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TRACTION CONTROL SIMULATION SYSTEM AND TRACTION
CONTROL METHOD FOR RAIL VEHICLE

[0001] The present application claims priorities to Chinese Patent Application No.
201911086643.1, titled "TRACTION CONTROL INTELLIGENT DEBUGGING AND
TRAINING SYSTEM AND METHOD FOR URBAN RAILWAY PASSENGER CAR", filed
on November 08, 2019 with the China National Intellectual Property Administration, and
Chinese Patent Application No. 202010661449.8, titled "TRACTION CONTROL
SIMULATION SYSTEM AND TRACTION CONTROL METHOD FOR RAIL VEHICLE",
filed on July 10, 2020 with the China National Intellectual Property Administration, which are

incorporated herein by reference in its entirety.

FIELD
[0002] The present disclosure relates to the field of simulation, and in particular, to a traction

control simulation system and a traction control method for a rail vehicle.

BACKGROUND

[0003] With the rapid development of urban rail transit in China, the equipment
manufacturing level and technology of rail vehicles, such as subways and light rail vehicles,
have reached the world's leading level. A traction control system of a rail vehicle can control
the operation and braking of the entire vehicle, which has a great impact on the safety of the
entire vehicle. Therefore, the debugging and the operation training of the traction control system
are necessary. Through the debugging, it is determined whether various functions of the traction
control system can be realized normally. Through the operation training, employees can quickly

learn a working process and an operating process of the traction control system.

[0004] When debugging and performing operation training on the traction control system, a
traction control system on a real rail vehicle is generally used. This way of debugging and
performing operating training directly on the traction control system on the real rail vehicle
may have an impact on the safety of the traction control system if one operation is wrong, and

may even affect the stability and the safety of the entire rail vehicle. In addition, the cost of
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debugging and training on the traction control system on the real rail vehicle is also high.

SUMMARY

[0005] In view of the above, a traction control simulation system and a traction control
method for a rail vehicle are provided according to embodiments of the present disclosure, to
solve the problems that the safety and stability of the vehicle are affected and the cost is high
due to the debugging and training of the traction control system on the real rail vehicle in the

prior art.

[0006] To solve the above technical problems, following technical solutions are provided

according to embodiments of the present disclosure.

[0007] A traction control simulation system for a rail vehicle includes: a control line set, two
main control devices and at least one execution device, where the two main control devices and
the execution device are connected to the control line set; the two main control devices are
configured to implement a traction control function and a traction monitoring function of a
traction control device on the rail vehicle; a control line in the control line set is configured to
implement a data transmission function of a train line on the rail vehicle; the execution device
is configured to implement an operation execution function of a traction execution equipment
on the rail vehicle; and the two main control devices are further configured to: transmit a vehicle
control command to the execution device through the control line in the control line set, and to
control the execution device to perform an operation corresponding to the vehicle control

command.

[0008] In an embodiment, the two main control devices each includes: a display simulation
unit, a processor simulation unit, a driver controller traction control simulation circuit, a running
direction and traction brake control simulation circuit, a high-speed circuit breaker control
simulation circuit, a traction safety loop simulation circuit, an automatic train protection (ATP)

zero-speed delay control simulation circuit, and a traction converter control simulation circuit;

where the display simulation unit, the driver controller traction control simulation circuit,
the running direction and traction brake control simulation circuit, and the traction converter
control simulation circuit are connected to the processor simulation unit; the ATP zero-speed

delay control simulation circuit is connected to the driver controller traction control simulation
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circuit; the traction safety loop simulation circuit, the high-speed circuit breaker control
simulation circuit, the running direction and traction brake control simulation circuit, and the
driver controller traction control simulation circuit are connected to the control line set; and the
traction converter control simulation circuit and the processor simulation unit are both

connected to the execution device;

where the display simulation unit is configured to display data to be displayed sent by the

processor simulation unit;

where the driver controller traction control simulation circuit is configured to generate and

output a driver controller traction command,;

where the running direction and traction brake control simulation circuit is configured to

generate and output a running direction control command and a traction brake command;

where the high-speed circuit breaker control simulation circuit is configured to generate

and output a high-speed circuit breaker control command,;

where the traction safety loop simulation circuit is configured to generate and output a

traction safety loop control command,

where the ATP zero-speed delay control simulation circuit is configured to establish a

traction safety loop;

where the traction converter control simulation circuit is configured to generate and output

a traction converter control command; and

where the processor simulation unit is configured to: receive commands from the driver
controller traction control simulation circuit, the running direction and traction brake control
simulation circuit, and the traction converter control simulation circuit, and output the

commands to the display simulation unit to display.

[0009] In an embodiment, in the traction safety loop simulation circuit, a normally-open
contact of a driver's cab activation relay in a control state, a normally-closed contact of a door
selecting switch, a normally-open contact of an ATP cutting relay, a normally-open contact of
a left door being closed relay, a normally-open contact of a right door being closed relay, a
normally-open contact of a brake relief relay, a normally-open contact of an emergency brake
relief relay, and a normally-open contact of a parking brake relief relay are connected in series,

and then is connected to a traction safety control line in the control line set; the traction safety
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control line is connected to a normally-closed contact of the driver's cab activation relay in a
non-control state, to form a closed traction safety monitoring loop; a normally-open contact of
a door being closed bypass switch is connected in parallel with a circuit including the normally-
open contact of the left door being closed relay and the normally-open contact of the right door
being closed relay connected in series; a normally-open contact of an ATP zero-speed relay is
connected in parallel with a circuit including the normally-open contact of the brake relief relay

and the normally-open contact of the emergency brake relief relay connected in series.

[0010] In an embodiment, the number of the execution device is three, and each execution
device includes: a high-speed circuit breaker simulation unit, a traction converter simulation

unit and a traction motor execution simulation unit;

where the high-speed circuit breaker simulation unit and the processor simulation unit are

connected to the traction converter simulation unit, respectively;

where the traction converter control simulation circuit is connected to the traction

converter simulation unit and the traction motor execution simulation unit, respectively;

where the high-speed circuit breaker simulation unit and the traction converter simulation

unit are connected to the control line set, respectively; and

where the high-speed circuit breaker simulation unit obtains electrical energy from a

pantograph connected to the high-speed circuit breaker simulation unit.

[0011] Inanembodiment, the traction converter simulation unit includes: a traction converter

unit internal circuit and a traction converter unit external interface circuit;

where the traction converter unit internal circuit includes: a logic controller, a frequency
converter, a forward command input relay, a backward command input relay, a brake command
input relay, a traction command input relay, a traction safety command input relay, a reset
command input relay, a standby mode command input relay, a contact net position command
input relay, a first working power input relay, a second working power input relay, a high-speed
circuit breaker sub-command input relay, a brake status loop command input relay, a high-speed
circuit breaker status feedback command input relay, an output relay for outputting a K-line
contactor (KIC) high voltage output command, an output relay for outputting a command to
allow a high-speed circuit breaker to close, an output relay for outputting a high-speed circuit

breaker closing command, an output relay for outputting a high-speed circuit breaker keep-on
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command, an output relay for outputting a brake status command, an output relay for outputting
a standby brake status command, an output relay for outputting a traction status command, and

a traction main circuit power supply contactor;

where the logic controller includes a CPU module and an 1/0 module, the I/0 module is
connected to the frequency converter, the CPU module is configured to generate a frequency
converter control signal, and the I/O module is configured to transmit the frequency converter

control signal to the frequency converter;

where the forward command input relay, the backward command input relay, the brake
command input relay, the traction command input relay, the traction safety command input relay,
the reset command input relay, the standby mode command input relay, the contact net position
command input relay, the first working power input relay, the second working power input relay,
the high-speed circuit breaker sub-command input relay, the brake status loop command input
relay, and the high-speed circuit breaker status feedback command input relay are connected to

an input port of the logic controller; and

where the output relay for outputting the KIC high voltage output command, the output
relay for outputting the command to allow the high-speed circuit breaker to close, the output
relay for outputting the high-speed circuit breaker closing command, the output relay for
outputting the high-speed circuit breaker keep-on command, the output relay for outputting the
brake status command, the output relay for outputting the standby brake status command, the
output relay for outputting the traction status command, and the traction main circuit power

supply contactor are connected to an output port of the logic controller.

[0012] In an embodiment, the high-speed circuit breaker simulation unit includes: a closed
high-speed circuit breaker signal input relay, a K-line contactor (KIC) high-voltage signal input
relay, a closing permission signal input relay, a holding signal input relay, a high-speed circuit
breaker closing contactor, and a high-speed circuit breaker closing enabling relay, and a

protection delay relay;

where the closed high-speed circuit breaker signal input relay is connected to an external
interface of a closed high-speed circuit breaker, and is configured to receive a signal to close

the high-speed circuit breaker;

where the KIC high-voltage signal input relay is connected to a KIC high-voltage external
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interface, and is configured to receive a KIC high-voltage effective signal;

where the closing permission signal input relay is connected to a closing permission
external interface, and is configured to receive a closing permission signal of the high-speed

circuit breaker;

where the holding signal input relay is connected to a holding signal external interface,

and is configured to receive a holding signal of the high-speed circuit breaker;

where the high-speed circuit breaker closing enabling relay is connected to a normally-
open contact of the closing permission signal input relay, and the normally-open contact of the
closing permission signal input relay is connected in series with a normally-open contact of the
closed high-speed circuit breaker signal input relay, so as to control an action of the high-speed

circuit breaker closing enabling relay through two sets of contacts connected in series;

where the protection delay relay is connected to a normally-closed contact of the KIC high-
voltage signal input relay, and the normally-closed contact of the KIC high-voltage signal input
relay is connected in series with a normally-open contact of the high-speed circuit breaker
closing contactor, so as to control an action of the protection delay relay through two sets of

contacts connected in series;

where the high-speed circuit breaker closing contactor is connected to a normally-closed
contact of the protection delay relay, the normally-closed contact of the protection delay relay
is connected to the normally-open contact of the closing permission signal input relay, a
normally-open contact of a signal input relay is connected in parallel with the normally-open
contact of the high-speed circuit breaker closing enabling relay, and is connected with the
normally-open contact of the closing permission signal input relay, so as to control an action of
the high-speed circuit breaker closing contactor through four sets of contacts connected in series

and parallel.

[0013] In an embodiment, the train line includes: a traction safety control line, a traction
control line, a traction and brake control line, a running direction and high-speed circuit breaker

control line; and

where the traction safety control line is connected to the traction safety loop simulation
circuit, the traction control line is connected to the driver controller traction control simulation

circuit, the traction and brake control line is connected to the running direction and traction and
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control line is connected to the running direction and traction and brake control simulation

circuit and the high-speed circuit breaker control simulation circuit, respectively.

