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FIG. 1

(57) Abrégé/Abstract:

A hydraulic suspension apparatus, a hydraulic suspension system (1000) having same, and a vehicle. The hydraulic suspension
apparatus comprises: a liquid storage apparatus and a damper (200). The liquid storage apparatus is disposed on a vehicle body,
and used for storing an oil. The damper (200) has a damper housing (201), a piston (202), and a piston rod (203). The damper
housing (201) is connected to an axle. The piston (202) is located in the damper housing (201) and mates with the damper
housing (201) to define an upper chamber (2011) and a lower chamber (2012). One end of the piston rod (203) is connected to
the piston (202), and the piston rod (203) is adapted to be connected to the vehicle body. An oil channel (204) is provided in the
piston rod (203), and the oil channel (204) is in communication with the lower chamber (2012) and the liquid storage apparatus,
such that the oil can flow between the liquid storage apparatus and the lower chamber (2012). The apparatus and the system can
improve the operational stability of a vehicle without compromising the comfort of the vehicle.
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ABSTRACT

A hydraulic suspension apparatus and a hydraulic suspension system (1000) and a vehicle
having same are provided. The hydraulic suspension apparatus includes a liquid storage apparatus
and a reducer (200). The liquid storage apparatus is arranged on a vehicle body and is configured
to store oil. The reducer (200) has a reducer housing (201), a piston (202), and a piston rod (203).
The reducer housing (201) is connected to an axle. The piston (202) is located in the reducer
housing (201) and fits the reducer housing (201) to define an upper chamber (2011) and a lower
chamber (2012). An end of the piston rod (203) is connected to the piston (202). The piston rod
(203) is connected to the vehicle body. An oil channel (204) is provided in the piston rod (203).
The oil channel (204) is communicated with the lower chamber (2012) and the liquid storage
apparatus, to make oil flowable between the liquid storage apparatus and the lower chamber (2012).
The apparatus and the system can improve the operational stability of the vehicle without

damaging the comfort of the vehicle.

CA 03233041 2024-3-25



HYDRAULIC SUSPENSION APPARATUS, HYDRAULIC SUSPENSION SYSTEM
HAVING SAME, AND VEHICLE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and benefits of Chinese Patent
Application No. 202111655945.3, filed on December 30, 2021. The entire content of the above-

referenced application is incorporated herein by reference.

FIELD
[0002] The present disclosure relates to the field of vehicles, and more specifically, to a

hydraulic suspension apparatus and a hydraulic suspension system and a vehicle having same.

BACKGROUND

[0003] A suspension is an apparatus that transfers forces between a vehicle body and an
axle, is one of the four major parts of a car, and is a key part that affects the driving performance
of the car. The suspension may transfer a force and a torque that are fed back by a road surface,
attenuate the vibration of wheels, and cushion an impact, to improve the driving experience of a
driver, thereby providing a vehicle with optimal motion characteristics and stable driving capability.
A suspension in the related art is mostly formed by a spring, a guide mechanism, a reducer, and
the like. Both a damping coefficient of the reducer and stiffness of the spring are fixed, and it is

difficult to balance comfort and operational stability.

SUMMARY

[0004] The present disclosure is intended to resolve one of technical problems existing
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in the related art at least to a certain extent.

[0005] For this, an objective of the present disclosure is to provide a hydraulic
suspension apparatus, so that the operational stability of a vehicle can be improved without
damaging the comfort of the vehicle.

[0006] The present disclosure further provides a hydraulic suspension system having the
foregoing hydraulic suspension apparatus.

[0007] The present disclosure further provides a vehicle having the foregoing hydraulic
suspension system.

[0008] A hydraulic suspension apparatus according to embodiments of the present
disclosure is configured to adjust a height of a vehicle body of a vehicle. The hydraulic suspension
apparatus includes a liquid storage apparatus and a reducer. The liquid storage apparatus is suitable
for being arranged on a vehicle body and is configured to store oil. The reducer has a reducer
housing, a piston, and a piston rod. The reducer housing is suitable for being connected to an axle.
The piston is located in the reducer housing and fits the reducer housing to define an upper chamber
and a lower chamber. An end of the piston rod is connected to the piston. The piston rod is suitable
for being connected to the vehicle body. An oil channel is provided in the piston rod. The oil
channel is communicated with the lower chamber and the liquid storage apparatus, to make oil
flowable between the liquid storage apparatus and the lower chamber.

[0009] According to the hydraulic suspension apparatus in the embodiments of the
present disclosure, an oil path can be stably communicated, wear or the like at a joint due to
vibration is avoided, and liquid leakage at a joint can be avoided as much as possible. In addition,
the weight can be reduced by using the hollow piston rod, and the oil channel defined by the hollow

piston rod is further used to implement intake or discharge of oil to adjust the position of the piston
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rod. The adjustment manner is simple, the reliability is high, the costs are low, and the response
speed is fast. Further, a height of a vehicle body may be adjusted, and the operational stability of
a vehicle can be improved without damaging the comfort of the vehicle, so that the contradiction
between the comfort and the steering stability of the vehicle is effectively resolved.

[0010] In some embodiments of the present disclosure, the liquid storage apparatus
includes a control pump and a liquid storage device, and the control pump is arranged between the
liquid storage device and the oil channel.

[0011] In some embodiments of the present disclosure, an upper end of the piston rod
extends out of the reducer housing, an oil port is formed at the upper end of the piston rod, and the
oil port is configured to communicate the oil channel and the liquid storage apparatus.

[0012] In some embodiments of the present disclosure, the hydraulic suspension
apparatus further includes an oil outlet channel and an oil return channel, the oil outlet channel and
the oil return channel are both communicated between the liquid storage device and the oil channel,
the oil outlet channel and the oil return channel partially overlap, and the control pump is arranged
on the oil outlet channel.

[0013] In some embodiments of the present disclosure, the oil outlet channel includes a
shared channel and an oil outlet branch, the oil return channel includes the shared channel and an
oil return branch, one end of the shared channel is communicated with the oil channel, and the oil
outlet branch and the oil return branch are both communicated with the other end of the shared
channel.

[0014] In some embodiments of the present disclosure, a one-way valve and the control
pump are arranged on the oil outlet branch, one end of the one-way valve is communicated with

the shared channel, the other end of the one-way valve is communicated with the control pump,
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and an oil return valve is arranged on the oil return branch.

[0015] In some embodiments of the present disclosure, the hydraulic suspension
apparatus further includes an accumulator module, the oil channel is communicated with the liquid
storage apparatus through a communicating channel, the accumulator module is communicated
with the communicating channel, and the accumulator module is suitable for at least adjusting at
least one of damping and stiffness of the reducer and the height of the vehicle body of the vehicle.

[0016] In some embodiments of the present disclosure, the hydraulic suspension system
further includes a first control valve, and the first control valve is arranged on the communicating
channel, and is configured to control communication or separation between the liquid storage
apparatus and the accumulator module.

[0017] Insome embodiments of the present disclosure, the accumulator module includes
a first accumulator and an openness adjustment valve, the first accumulator is communicated with
the communicating channel at a first communicating point, the openness adjustment valve is
arranged between the first communicating point and the oil channel, the openness adjustment valve
is configured to adjust openness of a communicating channel between the oil channel and the first
communicating point, to adjust the damping of the reducer, and the openness adjustment valve is
further configured to close a communicating channel between the oil channel and the first
communicating point, to adjust the stiffness of the reducer.

[0018] In some embodiments of the present disclosure, the accumulator module further
includes a second accumulator and a stiffness adjustment valve, a second communicating point
communicated with the second accumulator is arranged on the communicating channel, the
stiffness adjustment valve is arranged between the second accumulator and the second

communicating point, and the stiffness adjustment valve is configured to communicate or separate
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the communicating channel and the second accumulator to adjust the stiffness of the reducer.

[0019] In some embodiments of the present disclosure, a second control valve is further
arranged between the second communicating point and the oil channel.

[0020] In some embodiments of the present disclosure, the accumulator module further
includes a first accumulator and a second accumulator, the first accumulator is communicated with
the communicating channel at a first communicating point, and a second communicating point
communicated with the second accumulator is arranged on the communicating channel.

[0021] Optionally, the first communicating point is located between the oil channel and
the second communicating point.

[0022] Optionally, a second control valve is arranged between the first communicating
point and the second communicating point.

[0023] A hydraulic suspension system according to embodiments of the present
disclosure includes a controller and the hydraulic suspension apparatus in any foregoing
embodiment of the present disclosure. The controller is configured to control a flow direction of
oil between the liquid storage apparatus and the reducer according to a status of a vehicle, to
increase or reduce a height of a vehicle body of the vehicle.

[0024] The hydraulic suspension system according to the embodiments of the present
disclosure may adjust a height of a vehicle body, and can improve the operational stability of a
vehicle without damaging the comfort of the vehicle, so that the contradiction between the comfort
and the steering stability of the vehicle is effectively resolved. In addition, the weight can be
reduced by using the hollow piston rod, and the oil channel defined by the hollow piston rod is
further used to implement intake or discharge of oil to adjust the position of the piston rod. The

adjustment manner is simple, the reliability is high, the costs are low, and the response speed is
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fast. Further, the oil channel communicated with the lower chamber is opened at the piston rod,
and the oil channel is communicated with the liquid storage apparatus. Therefore, an oil path can
be stably communicated, wear or the like at a joint due to vibration is avoided, and liquid leakage
at a joint can be avoided as much as possible.

[0025] A vehicle according to embodiments of the present disclosure includes the
hydraulic suspension system according to the foregoing embodiments of the present disclosure.

[0026] The vehicle according to the embodiments of the present disclosure may adjust
a height of a vehicle body, and can improve the operational stability of a vehicle without damaging
the comfort of the vehicle, so that the contradiction between the comfort and the steering stability
of the vehicle is effectively resolved. In addition, the weight can be reduced by using the hollow
piston rod, and the oil channel defined by the hollow piston rod is further used to implement intake
or discharge of oil to adjust the position of the piston rod. The adjustment manner is simple, the
reliability is high, the costs are low, and the response speed is fast. Further, the oil channel
communicated with the lower chamber is opened at the piston rod, and the oil channel is
communicated with the liquid storage apparatus. Therefore, an oil path can be stably
communicated, wear or the like at a joint due to vibration is avoided, and liquid leakage at a joint
can be avoided as much as possible.

