VEHICLE BODY COLLISION ENERGY ABSORPTION

STRUCTURE AND RAIL VEHICLE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Chinese Patent Application No.
202011167324.6, filed on October 27, 2020, entitled “Vehicle Body Collision Energy
Absorption Structure and Rail Vehicle”, which is hereby incorporated by reference in

its entirety.

TECHNICAL FIELD
[0002] The present application relates to the field of rail vehicle passive safety, in

particular to a vehicle body collision energy absorbing structure and a rail vehicle.

BACKGROUND

[0003] Traditional urban rail vehicle body and energy absorbing structure only meet
requirements for the safety of collision at a speed of 25 km/h. With the continuous
increase in travelling speeds of urban rail vehicles, the requirements for the safety of
collision are getting higher and higher. The travelling speed of urban rail vehicles for
suburban railway has reached more than 140 km/h, which is comparable to that of
powered car train-set for intercity railway. Thus, the demand for the safety of collision
is greatly improved compared with ordinary urban rail vehicles.

[0004] However, if the collision energy absorbing structure of the powered car train-
set is directly used for the urban rail vehicles, although requirements for safety of
collision of a 36 km/h level can be met, it is required to increase the strength of the
vehicle body to 1500kN, which increase the production cost of the vehicle body. In
addition, a coupler needs a coupler head meeting higher requirements for collision,
which fails to be coupled with a coupler head of a traditional urban rail vehicle, and the

traditional urban rail vehicle cannot withstand the impact from the energy absorbing
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structure of the powered car train-set during party-line operation.

[0005] How to improve the safety performance for vehicle collision under the premise
of unchanging urban rail vehicle platform, reach the design goal that the strengths
(compressive strength of 1200 kN) of the vehicle body and the coupler are the same as
that of the traditional urban rail vehicle, and increase the collision safety speed to 36

km/h are urgent problems to be solved.

SUMMARY

[0006] The embodiments of the present application provide a vehicle body collision
energy absorbing structure, which solves the problems that how to improve the safety
performance for vehicle collision under the premise of unchanging urban rail vehicle
platform, reach the design goal that the strengths (compressive strength of 1200 kN) of
the vehicle body and the coupler are the same as that of the traditional urban rail vehicle,
and increase the collision safety speed to 36 km/h.

[0007] The embodiments of the present application further provide a rail vehicle.
[0008] An embodiment of the present application provides a vehicle body collision
energy absorbing structure, which includes a front-end collision energy absorbing
structure mounted at a front end of a head carriage, and a middle-end collision energy
absorbing structure mounted at an end of a middle carriage, where the front-end
collision energy absorbing structure includes a hermetic partition wall connected to
both a cab skeleton and a skin, a front-end coupler arranged below the hermetic partition
wall along a center line of a vehicle body, front-end anti-climbers symmetrically
distributed on both sides of the center line of the vehicle body and located below the
hermetic partition wall, and a front-end energy absorbing module, where a side of the
front-end energy absorbing module deviating towards the center line of the vehicle
body is mounted on the hermetic partition wall; and the middle-end collision energy
absorbing structure includes a middle shearing coupler mounted below an underframe,
middle energy absorbing modules mounted on both sides of an end wall of the middle

carriage, and a middle anti-climber mounted at a position corresponding to a side beam
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and below the middle energy absorbing modules, where a length of each of the middle
energy absorbing modules extends along a height direction of the end wall.

[0009] According to an embodiment of the present application, along a direction of
the center line of the vehicle body, a front end of the front-end coupler, a front end of
the front-end anti-climber and a front end of the front-end energy absorbing module are
staggered; the cab skeleton and the hermetic partition wall are mounted on the
underframe; and in a vertical height direction of the vehicle body, the front-end energy
absorbing module is symmetrically mounted with an upper surface of the underframe
as a center line or has a given offset relative to the upper surface of the underframe.
[0010] According to an embodiment of the present application, the front-end energy
absorbing module includes a housing, a back plate and an energy absorbing inner core
mounted in the housing and abutted against the back plate, where the front-end energy
absorbing module is mounted on the hermetic partition wall through the back plate.
[0011] According to an embodiment of the present application, the offset of the front-
end energy absorbing module relative to the upper surface of the underframe is less
than or equal to 20% of a height of the back plate, and the back plate is connected to
the hermetic partition wall by bolts.

