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(54) RAIL TRAIN SMART ANTI-CLIMBING SYSTEM, CONTROL METHOD, AND RAIL TRAIN

(57)  The present application provides a rail train
smart anti-climbing system, a control method, and a rail
train. The rail train smart anti-climbing system comprises:
a detection module, that is used for detecting obstacles
in real time; a smart anti-climbing device, that comprises
an anti-climbing device body and an energy absorption
part that is connected to the anti-climbing device body
and that can extend out relative to the anti-climbing de-
vice body; and a control module, that is separately sig-
nally connected to the detection module and the smart
anti-climbing device and is used for, according to the de-
tection module detecting an obstacle, controlling the
smart anti-climbing device to carry out corresponding ac-
tions. The present application can actively identify obsta-
cles in front of a train, automatically control the smart
anti-climbing device to respond in real time, actively im-
prove energy absorption performance, thereby increas-
ing the safe collision speed of urban rail vehicles, and
protecting the personal safety of drivers and passengers
as well as the integrity of the train body structure.

Receiving, by a control module, obstacle data
detected by a detection module, and identifying [~ ~—S10
types of an obstacle based on an algorithm

¥
Determining, in case of identifying that the type
of the obstacle is a rail train, a relative speed of [ ~—820
two rail trains

Calculating collision energy of the two rail trains

based on the relative speed, and comparing the L _S30

collision energy with absorbing energy of the
intelligent anti-creeper in a retracted state

v
If the collision energy of the two rail trains is
greater than the absorbing energy of the
intelligent anti-creeper in the retracted state, S40
sending, by the control module, an instruction to
the intelligent anti-creeper to trigger an ejection
of the intelligent anti-creeper

FIG. 4

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 389 557 A1 2

Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Chi-
nese patentapplication No.202111223607.2 filed on Oc-
tober 20, 2021, entitled "Rail Train Smart Anti-Climbing
System, Control Method, and Rail Train", which is hereby
incorporated by reference in its entirety.

FIELD

[0002] The present application relates to the field of
rail train safety, and in particularly to an intelligent anti-
creeping system for a rail train, a control method, and a
rail train.

BACKGROUND

[0003] With the continuous development of urbaniza-
tion, a passenger flow intensity of urban rail transit con-
tinues to increase, a departure interval continues to be
decreased, and the safety and reliability of vehicle oper-
ation are the primary concerns of manufacturers, oper-
ators and the public. While further strengthening active
safety protection measures for urban rail vehicles and
reducing collision accidents, studying how to improve the
crash worthiness of rail trains from the perspective of
passive safety protection and protect the safety of drivers
and passengers as much as possible has become a hot
topic in the current research and development of rail
trains.

[0004] Due to the structural characteristics, coupling
requirements, and curve passing capacities of urban rail
vehicles, the installation and deformation space of the
energy absorption device at the front end of the vehicle
body is limited during operation, resulting in lower energy
absorption of the entire vehicle.

SUMMARY

[0005] The present application provides an intelligent
anti-creeping system for a rail train, which may actively
identify an obstacle in front of a vehicle, automatically
control an intelligent anti-creeper to make a real-time re-
sponse, and actively improve energy-absorbing perform-
ance, thereby improving a safe collision speed of an ur-
ban rail vehicle, protecting personal safety of drivers and
passengers, and integrity of a vehicle body structure.
[0006] The present application further provides a con-
trol method of an intelligent anti-creeping system for a
rail train.
[0007]
train.
[0008] The present application provides an intelligent
anti-creeping system for a rail train, including:

The present application further provides a rail

a detection module, used for detecting an obstacle
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in real time;

an intelligent anti-creeper, including an anti-creeper
body and an energy-absorbing portion connected to
the anti-creeper body and stretchable relative to the
anti-creeper body; and

a control module, connected communicatively to the
detection module and the intelligent anti-creeper, re-
spectively, and used for controlling the intelligent an-
ti-creeper to act correspondingly based on a detec-
tion of the obstacle by the detection module.

[0009] According to an embodiment of the present ap-
plication, the intelligent anti-creeper further includes a
stopper;

the energy-absorbing portion has a first position and a
second position relative to the anti-creeper body; in the
first position, the energy-absorbing portion is at least par-
tially located inside the anti-creeper body; and in the sec-
ond position, the energy-absorbing portion stretches out
of the anti-creeper body and is locked in the second po-
sition through the stopper.