[0027] The additional aspects and advantages of the present disclosure will be set forth
in part in the description below, parts of which will become apparent from the description below,

or will be understood by the practice of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a schematic diagram of a hydraulic suspension system according to
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some embodiments of the present disclosure;

[0029] FIG. 2 is a schematic diagram of a hydraulic suspension system according to
some other embodiments of the present disclosure;

[0030] FIG. 3 is a schematic diagram of a hydraulic suspension system according to
some embodiments of the present disclosure, where the hydraulic suspension system has an anti-
tip function;

[0031] FIG. 4 is a schematic diagram of the hydraulic suspension system shown in FIG.
3 in a pressurization mode;

[0032] FIG. 5 is a schematic diagram of the hydraulic suspension system shown in FIG.
3 in a lift mode;

[0033] FIG. 6 is a schematic diagram of the hydraulic suspension system shown in FIG.
3 in a height-reduction mode;

[0034] FIG. 7 is a schematic diagram of the hydraulic suspension system shown in FIG.
3 in a braking anti-dive and acceleration anti-lift mode;

[0035] FIG. 8 is a schematic diagram of the hydraulic suspension system shown in FIG.
3 in an anti-tip working condition;

[0036] FIG. 9 is a schematic diagram of a hydraulic suspension system according to
some embodiments of the present disclosure, where the hydraulic suspension system has an anti-
pitch mode;

[0037] FIG. 10 is a schematic diagram of a hydraulic suspension system according to
some other embodiments of the present disclosure, where the hydraulic suspension system has an
anti-pitch mode;

[0038] FIG. 11 is a schematic diagram of a hydraulic suspension system according to
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still some other embodiments of the present disclosure;

[0039] FIG. 12 is a schematic diagram of a hydraulic suspension system according to
yet some other embodiments of the present disclosure;

[0040] FIG. 13 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in a pressurization mode;

[0041] FIG. 14 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in a lift mode;

[0042] FIG. 15 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in a height-keeping mode;

[0043] FIG. 16 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in a height-reduction mode;

[0044] FIG. 17 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in an anti-tip mode;

[0045] FIG. 18 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in an anti-pitch mode;

[0046] FIG. 19 is a schematic diagram of the hydraulic suspension system shown in FIG.
12 in an anti-tip mode and a height-keeping mode;

[0047] FIG. 20 and FIG. 21 are schematic diagrams of a hydraulic suspension system
according to different embodiments of the present disclosure;

[0048] FIG. 22 is a schematic diagram of a left-front side reducer assembly and a right-
front side reducer assembly according to an embodiment of the present disclosure;

[0049] FIG. 23 is a cross-sectional view of the reducer assembly shown in FIG. 22;

[0050] FIG. 24 is a cross-sectional view of a central control cylinder according to an
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embodiment of the present disclosure;

[0051] FIG. 25 is a three-dimensional view of a central control cylinder according to an
embodiment of the present disclosure; and

[0052] FIG. 26 is a schematic diagram of a metal bellows accumulator according to an
embodiment of the present disclosure.

[0053] Reference numerals:

hydraulic suspension system 1000,

liquid storage device 1, reducer assembly 2, reducer 200, reducer housing 201, upper
chamber 2011, lower chamber 2012, piston 202, piston rod 203, oil channel 204, vibration
reduction spring 205, and first control valve 3,

first height control valve 6, second height control valve 7, openness adjustment valve 8,
first accumulator 9, second accumulator 10, metal bellows 101, stiffness adjustment valve 11,
second control valve 12, central accumulator 13, central energy storage adjustment valve 32, first
adjustment accumulator 14, second adjustment accumulator 15, third adjustment accumulator 16,
fourth adjustment accumulator 17, first adjustment valve 18, second adjustment valve 19, third
adjustment valve 20, fourth adjustment valve 21, first on-off valve 22, second on-off valve 23,
central control cylinder 24, second cylinder body 240, movement member 241, movement body
portion 2410, middle contact portion 2411, first chamber 243, second chamber 244, third chamber
245, fourth chamber 246, first reset spring 247, second reset spring 248, guide assembly 249, first
guide member 2490, second guide member 2491, control pump 26, control valve body 260, drive
motor 261, oil return valve 27, one-way valve 28, constant pressure accumulator 29, reduced
pressure accumulator 30, relief valve 31, shared channel 33, oil outlet branch 34, and oil return

branch 35.
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DETAILED DESCRIPTION

[0054] The following describes embodiments of the present disclosure in detail.
Examples of the embodiments are shown in the accompanying drawings, and same or similar
reference signs in all the accompanying drawings indicate same or similar components or
components having same or similar functions. The embodiments that are described with reference
to the accompanying drawings are exemplary, and are used to interpret the present disclosure,
instead limiting the present disclosure.

[0055] A hydraulic suspension apparatus according to embodiments of the present
disclosure is described below with reference to FIG. 1 to FIG. 26. The hydraulic suspension
apparatus is used on a vehicle. The hydraulic suspension apparatus is configured to connect an
axle and a vehicle body of the vehicle, and is configured to adjust a height of the vehicle body of
the vehicle.

[0056] As shown in FIG. 1 to FIG. 23, the hydraulic suspension apparatus according to
the embodiments of the present disclosure includes a liquid storage apparatus and a reducer 200.
The liquid storage apparatus is suitable for being arranged on the vehicle body and is configured
to store oil. The reducer 200 has a reducer housing 201, a piston 202, and a piston rod 203. The
reducer housing 201 is suitable for being connected to the axle. The piston 202 is located in the
reducer housing 201 and fits the reducer housing 201 to define an upper chamber 2011 and a lower
chamber 2012. An end of the piston rod 203 is connected to the piston 202. The piston rod 203 is
suitable for being connected to the vehicle body. An oil channel 204 is provided in the piston rod
203. The oil channel 204 is communicated with the lower chamber 2012 and the liquid storage

apparatus, to make oil flowable between the liquid storage apparatus and the lower chamber 2012.
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[0057] It may be understood that, in a driving process of the vehicle, the axle vibrates,
for example, shakes, relative to the vehicle body. When the hydraulic suspension apparatus
according to the embodiments of the present disclosure is mounted on the vehicle, the reducer
housing 201 is mounted on the axle, and the piston rod 203 is connected to the vehicle body. As
can be learned, a top end of the piston rod 203 is stationary relative to the vehicle body, and the
reducer housing 201 may move relative to the piston rod 203 along with the axle. Because the oil
channel 204 of the piston rod 203 is communicated with the liquid storage apparatus through an
oil path, the impact of the vibration of the axle on the communication of the oil path can be reduced,
so that the oil path can be stably communicated, wear at a joint between the oil path and the liquid
storage apparatus can be reduced, and wear at a joint between the oil path and the piston rod 203
is reduced.

[0058] It may further be understood that, oil in the liquid storage apparatus may enter
the lower chamber 2012 through the oil channel 204. When the piston rod 203 moves downward
to make a volume in the lower chamber 2012 decrease, oil in the lower chamber 2012 may be
discharged to the liquid storage apparatus through the oil channel 204.

[0059] Specifically, the hydraulic suspension apparatus has a lift mode and a height
reduction mode. In the lift mode, oil of the liquid storage apparatus may enter the oil channel 204.
Hydraulic oil that enters the oil channel 204 flows into the lower chamber 2012, to enable hydraulic
pressure in the lower chamber 2012 to increase to enable the piston 202 to move upward. The
piston 202 moves upward to drive the piston rod 203 to move upward, to lift the vehicle body.

[0060] In the height reduction mode, the oil in the liquid storage apparatus no longer
enters the oil channel. Oil in the reducer 200 may flow out of the oil channel 204 under the action

of the gravity of the vehicle. The hydraulic pressure in the lower chamber 2012 of the reducer 200
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decreases to enable the piston 202 to move downward. The piston 202 moves downward to drive
the piston rod 203 to move downward, to drive the vehicle body to move downward, to reduce the
height of the vehicle body.

[0061] In the driving process, the vehicle may encounter various road conditions. Once
a suspension system of the vehicle in the related art is chosen, the suspension system cannot be
adjusted in a driving process of a car. As a result, a conventional suspension can only ensure that
the car reaches matching of optimal performance on a specific road and under a speed condition,
and can only passively bear a force on the vehicle body by the ground. Parameters of the
suspension cannot be changed according to different roads and vehicle speeds, and the force on
the vehicle body by the ground cannot be actively controlled.

[0062] The hydraulic suspension apparatus according to the embodiments of the present
disclosure may adjust the height of the vehicle body according to a road condition or the like. For
example, on a relatively bumpy mountain road, the hydraulic suspension apparatus may enter the
lift mode to raise the center of gravity of the vehicle, thereby improving the driving stability of the
vehicle. When an impact of the vehicle body on a driving speed needs to be reduced, the hydraulic
suspension apparatus may enter the height reduction mode to lower the center of gravity of the
vehicle. Certainly, it may be understood that, the foregoing is only an exemplary description, and
the height of the vehicle body may be adjusted according to an actual requirement in a driving
process.

[0063] For the hydraulic suspension apparatus according to the embodiments of the
present disclosure, the oil channel 204 communicated with the lower chamber 2012 is opened at
the piston rod 203, and the oil channel 204 is communicated with the liquid storage apparatus.

Therefore, an oil path can be stably communicated, wear or the like at a joint due to vibration is
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avoided, and liquid leakage at a joint can be avoided as much as possible. In addition, the weight
can be reduced by using the hollow piston rod 203, and the oil channel 204 defined by the hollow
piston rod 203 is further used to implement intake or discharge of oil to adjust the position of the
piston rod 203. The adjustment manner is simple, the reliability is high, the costs are low, and the
response speed is fast. Further, a height of a vehicle body may be adjusted, and the operational
stability of a vehicle can be improved without damaging the comfort of the vehicle, so that the
contradiction between the comfort and the steering stability of the vehicle is effectively resolved.

[0064] As shown in FIG. 1 to FIG. 23, in some embodiments of the present disclosure,
an upper end of the piston rod 203 extends out of the reducer housing 201. An oil port is formed
at the upper end of the piston rod 203. The oil port is configured to communicate the oil channel
204 and the liquid storage apparatus. In this way, the oil port provided at the upper end of the
piston rod 203 facilitates the communication between the oil path and the oil port, thereby
improving mounting efficiency.

[0065] In some embodiments of the present disclosure, as shown in FIG. 1 to FIG. 21,
the liquid storage apparatus includes a control pump 26 and a liquid storage device 1. The control
pump 26 is arranged between the liquid storage device 1 and the oil channel 204. Specifically, oil
is stored in the liquid storage device 1. The control pump 26 may pump the oil in the liquid storage
device 1 to the oil channel 204. In this way, through the arrangement of the control pump 26, a
mounting position of the liquid storage device 1 is not restricted, and the position of the liquid
storage device 1 may be appropriately arranged according to a space of the vehicle.

[0066] Optionally, the hydraulic suspension apparatus further includes an oil outlet
channel and an oil return channel. The oil outlet channel and the oil return channel are both

communicated between the liquid storage device 1 and the oil channel 204. The oil outlet channel
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and the oil return channel partially overlap. The control pump 26 is arranged on the oil outlet
channel. That is, the oil in the liquid storage device 1 is discharged to the oil channel 204 through
the oil outlet channel. The oil in the oil channel 204 is discharged to the liquid storage device 1
through the oil return channel. In this way, through the arrangement of the oil outlet channel and
the oil return channel, independent oil discharge and oil return can be implemented, to ensure
reliable liquid discharge and liquid return. Further, because the oil outlet channel and the oil return
channel partially overlap, a quantity of connecting pipes can be reduced, to make the hydraulic
suspension apparatus more compact.

