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ABSTRACT

A power supply battery and a power supply system for high-speed maglev trains. The
power supply battery comprises: an electrolyte tank (10), a plurality of liquid flow pumps
(20), and a plurality of aluminum-air battery reactors (30). The plurality of aluminum-air
battery reactors (30) are sequentially connected in series. The electrolyte tank (10) comprises
a plurality of elongate electrolyte grooves (101). One liquid flow pump (20) corresponds to
one aluminum-air battery reactor (30) and one electrolyte groove (101). The power supply
battery and the power supply system for high-speed maglev trains have the advantages of
long-term storage without power loss, high energy density, high safety, abundant resources,
low manufacturing costs and cleanliness and easy recovery by adopting aluminum-air
batteries as the power supply of an on-board energy storage system of a high-speed maglev
train. Moreover, a high voltage of the whole power supply battery can be ensured,
self-discharge is reduced, high integration of the aluminum-air batteries is facilitated, the
installation space is reduced, continuous work is realized, and energy can be continuously

provided for maglev train loads.
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POWER SUPPLY BATTERY AND POWER SUPPLY SYSTEM FOR HIGH-SPEED
MAGLEYV TRAINS

FIELD
[0001] The present disclosure relates to the technical field of vehicle-mounted power
supplies for maglev trains, and in particular to a power supply battery and a power supply

system for a high-speed maglev train.

BACKGROUND

[0002] Currently, a maximum running speed of a high-speed maglev train in test reaches
503km/h, and a maximum running speed in practical reaches 430km/h in China. A
high-speed maglev train with running speed greater than 600 km/h will emerge over time
with technological innovation and research. Therefore, the high-speed maglev train will
become one of main transportation means for long-distance running. However, the
long-distance running of the high-speed maglev train may bring new technical problems,
such as, how to ensure comfort of passengers in the train when the train stops due to a fault,
and how to restart the train after the fault is repaired. Therefore, it is required to continue to
supply power to the train when the train stops due to fault at any place on a long-distance

running line.

[0003] Currently, when the high-speed maglev train stops, a contact collector rail (or a
non-contact collector coil) is used to continuously supply power to the train, to facilitate
power consumption of the system such as lighting and air-conditioning. In addition, the
contact collector rail (or the non-contact collector coil) is further used to charge a power
supply battery of the train, to facilitate power consumption of train re-levitation and
operation. In China, online operation maglev rail transport lines are short and single, and the
number of online operation trains is small. In addition, the high-speed maglev train adopts

redundancy design of high reliability, so when the train fails, the train can runs to the contact
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collector rail (or the non-contact power supply coil) of a nearest parking station. Therefore,
the high-speed maglev train on a short-distance running line has no technical problem of

power supply when stopping due to fault in China.

[0004] In order to continue to supply power to the train when the train stops due to fault at
any place on the long-distance running line, the collector rail (or the power supply coil) may
be laid on the whole line, which greatly increase maglev rail cost, maintenance cost and
power supply cost. In addition, since the train adopts redundancy design of high reliability,
the probability of the train stopping due to fault is small, and laying the power supply rail (or
the power supply coil) on the whole line results in a very low economic benefit. Therefore, it
is required a special vehicle-mounted energy storage system to solve the technical problem
of power supply for a high-speed maglev train when the train stopping due to fault in a

long-distance running.

SUMMARY
[0005] In order to solve the above problem, a power supply battery and a power supply
system for a high-speed maglev train are provided according to embodiments of the present

disclosure.

[0006] In a first aspect, a power supply battery for a high-speed maglev train is provided
according to an embodiment of the present disclosure. The power supply battery includes an
electrolyte tank, multiple liquid flow pumps and multiple aluminum air battery reactors. The

aluminum air battery reactors are connected in series.

[0007] The electrolyte tank includes multiple strip-shaped electrolyte grooves. One of the
multiple liquid flow pumps corresponds to one of the multiple aluminum air battery reactors

and corresponds to one of the multiple electrolyte grooves.

[0008] An inlet of the liquid flow pump is arranged in the electrolyte groove, and an outlet
of the liquid flow pump is connected with a liquid inlet of the aluminum air battery reactor.
The liquid flow pump is configured to pump an electrolyte in the electrolyte tank into the

aluminum air battery reactor.
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[0009] The aluminum air battery reactor includes multiple aluminum air single batteries
connected in series. The aluminum air single battery is configured to react with the pumped

electrolyte to generate electricity.

[0010] In an embodiment, the aluminum air battery reactor is arranged above the
electrolyte groove corresponding to the aluminum air battery reactor. A liquid outlet of the

aluminum air battery reactor is arranged on top of the aluminum air battery reactor.

[0011] In an embodiment, the number of the electrolyte tank is more than one, and the
aluminum air battery reactor corresponding to any one of the electrolyte tanks and the
aluminum air battery reactor corresponding to another electrolyte tank adjacent to the one

electrolyte tank are connected in series.

