nervure par chevauchement du profil de
liaison inférieur latéral (6) est en contact avec la pla-
que de nervure transversale du profil de poutre la-
térale de crémaillère inférieure (41) et la plaque de
nervure transversale du profil de panneau mural la-
téral (31).

9. Corps de rame selon l’une quelconque des revendi-
cations 1 à 3, dans lequel le profil de poutre latérale
de toit (21), le profil de panneau mural latéral (31),
le profil de poutre latérale de crémaillère inférieure
(41), le profil de plancher de crémaillère inférieure
(42) et la partie d’angle de porte indépendante (7)
sont tous constitués d’un matériau en alliage d’alu-
minium nanocéramique ; et de préférence, l’alliage
d’aluminium nanocéramique est alliage d’aluminium
de la série 6XXX renforcé par des nanoparticules de
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TiB2, et plus préférentiellement un alliage d’alumi-
nium 6005A renforcé par des nanoparticules de
TiB2.

10. Procédé de fabrication du corps de rame selon l’une
quelconque des revendications 1 à 9, caractérisé
en ce que le procédé de fabrication du corps de
rame comprend les étapes suivantes consistant à :

1) fabriquer la partie d’angle de porte indépen-
dante (7), souder et assembler le profil de poutre
latérale de toit (21), le profil de plaque de clima-
tiseur (22) et le profil de toit en forme d’arc (23)
pour former le toit (2), souder et assembler le
profil de panneau mural latéral (31), le profil de
colonne de porte (32) et le profil de poutre su-
périeure de paroi latérale (33) pour former la pa-
roi latérale (3), et souder et assembler le profil
de poutre latérale de crémaillère inférieure (41)
et le profil de plancher de crémaillère inférieure
(42) pour former une structure porteuse princi-
pale de la crémaillère inférieure (4) ; de préfé-
rence, la jonction entre une pluralité de profils
de panneaux muraux latéraux (31), la jonction
entre une pluralité de profils de plancher de cré-
maillère inférieure (42), la jonction entre une plu-
ralité de profils de plaque de climatiseur (22) et
la jonction entre une pluralité de profils de toit
en forme d’arc (23) se fait à l’aide d’un outil Bob-
bin FSW ;
2) soutenir et fixer le toit (2), la paroi latérale (3)
et la crémaillère inférieure (4) pour achever le
pré-assemblage du corps de véhicule (1), puis
achever le soudage de l’interface de liaison des
joints d’extrémité sur la face intérieure du corps
de véhicule (1) ;
3) incorporer le profil de liaison de toit latéral (5)
dans le joint d’extrémité du profil de poutre laté-
rale de toit (21) et dans le joint d’extrémité du
profil de poutre supérieure de paroi latérale (33),
et incorporer respectivement le profil de liaison
inférieur latéral (6) dans le joint d’extrémité du
profil de panneau mural latéral (31) et dans le
joint d’extrémité du profil de poutre latérale de
crémaillère inférieure (41) pour achever le sou-
dage FSW sur le côté extérieur du corps de
véhicule ;
4) une fois le soudage des côtés extérieurs de
la paroi latérale (3) et de la crémaillère inférieure
(4) terminé, incorpoer la partie d’angle de porte
indépendante (7) dans la position d’angle infé-
rieure de porte sur chacun des deux côtés de
l’ouverture de porte (34), puis effectuer le
soudage ; et
5) après l’assemblage et le soudage de la struc-
ture principale du corps de véhicule, l’assem-
blage et le soudage de chaque siège de mon-
tage d’équipement sont terminés pour achever

la fabrication de corps de véhicule.

11. Procédé de fabrication du corps de rame selon la
revendication 10, dans lequel après l’étape 2) et
avant l’étape 3), le procédé comprend en outre une
étape consistant à réparer: en fonction des largeurs
du profil de liaison de toit latéral (5) et du profil de
liaison inférieur latéral (6), réparer le joint d’extrémité
du profil de poutre latérale de toit (21) sur le côté
extérieur du corps de véhicule (1), le joint d’extrémité
du profil de poutre supérieure de paroi latérale (33),
le joint d’extrémité du profil de panneau mural latéral
(31) et le joint d’extrémité du profil de poutre latérale
de crémaillère inférieure (41), de manière à garantir
que l’écart entre le joint d’extrémité du profil de pou-
tre latérale de toit (21) et le joint d’extrémité du profil
de liaison de toit latéral (5), l’écart entre le joint d’ex-
trémité du profil de poutre supérieure de paroi laté-
rale (33) et le joint d’extrémité du profil de liaison de
toit latéral (5), l’écart entre le joint d’extrémité du profil
de panneau mural latéral (31) et le joint d’extrémité
du profil de liaison inférieur latéral (6), et l’écart entre
le joint d’extrémité du profil de poutre latérale de cré-
maillère inférieure (41) et le joint d’extrémité du profil
de liaison inférieur latéral (6), ne sont pas supérieurs
à 0,5 mm.
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