[0014] A traction control method, applied to a main control device of the two main control
devices in a control state in the above-mentioned traction control simulation system, and the

traction control method includes:

receiving multiple control commands input by an user sequentially in chronological order
and outputting each of the multiple control commands received to each execution device

through a corresponding control line in the control line set;

determining, by each execution device, whether each of the multiple control commands is

a valid control command in turn; and

executing an operation corresponding to the valid control command in case of determining

that a control command is the valid control command.

[0015] In an embodiment, the receiving multiple control commands input by the user
sequentially in chronological order and outputting each of the multiple control commands to

each execution device through the corresponding control line in the control line set includes:
receiving a current control command input by the user;

outputting the current control command to each execution device through a control line

corresponding to the current control command;

receiving a next control command input by the user in a case that the current control
command is executed by a target execution device controlled by the current control command

successfully; and

updating the next control command to the current control command, executing again the
step of outputting the current control command to each execution device through a control line
corresponding to the current control command in sequence, until all control commands input

by the user are received.
[0016] Compared with the prior art, the present disclosure has the following beneficial effects.

[0017] A traction control simulation system and a traction control method for a rail vehicle

are provided according to embodiments of the present disclosure. The traction control
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simulation system for a rail vehicle includes a control line set, two main control devices and at
least one execution device, which conforms to the layout of a traction control device of a master
vehicle and a traction execution equipment of an executive vehicle in the rail vehicle. In the
present disclosure, the two main control device transmit a vehicle control command to an
execution device through a control line in the control line set, to control the execution device
to execute an operation corresponding to the vehicle control command, which conforms to the
way of controlling the traction execution equipment of the executive vehicle by the traction
control device of the master vehicle in the rail vehicle. The difference between the traction
control simulation system of the present disclosure and a traction control system of an real rail
vehicle is small, that is, a simulation degree of the traction control simulation system of the
present disclosure is relatively high, and thus the traction control simulation system of the
present disclosure can be used to replace the traction control system of the real rail vehicle
during debugging and training. Since the traction control simulation system of the present
disclosure exists independently, the operation safety is higher, and the running stability and the
safety of the real rail vehicle are not affected. In addition, the traction control system of the real
rail vehicle is not used for training, and the traction control simulation system of the present

disclosure can be used for multiple trainings, thereby saving costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to more clearly illustrate technical solutions in embodiments of the present
disclosure or in the conventional technology, drawings used in the description of the
embodiments or the conventional technology are introduced briefly hereinafter. Apparently, the
drawings described in the following illustrate some embodiments of the present disclosure;
other drawings may be obtained by those ordinarily skilled in the art based on these drawings

without any creative efforts.

[0019] Figure 1 is a schematic structural diagram of a traction control simulation system for

a rail vehicle according to an embodiment of the present disclosure;

[0020] Figure 2 is a schematic structural diagram of a traction control simulation system for

a rail vehicle according to an embodiment of the present disclosure;

[0021] Figure 3 is a schematic structural diagram of a traction safety loop simulation circuit

according to an embodiment of the present disclosure;
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[0022] Figure 4 is a schematic structural diagram of an internal circuit of a traction converter

unit according to an embodiment of the present disclosure;

[0023] Figure 5 is a schematic structural diagram of a driver controller of a main control

device according to an embodiment of the present disclosure;

[0024] Figure 6a is a schematic structural diagram of a driver controller traction control

simulation circuit according to an embodiment of the present disclosure;

[0025] Figure 6b is a schematic structural diagram of a traction control line according to an

embodiment of the present disclosure;

[0026] Figure 6¢ is a schematic structural diagram of a traction safety control line according

to an embodiment of the present disclosure;

[0027] Figure 7ais a schematic structural diagram of a running direction and traction brake

control simulation circuit according to an embodiment of the present disclosure;

[0028] Figure 7b is a schematic structural diagram of a running direction and high-speed

circuit breaker control line according to an embodiment of the present disclosure;

[0029] Figure 7c is a schematic structural diagram of a traction and brake control line

according to an embodiment of the present disclosure;

[0030] Figure 8 is a schematic structural diagram of a high-speed circuit breaker control

circuit according to an embodiment of the present disclosure;

[0031] Figure 9 is a schematic structural diagram of an ATP zero-speed delay control

simulation circuit according to an embodiment of the present disclosure;

[0032] Figure 10 is a schematic structural diagram of an external interface circuit of a traction

converter unit according to an embodiment of the present disclosure;

[0033] Figure 11 is a schematic structural diagram of a high-speed circuit breaker simulation

unit according to an embodiment of the present disclosure; and

[0034] Figure 12 is a schematic structural diagram of a traction converter control simulation

circuit according to an embodiment of the present disclosure.

DETAILED DESCRIPTION
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[0035] The technical solutions in the embodiments of the present disclosure will be described
clearly and completely hereinafter in conjunction with the drawings in the embodiments of the
present disclosure. Apparently, the described embodiments are only a part of the embodiments
of the present disclosure, rather than all embodiments. Based on the embodiments in the present
disclosure, all of other embodiments, made by the person skilled in the art without any creative

efforts, fall into the scope of protection of the present disclosure.

[0036] When debugging and performing operation training on the traction control system, a
traction control system on a real rail vehicle is generally used. This way of debugging and
performing operating training directly on the traction control system on the real rail vehicle
may have an impact on the safety of the traction control system if one operation is wrong, and
may even affect the stability and the safety of the entire rail vehicle. In addition, the cost of

debugging and training on the traction control system on the real rail vehicle is also high.

[0037] After research, the inventor found that once a traction control simulation system
corresponding to a traction control system on a real rail vehicle can be manufactured, the
traction control simulation system can be used for debugging and operation training. So the
traction control system of the real rail vehicle is studied, and a corresponding traction control

simulation system is developed.

[0038] Specifically, referring to Figure 1, a traction control simulation system for a rail
vehicle includes: a control line set 301, two main control devices (101 and 102 as shown in
Figure 1) and at least one execution device (201-20n as shown in Figure 1). The two main
control devices and the execution device are all connected to the control line set. The two main
control devices are configured to implement a traction control function and a traction
monitoring function of a traction control device on the rail vehicle. A control line in the control
line set is configured to implement a data transmission function of a train line on the rail vehicle.
The execution device is configured to implement an operation execution function of a traction
execution equipment on the rail vehicle. The two main control devices are configured to:
transmit a vehicle control command to the execution device through the control line in the
control line set, and to control the execution device to perform an operation corresponding to

the vehicle control command.

[0039] In practice, the two main control devices simulate a traction control device in a cab of

a real rail vehicle. Only one main control device of the two main control devices is in a control
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state at the same time, for example, when the rail vehicle is moving from south to north, a first
main control device is in a control state; and when the rail vehicle is traveling from north to
south, a second main control device is in a control state. The number of execution devices may
be configured according to the number of execution cars on the real rail vehicle, that is, the
number of intermediate cars. After the two main control devices are connected to the execution
device, a high-speed circuit breaker simulation unit and a traction converter simulation unit on
the execution device are controlled through a control circuit and a driver controller on the main
control device, thus the speed regulation and operation, and a traction safety interlock protection

function of a traction motor are realized.

[0040] In an embodiment of the present disclosure, referring to Figure 2, a specific structure
of the two main control devices, the at least one execution device, and the control line set are
shown. In this embodiment, the number of execution devices is 3 as an example (see the

execution devices 201-203 in Figure 2).

[0041] The two main control devices each includes: a display simulation unit, a processor
simulation unit, a driver controller traction control simulation circuit, a running direction and
traction brake control simulation circuit, a high-speed circuit breaker control simulation circuit,
a traction safety loop simulation circuit, an automatic train protection (ATP) zero-speed delay

control simulation circuit, and a traction converter control simulation circuit.

[0042] The display simulation unit, the driver controller traction control simulation circuit,
the running direction and traction brake control simulation circuit, and the traction converter
control simulation circuit are all connected to the processor simulation unit; the ATP zero-speed
delay control simulation circuit is connected to the driver controller traction control simulation
circuit; the traction safety loop simulation circuit, the high-speed circuit breaker control
simulation circuit, the running direction and traction brake control simulation circuit, and the
driver controller traction control simulation circuit are all connected to the control line set; and
the traction converter control simulation circuit and the processor simulation unit are both

connected to the execution device.

[0043] Specifically, the display simulation unit and the processor simulation unit are
connected through a network cable, the driver controller traction control simulation circuit and
the processor simulation unit are connected through a wire, and the running direction and

traction brake control simulation circuit and the processor simulation unit are connected through
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a wire, and the traction converter control simulation circuit and the processor simulation unit

are connected through a wire.

[0044] The display simulation unit simulates a touch display on the real rail vehicle, which
is used for displaying data to be displayed sent by the processor simulation unit, to realize
human-computer interaction. The data to be displayed may be various types of commands
received by the processor simulation unit, such as a driver controller traction command, a
running direction control command, a traction brake command, a high-speed circuit breaker
control command, a traction safety loop control command, a traction converter control

command, or the like in the following.

[0045] The driver controller traction control simulation circuit simulates a driver controller
traction command output circuit on the real rail vehicle, and is configured to generate and output

a driver controller traction command.

[0046] The running direction and traction brake control simulation circuit simulates a running
direction and traction brake command control circuit on the real rail vehicle, and is configured

to generate and output a running direction control command and a traction brake command.

[0047] The high-speed circuit breaker control simulation circuit simulates a high-speed
circuit breaker control circuit on the real rail vehicle, and is configured to generate and output

a high-speed circuit breaker control command.

[0048] The traction safety loop simulation circuit simulates a traction safety loop circuit on
the real rail vehicle, and is configured to generate and output a traction safety loop control

command.

[0049] The ATP zero-speed delay control simulation circuit simulates an ATP zero-speed
delay control circuit, and is configured to establish a traction safety loop. The ATP zero-speed
delay control simulation circuit is a power-off delay time relay. When a simulated train speed
is lower than 5KM/H, it is energized, that is, the train is considered to be stationary. Since a
normally-open contact thereof is connected in parallel with normally-open contacts of all brake
relief relays and emergency brake loop relays, that is, when the vehicle is stationary and starts
to run within 5 seconds, once the ATP zero-speed delay is powered off, a traction safety loop
can be established even if the brake is relief. When braking conditions or emergency braking

conditions occur under operating conditions, since the zero-speed relay =24-K07 has been
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disconnected, the traction safety loop is disconnected, and the traction converter will stop
outputting traction, where =24-K07 is an identification number of the zero-speed relay, and

other identification numbers in the present disclosure are similar.