[0012] In an embodiment, the power supply battery further includes a starting power supply,

a battery management system and a cooling device.

[0013] The starting power supply is connected with the battery management system to
supply power to the battery management system during startup.

[0014] The battery management system is connected with the liquid flow pump, to provide

operating voltage for the liquid flow pump.

[0015] The aluminum air battery reactor is further configured to supply power to a

vehicle-mounted power consumption load and the battery management system.

[0016] The cooling device is arranged on periphery of the aluminum air battery reactor to

dissipate heat from the aluminum air battery reactor.
[0017] In an embodiment, the cooling device includes a cooling fan and a heat sink.

[0018] The heat sink is arranged on the periphery of the aluminum air battery reactor, and

an air outlet of the cooling fan faces towards the heat sink.

[0019] An inlet of the heat sink is connected with the liquid outlet of the aluminum air
battery reactor, and an outlet of the heat sink is connected with a liquid inlet of the

electrolyte tank.

[0020] In an embodiment, an air inlet of the cooling fan is communicated with a cavity of
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the aluminum air battery reactor.

[0021] In an embodiment, the starting power supply is a vehicle-mounted secondary

battery.

[0022] In an embodiment, the aluminum air battery reactor is further configured to charge

the vehicle-mounted secondary battery.
[0023] In an embodiment, the power supply battery further includes a heating device.

[0024] The heating device is connected with the battery management system, and is

provided with power by the battery management system to heat the electrolyte tank.
[0025] In an embodiment, the power supply battery further includes a single-phase diode.

[0026] The aluminum air battery reactor supplies power to another device by the

single-phase diode.

[0027] In a second aspect, a power supply system for a high-speed maglev train is further
provided according to an embodiment of the present disclosure. The power supply system
includes a power supply battery pack, a voltage converter and a power supply grid. The
power supply battery pack includes n power supply batteries described above that are

connected in parallel.

[0028] An output end of the power supply battery pack is connected with the power supply
grid through the voltage converter. The voltage converter is configured to convert an output

voltage of the power supply battery pack into a vehicle-mounted power supply voltage.

[0029] In an embodiment, the power supply battery pack further includes n contactors.

Each of the n contactors is connected in series with the corresponding power supply battery.

[0030] In an embodiment, the power supply system for a high-speed maglev train further
includes a low-voltage converter, a low-voltage power grid and a vehicle-mounted control

system.

[0031] An input end of the low-voltage converter is connected with the power supply grid,
and an output end of the low-voltage converter is connected with the low-voltage power grid,

to reduce the vehicle-mounted power supply voltage of the power supply grid.
-4-
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[0032] The vehicle-mounted control system is connected with the low-voltage power grid
and is provided with power by the low-voltage power grid. The vehicle-mounted control
system is further connected with the battery management system of the power supply battery,

to control operating states of the battery management system.

[0033] In the solutions according to the first aspect of the embodiment of the present
disclosure, the aluminum air battery has the advantages of long-time storage without power
loss, a high energy density, a high safety, rich resources, a low manufacture cost, cleanness,
easy to be recycled and so on, and thus the aluminum air battery is used as the power supply
battery for the vehicle-mounted energy storage system of the high-speed maglev train. In
addition, the electrolyte tank is divided into multiple strip-shaped electrolyte grooves, and
each of the multiple electrolyte grooves is provided with an aluminum air battery reactor and
a liquid flow pump, so that a high voltage of the power supply battery can be ensured and the
self-discharge can be reduced, which is conducive to high integration of the aluminum air
battery, thereby reducing installation space, and achieving continuous operation to

continuously provide energy to load of the maglev train.

[0034] To make the above objects, features and advantages of the present disclosure more
apparent and easier to be understood, preferred embodiments are illustrated in detail in

conjunction with the drawings hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] In order to illustrate technical solution according to the embodiments of the
disclosure or in the conventional technology more clearly, the drawings to be used in the
description of the embodiments or the conventional technology are described briefly
hereinafter. Apparently, the drawings described hereinafter are only some embodiments of
the present disclosure, and other drawings may be obtained by those skilled in the art based

on those drawings without creative effort.

[0036] Figure 1 is a schematic structural diagram of a power supply battery for a

high-speed maglev train according to a first embodiment of the present disclosure;
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[0037] Figure 2 is a schematic top view of an electrolyte tank in a power supply battery for

a high-speed maglev train according to an embodiment of the present disclosure;

[0038] Figure 3 is a schematic structural diagram of a power supply battery for a

high-speed maglev train according to a second embodiment of the present disclosure;

[0039] Figure 4 is a schematic structural diagram of a power supply battery for a

high-speed maglev train according to a third embodiment of the present disclosure; and

[0040] Figure 5 is a schematic structural diagram of a power supply system for a

high-speed maglev train according to an embodiment of the present disclosure.