[0010] According to an embodiment of the present ap-
plication, a triggering mechanism is provided inside the
intelligent anti-creeper, and the triggering mechanism is
provided at a rear end of the anti-creeper body close to
the energy-absorbing portion; and the triggering mech-
anism is suitable for triggering the energy-absorbing por-
tion to be ejected out of the anti-creeper body.

[0011] According to an embodiment of the present ap-
plication, the triggering mechanism is connected com-
municatively to the control module.

[0012] According to an embodiment of the present ap-
plication, the intelligent anti-creeping system further in-
cludes an emergency braking module, the emergency
braking module is connected communicatively to the con-
trol module and used for sending an emergency signal
to the control module, and the control module controls
the energy-absorbing portion to be ejected out of the anti-
creeper body.

[0013] According to an embodiment of the present ap-
plication, the emergency braking module is provided in
a driver’s cab of the rail train.

[0014] According to an embodiment of the present ap-
plication, the emergency braking module is an emergen-
cy braking button, and the emergency braking button is
provided on a console in the driver’s cab.

[0015] The present application further provides a con-
trol method of an intelligent anti-creeping system for a
rail train, including:

receiving, by a control module, obstacle data detect-
ed by a detection module and identifying a type of
an obstacle based on an algorithm;

determining, in case of identifying that the type of
the obstacle is a rail train, a relative speed of two rail
trains;

calculating collision energy of the two rail trains
based on the relative speed, and comparing the col-
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lision energy with absorbing energy of an intelligent
anti-creeper in a retracted state; and

if the collision energy of the two rail trains is greater
than the absorbing energy of the intelligent anti-
creeper in the retracted state, sending an instruction
to the intelligent anti-creeper to trigger an ejection of
the intelligent anti-creeper.

[0016] According to an embodiment of the present ap-
plication, calculating the collision energy of the two rail
trains based on the relative speed, and comparing the
collision energy with the absorbing energy of the intelli-
gent anti-creeper in the retracted state further includes:
calculating the collision energy of the two rail trains based
on masses of the two rail trains and the relative speed,
and comparing the collision energy with the absorbing
energy of the intelligent anti-creeper in the retracted
state.

[0017] The embodiment of the present application fur-
ther provides a rail train, provided with the above-men-
tioned rail train intelligent anti-creeping system in which
the intelligent anti-creeper is installed below a locomotive
of the rail train.

[0018] The intelligent anti-creeping system for the rail
train provided in the present application actively deter-
mines whether the intelligent anti-creeper needs to be
ejected using the control module, thereby improving the
energy-absorbing capacity of the anti-creeper. The sys-
tem has high speed for identification and high reliability,
being able to actively improve energy-absorbing per-
formance, thereby improving a safe collision speed of an
urban rail vehicle, protecting personal safety of drivers
and passengers, and ensuring integrity of the vehicle
body structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] To more clearly illustrate the solutions of the
embodiments based on the present application or the
related art, the accompanying drawings used in the de-
scription of the embodiments or the related art are briefly
introduced below. It should be noted that the drawings
in the following description are only some embodiments
of the present application. For those of ordinary skill in
the art, other drawings may be obtained based on these
drawings without creative effort.

FIG. 1 is a schematic diagram of a connection rela-
tionship of an intelligent anti-creeping system for a
rail train according to an embodiment of the present
application;

FIG. 2 is a schematic structural diagram of the intel-
ligent anti-creeper in a retracted state in FIG. 1;
FIG. 3 is a schematic structural diagram of the intel-
ligent anti-creeper in a stretched state in FIG. 1;
FIG. 4 is a flowchart of a control method of an intel-
ligent anti-creeping system for a rail train according
to an embodiment of the present application; and

10

15

20

25

30

35

40

45

50

55

FIG. 5 is a flowchart of a control method of an intel-
ligent anti-creeping system for a rail train in a specific
embodiment of the present application.

Reference numerals:

[0020] 1, control module; 2, detection module; 3, intel-
ligent anti-creeper; 31, anti-creeper body; 32, energy-
absorbing portion; 33, stopper; 4, emergency braking
module.