[0050] The traction converter control simulation circuit simulates a circuit for controlling a
traction converter reset command, a standby mode command, and a car wash mode command
on the real rail vehicle. And the traction converter control simulation circuit is configured to
generate and output a traction converter control command. The traction converter control
simulation circuit and the circuit for controlling a traction converter reset command, a standby
mode command, and a car wash mode command are both control circuits that can manually
control a traction converter to enter a special mode. When an alarm or fault occurs in the traction
converter simulation unit, a traction converter reset command button can be used to reset the
traction converter unit. When a standby mode command switch is switched to a standby mode
position, the traction converter simulation unit enters a standby mode. The maximum speed is
limited to 40 kilometers per hour, thus the traction converter simulation unit only receives a
traction command at the 50% and 100% positions of a driver controller handle. When a car
wash mode command switch is switched to a car wash position, the traction converter unit
enters a car wash mode. As long as the driver controller handle is in a traction sector, the traction

converter simulation unit controls the traction motor to run at a speed of 3km/h.

[0051] The processor simulation unit simulates a central processing unit on the real rail
vehicle, and is configured to: receive commands from the driver controller traction control
simulation circuit, the running direction and traction brake control simulation circuit, and the
traction converter control simulation circuit, and output the commands to the display simulation

unit to display.

[0052] Referring to Figure 3, the traction safety loop simulation circuit includes: a normally-
open contact of a driver's cab activation relay =21-K08 in a control state, a normally-closed
contact of a driver's cab activation relay =21-K08 in an non-control state, a normally-closed
contact of a door selecting switch =81-S01, a normally-open contact and a normally-closed
contact of an ATP cutting relay =41-K11, a normally-open contact of a brake relief relay =26-
K03, a normally-open contact of an emergency brake relief relay =26-K07, a normally-open
contact of a parking brake relief relay =26-K09, a normally-open contact of an ATP zero-speed

relay =24-K07, a normally-open contact of a left door being closed relay =81-K01, a normally-

-13-



10

15

20

25

30

open contact of a right door being closed relay =81-K03, a normally-open contact of a door
being closed bypass switch =81-S03, a traction safety loop bypass switch =24-S04, and

normally closed contacts of driver's cab activation relays =21-K08 of the two main control units.

[0053] The traction safety loop simulation circuit, the normally-open contact of the driver's
cab activation relay in the control state, the normally-closed contact of the door selecting switch,
the normally-open contact of the ATP cutting relay, the normally-open contact of the left door
being closed relay, the normally-open contact of the right door being closed relay, the normally-
open contact of the brake relief relay, the normally-open contact of the emergency brake relief
relay, and the normally-open contact of the parking brake relief relay are connected in series,
and then is connected to the traction safety control line in the control line set. The traction safety
control line is connected to the normally-closed contact of the driver's cab activation relay in
the non-control state, to form a closed traction safety monitoring loop. The normally-open
contact of the door being closed bypass switch is connected in parallel with a circuit in which
the normally-open contact of the left door being closed relay and the normally-open contact of
the right door being closed relay are connected in series. The normally-open contact of the ATP
zero-speed relay is connected in parallel with a circuit in which the normally-open contact of
the brake relief relay and the normally-open contact of the emergency brake relief relay are

connected in series.

[0054] When the driver's cab activation relay =21-K08 is activated, in a case that doors on
both sides are closed (that is, =81-K01 and =81-K03 are activated) or the door being closed
bypass is closed, and all braking mechanisms are in the braking state but the vehicle is in the
stationary state, an emergency braking loop is established, and the parking brake relief relay
=26-K09 is in activated state. At this time, a traction safety signal is sent to a safety loop train
line in Figure 6¢, and is passed through the safety loop train line in Figure 6¢ and to the chaser.
Referring to Figure 3, since the driver's cab activation relay =21-K08 of the chaser is in an
inactive state, a normally-closed contact thereof is closed, and the traction safety signal is sent
to a chaser traction safety loop train line to output, to enable three simulated traction converters,
which is shown in Figure 6c¢, and then the traction safety signal is returned to the driving car.
When the traction safety loop cannot be established, the traction safety loop train line can be

energized through the traction safety loop bypass switch.

[0055] The establishment of the traction safety loop simulation circuit is a necessary
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condition to ensure the normal operation of the traction system. A traction safety loop includes
contacts of the two main control devices and some relays of the execution unit. The loop
connects all points that may affect train traction safety in series. Conditions for establishing the
traction safety loop are: a driver's cab of the main control device 101 or the main control device
102 has been activated, a door selecting switch at the end of the activated driver's cab is at the
"0" position, an ATP system has been cut off, left doors were all closed, right doors were all
closed, all brakes have been relieved, an emergency braking loop has been established, all
parking brakes have been relieved, and the tail car has been assembled through the control line.
And the traction safety loop is established through the activation relay in the driver's cab at the
inactive end, and the control line corresponding to the traction safety loop is energized. An
external interface circuit of the traction converter unit receives an command to establish the

traction safety loop through the control line.

[0056] The number of the execution device is three, and each execution device includes: a
high-speed circuit breaker simulation unit, a traction converter simulation unit and a traction
motor execution simulation unit. Further, the excitation device may also include a pantograph,
which is configured to provide high-voltage power to the high-speed circuit breaker simulation

unit.

[0057] The high-speed circuit breaker simulation unit and the processor simulation unit are
respectively connected to the traction converter simulation unit. The traction converter control
simulation circuit is respectively connected to the traction converter simulation unit and the
traction motor execution simulation unit. The high-speed circuit breaker simulation unit and the
traction converter simulation unit are respectively connected to the control line set. The high-
speed circuit breaker simulation unit obtains electric energy from the pantograph connected to

the high-speed circuit breaker simulation unit.

[0058] The traction converter simulation unit includes: a traction converter unit internal

circuit and a traction converter unit external interface circuit.

[0059] Referring to Figure 4, the traction converter unit internal circuit includes: a logic
controller, a frequency converter, a forward command input relay -K23, a backward command
input relay -K24, a brake command input relay -K25, a traction command input relay -K26, a
traction safety command input relay -K27, a reset command input relay -K28, a standby mode

command input relay -K29, a contact net position command input relay -K30, a first working
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power input relay -K31, a second working power input relay -K32, a high-speed circuit breaker
sub-command input relay -K22, a brake status loop command input relay, -K20 and —K21, a
high-speed circuit breaker status feedback command input relay -K19, an output relay -Q0.0
for outputting a K-line contactor (KIC) high voltage output command, an output relay -Q0.1
for outputting a command to allow a high-speed circuit breaker to close, an output relay -Q0.2
for outputting a high-speed circuit breaker closing command, an output relay -Q0.3 for
outputting a high-speed circuit breaker keep-on command, an output relay -Q0.4 for outputting
a brake status command, an output relay -QO0.5 for outputting a standby brake status command,
an output relay -Q0.6 for outputting a traction status command, and a traction main circuit

power supply contactor -K00.

[0060] The logic controller includes a CPU module and an 1/0 module, the I/O module is
connected to the frequency converter, the CPU module is configured to generate a frequency
converter control signal (such as control signals for forward rotation, reverse rotation, stop, start,
and electric brake), and the I/O module is configured to transmit the frequency converter control
signal to the frequency converter. The forward command input relay, the backward command
input relay, the brake command input relay, the traction command input relay, the traction safety
command input relay, the reset command input relay, the standby mode command input relay,
the contact net position command input relay, the first working power input relay, the second
working power input relay, the high-speed circuit breaker sub-command input relay, the brake
status loop command input relay, and the high-speed circuit breaker status feedback command
input relay are all connected to an input port of the logic controller. The output relay for
outputting a KIC high voltage output command, the output relay for outputting a command to
allow a high-speed circuit breaker to close, the output relay for outputting a high-speed circuit
breaker closing command, the output relay for outputting a high-speed circuit breaker keep-on
command, the output relay for outputting a brake status command, the output relay for
outputting a standby brake status command, the output relay for outputting a traction status
command, and the traction main circuit power supply contactor are all connected to an output

port of the logic controller.

[0061] Conditions for a traction converter to output a traction force are as follows: a high-
voltage signal is valid, a high-speed circuit breaker is closed, a running direction signal is valid,
a driver controller is in a traction position, a traction force command is established, a traction

safety loop is established, and all brakes are relieved. Only all of the above conditions are
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satisfied, the traction converter will output traction and control the rotation of the traction motor.
The status of the traction converter simulation unit and the status of the high-speed circuit
breaker simulation unit are transmitted to a central processing unit through the network, and
displayed on a touch display. A traction safety command, traction current, a traction force, a
traction motor speed, a KIC status, a K-charging contactor (KCCC) status, a traction control
unit status, a circuit breaker status of the high-speed circuit breaker unit, and a high-voltage

effective signal are displayed.

[0062] The logic controller includes a programmable controller as a control core for signal
reception and transmission, and a network interface is reserved. A direction backward signal
input interface "CF1-6" is connected to a backward command input relay, and a backward
command is transmitted to a logic controller input port "10.5". A direction forward signal input
interface "CF1-46" is connected to a forward command input relay, and a forward command is
transmitted to a logic controller input port "10.4". A traction safety signal input interface "CF1-
42" is connected to a traction safety command input relay, and a traction safety command is
transmitted to a logic controller input port "11.0". A brake command signal input interface "CF1-
53" is connected to a brake command input relay, and a brake command is transmitted to a logic
controller input port "10.6". A traction command signal input interface "CF1-40" is connected
to a traction command input relay, and a traction command is transmitted to a logic controller
input port "10.7". Areset signal input interface "CF1-66" is connected to a reset command input
relay, and a reset command is transmitted to a logic controller input port "11.1". A standby mode
signal input interface "CF1-67" is connected to a standby mode command input relay, and a
standby mode command is transmitted to a logic controller input port "11.2". A signal of a mode
switch being in the state of the contact net input interface "CF1-18" is connected to a contact
net position command input relay, and a state command of the contact net position is transmitted

to a logic controller input port "11.3".