[0041] Reference numbers in the Figures:

10 electrolyte tank; 20 liquid flow pump;

30 aluminum air battery reactor; 40 starting power supply;

50 battery management system,; 60 cooling device;

70 heating device; 101 electrolyte groove;

102 through-hole; 301 aluminum air single battery;
302 wire; 601 cooling fan;

602 heat sink; 100 power supply battery pack;
200 voltage converter; 300 power supply grid,;

400 low-voltage converter; 500 low-voltage power grid;

600 vehicle-mounted control system.

DETAILED DESCRIPTION

[0042] In the description of the present disclosure, it should be understood that the
orientation or positional relationships indicated by terms such as "center", "longitudinal”,
"lateral”, "length"”, "width", "thickness", "up", "down", "front", "rear", "left", "right",

" own H"on

"vertical", "horizontal", "top", "bottom", "inner", "outer",

clockwise", "anticlockwise" and
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the like are based on the orientation or positional relationships shown in the drawings, and
are merely for the convenience of describing the present disclosure and the simplification of
the description, and do not indicate or imply that the device or component referred must be
in a particular orientation, or be constructed and operated in a particular orientation, and

therefore should not be construed as a limitation to the scope of the present disclosure.

[0043] In addition, the terms “first” and “second” are only used for descriptive purposes,
and cannot be understood as indicating or implying relative importance or implicitly
indicating the number of indicated technical features. Therefore, the features defined by
“first” and “second” may explicitly or implicitly include one or more of the features. In the
description of the present disclosure, the meaning of "multiple/plurality of" is two or more,

unless specifically defined otherwise.

[0044] In the description of the present disclosure, terms such as “install”, “link”,
“connect” and “fix” should be understood broadly, unless otherwise specifically defined. For
example, it may be fixedly connected, detachably connected or integrally connected; it may
be mechanically connected or electrically connected; it may be directly connected or
indirectly connected through intermediate media, or inner parts of two components are in
communication with each other. For those skilled in the art, the specific meanings of the

above terms in the present disclosure can be understood according to specific circumstances.

[0045] A power supply battery for a high-speed maglev train is provided according to an
embodiment of the present disclosure. As shown in Figure 1, the power supply battery for a
high-speed maglev train includes an electrolyte tank 10, multiple liquid flow pumps 20 and
multiple aluminum air battery reactors 30. The multiple aluminum air battery reactors 30 are
connected in series. As shown in Figure 1, two aluminum air battery reactors 30 are

connected in series with each other via a wire 302.

[0046] The electrolyte tank 10 includes multiple strip-shaped electrolyte grooves 101. One
liquid flow pump 20 corresponds to one aluminum air battery reactors 30, and corresponds
to one electrolyte grooves 101. Figure 3 is illustrated by taking three liquid flow pumps 20
and three aluminum air battery reactors 30, as an example. In addition, the aluminum air

battery reactor includes multiple aluminum air single batteries connected in series. As shown
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in Figure 3, each of the aluminum air battery reactors includes eight aluminum air single

batteries 301.

[0047] An inlet of the liquid flow pump 20 is arranged in the electrolyte groove 101, and an
outlet of the liquid flow pump 20 is connected with a liquid inlet of the aluminum air battery
reactor 30. The liquid flow pump 20 is configured to pump an electrolyte in the electrolyte
tank 10 into the aluminum air battery reactor 30. The aluminum air battery reactor 30
includes multiple aluminum air single batteries 301 connected in series. The aluminum air

single battery 301 is configured to react with the pumped electrolyte to generate electricity.

[0048] In the embodiment of the present disclosure, an aluminum air fuel battery is used as
the power supply battery for the high-speed maglev train. As a power supply battery of the
vehicle-mounted energy storage system of the high-speed maglev train, the aluminum air
battery has the advantages of long-time storage without power loss, a high energy density, a

high safety, rich resources, a low manufacture cost, cleanness, easy to be recycled and so on.

[0049] In addition, in order to solve the technical problem of power supply for a high-speed
maglev train when stopping due to fault in a long-distance running, it is required that the
power supply battery has high capacity, and thus more aluminum air single batteries need to
be connected in series. If the number of the aluminum air single batteries connected in series
in the aluminum air battery reactor is excessive, the electrolyte in the aluminum air battery
reactor equivalent to a load, and the electrolyte and the aluminum air single batteries
connected in series form a self-discharge circuit, resulting in self-discharge phenomenon.
The number of the aluminum air single batteries connected in series is more, the
self-discharge is more serious, resulting in electrolyte heating and affecting heat dissipation

effect of the power supply battery.