[0012] According to an embodiment of the present application, a circumference of the
housing has a taper angle, and the taper angle gradually decreases from a side of the
back plate to a front end of the housing, and the taper angle is smaller or equal to 5
degrees.

[0013] According to an embodiment of the present application, the energy absorbing
inner core is a honeycomb core, and an axis direction of the honeycomb core is parallel
or orthogonal to a travelling direction of the vehicle body.

[0014] According to an embodiment of the present application, a mounting end of the
front-end coupler, a mounting end of the front-end anti-climber and a mounting end of
the front-end energy absorbing module are not in the same mounting plane.

[0015] According to an embodiment of the present application, the middle energy

absorbing modules are mounted on the end wall of the middle carriage and are located
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on both sides outside a through passage, and each of the middle energy absorbing
modules includes an aluminum honeycomb and an aluminum plate coated outside the
aluminum honeycomb; and

an inner or inner side of the middle energy absorbing module is provided with a
drainage tube.
[0016] According to an embodiment of the present application, the middle anti-
climber is provided with a guide rod, and an axis of the guide rod deviates from a center
line of the middle anti-climber.
[0017] According to an embodiment of the present application, a front end of the head
carriage is provided with a stop beam, a front end of a traction beam on the underframe
extends to be connected to the stop beam, a lower part of the stop beam is provided
with reinforcing ribs of the front-end energy absorbing module, and no front-end floor
is provided on a front end of the stop beam.
[0018] An embodiment of the present application provides a rail vehicle, which
includes a vehicle body and the vehicle body collision energy absorbing structure
mounted at a head end of the vehicle body. In case that two rail vehicles travelling in
opposite directions, the front-end energy absorbing module is located on the same side
towards a travelling direction of the rail vehicle.
[0019] In the vehicle body collision energy absorbing structure according to the
embodiments of the present application, the side of the front-end energy absorbing
module deviating towards the center line of the vehicle body is mounted on the hermetic
partition wall. When two trains collide, the front-end energy absorbing modules of the
two trains are reversely symmetrical, two front-end energy absorbing modules are in
contact with vehicle heads of trains to absorb energy. For example, it is like that two
front-end energy absorbing modules are connected in parallel, carrying the compression
strength of the two front-end energy absorbing modules, which has a high collision
energy absorbing efficiency. The present application solves the problem that a pair of
front-end energy absorbing modules on one train and a pair of front-end energy

absorbing modules on another train need to be aligned when two trains collide, which
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is prone to tilting the front-end energy absorbing module, resulting in a significant
reduction in energy absorbing efficiency. The present application further solves the
problem of a significant impact on lightweight target of the vehicle caused by arranging
an anti-deviation mechanism with a strong guiding device inside the front-end energy
absorbing module to correct the structural instability during the collision. Since the
front-end energy absorbing module according to the embodiments of the present
application does not need an anti-deviation mechanism with a strong guiding device,
the lightweight target of the vehicle is realized, and the structural strength requirements
for the hermetic partition wall are reduced, for example, it does not need too much
additional reinforcement structure. By arranging the middle shearing coupler, the anti-
climber is used for preventing the vehicle from climbing after the middle shearing
coupler is cut off during a collision, and the anti-climber and the middle energy
absorbing module are continuously deformed to absorb energy, which can, in
combination with the front-end energy absorbing module, improve the vehicle collision
safety performance under the premise of unchanging urban rail vehicle platform, realize
that the strengths (compression strength of 1200 kN) of the vehicle body and the coupler
are the same as that of the traditional urban rail vehicle, and increase the collision safety
speed to 36 km/h.

[0020] The optimization and improvement for the vehicle body structure in the
embodiments of the present application are local optimization based on the urban rail
vehicle body platform in the related art. The platform in the related art can be used to
effectively control the manufacturing cost and research and development cycle of the
vehicle body.