[0063] Interfaces "CF1-13" and "CF1-14" simulate a positive pole 110V of the working
power supply of the traction device, which is connected to a first working power input relay
and a second working power input relay. After contacts of the two power input relays are
connected in series, a valid signal of the first working power supply and a valid signal of the
second working power supply are transmitted to a COM port "L1" of the logic controller. An
interface "CF1-37" simulates a negative pole 0V of the working power supply of the traction

device, and is connected to ports "1L/2L" of a common terminal of the logic controller input
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module. A high-speed circuit breaker sub-signal input interface "CF1-30" is connected to a
high-speed circuit breaker sub-command input relay, and a high-speed circuit breaker sub-
command is transmitted to a logic controller input port "10.3". Brake state loop signal input
interfaces "CF1-64" and "CF1-65" are connected to two brake state loop command input relays,
and status of the brake loop is transmitted to a logic controller input ports "10.1" and "10.2".
Traction analog input interfaces "CF2-23" and "CF2-40" are connected to ports "A+" and "M"
of the logic controller, to receive traction signals. "CF1-04" is a feedback command interface
for simulating the status of the high-speed circuit breaker received by the traction converter
simulation unit, and it is connected to a feedback command input relay of the status of the high-
speed circuit breaker, and is configured to transmit a feedback command of the status of the

high-speed circuit breaker to a logic controller input port "10.0".

[0064] Interface "CF1-3" simulates an interface for sending a high-speed circuit breaker
closed output command by the traction converter simulation unit. Interface "CF1-15" simulates
an interface for sending a KIC high-voltage output command by the traction converter
simulation unit. When the high-speed circuit breaker is closed, the traction converter simulation
unit outputs "1" if it detects that the high voltage is normal. Interface "CF1-27" simulates an
interface for sending an output command that allows the high-speed circuit breaker to be closed
by the traction converter simulation unit. Interface "CF1-28" simulates an interface of the
traction converter simulation unit, which is used for providing a control power 110V for the
high-speed circuit breaker. Interface "CF1-16" simulates an interface of the traction converter
simulation unit, which is used for providing a control power 0V for the high-speed circuit
breaker. "CF1-29" is a keep-on command for the high-speed circuit breaker provided by the
traction converter simulation unit. "CF1-11" and "CF1-12" are output traction status commands,
which are used for monitoring the running status of the traction converter simulation unit. "CF1-
47" and "CF1-48" are output standby braking status commands, which are used for determining
whether the traction converter simulation unit detects the standby braking status. "CF1-59" and
"CF1-60" are output braking state commands, which are used for determining whether the

traction converter simulation unit detects the braking state.

[0065] "CPMV1-1", "CPMV1-2", and "CPMV1-3" simulate the three-phase 380V load
power supply of the traction converter simulation circuit, which is used for loads such as cooling
fans and inverters, and are connected to the U, V, and W ports on the inverter. "R","S", and "T"

simulate traction motor terminals of the traction converter. The connection ports 3 and 4 on the
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inverter are connected to interfaces M and | of the logic controller, and are configured for
transmitting analog speed control signals. The connection port 5 on the inverter is connected to
an interface "Q1.0" of an output module of the logic controller, which is the forward rotation
command of the inverter. The connection port 6 on the inverter is connected to an interface
"Q1.1" of the output module of the logic controller, which is the reverse rotation command of
the inverter. The connection port 7 on the inverter is connected to an interface "Q1.2" of the
output module of the logic controller, which is the reset command of the inverter. The
connection port 8 on the inverter is connected to an interface "Q1.3" of the output module of
the logic controller, which is the speed 1 command of the inverter. The connection port 16 on
the inverter is connected to an interface "Q1.4" of the output module of the logic controller,
which is the speed 2 command of the inverter. The connection port 17 on the inverter is
connected to an interface "Q1.5" of the output module of the logic controller, which is the speed
3 command of the inverter. The connection port 9 on the inverter is connected to an interface
"1L" of the output module of the logic controller, which is the common terminal connection of
the inverter control command. The connection ports 19 and 20 on the frequency converter are
the frequency converter status output ports, which are reserved as spare ports in the present
disclosure. "Q1.6" and "Q1.7" are digital output interfaces of the output module of the logic

controller, which are reserved as spare interfaces in the present disclosure.

[0066] Inthe figures, "Al" and "B1" are speed signal interfaces, which are used for receiving

the speed of the traction motor and performing speed closed-loop control.

[0067] Inpractice, if the logic controller detects the following conditions: a high-speed circuit
breaker status feedback command input relay feeding back a high-voltage signal valid
command and a high-speed circuit breaker closing command, the forward command input relay
and the backward command input relay feeding back an operation direction signal valid
command, and the traction command input relay feeding back that the driver controller is in the
traction position, the traction safety loop being established, and the driver controller handle
outputting the traction angle signal. Only the above conditions are all satisfied, the traction
converter will output the traction force and control the rotation of the traction motor. The status
of the traction converter simulation unit and the status of the high-speed circuit breaker
simulation unit are transmitted to the processor simulation unit through the network, and
displayed on the man-machine interface. The traction safety command, the traction current, the

traction force, the traction of the traction converter motor speed, the KIC high voltage status,
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the traction control unit status, the circuit breaker status of high-speed circuit breaker unit, and

the high voltage effective signals are displayed.

[0068] Referring to Figure 5, the driver controller of the main control device includes a
traction zone, an idle travel position and a braking zone, where P zone is the traction zone,
COAST zone is the idle travel position, and B zone is the braking zone. The traction section is
divided into four levels P1, P2, P3, and P4, starting from the idle travel position, traction force
in each level increases by 25%. A rotation angle of a driver control handle is reflected by the
change of gray codes of an encoder. A current signal of 4-20mA is output to the outside. The
braking zone is divided into six levels B1, B2, B3, B4, B5 and EB.

[0069] When the driver controller handle is operated, a traction command is output to a
traction control line through a driver controller traction control simulation circuit. The traction
converter unit of the execution device receives the traction command on the traction control
line through the external interface circuit, and controls the traction converter unit to control the
magnitude of the traction force of the traction motor according to the traction command. The
driver controller advances to the traction position, and the farther away it is from the idle travel

position, the greater the traction force is, and vice versa.

[0070] Figure 6a shows a traction control simulation circuit of a driver controller. With the
change of an angle of the driver controller handle "=24-A01", a current signal corresponding to

4-20mA is transmitted to a car connector.

[0071] Figure 6b shows traction control lines. Three traction converter simulation units
transmit a current signal of 4-20mA corresponding to the change of the angle of the driver
controller handle through the train line to signal ports "CF2-40" and "CF2-23". The simulated
traction unit uses this value to determine the frequency of the output pulse width modulation
(PWM).

[0072] Figure 6¢ shows traction safety control lines. The traction safety loop train line is a
through line established by the loop. When the traction safety loop is established, the output of
the traction safety loop train line is positive 110V, and "CF1-42" is a traction enabled signal
input terminal, and this terminal is positive 110V when the full train traction safety loop is
established.

[0073] Reference is made to Figure 7a, which is a schematic structural diagram of a running
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direction and traction brake control simulation circuit. Under the condition of activation of the
cab, the relay "=21-K02" is energized. When a direction switch in the driver controller (=24-
A01) is selected to "forward", a direction handle is in an F position, a forward signal line is
high, and the forward relay "=24-K05" is energized. When the direction switch in the driver
controller (=24-A01) is selected to "backward", that is, the direction handle is in an R position,

and a backward signal line is high, and the signal is transmitted to the car connector.

[0074] A running direction control circuit in the running direction and traction brake control
simulation circuit outputs a running direction signal of the traction motor through the running
direction switch. The running direction signal is divided into: forward (F), 0 position, and
backward (R). When the switch is turned to "forward", the running direction and the running
direction train line in the high-speed circuit breaker control line's traction forward signal line is
at a high level. When the switch is turned to "backward", the traction backward signal line of
the train line in the running direction is at a high level. When the switch is set to the "0" position,
the traction of the train line in the running direction forwards and the backward signal line is at
alow level. Atraction brake command control circuit in the running direction and traction brake
control simulation circuit outputs a signal by the driver controller. When the driver controller
is pushed to the traction position, the traction command signal line and the brake command
signal line in the traction and brake control lines are both at a high level. When the driver
controller is pushed to the braking position, the traction command signal line and the brake
command signal line in the traction and brake control lines are both at a low level. When the
running direction command is at a high level on the forward signal line or the backward signal
line, the running direction signal is valid. When the traction command signal line and the brake

command signal line are both at a high level, the driver controller is in the traction position.

[0075] In Figure 7a, in the traction brake command control circuit, when the driver's cab is
activated, the relay "=21-K02" is energized. When the driver controller handle is in the traction
sector (P section), the traction command line has a positive power 110V, and the brake command
line has a positive power 110V. When the driver controller handle is in the braking sector
(section B), the traction command line is 0V, and the brake command line is OV (driver
controller handle section, see Figure 5). The selector switch "=41-S01" is an ATP bypass switch,
and the switch selects the bypass position (closed) during the debugging process. The signal is

transmitted to the car connector.
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[0076] Figure 7b shows the running direction and high-speed circuit breaker control line. The
three traction converter simulation units introduce the direction signal into the traction
transformer through the forward signal, the backward signal train line and their respective signal
input interfaces "CF1-46" and "CF1-6". The simulated traction unit determines the rotation

direction of the traction motor based on this signal.

[0077] The high-speed circuit breaker control command line transmits the high-speed circuit
breaker closing/breaking signal. When "CF1-30" is positive 110V, the traction converter
simulation unit controls the high-speed circuit breaker to close, when it is positive 0V, the

traction converter simulation unit controls the high-speed circuit breaker to open.

[0078] Figure 7c shows the traction and braking control line. The three traction converter
simulation units determines whether to output the traction power through the traction command,

brake command train line and their respective signal input terminals "CF1-53" and "CF1-40".

[0079] Figure 8 shows the high-speed circuit breaker control circuit. "=22-F04" is the air
circuit breaker supplying power to the high-speed circuit breaker control circuit. The power
supply circuit breaker is closed, "=21-K09" is activated under the driver's cab activation
condition, when the button "=20-S04" of "High-speed circuit breaker off" is in the closed
position, the high-speed circuit breaker is closed; when the button "=20-S04" of "High-speed
circuit breaker off" is in the off position, the high-speed circuit breaker is opened. And the high-
speed circuit breaker control command line transmits the signal through the train line to the car

connector. At the same time, the signal is sent to the vehicle information system.

[0080] The high-speed circuit breaker control circuit is a control circuit that controls the
opening of the high-speed circuit breaker of the execution device through the train line. The
high-speed circuit breaker unit can control the traction converter simulation unit to receive the

high-voltage electrical signal connected by the pantograph.

[0081] Figure 9 shows an ATP zero-speed delay control simulation circuit, illustrating a
power-off delay time relay. When a simulated train speed is lower than 5KM/H, it is energized,
that is, the train is considered to be stationary. Since a normally-open contact thereof is
connected in parallel with normally-open contacts of all brake relief relays and emergency brake
loop relays, that is, when the vehicle is stationary and starts to run within 5 seconds, once the
ATP zero-speed delay is powered off, a traction enable signal can be output even if the brake is
relief. When braking conditions or emergency braking conditions occur under operating
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conditions, since the zero-speed relay "=24-KO07" has been disconnected, the traction enable

signal is disconnected, and the simulated traction converter will not be energized.