[0067] In some specific examples of the present disclosure, as shown in FIG. 1 to FIG.
21, the oil outlet channel includes a shared channel 33 and an oil outlet branch 34. The oil return
channel includes the shared channel 33 and an oil return branch 35. One end of the shared channel
33 is communicated with the oil channel 204. The oil outlet branch 34 and the oil return branch 35
are both communicated with the other end of the shared channel 33. That is, an overlapping part
between the oil outlet channel and the oil return channel is the shared channel 33. The oil outlet
branch 34 is communicated with a liquid discharge port of the liquid storage device 1. The oil
return branch 35 is communicated with a liquid inlet port of the liquid storage device 1. The control
pump 26 is arranged on the oil outlet branch 34. In this way, the oil in the liquid storage device 1
may be discharged to the oil channel 204 through the oil outlet branch 34 and the shared channel
33. The oil in the oil channel 204 may be discharged back into the liquid storage device 1 through
the shared channel 33 and the oil return branch 35. In this way, the reliability of liquid return and
liquid discharge is ensured.

[0068] Optionally, as shown in FIG. 1 to FIG. 21, a one-way valve 28 and the control

pump 26 are arranged on the oil outlet branch 34. One end of the one-way valve 28 is
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communicated with the shared channel 33. The other end of the one-way valve 28 is communicated
with the control pump 26. An oil return valve 27 is arranged on the oil return branch 35.
Specifically, the liquid storage device 1 has a liquid return channel and a liquid discharge channel
that are independent. When liquid discharge is required, the control pump 26 is opened and the oil
return valve 27 is in a closed state, and the control pump 26 guides oil to the oil channel 204 of the
reducer 200. When liquid return is required, the control pump 26 is closed and the oil return valve
27 is opened, and oil that flows out of the oil channel 204 of the reducer 200 may flow to the liquid
storage device 1 through the oil return valve 27. During liquid return, due to the presence of the
one-way valve 28, oil can be effectively kept from flowing to the control pump 26, to prevent oil
from flowing to the liquid discharge port through the control pump 26 when the control pump 26
encounters an accident. In this way, reliable liquid discharge and liquid return are ensured.

[0069] In some examples of the present disclosure, as shown in FIG. 1 to FIG. 21, the
control pump 26 includes a control valve body 260 and a drive motor 261. The drive motor 261 is
electrically connected to a valve in the control valve body 260. The drive motor 261 rotates to
control the valve to rotate to open or close the control pump 26. In this way, in a manner that the
drive motor 261 fits the valve, the control pump 26 is opened or closed, so that relatively reliable
running of the control pump 26 can be ensured, to reduce an impact of oil on opening or closing
of the control pump 26.

[0070] According to some embodiments of the present disclosure, as shown in FIG. 1 to
FIG. 12, the hydraulic suspension apparatus further includes a relief valve 31. The relief valve 31
is located at a discharge end port of the control pump 26. When pressure in the liquid discharge
port of the control pump 26 reaches a specific threshold, the relief valve 31 is opened to release

pressure. In this way, the hydraulic suspension apparatus is protected to be kept in a normal
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pressure range. It needs to be noted that, the working principle of the relief valve 31 is the related
art, and details are not described herein.

[0071] In some embodiments of the present disclosure, as shown in FIG. 1 to FIG. 21,
the hydraulic suspension apparatus further includes a constant pressure accumulator 29. The
constant pressure accumulator 29 is arranged at an outlet end of the control pump 26. In this way,
the constant pressure accumulator 29 may stabilize the pressure and eliminate discharge
fluctuations at the outlet end of the control pump 26.

[0072] In some examples of the present disclosure, the constant pressure accumulator
29 may be a metal bellows accumulator. As shown in FIG. 26, the metal bellows accumulator is
formed by a cylinder body assembly and a bellows assembly. The cylinder body assembly includes
an upper cover, a seal ring, a cylinder, a clamp ring, and a seal loop. The bellows assembly includes
a seal cover, a guide loop, bellows, and a lower cover. The metal bellows accumulator may replace
a gas bag or a membrane. Metal bellows 101 are used as a flexible separation element between
fluid and gas. The bellows may be used in a very wide temperature range. The metal bellows are
welded to another part, and therefore are completely airtight. The metal bellows can move
vertically inside the accumulator without generating any friction or wear, and only needs to be
adjusted once before the metal bellows can run for a very long time.

[0073] In some embodiments of the present disclosure, the hydraulic suspension
apparatus further includes an accumulator module. The oil channel 204 is communicated with the
liquid storage apparatus through a communicating channel. The accumulator module is
communicated with the communicating channel, and the accumulator module is suitable for at
least adjusting at least one of damping and stiffness of the reducer 200 and the height of the vehicle

body of the vehicle. It needs to be explained that the accumulator module implements energy
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storage. That is, oil may flow into the accumulator module for energy storage. When the hydraulic
suspension apparatus needs oil, oil in the accumulator module is discharged for supplement.

[0074] Specifically, when the accumulator module may be configured to adjust the
height of the vehicle body of the vehicle, in this case, the oil in the accumulator module may be
discharged to the oil channel 204 to enter the lower chamber 2012, or the oil in the lower chamber
2012 may be discharged to the accumulator module for energy storage. When the accumulator
module is configured to adjust the damping of the reducer 200, in this case, a flow channel of the
communicating channel becomes narrower or wider to adjust the damping (that is, flow resistance
of the oil entering or leaving the reducer 200 increases or decreases). When the accumulator
module is configured to adjust stiffness of the reducer 200, it is selected to communicate the
communicating channel and the accumulator module, or it is selected to block the communication
between the accumulator module and the communicating channel. In this way, an adjustment
function of the hydraulic suspension apparatus may be added, to make driving of a vehicle arranged
with the hydraulic suspension apparatus steadier.

[0075] As shown in FIG. 1 to FIG. 21, in some embodiments of the present disclosure,
the hydraulic suspension system further includes a first control valve 3. The first control valve 3
is arranged on the communicating channel, and is configured to control communication or
separation between the liquid storage apparatus and the accumulator module. That is, when the
first control valve 3 cuts off the communicating channel, a flow channel between the liquid storage
apparatus and the accumulator module is blocked, and the oil in the liquid storage apparatus does
not flow into the accumulator module. In this way, through the arrangement of the first control
valve 3, it may be determined whether the accumulator module requires energy storage. When

energy storage is required, the first control valve 3 is opened. When energy storage is completed,
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the first control valve 3 is closed, and the accumulator module is used to adjust at least one of the
damping and stiffness of the reducer 200 and the height of the vehicle body of the vehicle.

[0076] As shown in FIG. 1 to FIG. 21, in some embodiments of the present disclosure,
the accumulator module includes a first accumulator 9 and an openness adjustment valve 8. The
first accumulator 9 is communicated with the communicating channel at a first communicating
point. The openness adjustment valve 8 is arranged between the first communicating point and the
oil channel 204. The openness adjustment valve 8 is configured to adjust openness of a
communicating channel between the oil channel 204 and the first communicating point, to adjust
the damping of the reducer 200. The openness adjustment valve 8 is further configured to close a
communicating channel between the oil channel 204 and the first communicating point, to adjust
the stiffness of the reducer 200.

[0077] Specifically, the first accumulator 9 may perform energy storage. When the
openness adjustment valve 8 is in an open state and openness of the openness adjustment valve 8
decreases to make an amount of oil that is allowed to circulate in the communicating channel
decrease, the flow channel from the reducer 200 to the communicating channel becomes narrower,
and the damping increases. When the openness of the openness adjustment valve 8 increases, the
flow channel from the reducer 200 to the communicating channel becomes wider, and the damping
decreases. Therefore, the first accumulator 9 and the openness adjustment valve 8 fit together, to
ensure the reliability of adjusting the damping of the hydraulic suspension apparatus, thereby
ensuring that the amount of oil that circulates in the communicating channel matches required
damping. In other words, an oil discharge in a corresponding communicating channel may be
adjusted through the openness adjustment valve 8. Therefore, damping of the corresponding

communicating channel may be adjusted, to adjust the damping of the hydraulic suspension
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apparatus. In this way, damping of a hydraulic suspension system 1000 may be adjusted according
to an actual case, for example, may be adjusted according to a road condition or the like, to ensure
that the damping of the hydraulic suspension system 1000 can meet a vibration reduction
requirement, thereby effectively resolving the contradiction between the comfort and the steering
stability of the vehicle.

[0078] When the openness adjustment valve 8 is in a closed state, the reducer 200 and
the first accumulator 9 are disconnected. The oil in the reducer 200 cannot be discharged to the
first accumulator 9. The oil in the first accumulator 9 also cannot be discharged into the reducer
200. Therefore, the stiffness of the reducer 200 can be improved. In this case, the openness
adjustment valve 8 is a cut-off adjustment valve, so that the openness can be adjusted, and cut-off
and communication can be implemented.

[0079] In some examples of the present disclosure, the openness adjustment valve 8
includes a first motor and a first valve body. The first motor may control the motion of a valve in
the first valve body, to change a circulation area of the first valve body to adjust a discharge.

[0080] According to some embodiments of the present disclosure, the accumulator
module further includes a second accumulator 10 and a stiffness adjustment valve 11. A second
communicating point communicated with the second accumulator 10 is arranged on the
communicating channel. The stiffness adjustment valve 11 is arranged between the second
accumulator 10 and the second communicating point. The stiffness adjustment valve 11 is
configured to communicate or separate the communicating channel and the second accumulator
10 to adjust the stiffness of the reducer 200. Specifically, when the stiffness adjustment valve 11
is opened, oil can circulate between the second accumulator 10 and the reducer 200. When the

stiffness adjustment valve 11 is closed, the second accumulator 10 and the reducer 200 are
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disconnected. In this way, the oil in the reducer 200 cannot be discharged into the second
accumulator 10. Oil in the second accumulator 10 also cannot be discharged into the reducer 200.
In this way, the stiffness of the reducer 200 can be increased.

[0081] Optionally, as shown in FIG. 1 to FIG. 9, a second control valve 12 is further
arranged between the second communicating point and the oil channel 204. In this way, when the
second control valve 12 is closed and the stiffness adjustment valve 11 is opened, the oil in the
liquid storage device 1 may enter the second accumulator 10 for energy storage. In this way,
through the arrangement of the second control valve 12, the energy storage of the second
accumulator 10 can be performed.

[0082] As shown in FIG. 1 to FIG. 21, the accumulator module further includes a first
accumulator 9 and a second accumulator 10. The first accumulator 9 is communicated with the
communicating channel at a first communicating point. A second communicating point
communicated with the second accumulator 10 is arranged on the communicating channel.
Specifically, through the arrangement of the first accumulator 9 and the second accumulator 10, in
this way, the first accumulator 9 and the second accumulator 10 may be used to adjust stiffness of
the communicating channel. Optionally, the first communicating point is located between the oil
channel 204 and the second communicating point.