[0021] Since only one front-end energy absorbing module is mounted for each train,
the design that two front-end energy absorbing modules mounted symmetrically need

to be strictly aligned is avoided, thus improving the efficiency of product design.

BRIEF DESCRIPTION OF DRAWINGS

[0022] In order to clearly illustrate the solutions according to the present application
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or the related art, the accompanying drawings used in the description of the
embodiments of the present application or the related art are briefly introduced below.
It should be noted that the drawings in the following description are only part
embodiments of the present application. For those of ordinary skill in the art, other
drawings can be obtained according to these drawings without creative efforts.

FIG. 1 is a structural schematic diagram showing that a front-end collision energy
absorbing structure is mounted on a vehicle head according to an embodiment of the
present application;

FIG. 2 is a side structural schematic diagram of FIG. 1;

FIG. 3 is a schematic perspective view of the front-end collision energy- absorbing
structure of FIG.1;

FIG. 4 is a schematic perspective view showing that a middle-end collision energy
absorbing structure is mounted on a middle carriage according to an embodiment of the
present application;

FIG. 5 is a schematic diagram of a connection relation between a stop beam and a
traction beam according to an embodiment of the present application;

FIG. 6 is a schematic perspective view of a middle anti-climber according to an
embodiment of the present application;

FIG. 7 is a schematic comparative diagram of a structure with a front-end floor
and a structure and without the front-end floor.

Reference numerals:

1: front-end coupler; 2: front-end anti-climber; 3: front-end energy absorbing
module; 4: hermetic partition wall; 5: traction beam and buffer beam assembly; 6: anti-
climbing energy absorbing installation structure assembly; 7: coupler installation
structure assembly; 8: upper surface of underframe; 9: vehicle head; 10: middle
shearing coupler; 11: middle energy absorbing module; 12: middle anti-climber; 13:
drainage tube; 14: middle carriage; 15: stop beam; 16: traction beam; 17: reinforcing

rib of the front-end energy absorbing module; 18: front-end floor; 19: guide rob.



DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] In order to make the objectives, solutions and advantages of the embodiments
of the present application clearer, the solutions according to the embodiments of the
present application are clearly and completely described below. It should be noted that
the embodiments described below are a part of the embodiments of the present
application, but not all the embodiments. Based on the embodiments of the present
application, all other embodiments obtained by those of ordinary skill in the art without
creative efforts are within the scope of protection of the present application.

[0024] A vehicle body collision energy absorbing structure according to the
embodiments of the present application is described combining with FIG. 1 to FIG. 5
as follow.

[0025] The vehicle body collision energy absorbing structure according to the
embodiments of the present application includes a front-end collision energy absorbing
structure mounted at a front end of a head carriage (i.e. vehicle head 9), and a middle-
end collision energy absorbing structure mounted at an end of a middle carriage 14.
[0026] As shown in FIG. 1 to FIG. 3, the front-end collision energy absorbing
structure includes a hermetic partition wall 4, a front-end coupler 1 and a pair of front-
end anti-climbers 2.

[0027] The hermetic partition wall 4 is connected to both a cab skeleton and a skin,
the skin is covered on the cab skeleton, and the hermetic partition wall 4 is fixedly
arranged in the cab skeleton and connected to the skin. The front-end coupler 1 is
arranged below the hermetic partition wall 4 and along a center line of a vehicle body.
The pair of front-end anti-climbers 2 are symmetrically distributed on both sides of the
center line of the vehicle body and located below the hermetic partition wall 4.