[0082] Figure 10 shows an external interface circuit of the traction converter unit. The
interface described in the figure is designed in the form of a connector, such that the traction
converter simulation unit can be connected to the system conveniently and quickly. There are
three sets of the same traction converter simulation unit in the execution device, respectively, a

switchboard 1, a switchboard 2, a switchboard 3, and three intermediate power vehicles.

[0083] Specifically, "=25-F02", "=25-F03" and "=25-F04" are air circuit breakers for
supplying power to the traction converter unit. "=12-MO01" is a simulated traction motor. "CF1-
6" is a backward direction signal input interface. "CF1-46" is a forward direction signal input
interface. "CF1-42" is a traction safety signal input interface. "CF1-53" is an input interface of
a brake command signal. "CF1-40" is a traction command signal input interface. "CF1-66" is a
reset signal input interface. "CF1-67" is a standby mode signal input interface. "CF1-18" is a
signal input interface when a mode switch is in the contact network. "CF1-13" and "CF1-14"
are the positive pole 110V of the working power supply of the simulated traction device. "CF1-
37" is the negative pole OV of the working power supply of the simulated traction device. "CF1-
30" is a high-speed circuit breaker sub-signal input interface. "CF1-64" and "CF1-65" are input
interfaces of the brake state loop signal. "CF2-23" and "CF2-40" are traction simulation input
interfaces. "CF1-4" is a feedback command interface of the received high-speed circuit breaker
status. "CF1-3" is an output command interface issued to the closing of the high-speed circuit
breaker. "CF1-15" is an interface for issuing a high-voltage output command to the high-speed
circuit breaker KIC. "CF1-27" is an output command interface sent to the simulated high-speed
circuit breaker to allow closing. "CF1-28" is a positive power supply of 110V for high-speed
circuit breaker control. "CF1-16" is power supply of OV for high-speed circuit breaker control.
"CF1-29" is a keep-on command for the high-speed circuit breaker. "CF1-11" and "CF1-12" are
output traction status commands. "CF1-47" and "CF1-48" are output standby braking status
commands. "CF1-59" and "CF1-60" are output braking status commands. "CF1-24" and "CF1-
36" are positive input ports of the standby power supply. "R", "S", and "T" are terminal of the
traction motor of the simulated traction converter. "CPMV1-1", "CPMV1-2", and "CPMV1-3"

are three-phase 380V load power supplies for the traction converter simulation unit.

[0084] Figure 11 shows a high-speed circuit breaker simulation unit. The high-speed circuit
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breaker simulation unit includes an internal circuit and an external interface circuit of the high-
speed circuit breaker unit. It describes the simulation method of the high-speed circuit breaker
of the traction system. "X-HSCB1-1" to "X-HSCB1-8" are interfaces of the traction converter
simulation unit, port 6a is a simulated positive electricity input port for a high-voltage valid
signal, port 2 is a simulated positive electricity output port for the high-voltage valid signal,
port 6b is a simulated negative electricity input port for the high-voltage valid signal, and ports
12a to 12d are simulated negative electricity output ports for the high-voltage valid signal.
Functions of the above ports are respectively: a closing high-speed circuit breaker signal, a KIC
high voltage signal, a closed status signal fed back by the high-speed circuit breaker to the
traction converter simulation unit, a closing permission signal, a positive hold signal for a power
supplied by the traction converter simulation unit to the high-speed circuit breaker, and a
negative hold signal for the power supplied by the traction converter simulation unit to the high-

speed circuit breaker.

[0085] The high-speed circuit breaker simulation unit includes: a close high-break signal
input relay "-K1", a KIC high-voltage signal input relay "-K2", a close permission signal input
relay "-K3", a hold signal input relay "-K4", a high-speed circuit breaker close contactor "-K0",

a high-speed circuit breaker close enable relay "-K6", and a protection delay relay "-KTQ".

[0086] The close high-speed circuit breaker signal input relay is connected to an external
interface of a closed high-speed circuit breaker, and is configured to receive a signal to close
the high-speed circuit breaker. The KIC high-voltage signal input relay is connected to a KIC
high-voltage external interface, and is configured to receive a KIC high-voltage valid signal.
The close permission signal input relay is connected to a close permission external interface for
receiving a close permission signal of the high-speed circuit breaker. The hold signal input relay
is connected to a hold signal external interface and is configured to receive a hold signal of the
high-speed circuit breaker. The high-speed circuit breaker close enable relay is connected to a
normally-open contact of the close permission signal input relay, and a normally-open contact
of the close permission signal input relay is connected to a normally-open contact of the close
high-speed circuit breaker signal input relay, thus the high-speed circuit breaker close enable
relay is controlled by connecting the two contacts in series. The protection delay relay is
connected to a normally-closed contact of the KIC high-voltage signal input relay, and the
normally-closed contact of the KIC high-voltage signal input relay is connected to a normally-

open contact of a high-speed circuit breaker closing contactor, thus the protection delay relay
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is controlled by connecting the two contacts in series. The high-speed circuit breaker closing
contactor is connected to a normally-closed contact of the protection delay relay, and the
normally-closed contact of the protection delay relay is connected to a normally-open contact
of the close permission signal input relay, thus the normally-open contact of the signal input
relay is connected in parallel with the normally-open contact of the high-speed circuit breaker
close enable relay, and is connected with the normally-open contact of the close permission
signal input relay. Thus the high-speed circuit breaker is controlled by connecting the four

contacts in series and parallel.

[0087] The closing of the high-speed circuit breaker is realized by exchanging a control
command through the external interface circuit of the high-speed circuit breaker unit and the
external interface circuit of the traction converter unit. The internal circuit of the high-speed
circuit breaker simulation unit transmits a valid high-voltage signal of the pantograph and a
normal signal of the high-speed circuit breaker to the traction converter simulation unit. After
the traction converter simulation unit performs the equipment self-check, to determine whether
the following conditions are satisfied: traction self-check being normal, the traction command
being valid, the running direction command being valid, the high-voltage electricity being valid,
and the high-speed circuit breaker simulation unit being normal. If all the above conditions are
satisfied, the traction converter simulation unit outputs a high-speed circuit breaker close
command to the high-speed circuit breaker simulation unit, and the high-speed circuit breaker
is closed. After the high-speed circuit breaker is closed, the traction converter simulation unit
receives a high-voltage electrical signal, and issues a high-speed circuit breaker closing hold
command, and the high-speed circuit breaker remains closed. When the following situations

occur, the high-speed circuit breaker is disconnected:
1. the traction converter disconnects the high-speed circuit breaker closing hold command;

2. the high-speed circuit breaker control circuit outputs a high-speed circuit breaker

disconnecting command, which is active at a low level;
3. a "KIC high voltage" command of a traction inverter unit is at a low level; and
4. a power supply circuit breaker of the high-speed circuit breaker is disconnected.

[0088] In practice, a pantograph of a switchboard in each execution device is connected to a

high-speed circuit breaker simulation unit of the switchboard (the high-speed circuit breaker
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simulation unit includes an internal circuit of the high-speed circuit breaker unit and an external
interface circuit). The high-speed circuit breaker simulation unit of each switchboard is
connected to an external interface circuit of a traction converter unit of the switchboard. An
internal circuit of the traction converter unit of each switchboard is connected to an external
interface circuit of the traction converter unit of the switchboard. The external interface circuit
of the traction converter unit of each switchboard is connected to a traction motor actuator of

the switchboard.

[0089] Two processor simulation units and internal circuits of traction converter units of three
switchboards are connected by network cables, and the ATP zero-speed delay control circuit is

connected to the driver controller traction control simulation circuit.

[0090] The high-speed circuit breaker control simulation circuit disconnects a control circuit
of a high-speed circuit breaker main contactor of the high-speed circuit breaker simulation unit
of the execution device through a control line in the control line set. The high-speed circuit
breaker simulation unit can control the traction converter simulation unit to receive the high-
voltage electrical signal connected by the pantograph. The closing of the main contactor of the
high-speed circuit breaker is realized by exchanging a control command through the external
interface circuit of the high-speed circuit breaker unit and the external interface circuit of the
traction converter unit. The internal circuit of the high-speed circuit breaker simulation unit
transmits a valid high-voltage signal of the pantograph and a normal signal of the high-speed
circuit breaker to the traction converter simulation unit. After the traction converter simulation
unit performs the equipment self-check, to determine whether the following conditions are
satisfied: traction self-check being normal, the traction command being valid, the running
direction command being valid, the high-voltage electricity being valid, and the high-speed
circuit breaker simulation unit being normal. If all the above conditions are satisfied, the traction
converter simulation unit outputs a high-speed circuit breaker close command to the high-speed
circuit breaker simulation unit, and the high-speed circuit breaker is closed. After the high-
speed circuit breaker is closed, the traction converter simulation unit receives a high-voltage
electrical signal, and issues a high-speed circuit breaker closing hold command, and the high-
speed circuit breaker remains closed. When the following situations occur, the high-speed

circuit breaker is disconnected:

1. the traction converter disconnects the high-speed circuit breaker closing hold command,;
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2. the high-speed circuit breaker control circuit outputs a high-speed circuit breaker

disconnecting command, which is active at a low level,
3. a "KIC high voltage" command of a traction inverter unit is at a low level; and
4. an air circuit breaker of the high-speed circuit breaker is disconnected.

[0091] Figure 12 shows a traction converter control simulation circuit. An instantaneous
button "=24-S01" is a traction converter reset button, a traction converter simulation unit that
has an alarm or failure may reset and restart by pressing it. A standby mode switch "=24-S02",
and when it is closed, the traction converter simulation unit enters a standby mode, with the
maximum speed to 40 kilometers per hour. The traction converter simulation unit only receives
two signals of 50% and 100% of the handle. "=24-S03" is a car wash mode switch, and when
it is closed, the traction converter simulation unit enters a car wash mode. As long as the
simulated handle is in the traction sector, the simulation traction unit controls the traction motor
to run at 3km/h.

[0092] The train line includes: a traction safety control line, a traction control line, a traction
and brake control line, a running direction and high-speed circuit breaker control line. The
traction safety control line is connected to the traction safety loop simulation circuit; the traction
control line is connected to the driver controller traction control simulation circuit; the traction
and brake control line is connected to the running direction and traction and brake control
simulation circuit; the running direction and high-speed circuit breaker control line is
respectively connected to the running direction and traction and brake control simulation circuit

and the high-speed circuit breaker control simulation circuit.