[0083] In some specific examples of the present disclosure, a second control valve 12 is
arranged between the first communicating point and the second communicating point. In this way,
through opening or closing of the second control valve 12, a quantity of accumulators
communicated with the reducer 200 may be controlled, to adjust the stiffness or damping of the
reducer 200.

[0084] A hydraulic suspension system 1000 according to embodiments of the present
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disclosure is described below with reference to FIG. 1 to FIG. 26. The hydraulic suspension system
1000 is used on a vehicle. The hydraulic suspension system 1000 is configured to connect an axle
and a vehicle body of the vehicle.

[0085] A hydraulic suspension system according to embodiments of the present
disclosure includes a controller and the hydraulic suspension apparatus in any foregoing
embodiment of the present disclosure. The controller is configured to control a flow direction of
oil between the liquid storage apparatus and the reducer according to a status of a vehicle, to
increase or reduce a height of a vehicle body of the vehicle.

[0086] Tt needs to be noted that, the hydraulic suspension system 1000 according to the
embodiments of the present disclosure includes a number of reducer assemblies 2.

[0087] The number of reducer assemblies 2 include a left-front reducer assembly 2, a
left-rear reducer assembly 2, a right-front reducer assembly 2, and a right-rear reducer assembly 2.
Each reducer assembly 2 includes a reducer 200. It needs to be noted that, in the description of the
present disclosure, "front" refers to a direction facing the vehicle head, and "rear" refers to a
direction facing the vehicle tail. In a direction facing the front, the right hand direction of a driver
is the right side, and the left hand direction of the driver is the left side.

[0088] The oil channel 204 of each reducer assembly 2 is communicated with the liquid
storage apparatus through the communicating channel. The oil in the liquid storage apparatus
enters each oil channel 204 to enable the piston 202 to move upward, and the piston 202 drives the
piston rod 203 and the vehicle body to move upward. In the height reduction mode, the oil in each
lower chamber 2012 is discharged to the liquid storage apparatus through the oil channel 204, to
enable the piston 202 to move downward, and the piston 202 drives the piston rod 203 and the

vehicle body to move downward.
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[0089] Specifically, the hydraulic suspension system 1000 has the lift mode and the
height reduction mode. The controller controls the hydraulic suspension system 1000 according to
the status of the vehicle to switch between the lift mode and the height reduction mode. In the lift
mode, oil may enter the oil channel 204 of the left-front reducer assembly 2, the oil channel 204
of the right-front reducer assembly 2, the oil channel 204 of the left-rear reducer assembly 2, and
the oil channel 204 of the right-rear reducer assembly 2. Hydraulic oil that enters each oil channel
204 flows into the lower chamber 2012, to enable the hydraulic pressure in the lower chamber
2012 to increase to enable the piston 202 to move upward, and the piston 202 moves upward to
drive the piston rod 203 to move upward. The piston rod 203 of the left-front reducer assembly 2
moves upward, the piston rod 203 of the right-front reducer assembly 2 moves upward, the piston
rod 203 of the left-rear reducer assembly 2 moves upward, and the piston rod 203 of the right-rear
reducer assembly 2 moves upward to drive the vehicle body to move upward, to lift the vehicle
body.

[0090] In the height reduction mode, under the action of gravity, oil may respectively
flow out from the oil channel 204 of the left-front reducer assembly 2, the oil channel 204 of the
right-front reducer assembly 2, the oil channel 204 of the left-rear reducer assembly 2, and the oil
channel 204 of the right-rear reducer assembly 2. The hydraulic pressure in the lower chamber
2012 of each reducer 200 decreases to enable the piston 202 to move downward, and the piston
202 moves downward to drive the piston rod 203 to move downward. The piston rod 203 of the
left-front reducer assembly 2 moves downward, the piston rod 203 of the right-front reducer
assembly 2 moves downward, the piston rod 203 of the left-rear reducer assembly 2 moves
downward, and the piston rod 203 of the right-rear reducer assembly 2 moves downward to drive

the vehicle body to move downward, to reduce the height of the vehicle body.
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[0091] In the driving process, the vehicle may encounter various road conditions. Once
a suspension system of the vehicle in the related art is chosen, the suspension system cannot be
adjusted in a driving process of a car. As a result, a conventional suspension can only ensure that
the car reaches matching of optimal performance on a specific road and under a speed condition,
and can only passively bear a force on the vehicle body by the ground. Parameters of the
suspension cannot be changed according to different roads and vehicle speeds, and the force on
the vehicle body by the ground cannot be actively controlled.

[0092] The hydraulic suspension system 1000 according to the embodiments of the
present disclosure may adjust the height of the vehicle body according to a road condition or the
like. For example, on a relatively bumpy mountain road, the hydraulic suspension apparatus may
enter the lift mode to raise the center of gravity of the vehicle, thereby improving the driving
stability of the vehicle. When an impact of the vehicle body on a driving speed needs to be reduced,
the hydraulic suspension apparatus may enter the height reduction mode to lower the center of
gravity of the vehicle. Certainly, it may be understood that, the foregoing is only an exemplary
description, and the height of the vehicle body may be adjusted according to an actual requirement
in a driving process.

[0093] The hydraulic suspension system 1000 according to the embodiments of the
present disclosure may adjust a height of a vehicle body, and can improve the operational stability
of a vehicle without damaging the comfort of the vehicle, so that the contradiction between the
comfort and the steering stability of the vehicle is effectively resolved. In addition, the weight can
be reduced by using the hollow piston rod 203, and the oil channel 204 defined by the hollow
piston rod 203 is further used to implement intake or discharge of oil to adjust the position of the

piston rod 203. The adjustment manner is simple, the reliability is high, the costs are low, and the
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response speed is fast. Further, the oil channel 204 communicated with the lower chamber 2012 is
opened at the piston rod 203, and the oil channel 204 is communicated with the liquid storage
apparatus. Therefore, an oil path can be stably communicated, wear or the like at a joint due to
vibration is avoided, and liquid leakage at a joint can be avoided as much as possible.

[0094] In some specific examples of the present disclosure, the first control valve 3
configured to communicate or cut off each communicating channel is arranged on the
communicating channel. That is, when the first control valve 3 corresponding to each reducer
assembly 2 cuts off the corresponding communicating channel, the flow channel between the liquid
storage device 1 and the oil channel 204 of the corresponding reducer assembly 2 is blocked, the
oil in the liquid storage device 1 is kept from flowing into the corresponding reducer 200, and the
oil in the reducer 200 is also kept from flowing to the liquid storage device 1.

[0095] Asshownin FIG. 10 and FIG. 12 to FIG. 21, in some embodiments of the present
disclosure, the hydraulic suspension system 1000 further includes a first height keeping branch
and a second height keeping branch. The first height keeping branch is respectively communicated
with the oil channel 204 of the lefi-front reducer assembly 2 and the oil channel 204 of the right-
front reducer assembly 2, and a first height control valve 6 configured to communicate or cut off
the first height keeping branch is arranged on the first height keeping branch.

[0096] The second height keeping branch is respectively communicated with the oil
channel 204 of the left-rear reducer assembly 2 and the oil channel 204 of the right-rear reducer
assembly 2, and a second height control valve 7 configured to communicate or cut off the second
height keeping branch is arranged on the second height keeping branch.

[0097] Specifically, when the first height control valve 6 is opened, the first height

keeping branch is communicated. When the first height control valve 6 is closed, the first height
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keeping branch is cut off. When the second height control valve 7 is opened, the second height
keeping branch is communicated. When the second height control valve 7 is closed, the second
height keeping branch is cut off.

[0098] When the height of the vehicle body needs to be kept, the hydraulic suspension
system 1000 may switch to enter a height keeping mode, the first height control valve 6 and the
second height control valve 7 are both opened, the first height keeping branch and the second
height keeping branch are communicated, and the oil channel 204 of the left-front reducer
assembly 2 is communicated with the oil channel 204 of the right-front reducer assembly 2. The
oil channel 204 of the left-rear reducer assembly 2 is communicated with the oil channel 204 of
the left-rear reducer assembly 2. That is, the piston rod 203 of the left-front reducer assembly 2
and the piston rod 203 of the right-front reducer assembly 2 are in a linked state, and the piston
rod 203 of the left-rear reducer assembly 2 and the piston rod 203 of the right-rear reducer
assembly 2 are in a linked state, to enable the vehicle body to keep a current height as much as
possible.

[0099] In some embodiments of the present disclosure, as shown in FIG. 1 to FIG. 12,
the accumulator module includes the second accumulator 10. One second accumulator 10 is
correspondingly arranged on each reducer assembly 2. The second accumulator 10 is
communicated with the communicating channel. The stiffness adjustment valve 11 is arranged at
an oil access port of the second accumulator 10. The first control valve 3 is located between the
second accumulator 10 and the liquid storage device 1. Specifically, when the first control valve 3
and the stiffness adjustment valve 11 are opened, the oil in the liquid storage device 1 may enter
the second accumulator 10 for energy storage. When the first control valve 3 is closed and the

stiffness adjustment valve 11 is opened, oil in each second accumulator 10 may be discharged into
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the oil channel 204 in the corresponding reducer assembly 2, to enable the piston rod 203 to rise.
That is, the second accumulator 10 can further adjust the height of the vehicle body of the vehicle.
When the stiffness needs to be increased, the first control valve 3 is closed and the stiffness
adjustment valve 11 is closed, to disconnect the second accumulator 10 from the corresponding
reducer 200, thereby increasing the stiffness of the suspension.

[0100] It may be understood that, each stiffness adjustment valve 11 may perform
adjustment independently, so that stiffness on a front side and stiffness on a rear side of the
hydraulic suspension system 1000 may be inconsistent, to meet different working condition
requirements. For example, in an anti-dive working condition and a steering anti-tip working
condition of the vehicle, a front axle needs to provide large stiffness. Therefore, the stiffness
adjustment valves 11 corresponding to the left-front reducer assembly 2 and the right-front reducer
assembly 2 may be closed, and the stiffness adjustment valves 11 corresponding to the right-rear
reducer assembly 2 and the left-rear reducer assembly 2 are in an open state.

[0101] In some examples of the present disclosure, the first accumulator 9 is a metal
bellows accumulator, and the second accumulator 10 is a membrane accumulator. Compared with
the metal bellows accumulator, the membrane accumulator has a faster pressure storage capability
and a larger pressure storage amount. The membrane accumulator may reach a larger pressure
storage amount within a short time, and therefore the second accumulator 10 uses the membrane
accumulator to perform pressure storage on the suspensions to lift the vehicle body. It needs to be
noted that, the energy storage principle of the metal bellows accumulator and the membrane
accumulator is the related art, and details are not described herein.