[0028] Further, the front-end collision energy absorbing structure further includes a
front-end energy absorbing module 3, and a side of the front-end energy absorbing
module 3 deviating towards the center line of the vehicle body is mounted on the
hermetic partition wall 4. By mounting the side of the front-end energy absorbing

module 3 deviating towards the center line of the vehicle body on the hermetic partition
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wall 4, the front-end energy absorbing modules 3 of the two trains are reversely
symmetrical when two trains collide, two front-end energy absorbing modules 3 are in
contact with vehicle heads 9 of trains respectively to absorb energy. For example, it is
like that two front-end energy absorbing modules 3 are connected in parallel, carrying
the compression strength of the two front-end energy absorbing modules 3, which has
a high collision energy absorbing efficiency. The present application solves the problem
that a pair of front-end energy absorbing modules 3 on one train and a pair of front-end
energy absorbing modules 3 on another train need to be aligned when two trains collide,
which is prone to tilting the front-end energy absorbing module 3, resulting in a
significant reduction in energy absorbing efficiency. The present application further
solves the problem of a significant impact on lightweight target of the vehicle caused
by arranging an anti-deviation mechanism with a strong guiding device inside the front-
end energy absorbing module 3 to correct the structural instability during the collision.
Since the front-end energy absorbing module 3 according to the embodiments of the
present application does not need an anti-deviation mechanism with a strong guiding
device, the lightweight target of the vehicle is realized, and the structural strength
requirements for the hermetic partition wall 4 are reduced, for example, it does not need
too much additional reinforcement structure.

[0029] Since only one front-end energy absorbing module 3 is arranged for each train,
the design that two front-end energy absorbing modules 3 mounted symmetrically need
to be strictly aligned is avoided, thus improving the efficiency of product design.
[0030] In the present embodiment, as shown in FIG. 4, the middle-end collision
energy absorbing structure includes a middle shearing coupler 10 mounted below an
underframe, middle energy absorbing modules 11 mounted on both sides of an end wall
of the middle carriage 14, and a middle anti-climber 12 mounted at a position
corresponding to a side beam and below the middle energy absorbing modules, where
a length of each of the middle energy absorbing modules extends along a height
direction of the end wall to make full use of the space of the end wall, and the length of

the middle energy absorbing module 11 can be consistent with the height of the end
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wall, as such, the space utilization rate is high and middle energy absorbing module 11
has large efficient energy absorbing area.

[0031] The middle energy absorbing module 11 may be symmetrically arranged on
both sides of the end wall. The middle anti-climber 12 is arranged under the middle
energy absorbing module 11 in a one-to-one correspondence manner, and a pair of
middle anti-climbers 12 are also symmetrically arranged at the end of the middle
carriage 14.

[0032] Under normal circumstances, a middle coupler buffer and a collapse tube are
not cut off after a travel is completed, which plays a role in preventing the vehicle from
climbing, but the energy absorbing space of a vehicle end is unable be fully utilized. In
the present embodiment, a middle shearing coupler 10 is adopted, the middle anti-
climber 12 prevents the vehicle from climbing after the coupler is cut off, and the
middle anti-climber 12 and the middle energy absorbing module 11 are continuously
deformed to absorb energy, which can, in combination with the front-end energy
absorbing module, improve the vehicle collision safety performance under the premise
of unchanging urban rail vehicle platform, realize that the strengths (compression
strength of 1200 kN) of the vehicle body and the coupler are the same as that of the
traditional urban rail vehicle, and increase the collision safety speed to 36 km/h. The
optimization and improvement for the vehicle body structure in the embodiments of the
present application are local optimization based on the urban rail vehicle body platform.
The platform in the related art can be used for effectively control the manufacturing
cost and research and development cycle of the vehicle body.

[0033] In an embodiment, referring to FIG. 4, the middle energy absorbing modules
11 are disposed on the end wall of the middle carriage 14 and are located on two sides
of the outside (or inside) of a through passage. The arrangement of the middle energy
absorbing modules 11 would not affect the movement of the through passage, and the
inner or inner side of the middle energy absorbing modules 11 can be further provided
with a drainage tube 13, such as an eaves drainage tube, to facilitate the arrangement of

the drainage tube 13. The “inner side” mentioned here is based on a width direction of
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the vehicle body. The side of middle energy absorbing modules 11 proximal to the
center line of the vehicle body is referred to as the inner side, and the side of the middle
energy absorbing modules 11 distal to the center line of the vehicle body is referred to
as an outer side. As shown in FIG. 4, the drainage tube 13 is disposed at the inner side
of the middle energy absorbing modules 11. For the case where the drainage tube 13 is
disposed at the inner side of the middle energy absorbing modules 11, the drainage tube
13 cannot be seen from the outside of the middle energy absorbing modules 11. The
layout of the drainage tube 13 is secretive and saves the end space.