[0093] Specifically, the traction control line is respectively connected to external interface
circuits of traction converter units of three switchboards. The traction and brake control line is
respectively connected to external interface circuits of traction converter units of three
switchboards. The running direction and high-speed circuit breaker control line is respectively
connected to external interface circuits of traction converter units of three switchboards, and
the running direction and high-speed circuit breaker control line is also respectively connected
to internal circuits and external interface circuits of high-speed circuit breaker units of three
switchboards. The traction safety control line is respectively connected to external interface

circuits of traction converter units of three switchboards.

-27 -



10

15

20

25

30

[0094] Two processor simulation units and internal circuits of traction converter units of three
switchboards are connected by network cables, and a control status of a logic control PLC of
the internal circuit of the traction converter unit and a monitoring status are transmitted to the
processor simulation unit through the network cables, and are displayed on a display simulation
unit. The ATP zero-speed delay control circuit is connected to the traction control simulation
circuit of the driver controller. The ATP zero-speed delay control circuit is used as a condition
for the establishment of the traction control simulation circuit of the driver controller. Two
driver controller traction control simulation circuits are connected to the traction control line to
establish a complete output circuit of the traction command. The traction control line is
respectively connected to external interface circuits of traction converter units of three
switchboards, thus the traction commands are sent to the external interface circuits of the three
traction converter units respectively. Two running direction and traction brake control
simulation circuits are connected to the traction and brake control line, thus a complete output
circuit for traction commands and brake commands is established. The traction and brake
control line is respectively connected to external interface circuits of traction converter units of
three switchboards, thus the traction commands and brake commands are respectively sent to
the external interface circuits of the three traction converter units. The two running direction
and traction brake control simulation circuits are connected to the running direction and the
high-speed circuit breaker control line, thus a complete output circuit for the running direction
is established. The two high-speed circuit breaker control simulation circuits are connected to
the running direction and the high-speed circuit breaker control line, thus a control circuit for
high-speed circuit breaker control commands is established. The running direction and high-
speed circuit breaker control line is respectively connected to external interface circuits of
traction converter units of three switchboards, thus running direction commands are
respectively sent to the external interface circuits of the three traction converter units. The
running direction and high-speed circuit breaker control line is also respectively connected to
internal circuits and external interface circuits of high-speed circuit breaker units of three
switchboards, thus high-speed circuit breaker control commands are respectively sent to the
internal circuits and external interface circuits of the three high-speed circuit breaker simulation
units. Two traction safety loop simulation circuits are connected to the traction safety loop
simulation circuit and the traction safety command train line in the traction safety control line,

to establish a complete traction safety loop circuit. The traction safety control line is
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respectively connected to external interface circuits of traction converter units of three
switchboards, thus commands for establishing the traction safety loop are respectively sent to

the external interface circuits of the three traction converter units.

[0095] In the above hardware, a pantograph of a switchboard in each execution device is
connected to an internal circuit and an external interface circuit of the high-speed circuit breaker
unit, thus a high-voltage valid signal and a high-voltage invalid signal of the pantograph are
transmitted to the internal circuit and the external interface circuit of the high-speed circuit
breaker simulation unit. The high-speed circuit breaker simulation unit of each switchboard is
connected to an external interface circuit of a traction converter unit of the switchboard, thus
the external interface circuit of the traction converter unit can monitor the status of an internal
function of the high-speed circuit breaker and control the high-speed circuit breaker to realize
functions thereof. An internal circuit of the traction converter unit of each switchboard is
connected to an external interface circuit of the traction converter unit of the switchboard, thus
the external interface circuit of the traction converter unit can transmit an external control
command and monitored information to the internal circuit of the traction converter unit, and
the internal circuit of the traction converter unit can send its own control state and logic control
command to the external interface circuit of the traction converter unit. The external interface
circuit of the traction converter unit of each switchboard is connected to a traction motor
actuator of the switchboard, thus the external interface circuit of the traction converter unit can
drive a traction motor of a traction motor execution simulation unit to run, and monitor a speed
sensor of the traction motor execution simulation unit to performs speed closed-loop control.

[0096] The hardware structure of the traction control simulation system is introduced above.
Alogic controller of the traction control simulation system performs logic control according to
the following procedure. At the beginning of a main program, self-check is performed by the
main program first to check whether the program is normal and whether the basic hardware is
faulty. After the self-check, it is determined whether a high speed circuit breaker (HSCB)
high-voltage signal is valid or not, the HSCB is re-detected if it the high-voltage signal is invalid,
and the HSCB is closed if the high-voltage signal is valid. After closing the HSCB, it is
determined whether the traction control simulation system receives a valid high-voltage signal,
and the HSCB is disconnected and self-check of the main traction program is performed again
if the valid high-voltage signal is not received. If the valid high-voltage signal is received, a
pre-charge contactor of the traction main circuit is closed, and whether the intermediate voltage
is established is checked. A main contactor is closed if the intermediate voltage is established.

After the main contactor is closed, traction conditions are determined. The traction loop needs
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to be established, the traction enable is established, and the running direction command is valid,
then a traction mode is entered. In the traction mode, the traction control simulation system
selects an operating condition according to a position command of the driver controller. If the
driver controller is in a traction position, the traction force is output according to a traction
command ratio of a driver control handle; if the driver controller is in an idle travel position,
the traction force is not output; if the driver controller is in a braking position, and it is judged
according to a vehicle speed. When the vehicle speed is less than 8km/h, no electric braking
force is output. When the vehicle speed is greater than 8km/h, the electric braking force is output

according to the position of the driver controller.

[0097] In this embodiment, the traction control simulation system for a rail vehicle includes
a control line set, two main control devices and at least one execution device, which conforms
to the layout of a traction control device of a master vehicle and a traction execution equipment
of an executive vehicle in the rail vehicle. In the present disclosure, the two main control device
transmit a vehicle control command to an execution device through a control line in the control
line set, to control the execution device to execute an operation corresponding to the vehicle
control command, which conforms to the way of controlling the traction execution equipment
of the executive vehicle by the traction control device of the master vehicle in the rail vehicle.
The difference between the traction control simulation system of the present disclosure and a
traction control system of an real rail vehicle is small, that is, a simulation degree of the traction
control simulation system of the present disclosure is relatively high, and thus the traction
control simulation system of the present disclosure can be used to replace the traction control
system of the real rail vehicle during debugging and training. Since the traction control
simulation system of the present disclosure exists independently, the operation safety is higher,
and the running stability and the safety of the real rail vehicle are not affected. In addition, the
traction control system of the real rail vehicle is not used for training, and the traction control
simulation system of the present disclosure can be used for multiple trainings, thereby saving

costs.

[0098] The traction control simulation system provided in this embodiment is used to
simulate urban subways and light rail vehicles. All components are made of non-loading
originals, and the cost is extremely low, which solves domestic technical problems. The traction
control simulation system has advantages of strong pertinence, high degree of simulation, low

cost, and low operating cost. Each module thereof has complete functions, which can be
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implemented individually or connected to another vehicle control and monitoring system
(TCMS), to achieve networked information, thereby embodying the technical content of urban
rail vehicles and the unique technology and skill characteristics of vehicle assembly and

dispatching.

[0099] In this embodiment, back-end support and front-end functional hardware are
organically integrated through logical connection and network connection of the above-
mentioned hardware. The arrangement of the execution device and the two main control devices
conforms to the layout of the main control vehicle and the execution vehicle of the urban
railway vehicle. The arrangement of the three identical traction system components of the
executive device reflects the centralized and unified control of the traction system of the urban
railway vehicle and the independent control of the single vehicle. That is, the main control
vehicle controls traction function signal commands of the whole train, the single vehicle
receives the main control command, and the single vehicle controls the traction actuator of the
single vehicle to realize the traction function. The main functions of the traction control system
of the urban railway vehicle are embodied. Unigue debugging skills of the urban railway vehicle
are also embodied. The degree of simulation is high. The interfaces and wiring logic of all
components are arranged in accordance with a real urban railway vehicle. The trainer can write
the debugging method of the training device according to the debugging content of the urban
railway vehicle, so that the trainees can carry out standardized operations according to the
debugging method, thus the training efficiency is high and the cost is low. Compared with the
training using a real vehicle, the training by using small and compact three units to simulate the
traction system function of the urban railway vehicle has following advantages. The walking
range is small due to centralized parts, which saves personnel walking time, and the impact of
the function and performance of training on real vehicles is reduced. Unexpected quality
problems are avoided and losses are reduced. In addition, through the traction control
simulation system in this embodiment, the trainee can understand the vehicle structure and

working principle, and quickly learn vehicle data.

[0100] On the basis of the above traction control simulation system for a rail vehicle, a
traction control method is provided in another embodiment of the present disclosure, which is
applied to the two main control devices in a control state in the above-mentioned traction
control simulation system, and the traction control method includes: sequentially receiving

multiple control commands input by an user in chronological order and outputting each of the
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multiple control commands to each execution device through a corresponding control line in
the control line set; determining, by each execution device, whether each of the multiple control
commands is a valid control command in turn; and executing an operation corresponding to the
valid control command in case of determining that each of the multiple control commands is

the valid control command.

[0101] Inan embodiment, the sequentially receiving multiple control commands input by an
user in chronological order and outputting each of the multiple control commands to each

execution device through a corresponding control line in the control line set includes:
receiving a current control command input by the user;

outputting the current control command to each execution device through a control

line corresponding to the current control command,;

receiving a next control command input by the user in a case that the current control
command is executed by a target execution device controlled by the current control command

successfully; and

updating the next control command to the current control command, executing again
the step of outputting the current control command to each execution device through a control
line corresponding to the current control command in sequence, until all control commands

input by the user are received.

[0102] Specifically, in practice, an execution process of the traction control method is as

follows.
[0103] 1. Circuit inspection.

[0104] On a switchboard 1 of an execution device, use a multi-meter to measure an upper
port voltage of circuit breakers 25-F02, 25-F03, and 25-F04 respectively, and determine
whether a lower port of the circuit breakers 25-F02, 25-F03, and 25-F04 is short-circuited to a
load respectively. The upper port voltage is DC110V, and the lower port is not short-circuited
to line 32100. Close the circuit breaker 25-F02 and confirm that there is a direct-current voltage
DC110V between a port CF1-13 and ports CF1-37, 38, 49 on an interface terminal block of a
traction converter. Close the circuit breaker 25-F03, and confirm that there is a direct-current
DC110V between a port CF1-14 and ports CF1-37, 38, 49 on the interface terminal block of

the traction converter. Close the circuit breaker 25-F04 and confirm that there is a direct-current
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DC110V between a port CF1-10 and ports CF1-37, 38, 49 on the interface terminal block of

the traction converter.