DETAILED DESCRIPTION

[0021] To make the purpose, technical solution, and
advantages of the present application clearer, the follow-
ing provides a clear and complete description of the tech-
nical solution in the present application in conjunction
with the accompanying drawings. The described embod-
iments are part of the embodiments of the present appli-
cation, not all of them. Based on the embodiments in the
present application, all other embodiments obtained by
those of ordinary skill in the art without creative effort fall
within the scope of protection in the present application.
[0022] As shownin FIG.s 1 to 3, embodiments of the
present application provide an intelligent anti-creeping
system for a rail train. The intelligent anti-creeping sys-
tem for the rail train includes a detection module 2, an
intelligent anti-creeper 3, and a control module 1 con-
nected communicatively to the detection module 2 and
the intelligent anti-creeper 3, respectively.

[0023] The detection module 2 is used for detecting an
obstacle in real time, and the detection module 2 may be
installed on a locomotive of the rail train to detect the
obstacle in front of the rail train; and the detection module
2 may be a signal acquisition sensor or a high-definition
camera or other image acquisition devices.

[0024] The intelligent anti-creeper 3 includes an anti-
creeper body 31, and an energy-absorbing portion 32
connected to the anti-creeper body 31 and may stretch
relative to the anti-creeper body 31. The anti-creeper
body 31 is also an energy absorption module, and the
energy-absorbing portion 32 is installed in the anti-creep-
er body 31. The energy-absorbing portion 32 may stretch
out of the anti-creeper body 31 along an axial direction
of the anti-creeper body 31, thereby prolonging a total
length of an energy absorption structure, increasing an
energy-absorbing stroke, and improving passive safety
performance.

[0025] Itshould be noted that under normal conditions,
the energy-absorbing portion 32 is at least partially hid-
den within the anti-creeper body 31, which may neither
affect an appearance of the rail train and nor change
structure characteristics of the rail train locomotive.
[0026] The control module 1 is connected communi-
catively to the detection module 2 and the intelligent anti-
creeper 3, respectively. The control module 1 may be a
micro-controller used to control the intelligent anti-creep-
er 3 to act correspondingly based on detection of the
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obstacle by the detection module 2.

[0027] "To control the intelligent anti-creeper 3 to act
correspondingly" may be understood as, when the con-
trol module 1 determines that collision energy between
an obstacle rail train and a host rail train exceeds absorb-
ing energy of the anti-creeper body 31, the control module
1 triggers the energy-absorbing portion 32 to stretch out
ofthe anti-creeper body 31, toimprove energy-absorbing
capacity of the intelligent anti-creeper 3, and actively im-
prove the energy-absorbing performance, thereby en-
hancing a safe collision speed of the rail train, protecting
the personal safety of drivers and passengers, and en-
suring the integrity of a vehicle body structure. When the
control module 1 determines that the collision energy be-
tween the obstacle rail train and the host rail train is within
the energy absorption range of the anti-creeper body 31,
it is not necessary to send an ejection signal to the intel-
ligent anti-creeper 3. Thus, the intelligent anti-creeper 3
does not eject.

[0028] In an embodiment, the anti-creeper body 31 is
an energy-absorbing tube structure, of which a first end
is an installation end and a second end is an opening
end. The energy-absorbing portion 32 is the energy-ab-
sorbing tube structure penetrating inside the anti-creeper
body 31, and the anti-creeper body 31 and the energy-
absorbing portion 32 are provided coaxially. The anti-
creeper body 31 is installed on a vehicle body through
the installation end, and the anti-creeper body 31 is not
movable. The energy-absorbing portion 32 may stretch
to a maximum length relative to the opening end of the
anti-creeper body 31.

[0029] To keep the energy-absorbing portion in a fixed
position after stretching, according to an embodiment of
the present application, as shown in FIG. 2 and FIG. 3,
the intelligent anti-creeper 3 further includes a stopper
33.