[0034] The middle energy absorbing modules 11 in the present embodiment are
mounted on the end wall and are attached to the side wall. Under the high strength of
the side wall, the impact force during the collision is conducted through the side wall,
which can effectively avoid the deformation of the end wall and the damage of end
devices in the vehicle.

[0035] The middle energy absorbing modules 11 include an aluminum honeycomb
and an aluminum plate coated outside the aluminum honeycomb, which can adopt
conventional structure of simple structure and low cost.

[0036] Further, as shown in FIG. 6, the middle anti-climber 12 adopts a biased guide
rod, which can avoid a side beam profile while playing a guiding role, simplify the
installation structure of the vehicle body, and ensure the sealing effect of the side beam
profile.

[0037] After a collision speed is increased, the collision energy at one end of the head
carriage is greatly increased. In order to meet the collision deformation and energy
absorbing requirements, the front end structure of the head carriage needs to be
optimized and improved. As shown in FIG. 5, the front end of the head carriage is
provided with a stop beam 15. The stop beam 15 is used as a main carrying structure of
the front-end energy absorbing module. A front end of a traction beam 16 on the
underframe extends to be connected to the stop beam 15 to improve the strength of the
stop beam 15. A lower part of the stop beam 15 is provided with reinforcing ribs of the

front-end energy absorbing module 17 to further improve the strength of the front-end
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energy absorbing module. As shown in FIG. 7, no front-end floor 18 is provided on the
front end of the stop beam 15. In related art, a front-end floor 18 is located at the
collision deformation area of the anti-climber and the front-end energy absorbing
module. Since the arrangement of the front-end floor 18 would affect the deformation
operation of the energy absorbing structure during the collision process, no front-end
floor 18 is disposed. The vehicle body is sealed through a head guard and the hermetic
partition wall 4, thereby providing more installation and deformation space for the
energy absorbing structure.

[0038] As shown in FIG. 1 and FIG. 2, along a direction of the center line of the
vehicle body, a front end of the front-end coupler 1, a front end of the front-end anti-
climber 2 and a front end of the front-end energy absorbing module 3 are staggered to
absorb energy step by step. In the present embodiment, from first to last, the energy
absorbing order starts from the front-end coupler 1, the front-end anti-climber 2 to the
front-end energy absorbing module 3.

[0039] The front-end coupler 1 is mainly composed of a coupler body, a coupler head,
a coupler buffer, a coupler collapse tube, a coupler seat, a rotating center, a rubber
carrying, a connecting bolt, an electric hook and so on. In an embodiment, the front-
end coupler 1 of the present embodiment may adopt traditional front-end coupler 1.
[0040] The front-end anti-climber 2 may be a cutting front-end anti-climber 2, which
consists of an anti-climbing teeth, a guiding tube mounting seat, a cutter and other parts.
The front-end anti-climber 2 is a strong guiding device with good deflection resistance.
The working load of the front-end anti-climber 2 may be 650 KN. In addition, the front-
end anti-climber 2 is not limited to cutting anti-climbing energy absorption, but also
can be a vehicle-end front-end anti-climber 2 with anti-climbing ability in various
energy absorbing forms such as collapse, expanding, and shrinking.

[0041] The front-end energy absorbing module 3 according to the present
embodiment has good lightweight performance and very good longitudinal energy
absorbing characteristics.

[0042] The hermetic partition wall 4 (also known as hermetic rigid wall) according to
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the present embodiment can be an aluminum alloy plate structure with a thickness of
20 mm to prevent the front-end energy absorbing device from invading during a
collision process. In the present embodiment, the part behind the hermetic partition wall
4 (a cab and a passenger room area) is a non-deformable area, and the part in front of
the hermetic partition wall 4 is the main energy absorbing area. Therefore, the hermetic
partition wall 4 is the main structure for dividing the deformation and non-deformation
functional areas. In addition, the part behind the hermetic partition wall 4 (passenger
room) is partially reinforced by the “L”-shaped profile, which provides a larger
longitudinal carrying area for the front-end energy absorbing module 3 and transfers
the load along the underframe.