[0050] In the embodiment, in order to reduce the self-discharge effect, the electrolyte tank
10 is divided into multiple strip-shaped electrolyte grooves 101. Each of the multiple
electrolyte grooves 101 is provided with an aluminum air battery reactor 30 and a liquid flow
pump 20, that is, electrolyte circuits in different aluminum air battery reactors 30 are
independent of each other, so as to avoid the problem of the excessive number of the

aluminum air single batteries connected in series. In addition, the aluminum air battery
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reactors 30 are connected in series with each other sequentially, so that a high voltage of the
whole power supply battery can be ensured and the self-discharge effect can be reduced,
which is conducive to high integration of the aluminum air battery, thereby reducing

installation space.

[0051] In an embodiment, reference is made to Figure 2, which shows a schematic top view
of the electrolyte tank 10. A through-hole 102 may be arranged between adjacent electrolyte
grooves 101, so that electrolytes in the electrolyte grooves 101 can communicate with each
other. In addition, all the through-holes 102 are arranged on different sides of the electrolyte
groove 101 in sequence, so that an S-shaped electrolyte circuit is formed in the electrolyte
tank 10, that is, a dotted line as shown in Figure 2. All the electrolyte grooves 101 form an
entire circuit, which may be connected with a cooling device, therefor simplifying the

overall structure.

[0052] In an embodiment, the number of the electrolyte tank 10 may also be more than one.
The aluminum air battery reactor 30 corresponding to any one of electrolyte tanks 10 and the
aluminum air battery reactor 30 corresponding to another electrolyte tank 10 adjacent to the

one electrolyte tank 10 are connected in series with each other sequentially.

[0053] In the power supply battery for a high-speed maglev train according to the
embodiment of the present disclosure, the aluminum air battery has the advantages of
long-time storage without power loss, a high energy density, a high safety, rich resources, a
low manufacture cost, cleanness, easy to be recycled and so on, and thus the aluminum air
battery is used as the power supply battery for the vehicle-mounted energy storage system of
the high-speed maglev train. In addition, the electrolyte tank is divided into multiple
strip-shaped electrolyte grooves, and each of the multiple electrolyte grooves is provided
with an aluminum air battery reactor and a liquid flow pump, so that a high voltage of the
whole power supply battery can be ensured and the self-discharge effect can be reduced,
which is conducive to high integration of the aluminum air battery, thereby reducing

installation space.

[0054] Based on the above embodiment, the aluminum air battery reactor 30 is arranged

above the corresponding electrolyte groove 101. A liquid outlet of the aluminum air battery
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reactor 30 is arranged on top of the aluminum air battery reactor 30.

[0055] In the embodiment of the present disclosure, the aluminum air battery reactor 30 is
arranged above the corresponding electrolyte groove 101. The liquid outlet of the aluminum
air battery reactor 30 is arranged on top of the aluminum air battery reactor 30. When the
electrolyte needs to be pumped into the aluminum air battery reactor 30, the electrolyte is
pumped in from bottom of the aluminum air battery reactor 30 and flows out from top of the
aluminum air battery reactor 30. If the liquid flow pump 20 stops operating, no electrolyte
enter the aluminum air battery reactor 30 by mistake, so that if the aluminum air battery
reactor 30 is not used for power generation, no electrolyte will enter the aluminum air battery
reactor 30 by mistake, even if the electrolyte shakes in the electrolyte tank 10 because of the

maglev train operating.

[0056] It should be noted that in order to facilitate display of a structure of the power
supply battery, gaps are arranged between any adjacent components shown in Figure 1.
Those skilled in the art should understand that all components may be arranged closely to
improve space utilization rate. For example, adjacent electrolyte grooves 101 are close to
each other, and adjacent aluminum air batteries 301 are also close to each other, so as to save

space.

[0057] Based on the above embodiment, as shown in Figure 3, the power supply battery
further includes a starting power supply 40, a battery management system 50 and a cooling
device 60.

[0058] Specifically, as shown in Figure 3, the starting power supply 40 is connected with
the battery management system 50 to supply power to the battery management system 50
during startup. The battery management system 50 is connected with the liquid flow pump
20, to provide operating voltage for the liquid flow pump 20.

[0059] The aluminum air battery reactor is further configured to react with the pumped
electrolyte to generate electricity, and supply power to a vehicle-mounted power
consumption load and the battery management system 50. The cooling device 60 is arranged

on periphery of the aluminum air battery reactor 30 to dissipate heat from the aluminum air
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battery reactor 30.

[0060] The operating process of the power supply battery of a high-speed maglev train

according to the embodiment of the present disclosure is as follows.

[0061] In a case that the power supply battery is to be used for power supply, the liquid
flow pump 20 is started, that is, the liquid flow pump is powered by the starting power
supply 40. Specifically, the battery management system 50 is provided with a wire directly
connecting the starting power supply 40 and the liquid flow pump 20 electrically, so that the
starting power supply 40 can supply power to the liquid flow pump 20. Alternatively, the
battery management system 50 is provided with a power supply processing circuit to process
electric energy of the starting power supply 40, and then transmit the processed electric
energy to the liquid flow pump 20, so that the liquid flow pump 20 starts to operate. The
battery management system 50 is specifically configured to control operating states of the
aluminum air battery and the liquid flow pump 20, such as control start and stop, and control
rotate speed. The power supply processing circuit may be a voltage conversion circuit, a

switch control circuit and so on, which is not limited in this embodiment.