[0030] The energy-absorbing portion 32 has a first po-
sition and a second position relative to the anti-creeper
body 31. In the first position, the energy-absorbing por-
tion 32 is at least partially located inside the anti-creeper
body 31, i.e., the first position is a position where the
energy-absorbing portion 32 is not stretched. In the sec-
ond position, the energy-absorbing portion 32 stretches
outofthe anti-creeperbody 31 andis lockedinthe second
position through the stopper 33, i.e., the second position
is a position where the energy-absorbing portion 32
stretches. By using the stopper 33, positions of the en-
ergy-absorbing portion 32 relative to the anti-creeper
body 31 may be fixed after the energy-absorbing portion
32 stretches, which increases the energy-absorbing
stroke of the intelligent anti-creeper 3. The stopper 33
may be a stop block, and the stop block is installed on
the anti-creeper body 31. There may be multiple stop
blocks, such as two in a group, located on opposite sides
of a diameter direction of the anti-creeper body 31. The
stop blocks may be provided on a side wall of the anti-
creeper body 31 close to the opening end, with a groove
on the side wall of the opening end. An end of the energy-
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absorbing portion 32 is a front end, and the other end of
the energy-absorbing portion 32 is a rear end. The side
wall close to the rear end of the energy-absorbing portion
32 is provided with stop grooves corresponding to stop
blocks one by one. An end of the stop block is installed
on the anti-creeper body 31 through an elastic member,
and the other end of the stop block is tilted downward
and pressed on the side wall of the energy-absorbing
portion 32. When the energy-absorbing portion 32
stretches to a maximum length, the stop block is directly
aligned with the stop groove, and the stop block is
clamped in the stop groove to stop the energy-absorbing
portion 32. That is, the energy-absorbing portion 32 is
limited to keep the energy-absorbing portion 32 in the
second position.

[0031] According to an embodiment of the present ap-
plication, a triggering mechanism is provided inside the
intelligent anti-creeper 3, and the triggering mechanism
is provided atarear end of the anti-creeper body 31 close
to the energy-absorbing portion 32. The triggering mech-
anism is suitable for triggering the energy-absorbing por-
tion 32 to eject out of the anti-creeper body 31. The en-
ergy-absorbing portion 32 is powered by the triggering
mechanism, and the energy-absorbing portion 32 may
be pushed out when necessary. The triggering mecha-
nism may be a quick ejection device, as well as a high-
pressure air cylinder, a hydraulic cylinder, or a gas cyl-
inder.

[0032] According to an embodiment of the present ap-
plication, the triggering mechanism is connected com-
municatively to the control module 1. Taking the trigger-
ing mechanism being the quick ejection device as an
example, the quick ejection device may store an appro-
priate amount of energy-accumulating matter inside. The
control module 1 sends an electrical signal to the quick
ejection device to trigger the release of energy from the
energy-accumulating matter, and the generated impact
force pushes the energy-absorbing portion 32 to eject.
[0033] The quick ejection device includes a storage
housing and energy-accumulating matter provided inside
the storage housing. The storage housing is fixedly in-
stalled on a rear end cover inside the anti-creeper body
31, a shape of the storage housing may be a box shape,
a bowl shape, etc., and the specific shape is not limited
thereto. The storage housing is smallin volume, occupies
little space, and does not occupy installation space of the
energy-absorbing portion 32. The storage housing may
be bonded or connected through a fastener, etc., to the
rear end cover inside the anti-creeper body 31. The spe-
cific installation mode is notlimited, as long as the storage
housing may be installed on the rear end cover inside
the anti-creeper body 31. In the first position, the rear
end of the energy-absorbing portion 32 is close to or in
contact with the storage housing, so that the generated
thrust may be applied to the energy-absorbing portion 32
as much as possible after the energy-accumulating mat-
ter inside the storage housing is triggered, thereby im-
proving an energy utilization efficiency.
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[0034] The specific amount of energy-accumulating
matter placed inside the storage housing depends on the
required thrust. The larger the required thrust, the more
energy-accumulating matter is placed. The energy-ac-
cumulating matter may be an explosive that may release
energy under an action of an electric spark.

[0035] The present embodiment provides thrust
through the quick ejection device, which is smaller in vol-
ume and lighter in weight than structures such as screws
and hydraulic devices, and may provide sufficient thrust
when occupying smaller space.

[0036] According to an embodiment of the present ap-
plication, the system further includes with an emergency
braking module 4, and the emergency braking module 4
is connected communicatively to the control module 1.
By triggering the emergency braking module 4, an emer-
gency signal is sent to the control module 1, and the
control module 1 controls the energy-absorbing portion
32 to eject out of the anti-creeper body 31. The emer-
gency braking module 4 is used in emergency of mal-
function of the detection module 2, to increase the safety
of the rail train operation and reduce losses during colli-
sions.

[0037] According to an embodiment of the present ap-
plication, to facilitate in operating the emergency braking
module 4, the emergency braking module 4 is located in
a driver’s cab of the rail train, and the driver’s cab of the
rail train is located at a head of the rail train. The driver's
cab has a wide field of view, and the driver may clearly
determine whether there is a rail train running in opposite
directions in front of the rail train. Therefore, the emer-
gency braking module 4 is provided in the driver's cab
and may be operated by the driver.