[0043] According to an embodiment of the present application, the cab skeleton and
the hermetic partition wall 4 are mounted on the underframe. In order to reasonably
arrange the position of the front-end energy absorbing module 3 to provide the optimal
energy absorbing effect, in a vertical height direction of the vehicle body, the front-end
energy absorbing module 3 is symmetrically mounted with an upper surface of the
underframe 8 as a center line or has a given offset relative to the upper surface of the
underframe 8. For example, the front-end energy absorbing module 3 may be disposed
symmetrically (or slightly offset) relative to the upper surface of the underframe 8.
[0044] According to an embodiment of the present application, the front-end energy
absorbing module 3 includes a housing, a back plate and an energy absorbing inner core
mounted in the housing and abutted against the back plate, where the front-end energy
absorbing module 3 is mounted on the hermetic partition wall 4 through the back plate.
The back plate is connected to the hermetic partition wall 4 by bolts, which is easy to
mount. During the collision, the energy absorbing inner core collapses and absorbs
energy, and the housing can protect and guide the energy absorbing inner core.

[0045] According to an embodiment of the present application, the offset of the front-
end energy absorbing module 3 relative to the upper surface of the underframe 8 is less
than or equal to 20% of a height of the back plate to ensure that the front-end energy

absorbing module 3 is basically kept at the center position of the upper surface of the
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underframe 8 to have a good stability during absorbing energy.

[0046] According to an embodiment of the present application, a circumference of the
housing has a taper angle, and the taper angle gradually decreases from a side of the
back plate to a front end of the housing, and the taper angle is smaller or equal to 5
degrees to ensure the slow increase in the collision impact load. The compression load
level is in the range of 350 KN to 450 KN to prevent excessive instantaneous impact
load on the vehicle body.

[0047] According to an embodiment of the present application, the energy absorbing
inner core is a honeycomb core, and an axis direction of the honeycomb core is parallel
or orthogonal to a travelling direction of the vehicle body. The energy absorbing inner
core may also adopt metal lattice, negative Poisson ratio and other structural types of
energy absorbing devices.

[0048] According to an embodiment of the present application, a mounting end of the
front-end coupler 1, a mounting end of the front-end anti-climber 2 and a mounting end
of the front-end energy absorbing module 3 are not in the same mounting plane. The
energy absorption process of the vehicle end in the present application mainly includes
three stages. A first stage is the energy absorbing process of the coupler buffer and the
collapse tube. The second stage is the energy absorbing process dominated by the front-
end anti-climber 2. The third stage is the energy absorbing process in which both the
front-end anti-climber 2 and the front-end energy absorbing module 3 participate
together. In the vehicle-end energy absorbing structure, effective energy absorption is
mainly implemented through the coordinated action among the front-end coupler 1, the
front-end anti-climber 2 and the front-end energy absorbing module 3. In order to
ensure the matching relation between the energy absorbing processes, as shown in FIG.
2, mounting points (mounting ends) of the front-end coupler 1, the front-end anti-
climber 2 and the front-end energy absorbing module 3 are not on the same plane. The
displacement of the front-end coupler 1 and the front-end anti-climber 2 in a
longitudinal direction makes the front-end anti-climber 2 cloud normally act if overload

protection occurs. The displacement of the front-end anti-climber 2 and the front-end
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energy absorbing module 3 at the installation position is a suitable value converted
based on its own effective compression stroke.

[0049] According to an embodiment of the present application, the lower part of the
underframe is provided with a traction beam and buffer beam assembly 5, and the front-
end anti-climber 2 is connected to the traction beam and buffer beam assembly 5
through an anti-climbing energy absorbing installation structure assembly 6. The front-
end coupler 1 is connected to the traction beam and buffer beam assembly 5 through a
coupler installation structure assembly 7.