[0062] After the liquid flow pump 20 starts to operate, the electrolyte in the electrolyte tank
10 is pumped into the aluminum air battery reactor 30, so that the electrolyte can react with
the battery reactor to generate electricity. The electrolyte may be aqueous solution of
potassium hydroxide (KOH) or aqueous solution of sodium hydroxide (NaOH). In addition,
when the electrolyte reacts with the battery reactor 30, chemical energy is converted into
electric energy, and also into heat energy, that is, the reaction process generates heat,
resulting in temperature increase of the aluminum air battery reactor 30. In the embodiment
of the present disclosure, the cooling device 60 is configured to dissipate heat from the
aluminum air battery reactor 30, so as to avoid high temperature of the aluminum air battery

reactor.

[0063] Currently, a secondary battery (such as an alkaline battery and a lithium battery) is
mainly used as the power supply of the vehicle-mounted energy storage system of the
high-speed maglev train. The secondary battery is capable of charging and discharging, and

has an advantage of being used repeatedly. However, a long-term storage of the secondary
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battery leads to reduction of the battery discharge, and the secondary battery further has
technical problems such as a heavy weight and additional requirement of a battery charging
control logic circuit design. High-purity aluminum (99.99%) is uses as a negative electrode
of the aluminum air battery, oxygen as a positive electrode of the aluminum air battery, and
the aqueous solution of potassium hydroxide (KOH) or the aqueous solution of sodium
hydroxide (NaOH) is uses as the electrolyte. Aluminum reacts with oxygen in the air when
the battery discharges, to convert chemical energy into electrical energy. Taking the sodium
hydroxide electrolyte as an example, the specific reaction process is described by the

following chemical equation:
AlH+02+NaOH—NaAlO>+H?0.

[0064] In the embodiment of the present disclosure, the aluminum air battery has the
advantages of long-time storage without power loss, a high energy density, a high safety, rich
resources, a low manufacture cost, cleanness, easy to be recycled and so on, and thus the
aluminum air battery is used as the power supply of the vehicle-mounted energy storage
system of the high-speed maglev train. In addition, as a backup power supply energy storage
system of the high-speed maglev train when the train stops due to fault, the aluminum air
fuel battery is mainly used to supply power to a required load of the train and a
vehicle-mounted power battery, and thus the required power density is relatively low. In
addition, the train adopts redundancy design of high reliability, so that failure probability that
the train stops at a non-stop station is low. Therefore, the aluminum air battery is an ideal

choice as a backup energy storage system of the high-speed maglev train.

[0065] Moreover, during the aluminum air battery discharging, the liquid flow pump 20 is
required to pump the electrolyte in the electrolyte tank 10 into the aluminum air battery
reactor 30 for a short time period. After the aluminum air battery reactor 30 reacts with the
pumped electrolyte, the power is provided for the liquid flow pump 20. Therefore, in the
embodiment of the present disclosure, an additional starting power supply 40 is arranged to
start the aluminum air battery. Capacity of the starting power supply 40 is not required to be
large, so there is a low requirement on the capacity of the starting power supply 40.

Specifically, the vehicle-mounted secondary battery of the high-speed maglev train may be
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used as the starting power supply of the aluminum air battery. When the aluminum air
battery reactor generates electricity, the aluminum air battery reactor can supply power to the
battery management system 50, the liquid flow pump 20, the train load and other devices, so

that power generation process of the aluminum air fuel battery is achieved.

[0066] In the power supply battery for a high-speed maglev train according to the
embodiment of the present disclosure, the aluminum air battery has the advantages of
long-time storage without power loss, a high energy density, a high safety, rich resources, a
low manufacture cost, cleanness, easy to be recycled and so on, and thus the aluminum air
battery is used as the power supply for the vehicle-mounted energy storage system of the
high-speed maglev train. The starting power supply is used to start the aluminum air battery
to generate electricity, and then the aluminum air battery is used to supply power to the
battery management system, the liquid flow pump and so on, so as to achieve continuous

operation to continuously provide energy to load of the maglev train.

[0067] Based on the above embodiment, as shown in Figure 4, the cooling device 60

includes a cooling fan 601 and a heat sink 602.

[0068] The heat sink 602 is arranged on the periphery of the aluminum air battery reactor
30, and an air outlet of the cooling fan 601 faces towards the heat sink 602. An inlet of the
heat sink 602 is connected with the liquid outlet of the aluminum air battery reactor 30, and

an outlet of the heat sink 602 is connected with a liquid inlet of the electrolyte tank 10.