[0102] In some embodiments of the present disclosure, as shown in FIG. 1 to FIG. 9,

the second control valve 12 configured to communicate or cut off the communicating channel is
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arranged on the communicating channel, and the second control valve 12 is located between the
second accumulator 10 and the oil channel 204. Specifically, the hydraulic suspension system 1000
may have a pressurization mode. As shown in FIG. 4, in the pressurization mode, the first control
valve 3 is opened, the second control valve 12 is closed, and the stiffness adjustment valve 11 is
opened. The oil in the liquid storage device 1 enters the second accumulator 10 for energy storage.

[0103] When it is necessary to switch to the lift mode, the first control valve 3 is closed,
the second control valve 12 is opened, and the stiffness adjustment valve 11 is opened. The oil in
the second accumulator 10 enters the oil channel 204 to enable the piston 202 to rise.

[0104] When it is necessary to switch to the height reduction mode, the first control
valve 3 is opened, the second control valve 12 is opened, and the stiffness adjustment valve 11 is
closed. Oil discharged from the oil channel 204 of the reducer 200 flows back into the liquid
storage device 1. In this way, through the arrangement of the second control valve 12, energy
storage may be first performed on the stiffness adjustment valve 11. When it is necessary to
perform lifting or stiffness adjustment, lifting or stiffness adjustment may be implemented by
opening or closing the stiffness adjustment valve 11, so that the response speed is fast and reliable.

[0105] Optionally, the hydraulic suspension system 1000 may further have a braking
anti-dive and acceleration anti-lift mode. In the driving process of the vehicle, the first control
valve 3 corresponding to each reducer assembly 2 may be controlled to close, the second control
valve 12 may be controlled to open, and the stiffness adjustment valve 11 may be controlled to
close. The oil channel 204 of each reducer assembly 2 is communicated with the first accumulator
9, so that the first accumulator 9 may adjust the amount of oil in the corresponding reducer 200.
Therefore, the reducer 200 corresponding to each reducer assembly 2 has a counterforce on a

movement trend of the vehicle body at a corresponding position, to provide the hydraulic
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suspension system 1000 with the braking anti-dive and acceleration anti-lift mode.

[0106] As shown in FIG. 2, FIG. 10, FIG. 12 to FIG. 19, and FIG. 21, in some
embodiments of the present disclosure, the accumulator module includes a central accumulator 13.
The first control valve 3 corresponding to each reducer assembly 2 is communicated with the
central accumulator 13. That is, when the first control valve 3 is closed, the oil in the liquid storage
device 1 may enter the central accumulator 13 for energy storage. When the first control valve 3
is opened, oil in the central accumulator 13 may flow into the oil channel 204 of each reducer
assembly 2. In this way, through the arrangement of the central accumulator 13, pressurization and
energy storage may be performed first, to ensure that oil can reliably flow to each reducer assembly
2, to make a quick response.

[0107] As shown in FIG. 3 to FIG. 8, in some embodiments of the present disclosure,
the upper chamber 2011 of the left-front reducer assembly 2 is communicated with the lower
chamber 2012 of the right-front reducer assembly 2 through a first pipe. The lower chamber 2012
of the left-front reducer assembly 2 is communicated with the upper chamber 2011 of the right-
front reducer assembly 2 through a second pipe.

[0108] The upper chamber 2011 of the left-rear reducer assembly 2 is communicated
with the lower chamber 2012 of the right-rear reducer assembly 2 through a third pipe. The lower
chamber 2012 of the left-rear reducer assembly 2 is communicated with the upper chamber 2011
of the right-rear reducer assembly 2 through a fourth pipe.

[0109] Specifically, when the vehicle tends to tip, that is, the hydraulic suspension
system 1000 has one side compressed and the other side extended, for example, the left-front
reducer assembly 2 and the left-rear reducer assembly 2 are compressed, and the right-front reducer

assembly 2 and the right-rear reducer assembly 2 are extended, in this case, oil in the lower
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chamber 2012 of the left-front reducer assembly 2 enters the upper chamber 2011 of the right-front
reducer assembly 2 through the second pipe, to enable the piston rod 203 of the right-front reducer
assembly 2 to lower.

[0110] The oil in the lower chamber 2012 of the left-rear reducer assembly 2 enters the
upper chamber 2011 of the right-rear reducer assembly 2 through the fourth pipe, to enable the
piston rod 203 of the right-rear reducer assembly 2 to lower. In this way, a downward force may
be provided to the vehicle body on the right side by lowering the piston rod 203 of the right-front
reducer assembly 2 and lowering the piston rod 203 of the right-rear reducer assembly 2. In this
way, the hydraulic suspension system 1000 may provide an anti-tip torque to stop the vehicle from
continuing to tip. Certainly, it may be understood that, the foregoing description of the flow path
of oil is only an exemplary description to introduce an anti-tip principle. When the right side is
compressed and the left side is extended, the foregoing anti-tip principle is used, and the hydraulic
suspension system 1000 can provide an anti-tip force.

[0111] Optionally, as shown in FIG. 3 to FIG. 8, the first pipe is communicated with the
third pipe to form a first return path, and the second pipe and the fourth pipe form a second return
path. The hydraulic suspension system 1000 further includes a first adjustment accumulator 14 and
a second adjustment accumulator 15. The first adjustment accumulator 14 is communicated with
the first return path. A first adjustment valve 18 is arranged at an oil access port of the first
adjustment accumulator 14. The second adjustment accumulator 15 is communicated with the
second return path. A second adjustment valve 19 is arranged at the oil access port of the second
adjustment accumulator 15.

[0112] Specifically, the first return path and the second return path are formed, so that

linked adjustment of the right-front reducer assembly 2 with the left-front reducer assembly 2 and
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the left-rear reducer assembly 2 can be implemented, and linked adjustment of the right-rear
reducer assembly 2 with the left-front reducer assembly 2 and the left-rear reducer assembly 2 can
be implemented, to further ensure that an anti-tip torque can be provided to stop the vehicle from
continuing to tip. Through the control of open or closed states of the first adjustment valve 18 and
the second adjustment valve 19, stifthess of the hydraulic suspension system 1000 can be adjusted.
For example, when the first adjustment valve 18 and the second adjustment valve 19 are closed,
the stiffness of the hydraulic suspension system 1000 can be increased. Specifically, the first
adjustment accumulator 14 and the second adjustment accumulator 15 may be membrane
accumulators.

[0113] As shown in FIG. 9 to FIG. 19, in some embodiments of the present disclosure,
the upper chamber 2011 of the left-front reducer assembly 2 is communicated with the lower
chamber 2012 of the left-rear reducer assembly 2 through a fifth pipe. The lower chamber 2012 of
the left-front reducer assembly 2 is communicated with the upper chamber 2011 of the left-rear
reducer assembly 2 through a sixth pipe.

[0114] The upper chamber 2011 of the right-front reducer assembly 2 is communicated
with the lower chamber 2012 of the right-rear reducer assembly 2 through a seventh pipe. The
lower chamber 2012 of the right-front reducer assembly 2 is communicated with the upper
chamber 2011 of the right-rear reducer assembly 2 through an eighth pipe.

[0115] Specifically, when the vehicle tends to pitch, that is, one of the front side and the
rear side of the hydraulic suspension system 1000 is compressed and the other is extended, for
example, the piston rod 203 of the left-front reducer assembly 2 and the piston rod 203 of the right-
front reducer assembly 2 are compressed, oil in the lower chamber of the left-front reducer

assembly 2 flows into the upper chamber 2011 of the left-rear reducer assembly 2 through the sixth

30

CA 03233041 2024-3-25



pipe, to enable the piston rod 203 of the left-rear reducer assembly 2 to lower. In this way, the front
and rear are kept consistent, to implement anti-pitch.

[0116] The oil in the lower chamber 2012 of the right-front reducer assembly 2 flows
into the upper chamber 2011 of the right-rear reducer assembly 2 through the eighth pipe, to enable
the piston rod 203 of the right-rear reducer assembly 2 to lower. In this way, the hydraulic
suspension system 1000 may provide an anti-pitch force, to keep the vehicle from continuing to
pitch.

[0117] Certainly, it may be understood that, the foregoing description of the flow path
of oil is only an exemplary description to introduce an anti-pitch principle. When the rear side is
compressed and the front side is extended, the foregoing anti-pitch principle is used, and the
hydraulic suspension system 1000 can provide an anti-pitch force.

[0118] Optionally, as shown in FIG. 9 to FIG. 19, the fifth pipe is communicated with
the seventh pipe through a first connecting pipe to form a third return path, and the sixth pipe is
communicated with the eighth pipe through a second connecting pipe to form a fourth return path.
The hydraulic suspension system 1000 further includes a third adjustment accumulator 16 and a
fourth adjustment accumulator 17, the third adjustment accumulator 16 is communicated with the
third return path, and the third adjustment valve 20 is arranged at the oil access port of the third
adjustment accumulator 16. The fourth adjustment accumulator 17 is communicated with the
fourth return path, and the fourth adjustment valve 21 is arranged at the oil access port of the fourth
adjustment accumulator 17. Specifically, the third adjustment accumulator 16 and the fourth
adjustment accumulator 17 may be membrane accumulators.

[0119] As can be learned, through the formation of the third return path and the fourth

return path, linked adjustment of the right-front reducer assembly 2, the right-rear reducer
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assembly 2, the left-front reducer assembly 2, and the left-rear reducer assembly 2 can be
implemented, so that it is further ensured that an anti-pitch torque can be provided to stop the
vehicle from continuing to pitch. Through the control of open or closed states of the third
adjustment valve 20 and the fourth adjustment valve 21, stiffness of the hydraulic suspension
system 1000 can be adjusted. For example, when the third adjustment valve 20 and the fourth
adjustment valve 21 are closed, the stiffness of the hydraulic suspension system 1000 can be
increased.

[0120] In some embodiments of the present disclosure, as shown in FIG. 9 and FIG. 10,
a first on-off valve 22 configured to communicate or cut off the first connecting pipe is arranged
on the first connecting pipe, and a second on-off valve 23 configured to communicate or cut off
the second connecting pipe is arranged on the second connecting pipe. That is, when the first on-
off valve 22 is closed, the communication between the fifth pipe and the seventh pipe is blocked.
When the second on-off valve 23 is closed, the communication between the sixth pipe and the
eighth pipe is blocked. In this way, it may be determined, according to actual requirements,
whether it is necessary to link the four reducer assemblies 2.

[0121] Asshown in FIG. 11 to FIG. 21, FIG. 24, and FIG. 25, in some embodiments of
the present disclosure, the hydraulic suspension system 1000 further includes a central control
cylinder 24. The central control cylinder 24 includes a second cylinder body 240 and a movement
member 241. The movement member 241 may be movably arranged in the second cylinder body
240 and fit the second cylinder body 240 to define a first chamber 243, a second chamber 244, a
third chamber 245, and a fourth chamber 246. The first chamber 243, the second chamber 244, the
third chamber 245, and the fourth chamber 246 are sequentially arranged in a movement direction

of the movement member 241. The first chamber 243 and the second chamber 244 are distributed
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on one side of a middle contact portion 2411 of the movement member 241. The third chamber
245 and the fourth chamber 246 are distributed on the other side of the middle contact portion
2411. The middle contact portion 2411 movably fits an inner wall of the second cylinder body 240.