[0050] In an embodiment, the traction beam and buffer beam assembly 5 includes a
traction beam and a buffer beam orthogonally connected with the traction beam.
[0051] In an embodiment, the anti-climbing energy absorbing installation structure
assembly 6 is a box-type carrying structure formed by assembling and welding
aluminum plates, and is symmetrically mounted on both sides of the traction beam and
connected with the traction beam and a side beam of the vehicle body. The box-type
carrying structure is embedded with vertical aluminum alloy plates to ensure that the
structure has sufficient carrying capacity.

[0052] In an embodiment, the traction beam and buffer beam assembly 5 is a set of
aluminum alloy frame carrying device. A traction beam part and a buffer beam part are
orthogonally distributed. The traction beam consists of two symmetrically distributed
variable cross-section aluminum alloy profiles disposed at intervals, and is disposed
perpendicular to the hermetic partition wall 4. The traction beam is a main force point
for the longitudinal carrying of the hermetic partition wall 4. The buffer beam is an
aluminum alloy profile with equal section and is disposed in parallel to the hermetic
partition wall 4, and the height direction of the buffer beam is basically consistent with
an upper surface of above the traction beam. The traction beam and buffer beam
assembly 5 is a main path carrying mechanism for longitudinal load transmission of the
front-end coupler 1, the front-end anti-climber 2 and the front-end energy absorbing
module 3.

[0053] In an embodiment, the front-end anti-climber 2 and the anti-climbing energy
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absorbing installation structure assembly 6 are connected by bolts.

[0054] According to an embodiment of the present application, the coupler
installation structure assembly 7 includes a connecting plate and a reinforcing plate
integrated with the connecting plate by resistance welding. A middle part of the
connecting plate is provided with a hole through which the front-end coupler 1 passes.
The arrangement of the hole is intended first to reduce structural weight and second to
enable the main structure of the front-end coupler 1 do not interfere with other energy
absorbing devices after the main structure of the front-end coupler 1 passes the hole
and complete a normal retreat, where the front-end coupler 1 is a device with overload
protection capability, and when the front-end coupler 1 reaches a preset load, a shear
and retreat occur. The coupler installation structure assembly 7 is connected to the
traction beam through the connecting plate to complete the installation positioning of
the coupler installation structure assembly 7. The front-end coupler 1 is connected to
the coupler installation structure assembly 7 connected at the rear end of the front-end
coupler 1 through bolts.

[0055] An embodiment of the present application provides a rail vehicle, which
includes a vehicle body and the vehicle body collision energy absorbing structure as
described above mounted at a head end of the vehicle body. In two rail vehicles
travelling in opposite directions, the front-end energy absorbing modules 3 of the two
rail vehicles are located on the same side towards a driving direction of the rail vehicle
respectively. For example, the two front-end energy absorbing modules 3 are mounted
anti-symmetrically. When two trains collide, the front-end energy absorbing modules 3
of the two trains are reversely symmetrical, two front-end energy absorbing modules 3
are in contact with vehicle heads 9 of trains to absorb energy. For example, it is like that
two front-end energy absorbing modules 3 are connected in parallel, carrying the
compression strength of the two front-end energy absorbing modules 3, which has a
high collision energy absorbing efficiency. The middle anti-climber 12 is used to
prevent the vehicle from climbing after the middle shearing coupler 10 is sheared, and

the middle anti-climber 12 and the middle energy absorbing module 11 are continuously
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deformed to absorb energy, which can, in combination with the front-end energy
absorbing module, improve the vehicle collision safety performance under the premise
of unchanging urban rail vehicle platform, realize that the strengths (compression
strength of 1200kN) of the vehicle body and the coupler are the same as that of the
traditional urban rail vehicle, and increase the collision safety speed to 36 km/h.