[0069] Currently, load characteristic of the aluminum air fuel battery during discharging is
relatively soft, and an occupying space is relatively large. The rail transit industry has a strict
requirement on the size of device space, and the space for installation of the power supply
battery on the maglev train is small. Therefore, the conventional aluminum air battery cannot
be directly applied to the maglev train. In the embodiment of the present disclosure, the
electrolyte that reacts with the battery reactor is used as a coolant of the heat sink 602
without an additional water-cooling system, which can reduce the space of the power supply
battery, and efficiently dissipate heat by the electrolyte flowing out of the aluminum air
battery reactor 30, thereby improving the heat dissipation efficiency.
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[0070] The operating process of the cooling device 60 in the embodiment of the present
disclosure is as follows. When the aluminum air battery is required to generate power, the
liquid flow pump 20 pumps the electrolyte in the electrolyte tank 10 into the aluminum air
battery reactor 30, so that the battery reactor reacts with the electrolyte and provides electric
energy. In addition, the electrolyte (including the solution after reaction) in the aluminum air
battery reactor is heated due to the chemical reaction. The heated electrolyte flows into the
heat sink 602. The electrolyte in the heat sink 602 is cooled by the heat sink 602 and the
cooling fan 601. The electrolyte flows through the heat sink 602 into the electrolyte tank 10,
so that the liquid flow pump 20 pumps the electrolyte in the electrolyte tank 10 into the
aluminum air battery reactor 30 again for power generation, and repeat in this way. The
cooling device directly uses the electrolyte in the battery reactor as the coolant, which is
equivalent to directly dissipate the heat from the electrolyte in the battery reactor, so that the
heat dissipation efficiency is high. Moreover, it is not required an additional water-cooling

system, which can reduce the volume of the battery and is more suitable for the maglev train.

[0071] Based on the above embodiment, as shown in Figure 4, a thin line arrow represents
a circuit, a thick line arrow represents a water path of the electrolyte, and a dotted line
represents an air path. Specifically, the air inlet of the cooling fan 601 is communicated with
a cavity of the aluminum air battery reactor 30. In an operating process of the cooling fan
601, the cooling fan 601 sucks out the air from the cavity of the aluminum air battery reactor
30. In addition, due to pressure reduction in the cavity of the aluminum air battery reactor 30,
external air is guided into the aluminum air battery reactor 30, so as to ensure oxygen
content of the aluminum air battery reactor 30, and ensure that the aluminum air battery can
efficiently perform chemical reaction. In addition, when the aluminum air battery performs
chemical reaction, the air in the cavity of the aluminum air battery reactor 30 is hot air, and
the hot air is sucked out by the cooling fan 601, which is conducive to further heat

dissipation.

[0072] Based on the above embodiment, the aluminum air battery reactor 30 may further
charge the vehicle-mounted secondary battery when generating electricity, that is, charge the

starting power supply 40, so that the starting power supply 40 has sufficient power to start
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the power supply battery.

[0073] Based on the above embodiment, as shown in Figure 4, the power supply battery
further includes a heating device 70. The heating device 70 is connected with the battery
management system 50, and is provided with power by the battery management system 50 to

heat the electrolyte tank 10.

[0074] In the embodiment of the present disclosure, the electrolyte tank 10 is configured to
store the electrolyte. The electrolyte may be frozen in cold weather. The heating device 70 is
arranged on bottom of the electrolyte tank 10. In a case that the electrolyte is frozen, the
heating device 70 heats and thaws the electrolyte, so that the liquid flow pump 20 can pump
out the electrolyte. After the aluminum air battery operates normally, the heating device 70

can be tumed off.

[0075] Based on the above embodiment, the power supply battery further includes a
single-phase diode. The aluminum air battery reactor 30 supplies power to another device
through the single-phase diode. In the embodiment of the present disclosure, the single-phase
diode is arranged at an output end of the aluminum air battery reactor 30 to avoid current
backflow.

[0076] In the power supply battery for a high-speed maglev train according to the
embodiment of the present disclosure, the aluminum air battery has the advantages of
long-time storage without power loss, a high energy density, a high safety, rich resources, a
low manufacture cost, cleanness, easy to be recycled and so on, and thus the aluminum air
battery is used as the power supply for the high-speed maglev train. The starting power
supply is used to start the aluminum air battery to generate electricity, and then the aluminum
air battery is used to supply power to the battery management system, the liquid flow pump
and so on, so as to achieve continuous operation to continuously supply energy to load of the
maglev train. The cooling device directly uses the electrolyte in the battery reactor as the
coolant, which is equivalent to directly dissipate the heat from the electrolyte in the battery
reactor, so that the heat dissipation efficiency is high. Moreover, it is required no additional
water-cooling system, which can reduce the volume of the battery and is more suitable for

the maglev train. The air inlet of the cooling fan is communicated with the cavity of the
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aluminum air battery reactor, which can further improve the heat dissipation efficiency while

ensuring sufficient oxygen in the aluminum air battery reactor.