[0122] The oil channel 204 of the left-front reducer assembly 2 is communicated with
one of the first chamber 243 and the second chamber 244, and the oil channel 204 of the right-rear
reducer assembly 2 is communicated with the other one of the first chamber 243 and the second
chamber 244. The oil channel 204 of the left-rear reducer assembly 2 is communicated with one
of the third chamber 245 and the fourth chamber 246, and the oil channel 204 of the right-front
reducer assembly 2 is communicated with the other one of the third chamber 245 and the fourth
chamber 246. For ease of description below, an example in which the oil channel 204 of the left-
front reducer assembly 2 is communicated with the first chamber 243, the oil channel 204 of the
right-rear reducer assembly 2 is communicated with the second chamber 244, the oil channel 204
of the left-rear reducer assembly 2 is communicated with the third chamber 245, and the oil channel
204 of the right-front reducer assembly 2 is communicated with the fourth chamber 246 is used to
describe the principle.

[0123] Specifically, when the vehicle tends to tip, for example, the piston rods 203 of
the left-front reducer assembly 2 and the left-rear reducer assembly 2 are compressed, and the
piston rods 203 of the right-front reducer assembly 2 and the right-rear reducer assembly 2 are
extended, in this case, the oil in the lower chamber 2012 of the left-front reducer assembly 2 is
discharged to the first chamber 243 through the oil channel 204, and the oil in the lower chamber
2012 of the left-rear reducer assembly 2 is discharged to the third chamber 245 through the oil
channel 204. Because the first chamber 243 and the third chamber 245 are located on two sides of

the middle contact portion 2411, a direction of a force of oil in the first chamber 243 on the middle
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contact portion 2411 is opposite to a direction of a force of the third chamber 245 on the middle
contact portion 2411. The forces with two opposite directions cancel each other. In this way, the
movement member 241 does not move. In this way, the movement of the piston rod 203 of the
left-front reducer assembly 2 and the movement of the piston rod 203 of the left-rear reducer
assembly 2 can be inhibited, so that the effect of inhibiting tipping can be achieved.

[0124] When the left-front wheel encounters an obstacle, the left-front wheel is lifted.
In a continuous driving process, the center of gravity of the vehicle is lifted. The right-front wheel
and the left-rear wheel have a risk of leaving the ground. In this way, the vehicle has a risk of
getting out of control. When the left-front wheel of the vehicle encounters an obstacle such as a
rock and the left-front wheel is lifted to make a compression degree of the left-front reducer
assembly 2 greater than a compression degree of the left-rear reducer assembly 2, an amount of
oil discharged from the left-front reducer assembly 2 into the first chamber 243 is greater than an
amount of oil discharged from the left-rear reducer assembly 2 into the third chamber 245. In this
way, the movement member 241 moves rightward to press the third chamber 245 and the fourth
chamber 246. The oil in the third chamber 245 may be discharged into the lower chamber 2012 of
the left-rear reducer assembly 2 to enable the piston rod 203 to move upward, and oil in the fourth
chamber 246 may be discharged into the lower chamber 2012 of the right-front reducer assembly
2 to enable the piston rod 203 to move upward. In this way, a possibility that the left-rear wheel
and the right-front wheel leave the ground is decreased, to improve the stability of the vehicle.

[0125] Certainly, it may be understood that, the foregoing several cases are only
exemplary descriptions. When the vehicle encounters another working condition, for example, the
right-front wheel being lifted, or the left-rear wheel being lifted, oil flows according to the

foregoing linkage principle to keep the vehicle from tipping. Each working condition is not
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described in detail herein.

[0126] In some embodiments of the present disclosure, as shown in FIG. 24, the
movement member 241 includes a movement body portion 2410. The middle contact portion 2411
is arranged at an annular protrusion on the movement body portion 2410. In the movement
direction of the movement member 241, a middle cavity, a left cavity, and a right cavity are
arranged in the second cylinder body 240. An extension opening of the left cavity and an extension
opening of the right cavity are located in an inner wall of the middle cavity. A left end of the
movement body portion 2410 extends into the left cavity through the extension opening of the left
cavity, and a right end of the movement body portion 2410 extends into the right cavity through
the extension opening of the right cavity.

[0127] The first chamber 243 is defined between a left end portion of the movement
body portion 2410 and the left cavity. A part of the movement body portion 2410 slidably fits the
inner wall of the left cavity. The middle contact portion 2411 slidably fits the inner wall of the
middle cavity to define the second chamber 244 and the third chamber 245. The fourth chamber
246 is defined between a right end portion of the movement body portion 2410 and the right cavity.
In this way, the structure of the central control cylinder 24 is simple.

[0128] Optionally, as shown in FIG. 24, the central control cylinder 24 further includes
a first reset spring 247 and a second reset spring 248. Two ends of the first reset spring 247 are
respectively abutted against left ends of the second cylinder body 240 and the movement member
241. Two ends of the second reset spring 248 are respectively abutted against right ends of the
second cylinder body 240 and the movement member 241. The first reset spring 247 and the second
reset spring 248 push the movement member 241 to be reset toward the middle. Specifically, when

the vehicle tips to enable the movement member 241 to move leftward, the first reset spring 247
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may push the movement member 241 toward the right to enable the movement member 241 to be
reset. When the vehicle tips to enable the movement member 241 to move rightward, the second
reset spring 248 may push the movement member 241 toward the left to enable the movement
member 241 to be reset. In this way, the reliability of the central control cylinder 24 can be ensured.

[0129] In some examples of the present disclosure, as shown in FIG. 24, the central
control cylinder 24 includes a guide assembly 249. The guide assembly includes a first guide
member 2490 and a second guide member 2491. The first guide member 2490 slidably fits the
second guide member 2491. The first guide member 2490 is fixed on the second cylinder body
240. The second guide member 2491 is fixed on the movement member 241. The first reset spring
247 is externally sleeved on the guide assembly 249 on the left side, and the first reset spring 247
is abutted against the first guide member 2490. The second reset spring 248 is externally sleeved
on the guide assembly 249 on the right side, and the second reset spring 248 is abutted against the
first guide member 2490. In this way, the arrangement of the guide assembly 249 makes it
convenient to assemble the first reset spring 247 and the second reset spring 248, and further
convenient to restrict deformation degrees of the first reset spring 247 and the second reset spring
248, to avoid a failure due to excessive deformation of the first reset spring 247 and the second
reset spring 248.

[0130] Optionally, the second guide member 2491 is a screw, and an end of the second
guide member 2491 extends into the first guide member 2490 to movably fit the first guide member
2490, making the structure of the guide assembly 249 simple and reliable.

[0131] As shown in FIG. 25, ports of the central control cylinder 24 that are connected
to the piston rods 203 of the four reducer assemblies 2 are located on the same side, to facilitate

pipe connection.
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[0132] As shown in FIG. 1 to FIG. 23, in some embodiments of the present disclosure,
each reducer assembly 2 includes a vibration reduction spring 205, and two ends of the vibration
reduction spring 205 are suitable for being connected to the vehicle body and the axle. In this way,
through the arrangement of the vibration reduction spring 205, the cushioning effect of each
reducer assembly 2 can be improved, to reduce the bumping of the vehicle body in the driving
process of the vehicle.

[0133] Optionally, as shown in FIG. 1 to FIG. 23, the vibration reduction spring 205 of
the left-front reducer assembly 2 is externally sleeved and fixed on the reducer 200. The vibration
reduction spring 205 of the right-front reducer assembly 2 is externally sleeved and fixed on the
reducer 200. The vibration reduction spring 205 and the reducer 200 of the left-rear reducer
assembly 2 are arranged in parallel. The vibration reduction spring 205 and the reducer 200 of the
right-rear reducer assembly 2 are arranged in parallel.

[0134] The hydraulic suspension system 1000 according to several specific
embodiments of the present disclosure is described below in detail with reference to FIG. 1 to FIG.
21. It may be understood that, each foregoing embodiment is only an exemplary description rather
than limitative description, and exemplary changes may be made to each embodiment according
to an actual case.

[0135] Embodiment 1:

[0136] As shown in FIG. 1, the hydraulic suspension system 1000 according to the
embodiments of the present disclosure includes a left-front reducer assembly 2, a right-front
reducer assembly 2, a left-rear reducer assembly 2, a right-rear reducer assembly 2, an accumulator
module, a liquid storage device 1, a control pump 26, an oil return valve 27, a one-way valve 28,

a constant pressure accumulator 29, a relief valve 31, and an openness adjustment valve 8. The
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accumulator module includes a first accumulator 9, a second accumulator 10, and a reduced
pressure accumulator 30.

[0137] Each of the left-front reducer assembly 2 and the right-front reducer assembly 2
includes a reducer 200 and a vibration reduction spring 205. The vibration reduction spring 205 is
externally sleeved and fixed on the reducer 200. Each of the left-rear reducer assembly 2 and the
right-rear reducer assembly 2 includes a reducer 200 and a vibration reduction spring 205. The
vibration reduction spring 205 and the reducer 200 are arranged in parallel. Two ends of the
vibration reduction spring 205 of the left-rear reducer assembly 2 are respectively connected to a
vehicle body and an axle. Two ends of the vibration reduction spring 205 of the right-rear reducer
assembly 2 are respectively connected to the vehicle body and the axle. Each reducer 200 includes
a reducer housing 201, a piston rod 203, and a piston 202. The piston rod 203 is connected to the
piston 202. The piston 202 may be movably arranged in the reducer housing 201 to define an upper
chamber 2011 and a lower chamber 2012. An oil channel 204 is arranged in the piston rod 203.
The oil channel 204 is communicated with the lower chamber 2012. The oil channel 204 of each
reducer assembly 2 is communicated with the liquid storage device 1 through a communicating
channel. A first control valve 3 is arranged on each communicating channel.

[0138] The liquid storage device 1 has a liquid discharge port and a liquid inlet port. The
control pump 26 is respectively communicated with the liquid discharge port and the
communicating channel to guide oil in the liquid storage device 1 to the communicating channel.
The oil return valve 27 is respectively communicated with the liquid inlet port and the
communicating channel. When the oil return valve 27 is opened, oil flows from the communicating
channel to the liquid inlet port. The one-way valve 28 is arranged at an outlet end of the control

pump 26 and is in one-way communication. The constant pressure accumulator 29 is arranged at
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the outlet end of the control pump 26 and is located between the one-way valve 28 and the control
pump 26. The constant pressure accumulator 29 may stabilize and eliminate discharge fluctuations
of the outlet end of the control pump 26.

[0139] The hydraulic suspension system 1000 includes a common flow path and four
branch flow paths. The four branch flow paths are respectively communicated with the oil channels
204 of the four reducer assemblies 2. The one-way valve 28 and the oil return valve 27 are
respectively communicated with the common flow path. The relief valve 31 is communicated with
the common flow path.