[0056] Finally, it should be noted that the above embodiments are only used for
illustrating the solutions of the present application, rather than limiting the solutions.
Although the present application is described in detail with reference to the above
embodiments, those of ordinary skill in the art should understand that they can still
modify the solutions recorded in the above embodiments, or make equivalent
replacements to some of the features. These modifications or replacements do not make
the essence of the corresponding solutions depart from the scope of the solutions of

various embodiments of the present application.
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Claims:

1. A vehicle body collision energy absorbing structure, comprising:

a front-end collision energy absorbing structure mounted at a front end of a head
carriage, and a middle-end collision energy absorbing structure mounted at an end of a
middle carriage,

wherein the front-end collision energy absorbing structure includes a hermetic
partition wall connected to both a cab skeleton and a skin, a front-end coupler arranged
below the hermetic partition wall along a center line of a vehicle body, front-end anti-
climbers symmetrically distributed on both sides of the center line of the vehicle body
and located below the hermetic partition wall, and a front-end energy absorbing module,
wherein a side of the front-end energy absorbing module deviating towards the center
line of the vehicle body is mounted on the hermetic partition wall; and

the middle-end collision energy absorbing structure includes a middle shearing
coupler mounted below an underframe, middle energy absorbing modules mounted on
both sides of an end wall of the middle carriage, and a middle anti-climber mounted at
a position corresponding to a side beam and below the middle energy absorbing
modules, wherein a length of each of the middle energy absorbing modules extends
along a height direction of the end wall.

2. The vehicle body collision energy absorbing structure of claim 1, wherein along
a direction of the center line of the vehicle body, a front end of the front-end coupler, a
front end of the front-end anti-climber and a front end of the front-end energy absorbing
module are staggered; the cab skeleton and the hermetic partition wall are mounted on
the underframe; and in a vertical height direction of the vehicle body, the front-end
energy absorbing module is symmetrically mounted with an upper surface of the
underframe as a center line or has a given offset relative to the upper surface of the
underframe.

3. The vehicle body collision energy absorbing structure of claim 2, wherein the
front-end energy absorbing module includes a housing, a back plate and an energy

absorbing inner core mounted in the housing and abutted against the back plate, wherein
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the front-end energy absorbing module is mounted on the hermetic partition wall
through the back plate.

4. The vehicle body collision energy absorbing structure of claim 3, wherein the
offset of the front-end energy absorbing module relative to the upper surface of the
underframe is less than or equal to 20% of a height of the back plate, and the back plate
is connected to the hermetic partition wall by bolts.

5. The vehicle body collision energy absorbing structure of claim 3, wherein a
circumference of the housing has a taper angle, and the taper angle gradually decreases
from a side of the back plate to a front end of the housing, and the taper angle is smaller
or equal to 5 degrees.

6. The vehicle body collision energy absorbing structure of claim 3, wherein the
energy absorbing inner core is a honeycomb core, and an axis direction of the
honeycomb core is parallel or orthogonal to a travelling direction of the vehicle body.

7. The vehicle body collision energy absorbing structure of any one of claims 1 to
6, wherein a mounting end of the front-end coupler, a mounting end of the front-end
anti-climber and a mounting end of the front-end energy absorbing module are not in
the same mounting plane.

8. The vehicle body collision energy absorbing structure of any one of claims 1 to
6, wherein the middle energy absorbing modules are mounted on the end wall of the
middle carriage and are located on both sides outside a through passage, and each of
the middle energy absorbing modules includes an aluminum honeycomb and an
aluminum plate coated outside the aluminum honeycomb; and

an inner or inner side of the middle energy absorbing module is provided with a
drainage tube.

9. The vehicle body collision energy absorbing structure of any one of claims 1 to
6, wherein the middle anti-climber is provided with a guide rod, and an axis of the guide
rod deviates from a center line of the middle anti-climber.

10. The vehicle body collision energy absorbing structure of any one of claims 1

to 6, wherein a front end of the head carriage is provided with a stop beam, a front end
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of a traction beam on the underframe extends to be connected to the stop beam, a lower
part of the stop beam is provided with reinforcing ribs of the front-end energy absorbing
module, and no front-end floor is provided on a front end of the stop beam.

11. A rail vehicle, comprising a vehicle body and the vehicle body collision energy
absorbing structure of any one of claims 1 to 10 mounted at a head end of the vehicle
body,

wherein in case that two rail vehicles travelling in opposite directions, the front-
end energy absorbing module of each of the two rail vehicles is located on the same

side towards a driving direction of the rail vehicle.
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