[0077] Based on the same inventive concept, a power supply system for a high-speed
maglev train is further provided according to an embodiment of the present disclosure. As
shown in Figure 5, the power supply system includes a power supply battery pack 100, a
voltage converter 200 and a power supply grid 300. The power supply battery pack 100
includes n power supply batteries connected in parallel. An output end of the power supply
battery pack 100 is connected with the power supply grid 300 through the voltage converter
200. The voltage converter 200 is configured to convert an output voltage of the power
supply battery pack 100 into a vehicle-mounted power supply voltage.

[0078] In the embodiment of the present disclosure, the power supply battery is the
aluminum air fuel battery described in the above embodiment, n aluminum air fuel batteries
are connected in parallel for power supply. The voltage converter 200 is configured to
stabilize an output voltage of the aluminum air fuel battery and convert the output voltage
into the vehicle-mounted power supply voltage required by the maglev train, such as 440V,
and then the power supply grid 300 supplies power to a vehicle-mounted power consumption

device, such as an air-conditioning system and a maglev guidance system in Figure 5.

[0079] In the power supply system for a high-speed maglev train according to the
embodiment of the present disclosure, the aluminum air battery has the advantages of
long-time storage without power loss, a high energy density, a high safety, rich resources, a
low manufacture cost, cleanness, easy to be recycled and so on, and thus the aluminum air
battery is used as the power supply for the high-speed maglev train. The redundant design of
multiple power supply batteries and multiple voltage converters can realize redundant power
supply for the train. In a case that one aluminum air fuel battery fails, other aluminum air
fuel batteries continue to supply power for the train. In this way, seamless switching of
power supply connection of the aluminum air fuel battery can be achieved, thereby

increasing the reliability of the power supply system.

[0080] Based on the above embodiment, as shown in Figure 5, the power supply battery

pack further includes n contactors KM. Each of the n contactors KM is connected in series
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with the corresponding power supply battery. As shown in Figure 5, n contactors (including
KM1 to KMn) correspond to n power supply batteries (including aluminum air fuel cells 1 to
aluminum air fuel cells n), and the contactor KM is arranged at the output end of the power
supply battery, so as to achieve the parallel connection and removal of the multiple
aluminum air batteries. In addition, a diode D in Figure 5 is an unidirectional diode of the

power supply battery to avoid current backflow.

[0081] Based on the above embodiment, as shown in Figure 5, the power supply system
further includes a low-voltage converter 400, a low-voltage power grid 500 and a

vehicle-mounted control system 600.

[0082] An input end of the low-voltage converter 400 is connected with the power supply
grid 300, and an output end of the low-voltage converter 400 is connected with the
low-voltage power grid 500, to reduce the vehicle-mounted power supply voltage of the
power supply grid 300. The vehicle-mounted control system 600 is connected with the
low-voltage power grid 500 and is provided with power by the low-voltage power grid 500.
In addition, the vehicle-mounted control system 600 is further connected with the battery
management system 50 of the power supply battery, to control operating states of the battery

management system 50.

[0083] In the embodiment of the present disclosure, the power supply system converts a
high voltage to a low voltage by the low-voltage converter 400, so as to provide a low
voltage for the vehicle-mounted power consumption device. Moreover, the vehicle-mounted
power consumption device and the power supply battery pack 100 can be controlled by the
vehicle-mounted control system 600. Specifically, as shown in Figure 5, a thick line
represents a power supply line, a thin line represents a low-voltage line and the dotted line
represents a signal line. The fault removal of the aluminum air battery in the power supply
battery pack 100 and the removal of unnecessary loads of the train may be controlled by the
vehicle-mounted control system 600, so that an interface relationship between the aluminum
air fuel battery and a train power supply network can be achieved, thereby achieving the

power supply for the whole maglev train.

[0084] The above are only specific embodiments of the present disclosure, but the scope of
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protection of the present disclosure is not limited thereto. Changes and substitutions which
may be easily thought by those skilled in the art within the technical scope disclosed in the
present disclosure should fall within the protection scope of the present disclosure. Therefore,

the protection scope of the present disclosure is defined by the claims.
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CLAIMS