[0140] The first control valve 3 corresponding to each reducer assembly 2 is serially
communicated with a corresponding branch flow path. The first control valve 3 is configured to
control the branch flow path to be communicated or cut off.

[0141] The second accumulator 10 corresponding to each reducer assembly 2 is
communicated with a corresponding branch flow path. A stiffness adjustment valve 11 is arranged
at an oil access port of the second accumulator 10. The stiffness adjustment valve 11 is in a
normally-closed state.

[0142] The openness adjustment valve 8, the first accumulator 9, and a second control
valve 12 are further arranged on each branch flow path. The openness adjustment valve 8 is
configured to adjust a discharge through a corresponding branch flow path to adjust damping of
the hydraulic suspension system 1000. The first accumulator 9 may perform energy storage. The
second control valve 12 is arranged between the first accumulator 9 and the second accumulator
10.

[0143] One reduced pressure accumulator 30 is correspondingly arranged on each

reducer assembly 2. The reduced pressure accumulator 30 corresponding to the left-front reducer
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assembly 2 is directly connected to the piston rod 203 to be communicated with a corresponding
oil channel 204. The reduced pressure accumulator 30 corresponding to the right-front reducer
assembly 2 is directly connected to the piston rod 203 to be communicated with a corresponding
oil channel 204. The reduced pressure accumulator 30 corresponding to the left-rear reducer
assembly 2 is communicated with a corresponding branch flow path. The reduced pressure
accumulator 30 corresponding to the right-rear reducer assembly 2 is directly communicated with
a corresponding branch flow path.

[0144] Specifically, the hydraulic suspension system 1000 has a pressurization mode, a
lift mode, and a height reduction mode. In the pressurization mode, the first control valve 3 is
opened, the second control valve 12 is closed, the stiffness adjustment valve 11 is opened, and the
control pump 26 runs to enable the oil in the liquid storage device 1 to respectively flow into the
corresponding second accumulators 10 through the four branch flow paths for energy storage.
After energy storage is performed on each second accumulator 10, the stiffness adjustment valve
11 is closed.

[0145] In the lift mode, the oil in the liquid storage device 1 or oil in an energy storage
module may enter the oil channel 204 of the left-front reducer assembly 2, the oil channel 204 of
the right-front reducer assembly 2, the oil channel 204 of the left-rear reducer assembly 2, and the
oil channel 204 of the right-rear reducer assembly 2. Hydraulic oil that enters each oil channel 204
flows into the lower chamber 2012, to enable hydraulic pressure in the lower chamber 2012 to
increase to enable the piston 202 to move upward, and the piston 202 moves upward to drive the
piston rod 203 to move upward. The piston rod 203 of the left-front reducer assembly 2 moves
upward, the piston rod 203 of the right-front reducer assembly 2 moves upward, the piston rod 203

of the left-rear reducer assembly 2 moves upward, and the piston rod 203 of the right-rear reducer

40

CA 03233041 2024-3-25



assembly 2 moves upward to drive the vehicle body to move upward, to lift the vehicle body.

[0146] In the height reduction mode, oil may respectively flow out from the oil channel
204 of the left-front reducer assembly 2, the oil channel 204 of the right-front reducer assembly 2,
the oil channel 204 of the left-rear reducer assembly 2, and the oil channel 204 of the right-rear
reducer assembly 2. The hydraulic pressure in the lower chamber 2012 of each reducer 200
decreases to enable the piston 202 to move downward, and the piston 202 moves downward to
drive the piston rod 203 to move downward. The piston rod 203 of the left-front reducer assembly
2 moves downward, the piston rod 203 of the right-front reducer assembly 2 moves downward,
the piston rod 203 of the left-rear reducer assembly 2 moves downward, and the piston rod 203 of
the right-rear reducer assembly 2 moves downward to drive the vehicle body to move downward,
to reduce the height of the vehicle body. It may be understood that, in the height reduction mode,
oil discharged from each reducer assembly 2 may be directly discharged to the liquid storage
device 1, or may be discharged into an accumulator assembly for energy storage, or is discharged
to the liquid storage device 1 and the accumulator assembly.

[0147] When pressure in the hydraulic suspension system 1000 is large, for example, it
is detected that pressure at an outlet of the control pump 26 reaches a specific threshold (30 MPa),
the oil return valve 27 is opened to release the pressure to protect the hydraulic suspension system
1000 to be within a normal pressure range. In this case, oil in each reducer 200 may flow into the
liquid storage device 1 through the communicating channel and the oil return valve 27.

[0148]  If the pressure in the hydraulic suspension system 1000 is still large or pressure
is large in a running process after pressure release, the relief valve 31 may be opened to release the
pressure, to ensure reliable working of the entire hydraulic suspension system 1000.

[0149] In a driving process of a vehicle, if the damping of the hydraulic suspension
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system 1000 is large, the vehicle body is shaky to affect comfort, an amount of oil in each branch
flow path may be adjusted through the openness adjustment valve 8 to adjust the damping of the
hydraulic suspension system 1000. When the openness of the openness adjustment valve 8 is
decreased to reduce an amount of oil that is allowed to circulate in the communicating channel,
the damping increases. When the openness of the openness adjustment valve 8 increases, the
damping decreases.

[0150] When stiffness of the hydraulic suspension system 1000 is large to reduce the
comfort of the vehicle, the stiffness adjustment valve 11 may be controlled to be opened, oil in the
second accumulator 10 may be supplemented into each branch flow path. In this way, the stiffness
of the hydraulic suspension system 1000 can be reduced, and the cushioning effect of the hydraulic
suspension system 1000 against bumping can be improved.

[0151] In the driving process of the vehicle, if the vehicle is impacted by bumping or
the like, oil in the lower chamber 2012 of each reducer assembly 2 may enter the reduced pressure
accumulator 30 through the oil channel 204 for energy storage, to implement quick pressure
reduction. The front axle of the vehicle needs to ensure driving stability, and the rear axle of the
vehicle mainly needs to ensure comfort. Therefore, the reduced pressure accumulator 30
corresponding to the left-front reducer assembly 2 is directly connected to the piston rod 203 to be
communicated with a corresponding oil channel 204. The reduced pressure accumulator 30
corresponding to the right-front reducer assembly 2 is directly connected to the piston rod 203 to
be communicated with a corresponding oil channel 204, so that quick pressure release can be
implemented. The reduced pressure accumulator 30 of the rear axle may be arranged between the
first accumulator 9 and the second accumulator 10, so that when flowing out of the reducer 200,

oil undergoes damping before pressure release, thereby improving comfort.
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[0152] Embodiment 2:

[0153] As shown in FIG. 2, compared with Embodiment 1, the hydraulic suspension
system 1000 according to this embodiment further includes a central accumulator 13 and a central
energy storage adjustment valve 32. An oil access port of the central accumulator 13 is
communicated with the central energy storage adjustment valve 32. The central energy storage
adjustment valve 32 is communicated with a common flow path. It needs to be noted that, in this
embodiment, the same structures and modes in Embodiment 1 are not described in detail.

[0154] In the pressurization mode, the central energy storage adjustment valve 32 is
opened, the stiffness adjustment valve 11 is opened, and oil discharged from the liquid storage
device 1 enters the central accumulator 13 and the second accumulator 10 for energy storage.

[0155] In the lift mode, the central energy storage adjustment valve 32 is opened, the
stiffness adjustment valve 11 is closed, and oil that flow out of the central accumulator 13 is
discharged to the lower chamber 2012 of each reducer assembly 2, to enable the piston rod 203 to
lift the vehicle body.

[0156] In the height reduction mode, oil discharged from each reducer assembly 2 may
be discharged to the central accumulator 13 and/or the liquid storage device 1.

[0157] Embodiment 3:

[0158] As shown in FIG. 3 to FIG. 8, compared with Embodiment 1, an anti-tip mode
is further added to the hydraulic suspension system 1000 according to the embodiments of the
present disclosure.

[0159] As shown in FIG. 3 to FIG. 8, the upper chamber 2011 of the left-front reducer
assembly 2 is communicated with the lower chamber 2012 of the right-front reducer assembly 2

through a first pipe. The lower chamber 2012 of the left-front reducer assembly 2 is communicated
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with the upper chamber 2011 of the right-front reducer assembly 2 through a second pipe.

[0160] The upper chamber 2011 of the left-rear reducer assembly 2 is communicated
with the lower chamber 2012 of the right-rear reducer assembly 2 through a third pipe. The lower
chamber 2012 of the left-rear reducer assembly 2 is communicated with the upper chamber 2011
of the right-rear reducer assembly 2 through a fourth pipe. The first pipe is communicated with the
third pipe to form a first return path, and the second pipe and the fourth pipe form a second return
path. The hydraulic suspension system 1000 further includes a first adjustment accumulator 14 and
a second adjustment accumulator 15. The first adjustment accumulator 14 is communicated with
the first return path. A first adjustment valve 18 is arranged at an oil access port of the first
adjustment accumulator 14. The second adjustment accumulator 15 is communicated with the
second return path. A second adjustment valve 19 is arranged at the oil access port of the second
adjustment accumulator 15.

[0161] Specifically, as shown in FIG. 8, when the vehicle tends to tip, that is, the
hydraulic suspension system 1000 has one side compressed and the other side extended, for
example, the left-front reducer assembly 2 and the left-rear reducer assembly 2 are compressed,
and the right-front reducer assembly 2 and the right-rear reducer assembly 2 are extended, in this
case, oil in the lower chamber 2012 of the left-front reducer assembly 2 and the lower chamber
2012 of the left-rear reducer assembly 2 enters the upper chamber 2011 of the right-front reducer
assembly 2 through the second return path.

[0162] The oil in the lower chamber 2012 of the left-rear reducer assembly 2 and the
lower chamber 2012 of the left-front reducer assembly 2 enters the upper chamber 2011 of the
right-rear reducer assembly 2 through the second return path, to enable the piston rod 203 of the

right-front reducer assembly 2 to lower and enable the piston rod 203 of the right-rear reducer
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assembly 2 to lower. In this way, a downward force may be provided to the vehicle body on the
right side, to keep the left and right of the vehicle consistent. In this way, the hydraulic suspension
system 1000 may provide an anti-tip torque to stop the vehicle from continuing to tip. Certainly, it
may be understood that, the foregoing description of the flow path of oil is only an exemplary
description to introduce an anti-tip principle. When the right side is compressed and the left side
is extended, the foregoing anti-tip principle is used, and the hydraulic suspension system 1000 can
provide an anti-tip force.

[0163] Asshown in FIG. 4, the first control valve 3 is opened, the second control valve
12 is closed, and the stiffness adjustment valve 11 is opened, to perform energy storage on each
second accumulator 10.

[0164] AsshowninFIG. 5, in a lift working condition, the first control valve 3 is closed,
the second control valve 12 opened, and the stiffness adjustment valve 11 is opened. The oil in the
second accumulator 10 may enter an oil channel 204 of a corresponding reducer 200 to implement
lifting.