[0038] According to an embodiment of the present ap-
plication, the emergency braking module 4 is an emer-
gency braking button, and the emergency braking button
is provided on a console in the driver’s cab for easy op-
eration by the driver.

[0039] As shown in FIG. 4, the present embodiment
provides a control method of an intelligent anti-creeping
system for a rail train, the method includes the following
steps:

S10, receiving, by the control module 1, obstacle da-
ta detected by the detection module 2, and identify-
ing a type of an obstacle based on an algorithm; the
specific algorithm is not limited in the present em-
bodiment, and any algorithm that may identify the
type of obstacle in prior art is acceptable;

S20, determining, in case of identifying that the type
of the obstacle is a rail train, a relative speed of two
rail trains;

S30, calculating collision energy of the two rail trains
based on the relative speed, and comparing the col-
lision energy with absorbing energy of the intelligent
anti-creeper 3 in the retracted state; and

S40, if the collision energy of the two rail trains is
greater than the absorbing energy of the intelligent
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anti-creeper 3 in the retracted state, sending, by the
control module 1, aninstruction to the intelligent anti-
creeper 3 to trigger an ejection of the intelligent anti-
creeper 3. If the collision energy of the two rail trains
is within an energy absorption range of the intelligent
anti-creeper 3 in the retracted state, the control mod-
ule 1 does not need to send the instruction to the
intelligent anti-creeper 3, and the intelligent anti-
creeper 3 remains in the retracted state. By auto-
matically calculating the relative speed and the
amount of energy to be dissipated through the con-
trol module 1, the method actively determines wheth-
er an ejection action is needed to improve the ener-
gy-absorbing capacity of the intelligent anti-creeper
3. The method has high speed for identification and
high reliability.

[0040] According to an embodiment of the present ap-
plication, S30 further includes: calculating the collision
energy of the two rail trains based on masses of the two
rail trains and the relative speed, and compare the colli-
sion energy with the absorbing energy of the intelligent
anti-creeper 3 in the retracted state.

[0041] A specific embodiment is taken as an example
to illustrate the control method of the intelligent anti-
creeping system for the rail train in the present applica-
tion. As shown in FIG. 5, the method includes the follow-
ing steps.

(1) Monitoring an obstacle in front of a rail train in real
time.

[0042] During normal operation of the rail train, a de-
tector in front of the rail train is in a real-time monitoring
status, constantly determining whether there is an obsta-
cle in front of the host rail train.

(2) Identifying the type of the obstacle and operation sta-
tus of the host rail train.

[0043] When the detector detects the obstacle in front
of the host rail train, identifying the types of the obstacle
in front by an algorithm; if the obstacle is a rail train op-
erating on a same track, a relative speed of the two rail
trains is further determined.

(3) Determining the collision energy and whether the in-
telligent anti-creeper 3 needs to be ejected.

[0044] The control module 1 calculates the collision
energy of the two trains based on masses of the rail trains
and the relative speed; if the retracted intelligent anti-
creeper 3 cannot dissipate the collision energy, the con-
trol module 1 sends an instruction to the intelligent anti-
creeper 3 to perform eject operation.
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(4) The anti-creeper acts correspondingly.

[0045] After receiving an ejection instruction, a quick
ejection device inside the intelligent anti-creeper 3 deto-
nates. Under a strong impact generated by the explosion,
the energy-absorbing portion 32 ejects out of the anti-
creeper body 31 and moves to a corresponding position,
and the stop block tilts inward under an action of a spring
and limits the energy-absorbing portion 32, thereby in-
creasing a deformation stroke of the intelligent anti-
creeper 3 and increasing the absorbing energy.

[0046] The embodiment of the present application fur-
ther provides a rail train, provided with the above-men-
tioned rail train intelligent anti-creeping system, and the
intelligent anti-creeper 3 is installed below a locomotive
of the rail train. The limitations of the installation and de-
formation space of the energy absorption device at the
front end of the vehicle body are broken and the energy-
absorbing performance of the vehicle is significantly im-
proved without changing the structural characteristics,
coupling requirements, and curve passing capacity re-
quirements of the rail train.