1. A power supply battery for a high-speed maglev train, comprising an electrolyte tank,
a plurality of liquid flow pumps, a plurality of aluminum air battery reactors, and a cooling
device comprising a heat sink, the plurality of aluminum air battery reactors being connected

in series, wherein

the electrolyte tank comprises a plurality of strip-shaped electrolyte grooves, one of the
plurality of liquid flow pumps corresponds to one of the plurality of aluminum air battery

reactors and corresponds to one of the plurality of electrolyte grooves;

an inlet of each of the plurality of liquid flow pumps is arranged in the corresponding
electrolyte groove, and an outlet of each of the plurality of liquid flow pumps is connected
with a liquid inlet of the corresponding aluminum air battery reactor, and each of the
plurality of liquid flow pumps is configured to pump an electrolyte in the electrolyte tank

into the corresponding aluminum air battery reactor;

each of the plurality of aluminum air battery reactors comprises a plurality of aluminum
air single batteries connected in series, and each of the aluminum air single batteries is

configured to react with the pumped electrolyte to generate electricity; and

a through-hole is arranged between every two adjacent electrolyte grooves, and all the
through-holes are arranged on a first end or a second end of adjacent edges of the electrolyte
grooves in an alternative way so that an S-shaped electrolyte circuit is formed in the
electrolyte tank, an inlet of the heat sink is connected with liquid outlets of the plurality of
aluminum air battery reactors, and an outlet of the heat sink is connected with a liquid inlet

of the electrolyte tank.

2. The power supply battery for a high-speed maglev train according to claim 1,

wherein

each of the plurality of aluminum air battery reactors is arranged above the

corresponding electrolyte groove; and

a liquid outlet of each of the plurality of aluminum air battery reactors is arranged on

top of the corresponding aluminum air battery reactor.
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3. The power supply battery for a high-speed maglev train according to claim 1,
wherein the number of the electrolyte tank is more than one, and the aluminum air battery
reactors corresponding to any one of the more than one electrolyte tanks and the aluminum
air battery reactors corresponding to another of the more than one electrolyte tanks adjacent

to the one clectrolyte tank are connected in series.

4. The power supply battery for a high-speed maglev train according to claim 1, further

comprising a starting power supply, and a battery management system, wherein,

the starting power supply is connected to the battery management system, to supply

power to the battery management system during startup;

the battery management system is connected to the plurality of liquid flow pumps, to

provide operating voltage for the plurality of liquid flow pumps; and

each of the plurality of aluminum air battery reactors is further configured to supply

power to a vehicle-mounted power consumption load and the battery management system.

5. The power supply battery for a high-speed maglev train according to claim 4,

wherein the cooling device further comprises a cooling fan, wherein
an air outlet of the cooling fan faces towards the heat sink.

6. The power supply battery for a high-speed maglev train according to claim 5,

wherein

the plurality of aluminum air battery reactors have cavities therebetween and an air
inlet of the cooling fan is communicated with cavities of the plurality of aluminum air
battery reactors so that the cooling fan sucks out air from the cavities of the plurality of

aluminum air battery reactors.

7. The power supply battery for a high-speed maglev train according to claim 4,

wherein
the starting power supply is a vehicle-mounted secondary battery.

8. The power supply battery for a high-speed maglev train according to claim 7,
wherein
cach of the plurality of aluminum air battery reactors is further configured to charge

the vehicle-mounted secondary battery.
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9. The power supply battery for a high-speed maglev train according to claim 4, further

comprising a heating device, wherein

the heating device is connected with the battery management system, and is provided

with power by the battery management system to heat the electrolyte tank.

10. The power supply battery for a high-speed maglev train according to claim 1,

further comprising a single-phase diode, wherein

the plurality of aluminum air battery reactors supply power to another device by the

single-phase diode.

11. A power supply system for a high-speed maglev train, comprising a power supply

battery pack, a first voltage converter and a first power supply grid, wherein

the power supply battery pack comprises n power supply batteries according to any

one of claims 1 to 10 that are connected in parallel, wherein n is a positive integer;

an output end of the power supply battery pack is connected with the first power supply
grid through the first voltage converter; and

the first voltage converter is configured to convert an output voltage of the power

supply battery pack into a vehicle-mounted power supply voltage.

12. The power supply system for a high-speed maglev train according to claim 11,

wherein
the power supply battery pack further comprises m contactors; and

each of the m contactors is connected in series with the corresponding power supply

battery, wherein m is a positive integer.

13. A power supply system for a high-speed maglev train, comprising a power supply

battery pack, a first voltage converter and a first power supply grid, wherein

the power supply battery pack comprises n power supply batteries according to any

one of claims 4 to 9 that are connected in parallel, wherein n is a positive integer;

an output end of the power supply battery pack is connected with the first power supply
grid through the first voltage converter; and

the first voltage converter is configured to convert an output voltage of the power
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supply battery pack into a vehicle-mounted power supply voltage,

the system further comprising a second voltage converter which outputs a voltage
lower than that of the first voltage converter, a second power supply grid which has a voltage
lower than that of the first power supply grid, and a vehicle-mounted control system;

wherein

an input end of the second voltage converter is connected with the first power supply
grid, and an output end of the second voltage converter is connected with the second power
supply grid, to reduce the vehicle-mounted power supply voltage of the first power supply
grid to the voltage of the second power supply grid;

the vehicle-mounted control system is connected with the second power supply grid

and is provided with power by the second power supply grid; and

the vehicle-mounted control system is further connected with the battery management
system of each of the n power supply batteries, to control operating states of the battery

management system.
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