[0105] On a switchboard 2 of the execution device, use a multi-meter to measure an upper
port voltage of circuit breakers 25-F02, 25-F03, and 25-F04 respectively, and determine
whether a lower port of the circuit breakers 25-F02, 25-F03, and 25-F04 is short-circuited to a
load respectively. The upper port voltage is DC110V, and the lower port is not short-circuited
to line 32100. Close the circuit breaker 25-F02 and confirm that there is a direct-current voltage
DC110V between a port CF1-13 and ports CF1-37, 38, 49 on an interface terminal block of a
traction converter. Close the circuit breaker 25-F03, and confirm that there is a direct-current
DC110V between a port CF1-14 and ports CF1-37, 38, 49 on the interface terminal block of
the traction converter. Close the circuit breaker 25-F04 and confirm that there is a direct-current
DC110V between a port CF1-10 and ports CF1-37, 38, 49 on the interface terminal block of

the traction converter.

[0106] On a switchboard 3 of the execution device, use a multi-meter to measure an upper
port voltage of circuit breakers 25-F02, 25-F03, and 25-F04 respectively, and determine
whether a lower port of the circuit breakers 25-F02, 25-F03, and 25-F04 is short-circuited to a
load respectively. The upper port voltage is DC110V, and the lower port is not short-circuited
to line 32100. Close the circuit breaker 25-F02 and confirm that there is a direct-current voltage
DC110V between a port CF1-13 and ports CF1-37, 38, 49 on an interface terminal block of a
traction converter. Close the circuit breaker 25-F03, and confirm that there is a direct-current
DC110V between a port CF1-14 and ports CF1-37, 38, 49 on the interface terminal block of
the traction converter. Close the circuit breaker 25-F04 and confirm that there is a direct-current
DC110V between a port CF1-10 and ports CF1-37, 38, 49 on the interface terminal block of

the traction converter.
[0107] 2. Check an interface signal of a traction converter simulation unit.
[0108] 2.1. Operate on a main control device 101.

[0109] 2.1.1. Activate a driver controller key, and confirm and check that head relays =21-
K01, =21-K02, =21-K03, =21-K04, =21-K05, =21-K06, =21-K07, =21-K08, =21-K09, =21-
K10, =21-K12, and =21-K11 are closed.

[0110] 2.1.2. Operate a running direction switch, turn it to a "“forward" position, confirm that
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a relay =24-K05 is energized, and confirm that there is a direct-current voltage DC110V
between a port CF1-46 and a port CF1-37 on three interface terminal blocks of the traction

converter of the execution device.

[0111] 2.1.3. Operate arunning direction switch, turn it to a "backward" position, and confirm
that that there is a direct-current voltage DC110V between a port CF1-6 and the port CF1-37

on the three interface terminal blocks of the traction converter of the execution device.

[0112] 2.1.4. Operate a driver controller handle, push it to a "traction” section, and confirm
that there is a direct-current voltage DC110V between a port CF1-53 and the port CF1-37 on

the three interface terminal blocks of the traction converter of the execution device.

[0113] 2.1.5. Operate the driver controller handle, push it to a "brake" section, and confirm
that there is a direct-current voltage DC110V between a port CF1-40 and the port CF1-37 on

the three interface terminal blocks of the traction converter of the execution device.

[0114] 2.1.6. Establish a traction safety loop, turn a door selecting switch =81-S02 to a "0
position; turn an ATP cut switch to a "cut" position, and the relay 41-K11 will be energized,
close left and right doors, the relays =81-K01 and =81-K03 are energized, if the door cannot be
closed in place, operate a door close bypass switch =81-S03; operate the driver controller handle
to a "maximum service brake" position, press a "Alert" button to confirm the establishment of
an emergency brake loop, the relay =26-K07 is energized, and the brake service is relieved,
operate a "parking brake start/relief" switch, the parking brake is relieved, the relay =26-K09 is
powered. At this time, the through line of a traction safety loop train line is energized, and the
traction safety loop train line is output and powered through a normally-closed contact of a head
relay =21-K08 of a tail car. Confirm that a traction safety command box is green on a human
machine interface (HMI); confirm that there is direct-current voltage DC110V between a port
CF1-42 and the port CF1-37 on the three interface terminal blocks of the traction converter of

the execution device.

[0115] 2.1.7. Operate a traction converter reset button =24-S01, and confirm that there is a
direct-current voltage DC110V between a port CF1-66 and the port CF1-37 on the three

interface terminal blocks of the traction converter of the execution device.

[0116] 2.1.8. Operate a standby mode switch =24-S02, confirm that there is a direct-current
voltage DC110V between a port CF1-67 and the port CF1-37 on the three interface terminal
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blocks of the traction converter of the execution device.

[0117] 2.1.9. Operate a car wash mode switch =24-S03, and confirm that there is a direct-
current voltage DC110V between a port CF1-68 and the port CF1-37 on the three interface

terminal blocks of the traction converter of the execution device.
[0118] 2.2. Operate on a main control device 102.

[0119] 2.2.1. Activate a driver controller key, and confirm and check that head relays =21-
K01, =21-K02, =21-K03, =21-K04, =21-K05, =21-K06, =21-K07, =21-K08, =21-K09, =21-
K10, =21-K12, and =21-K11 are closed.

[0120] 2.2.2. Operate a running direction switch, turn it to a "“forward" position, confirm that
a relay =24-K05 is energized, and confirm that there is a direct-current voltage DC110V
between a port CF1-46 and a port CF1-37 on three interface terminal blocks of the traction

converter of the execution device.

[0121] 2.2.3. Operate a running direction switch, turn it to a "backward" position, and confirm
that that there is a direct-current voltage DC110V between a port CF1-6 and the port CF1-37

on the three interface terminal blocks of the traction converter of the execution device.

[0122] 2.2.4. Operate a driver controller handle, push it to a "traction” section, and confirm
that there is a direct-current voltage DC110V between a port CF1-53 and the port CF1-37 on

the three interface terminal blocks of the traction converter of the execution device.

[0123] 2.2.5. Operate the driver controller handle, push it to a "brake" section, and confirm
that there is a direct-current voltage DC110V between a port CF1-40 and the port CF1-37 on

the three interface terminal blocks of the traction converter of the execution device.

[0124] 2.2.6. Establish a traction safety loop, turn a door selecting switch =81-S02 to a "0
position; turn an ATP cut switch to a "cut” position, and the relay 41-K11 will be energized;
close left and right doors, the relays =81-K01 and =81-K03 are energized, if the door cannot be
closed in place, operate a door close bypass switch =81-S03; operate the driver controller handle
to a "maximum service brake" position, press a "Alert" button to confirm the establishment of
an emergency brake loop, the relay =26-K07 is energized, and the brake service is relieved,
operate a "parking brake start/relief" switch, the parking brake is relieved, the relay =26-K09 is
powered. At this time, the through line of a traction safety loop train line is energized, and the

traction safety loop train line is output and powered through a normally-closed contact of a head
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relay =21-KO08 of a tail car. Confirm that a traction safety command box is green on a HMI,
confirm that there is direct-current voltage DC110V between a port CF1-42 and the port CF1-

37 on the three interface terminal blocks of the traction converter of the execution device.

[0125] 2.2.7. Operate a traction converter reset button =24-S01, and confirm that there is a
direct-current voltage DC110V between a port CF1-66 and the port CF1-37 on the three

interface terminal blocks of the traction converter of the execution device.

[0126] 2.2.8. Operate a standby mode switch =24-S02, confirm that there is a direct-current
voltage DC110V between a port CF1-67 and the port CF1-37 on the three interface terminal

blocks of the traction converter of the execution device.

[0127] 2.2.9. Operate a car wash mode switch =24-S03, and confirm that there is a direct-
current voltage DC110V between a port CF1-68 and the port CF1-37 on the three interface

terminal blocks of the traction converter of the execution device.
[0128] 3. Electric Multiple Units (EMU) test.
[0129] 3.1. Operate on a main control device 101.

[0130] 3.1.1 Operate adriver controller key of the main control device 101, activate a driver's
cab, and confirm and check that head relays 21-K01, 21-K02, 21-K03, 21-K04, 21-K05, 21-
K06, 21-K07, 21-K08, 21-K09, 21-K10, 21-K12, and 21-K11 are closed, and confirm that the

driver's cab of the main control device 101 has been activated on the HMI.

[0131] 3.2. Raise a pantograph, and confirm that a simulated voltage value of the train
displayed on the HMI is DC1500V.

[0132] 3.3. Operate the driver controller handle to establish an emergency braking loop, relief

a parking brake, and establish a traction safety loop.

[0133] 3.4. Operate the driver controller handle to an "idle" position, confirm on the HMI
that the service brake is relieved, and keep the brake not relieved. A brake pressure value of an

operation interface of the HMI is "1.1".

[0134] 3.5. Operate the driver controller handle to a "minimum traction™ position, confirm on
the HMI that a KIC on a traction interface is closed, a KCCC is disconnected, a high-speed
circuit breaker is closed, traction current and traction force are displayed numerically, and a

braking pressure value on the operation interface is "0". Confirm that a traction motor runs
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smoothly, and confirm that a rotation direction of the traction motor is the same as the running

direction.

[0135] 3.6. Push the driver controller handle from a traction zone "P1" to a traction zone "P4"
once, confirm on the HMI that the traction current and traction force on the traction interface
are gradually increasing, and confirm that a speed of the traction motor is gradually increasing;
push the driver controller handle from the traction zone "P4" to the traction zone "P1" once,
confirm on the HMI that the traction current and traction force on the traction interface are

gradually reduced, and confirm that the speed of the traction motor is gradually reduced.

[0136] 3.7. Push the driver controller handle from the traction zone to the "idle" position, and
confirm on the HMI that the traction current and traction force on the traction interface are "0",

and confirm that the traction motor has no excitation and runs by inertia.

[0137] 3.8. Push the driver controller handle from the "idle" position to a "braking" zone, and
confirm on the HMI that the traction current and traction force on the traction interface are "0",
and confirm that the traction motor has no traction and is decelerated and stopped by the braking

system.

[0138] It should be noted that each step of a manual operation in this embodiment will
generate a current control command, and a result of the current control command will be
displayed on the display simulation unit. And the result displayed on the display simulation unit
is used to determine whether the current control command is executed successfully. After the
current control command is executed successfully, a next step is manually executed and the

above process is repeated.

[0139] In addition to the above-mentioned manual training process, the simulation device in
the present disclosure may also be faulted by activating a fault setting relay, resulting in a lack
of function, thereby enabling personnel to input a fault code through a clicker after analysis and
measurement, and determining whether the answer is correct by comparing the fault code with
the database, that is, the training of fault identification may also be realized by the simulation

device in the present disclosure.