[0047] It should be noted that the above embodiments
are only used to illustrate the solution of the present ap-
plication, not to limit it. Although the present application
has been described in detail with reference to the afore-
mentioned embodiments, it should be understood by
those of skill in the art that changes to solutions recited
in the aforementioned embodiments or equivalent re-
placement of some feature may be made and these mod-
ifications or replacements do not depart the solutions es-
sentially from the scope of the present application.

Claims

1. An intelligent anti-creeping system for a rail train,
comprising:

a detection module, used for detecting an ob-
stacle in real time;

an intelligent anti-creeper, comprising an anti-
creeper body and an energy-absorbing portion
connected to the anti-creeper body and being
stretchablerelative to the anti-creeper body; and
a control module, connected communicatively
to the detection module and the intelligent anti-
creeper, respectively, and used for controlling
the intelligent anti-creeper to act corresponding-
ly based on a detection of the obstacle by the
detection module.

2. The intelligent anti-creeping system of claim 1,
wherein the intelligent anti-creeper further compris-
es a stopper;
the energy-absorbing portion has a first position and
a second position relative to the anti-creeper body;
in the first position, the energy-absorbing portion is
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atleast partially located inside the anti-creeper body;
and in the second position, the energy-absorbing
portion stretches out of the anti-creeper body and is
locked in the second position through the stopper.

3. The intelligent anti-creeping system of claim 1 or 2,
wherein the intelligent anti-creeper is provided with
a triggering mechanism, and the triggering mecha-
nism is provided at a rear end of the anti-creeper
body close to the energy-absorbing portion; and the
triggering mechanism is for triggering the energy-
absorbing portion to be ejected out of the anti-creep-
er body.

4. The intelligent anti-creeping system of claim 3,
wherein the triggering mechanism is connected
communicatively to the control module.

5. The intelligent anti-creeping system of claim 1, fur-
ther comprising an emergency braking module,
wherein the emergency braking module is connect-
ed communicatively to the control module and used
for sending an emergency signal to the control mod-
ule, and the control module controls the energy-ab-
sorbing portion to be ejected out of the anti-creeper
body.

6. The intelligent anti-creeping system of claim 5,
wherein the emergency braking module is provided
in a driver’s cab of the rail train.

7. The intelligent anti-creeping system of claim 6,
wherein the emergency braking module is an emer-
gency braking button, and the emergency braking
button is provided on a console in the driver’s cab.

8. A control method of an intelligent anti-creeping sys-
tem for a rail train, comprising:

receiving, by a control module, obstacle data de-
tected by a detection module and identifying a
type of an obstacle based on an algorithm;
determining, in case of identifying that the type
of the obstacle is a rail train, a relative speed of
two rail trains;

calculating collision energy of the two rail trains
based on the relative speed, and comparing the
collision energy with absorbing energy of the in-
telligent anti-creeper in a retracted state; and
if the collision energy of the two rail trains is
greater than the absorbing energy of the intelli-
gent anti-creeper in the retracted state, sending
an instruction to the intelligent anti-creeper to
trigger an ejection of the intelligent anti-creeper.

9. The control method of claim 8, wherein calculating
the collision energy of the two rail trains based on
the relative speed, and comparing the collision en-
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ergy with the absorbing energy of the intelligent anti-
creeper in the retracted state further comprises: cal-
culating the collision energy of the two rail trains
based on masses of the rail trains and the relative
speed, and comparing the collision energy with the
energy absorption of the intelligent anti-creeper in
the retracted state.

Arail train, provided with an intelligent anti-creeping
system for a rail train in any one of claims 1-7, and
the intelligent anti-creeper is installed below a loco-
motive of the rail train.
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types of an obstacle based on an algorithm

T ~—S10

Determining, in case of identifying that the type
of the obstacle is a rail train, a relative speed of
two rail trains

T ~—S820

Calculating collision energy of the two rail trains
based on the relative speed, and comparing the
collision energy with absorbing energy of the
intelligent anti-creeper in a retracted state

—_S30

If the collision energy of the two rail trains is
greater than the absorbing energy of the
intelligent anti-creeper in the retracted state,
sending, by the control module, an instruction to
the intelligent anti-creeper to trigger an ejection
of the intelligent anti-creeper

S40

FIG. 4



EP 4 389 557 A1

Rail train operates
normally

v

Detecting an obstacle
in real time

v

Discovering the
obstacle

1

Identifying the type
of the obstacle

~ There is a safety

Calculating collision

cnergy

retracted state satisfies an energy-

absorbing demand?