[0140] In this embodiment, the process of applying the traction control simulation system is

illustrated, such that employee training can be realized.

[0141] Based on the above description of the disclosed embodiments, those skilled in the art
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are capable of carrying out or using the present disclosure. It is obvious for those skilled in the
art to make many modifications to these embodiments. The general principle defined herein
may be applied to other embodiments without departing from the spirit or scope of the present
disclosure. Therefore, the present disclosure is not limited to the embodiments illustrated herein,
but should be defined by the broadest scope consistent with the principle and novel features

disclosed herein.
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CLAIMS
1. A traction control simulation system for a rail vehicle, comprising: a control line set,

two main control devices and at least one execution device, wherein:
the two main control devices and the execution device are connected to the control line set;

the two main control devices are configured to implement a traction control function and

a traction monitoring function of a traction control device on the rail vehicle;

a control line in the control line set is configured to implement a data transmission function

of a train line on the rail vehicle;

the execution device is configured to implement an operation execution function of a

traction execution equipment on the rail vehicle; and

the two main control devices are further configured to: transmit a vehicle control command
to the execution device through the control line in the control line set, and to control the

execution device to perform an operation corresponding to the vehicle control command.

2. The traction control simulation system according to claim 1, wherein the two main
control devices each comprises: a display simulation unit, a processor simulation unit, a driver
controller traction control simulation circuit, a running direction and traction brake control
simulation circuit, a high-speed circuit breaker control simulation circuit, a traction safety loop
simulation circuit, an automatic train protection, ATP, zero-speed delay control simulation

circuit, and a traction converter control simulation circuit;

wherein the display simulation unit, the driver controller traction control simulation circuit,
the running direction and traction brake control simulation circuit, and the traction converter
control simulation circuit are connected to the processor simulation unit; the ATP zero-speed
delay control simulation circuit is connected to the driver controller traction control simulation
circuit; the traction safety loop simulation circuit, the high-speed circuit breaker control
simulation circuit, the running direction and traction brake control simulation circuit, and the
driver controller traction control simulation circuit are connected to the control line set; and the
traction converter control simulation circuit and the processor simulation unit are both
connected to the execution device;

wherein the display simulation unit is configured to display data to be displayed sent by
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the processor simulation unit;

wherein the driver controller traction control simulation circuit is configured to generate

and output a driver controller traction command;

wherein the running direction and traction brake control simulation circuit is configured

to generate and output a running direction control command and a traction brake command;

wherein the high-speed circuit breaker control simulation circuit is configured to generate

and output a high-speed circuit breaker control command,;

wherein the traction safety loop simulation circuit is configured to generate and output a

traction safety loop control command,

wherein the ATP zero-speed delay control simulation circuit is configured to establish a

traction safety loop;

wherein the traction converter control simulation circuit is configured to generate and

output a traction converter control command; and

wherein the processor simulation unit is configured to: receive commands from the driver
controller traction control simulation circuit, the running direction and traction brake control
simulation circuit, and the traction converter control simulation circuit, and output the

commands to the display simulation unit to display.

3. The traction control simulation system according to claim 1, wherein in the traction
safety loop simulation circuit, a normally-open contact of a driver's cab activation relay in a
control state, a normally-closed contact of a door selecting switch, a normally-open contact of
an ATP cutting relay, a normally-open contact of a left door being closed relay, a normally-open
contact of a right door being closed relay, a normally-open contact of a brake relief relay, a
normally-open contact of an emergency brake relief relay, and a normally-open contact of a
parking brake relief relay are connected in series and connected to a traction safety control line

in the control line set;

wherein the traction safety control line is connected to a normally-closed contact of the
driver's cab activation relay in a non-control state, to form a closed traction safety monitoring

loop;
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wherein a normally-open contact of a door being closed bypass switch is connected in
parallel with a circuit comprising the normally-open contact of the left door being closed relay

and the normally-open contact of the right door being closed relay connected in series; and

wherein a normally-open contact of an ATP zero-speed relay is connected in parallel with
a circuit comprising the normally-open contact of the brake relief relay and the normally-open

contact of the emergency brake relief relay connected in series.

4. The traction control simulation system according to claim 2, wherein the number of the
execution device is three, and each execution device comprises: a high-speed circuit breaker
simulation unit, a traction converter simulation unit and a traction motor execution simulation

unit;

wherein the high-speed circuit breaker simulation unit and the processor simulation unit

are connected to the traction converter simulation unit, respectively;

wherein the traction converter control simulation circuit is connected to the traction

converter simulation unit and the traction motor execution simulation unit, respectively;

wherein the high-speed circuit breaker simulation unit and the traction converter

simulation unit are connected to the control line set, respectively; and

wherein the high-speed circuit breaker simulation unit obtains electrical energy from a

pantograph connected to the high-speed circuit breaker simulation unit.

5. The traction control simulation system according to claim 4, wherein the traction
converter simulation unit comprises: a traction converter unit internal circuit and a traction

converter unit external interface circuit;

wherein the traction converter unit internal circuit comprises: a logic controller, a
frequency converter, a forward command input relay, a backward command input relay, a brake
command input relay, a traction command input relay, a traction safety command input relay, a
reset command input relay, a standby mode command input relay, a contact net position
command input relay, a first working power input relay, a second working power input relay, a

high-speed circuit breaker sub-command input relay, a brake status loop command input relay,
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a high-speed circuit breaker status feedback command input relay, an output relay for outputting
a K-line contactor, KIC, high voltage output command, an output relay for outputting a
command to allow a high-speed circuit breaker to close, an output relay for outputting a high-
speed circuit breaker closing command, an output relay for outputting a high-speed circuit
breaker keep-on command, an output relay for outputting a brake status command, an output
relay for outputting a standby brake status command, an output relay for outputting a traction

status command, and a traction main circuit power supply contactor;

wherein the logic controller comprises a CPU module and an 1/0 module, the 1/0O module
is connected to the frequency converter, the CPU module is configured to generate a frequency
converter control signal, and the 1/0 module is configured to transmit the frequency converter

control signal to the frequency converter;

wherein the forward command input relay, the backward command input relay, the brake
command input relay, the traction command input relay, the traction safety command input relay,
the reset command input relay, the standby mode command input relay, the contact net position
command input relay, the first working power input relay, the second working power input relay,
the high-speed circuit breaker sub-command input relay, the brake status loop command input
relay, and the high-speed circuit breaker status feedback command input relay are connected to

an input port of the logic controller; and

wherein the output relay for outputting the KIC high voltage output command, the output
relay for outputting the command to allow the high-speed circuit breaker to close, the output
relay for outputting the high-speed circuit breaker closing command, the output relay for
outputting the high-speed circuit breaker keep-on command, the output relay for outputting the
brake status command, the output relay for outputting the standby brake status command, the
output relay for outputting the traction status command, and the traction main circuit power

supply contactor are connected to an output port of the logic controller.

6. The traction control simulation system according to claim 4, wherein the high-speed
circuit breaker simulation unit comprises: a closed high-speed circuit breaker signal input relay,
a K-line contactor, KIC, high-voltage signal input relay, a closing permission signal input relay,
a holding signal input relay, a high-speed circuit breaker closing contactor, and a high-speed
circuit breaker closing enabling relay, and a protection delay relay;
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wherein the closed high-speed circuit breaker signal input relay is connected to an external
interface of a closed high-speed circuit breaker, and is configured to receive a signal to close

the high-speed circuit breaker;

wherein the KIC high-voltage signal input relay is connected to a KIC high-voltage

external interface, and is configured to receive a KIC high-voltage effective signal,

wherein the closing permission signal input relay is connected to a closing permission
external interface, and is configured to receive a closing permission signal of the high-speed

circuit breaker;

wherein the holding signal input relay is connected to a holding signal external interface,

and is configured to receive a holding signal of the high-speed circuit breaker;

wherein the high-speed circuit breaker closing enabling relay is connected to a normally-
open contact of the closing permission signal input relay, and the normally-open contact of the
closing permission signal input relay is connected in series with a normally-open contact of the
closed high-speed circuit breaker signal input relay, so as to control an action of the high-speed

circuit breaker closing enabling relay through two sets of contacts connected in series;

wherein the protection delay relay is connected to a normally-closed contact of the KIC
high-voltage signal input relay, and the normally-closed contact of the KIC high-voltage signal
input relay is connected in series with a normally-open contact of the high-speed circuit breaker
closing contactor, so as to control an action of the protection delay relay through two sets of

contacts connected in series; and

wherein the high-speed circuit breaker closing contactor is connected to a normally-closed
contact of the protection delay relay, the normally-closed contact of the protection delay relay
is connected to the normally-open contact of the closing permission signal input relay, a
normally-open contact of a signal input relay is connected in parallel with the normally-open
contact of the high-speed circuit breaker closing enabling relay, and is connected with the
normally-open contact of the closing permission signal input relay, so as to control an action of
the high-speed circuit breaker closing contactor through four sets of contacts connected in series

and parallel.

7. The traction control simulation system according to claim 1, wherein the train line
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comprises: a traction safety control line, a traction control line, a traction and brake control line,

a running direction and high-speed circuit breaker control line; and

wherein the traction safety control line is connected to the traction safety loop simulation
circuit, the traction control line is connected to the driver controller traction control simulation
circuit, the traction and brake control line is connected to the running direction and traction and
brake control simulation circuit, and the running direction and high-speed circuit breaker
control line is connected to the running direction and traction and brake control simulation

circuit and the high-speed circuit breaker control simulation circuit, respectively.

8. A traction control method, applied to a main control device of the two main control
devices in a control state in the traction control simulation system according to claim 1, wherein

the traction control method comprises:

receiving a plurality of control commands input by an user sequentially in chronological
order and outputting each of the plurality of control commands received to each execution

device through a corresponding control line in the control line set;

determining, by each execution device, whether each of the plurality of control commands

is a valid control command in turn; and

executing an operation corresponding to the valid control command in case of determining

that a control command is the valid control command.

9. The traction control method according to claim 8, wherein the receiving the plurality of
control commands input by the user sequentially in chronological order and outputting each of
the plurality of control commands to each execution device through the corresponding control

line in the control line set comprises:
receiving a current control command input by the user;

outputting the current control command to each execution device through a control line

corresponding to the current control command;

receiving a next control command input by the user in a case that the current control

command is executed by a target execution device controlled by the current control command
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successfully; and

updating the next control command to the current control command, executing again the
step of outputting the current control command to each execution device through a control line
corresponding to the current control command in sequence, until all control commands input

by the user are received.
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