No
¥

Determining that whether a™

An anti-creeper is
ejected

v

End

FIG. 5

10



10

15

20

25

30

35

40

45

50

55

EP 4 389 557 A1

INTERNATIONAL SEARCH REPORT

International application No.
PCT/CN2022/123123

A. CLASSIFICATION OF SUBJECT MATTER
B61F 19/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B61F; B60R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTXT, ENTXTC, CNKI: BiJI€, URRE, ¥, AT, B &, Fig, JE, RS, 15, fE, 2Rk
climb, creep, control, ECU, weight, speed, velocity, recongnition, sensor, real-time.

o5, T, W5W; VEN, ENTXT:

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 105292164 A (CENTRAL SOUTH UNIVERSITY) 03 February 2016 (2016-02-03) 1-7, 10
description, paragraphs 31-37, and figures 1-6
Y CN 105292164 A (CENTRAL SOUTH UNIVERSITY) 03 February 2016 (2016-02-03) 8-9
description, paragraphs 31-37, and figures 1-6
Y CN 111055875 A (SHANGHAI UNIVERSITY OF ENGINEERING SCIENCE) 24 April 8-9
2020 (2020-04-24)
description, paragraphs 36-42, and figures 2-3
PX CN 113799842 A (CRRC QINGDAO SIFANG CO., LTD.) 17 December 2021 (2021-12-17) 1-10
entire document
PX CN 113799841 A (CRRC QINGDAO SIFANG CO., LTD.) 17 December 2021 (2021-12-17) 1-4
entire document
A CN 113479239 A (CRRC ZHUZHOU LOCOMOTIVE CO., LTD.) 08 October 2021 1-10
(2021-10-08)
entire document
A CN 107719285 A (JILIN UNIVERSITY) 23 February 2018 (2018-02-23) 1-10
description, paragraphs 45-69, and figures 1-2

Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

* document defining the general state of the art which is not considered

to be of particular relevance

carlier application or patent but published on or after the international

filing date

> document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“( document referring to an oral disclosure, use, exhibition or other

means
P~ document published prior to the international filing date but later than
the priority date claimed

e

“T> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

«X» document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

07 November 2022

Date of mailing of the international search report

28 December 2022

Name and mailing address of the ISA/CN

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

1"




10

15

20

25

30

35

40

45

50

55

EP 4 389 557 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2022/123123

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 101306669 A (WEI LIANGDONG) 19 November 2008 (2008-11-19) 1-10
entire document
A CN 107859004 A (JIANGSU LING'AN INTELLIGENT BRIDGE PROTECTION CO., LTD.) 1-10
30 March 2018 (2018-03-30)
entire document
A CN 201989738 U (CHANGSHA LIZHONG AUTOMOBILE DESIGN AND 1-10
DEVELOPMENT CO., LTD.) 28 September 2011 (2011-09-28)
entire document
A EP 2551170 A1 (BOMBARDIER TRANSP GMBH) 30 January 2013 (2013-01-30) 1-10

entire document

Form PCT/ISA/210 (second sheet) (January 2015)

12




10

15

20

25

30

35

40

45

50

55

EP 4 389 557 A1

INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.
PCT/CN2022/123123

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

CN 105292164 A 03 February 2016 WO 2017063600 Al 20 April 2017
us 2018208219 Al 26 July 2018
EP 3199420 Al 02 August 2017
RU 2667998 Cl 25 September 2018
CN 105292164 B 14 November 2017
EP 3199420 A4 17 January 2018
us 10279822 B2 07 May 2019
EP 3199420 Bl 17 March 2021

CN 111055875 A 24 April 2020 CN 111055875 B 11 May 2021

CN 113799842 A 17 December 2021 None

CN 113799841 A 17 December 2021 CN 113799841 B 09 December 2022

CN 113479239 A 08 October 2021 None

CN 107719285 A 23 February 2018 CN 107719285 B 24 May 2019

CN 101306669 A 19 November 2008 CN 100569561 C 16 December 2009

CN 107859004 A 30 March 2018 None

CN 201989738 8] 28 September 2011 None

EP 2551170 Al 30 January 2013 DE 102011108406 Al 31 January 2013
EP 2551170 Bl 15 April 2020

Form PCT/ISA/210 (patent family annex) (January 2015)

13




EP 4 389 557 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 CN 202111223607 [0001]

14



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