[0165] As shown in FIG. 6, in a height reduction working condition, the first control
valve 3 is opened, the second control valve 12 is opened, and the stiffness adjustment valve 11 is
closed. The piston rod 203 of each reducer 200 moves downward to enable the oil in the lower
chamber 2012 to be discharged to the branch flow path through the oil channel 204. The oil in the
four branch flow paths converges to the common flow path to flow through the oil return valve 27
to be discharged back into the liquid storage device 1.

[0166] As shown in FIG. 7, the first control valve 3 is closed, the second control valve
12 is opened, and the stiffness adjustment valve 11 is closed. The oil in the first accumulator 9 and

the reduced pressure accumulator 30 may be discharged to the oil channel 204, or the oil in the oil
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channel 204 may be discharged to the first accumulator 9 or the reduced pressure accumulator 30
for energy storage. It may be understood that, in a starting process of the vehicle, due to an inertial
force, the rear portion of the vehicle tends to sink and the front portion of the vehicle tends to rise.
Because the upper chamber 2011 of the left-front reducer assembly 2 is communicated with the
lower chamber 2012 in the right-front reducer assembly 2, the piston rod 203 of the left-front
reducer assembly 2 and the piston rod 203 of the right-front reducer assembly 2 are kept still. In
this way, the front portion of the vehicle can be inhibited from rising, thereby implementing anti-
lift. Similarly, in a braking process of the vehicle, anti-dive is further implemented.

[0167] Embodiment 4:

[0168] As shown in FIG. 9, compared with Embodiment 1, in this embodiment, the
hydraulic suspension system 1000 according to the embodiments of the present disclosure further
has an anti-pitch mode.

[0169] The upper chamber 2011 of the left-front reducer assembly 2 is communicated
with the lower chamber 2012 of the left-rear reducer assembly 2 through a fifth pipe. The lower
chamber 2012 of the left-front reducer assembly 2 is communicated with the upper chamber 2011
of the left-rear reducer assembly 2 through a sixth pipe.

[0170] The upper chamber 2011 of the right-front reducer assembly 2 is communicated
with the lower chamber 2012 of the right-rear reducer assembly 2 through a seventh pipe. The
lower chamber 2012 of the right-front reducer assembly 2 is communicated with the upper
chamber 2011 of the right-rear reducer assembly 2 through an eighth pipe. The fifth pipe is
communicated with the seventh pipe through a first connecting pipe to form a third return path,
and the sixth pipe is communicated with the eighth pipe through a second connecting pipe to form

a fourth return path. The hydraulic suspension system 1000 further includes a third adjustment
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accumulator 16 and a fourth adjustment accumulator 17, the third adjustment accumulator 16 is
communicated with the third return path, and the third adjustment valve 20 is arranged at the oil
access port of the third adjustment accumulator 16. The fourth adjustment accumulator 17 is
communicated with the fourth return path, and the fourth adjustment valve 21 is arranged at the
oil access port of the fourth adjustment accumulator 17. A first on-off valve 22 configured to
communicate or cut off the first connecting pipe is arranged on the first connecting pipe, and a
second on-off valve 23 configured to communicate or cut off the second connecting pipe is
arranged on the second connecting pipe.

[0171]  Specifically, when the vehicle tends to pitch, that is, one of the front side and the
rear side of the hydraulic suspension system 1000 is compressed and the other is extended, for
example, the piston rod 203 of the left-front reducer assembly 2 and the piston rod 203 of the right-
front reducer assembly 2 are compressed, oil in the lower chamber 2012 of the left-front reducer
assembly 2 flows into the upper chamber 2011 of the left-rear reducer assembly 2 through the sixth
pipe, to enable the piston rod 203 of the left-rear reducer assembly 2 to lower.

[0172] The oil in the lower chamber 2012 of the right-front reducer assembly 2 flows
into the upper chamber 2011 of the right-rear reducer assembly 2 through the eighth pipe, to enable
the piston rod 203 of the right-front reducer assembly 2 to lower. In this way, the hydraulic
suspension system 1000 may provide an anti-pitch force, to keep the vehicle from continuing to
pitch.

[0173] Through the formation of the third return path and the fourth return path, linked
adjustment of the right-front reducer assembly 2, the right-rear reducer assembly 2, the left-front
reducer assembly 2, and the left-rear reducer assembly 2 can be implemented, so that it is further

ensured that an anti-pitch torque can be provided to stop the vehicle from continuing to pitch.
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Through the control of open or closed states of the third adjustment valve 20 and the fourth
adjustment valve 21, stiffness of the hydraulic suspension system 1000 can be adjusted. For
example, when the third adjustment valve 20 and the fourth adjustment valve 21 are closed, the
stiffness of the hydraulic suspension system 1000 can be increased.

[0174] When the first on-off valve 22 is closed, the communication between the fifth
pipe and the seventh pipe is blocked. When the second on-off valve 23 is closed, the
communication between the sixth pipe and the eighth pipe is blocked. In this way, it may be
determined, according to actual requirements, whether it is necessary to link the four reducer
assemblies 2.

[0175] Certainly, it may be understood that, the foregoing description of the flow path
of oil is only an exemplary description to introduce an anti-pitch principle. When the rear side is
compressed and the front side is extended, the foregoing anti-pitch principle is used, and the
hydraulic suspension system 1000 can provide an anti-pitch force.

[0176] Embodiment 5:

[0177] Asshown in FIG. 10, compared with Embodiment 4, the second accumulator 10
is not arranged in the hydraulic suspension system 1000 according to the embodiments of the
present disclosure. The hydraulic suspension system 1000 according to the embodiments of the
present disclosure further includes a central accumulator 13, a first height keeping branch, and a
second height keeping branch. The first height keeping branch is respectively communicated with
the oil channel 204 of the left-front reducer assembly 2 and the oil channel 204 of the right-front
reducer assembly 2, and a first height control valve 6 configured to communicate or cut off the
first height keeping branch is arranged on the first height keeping branch.

[0178] The second height keeping branch is respectively communicated with the oil
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channel 204 of the left-rear reducer assembly 2 and the oil channel 204 of the right-rear reducer
assembly 2, and a second height control valve 7 configured to communicate or cut off the second
height keeping branch is arranged on the second height keeping branch.

[0179] Specifically, when the first height control valve 6 is opened, the first height
keeping branch is communicated. When the first height control valve 6 is closed, the first height
keeping branch is cut off. When the second height control valve 7 is opened, the second height
keeping branch is communicated. When the second height control valve 7 is closed, the second
height keeping branch is cut off.

[0180] When the height of the vehicle body needs to be kept, the hydraulic suspension
system 1000 may switch to enter a height keeping mode, the first height control valve 6 and the
second height control valve 7 are both opened, the first height keeping branch and the second
height keeping branch are communicated, and the oil channel 204 of the left-front reducer
assembly 2 is communicated with the oil channel 204 of the right-front reducer assembly 2. The
oil channel 204 of the left-rear reducer assembly 2 is communicated with the oil channel 204 of
the right-rear reducer assembly 2. That is, the piston rod 203 of the left-front reducer assembly 2
and the piston rod 203 of the right-front reducer assembly 2 are in a linked state, and the piston
rod 203 of the left-rear reducer assembly 2 and the piston rod 203 of the right-rear reducer
assembly 2 are in a linked state, to enable the vehicle body to keep a current height as much as
possible.

[0181] In the height keeping mode, the first control valve 3 and the second control valve
12 are controlled to be kept in a closed state.

[0182] In this embodiment, in the pressurization mode, the first control valve 3 is closed,

and the oil in the liquid storage device 1 is discharged to the central accumulator 13 for energy
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storage.

[0183] Embodiment 6:

[0184] As shown in FIG. 11, in this embodiment, compared with Embodiment 4, the
hydraulic suspension system 1000 according to the embodiments of the present disclosure further
includes a central control cylinder 24.

[0185] The central control cylinder 24 includes a second cylinder body 240 and a
movement member 241. The movement member 241 may be movably arranged in the second
cylinder body 240 and fit the second cylinder body 240 to define a first chamber 243, a second
chamber 244, a third chamber 245, and a fourth chamber 246. The first chamber 243, the second
chamber 244, the third chamber 245, and the fourth chamber 246 are sequentially arranged in a
movement direction of the movement member 241. The first chamber 243 and the second chamber
244 are distributed on one side of a middle contact portion 2411 of the movement member 241.
The third chamber 245 and the fourth chamber 246 are distributed on the other side of the middle
contact portion 2411. The middle contact portion 2411 movably fits an inner wall of the second
cylinder body 240.

[0186] The oil channel 204 of the left-front reducer assembly 2 is communicated with
one of the first chamber 243 and the second chamber 244, and the oil channel 204 of the right-rear
reducer assembly 2 is communicated with the other one of the first chamber 243 and the second
chamber 244. The oil channel 204 of the left-rear reducer assembly 2 is communicated with one
of the third chamber 245 and the fourth chamber 246, and the oil channel 204 of the right-front
reducer assembly 2 is communicated with the other one of the third chamber 245 and the fourth
chamber 246. For ease of description below, an example in which the oil channel 204 of the left-

front reducer assembly 2 is communicated with the first chamber 243, the oil channel 204 of the
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right-rear reducer assembly 2 is communicated with the second chamber 244, the oil channel 204
of the left-rear reducer assembly 2 is communicated with the third chamber 245, and the oil channel
204 of the right-front reducer assembly 2 is communicated with the fourth chamber 246 is used to
describe the principle.

[0187] Specifically, when the vehicle tends to tip, for example, the piston rods 203 of
the left-front reducer assembly 2 and the left-rear reducer assembly 2 are compressed, and the
piston rods 203 of the right-front reducer assembly 2 and the right-rear reducer assembly 2 are
extended, in this case, the oil in the lower chamber 2012 of the left-front reducer assembly 2 is
discharged to the first chamber 243 through the oil channel 204, and the oil in the lower chamber
2012 of the left-rear reducer assembly 2 is discharged to the third chamber 245 through the oil
channel 204. Because the first chamber 243 and the third chamber 245 are located on two sides of
the middle contact portion 2411, a direction of a force of oil in the first chamber 243 on the middle
contact portion 2411 is opposite to a direction of a force of the third chamber 245 on the middle
contact portion 2411. The forces with two opposite directions cancel each other. In this way, the
movement member 241 does not move. In this way, the movement of the piston rod 203 of the
left-front reducer assembly 2 and the movement of the piston rod 203 of the left-rear reducer
assembly 2 can be inhibited, so that the effect of inhibiting tipping can be achieved.

[0188] When the left-front wheel of the vehicle encounters an obstacle such as a rock
and the left-front wheel is lifted to make a compression degree of the left-front reducer assembly
2 greater than a compression degree of the left-rear reducer assembly 2, an amount of oil
discharged from the left-front reducer assembly 2 into the first chamber 243 is greater than an
amount of oil discharged from the left-rear reducer assembly 2 into the third chamber 245. In this

way, the movement member 241 moves rightward to press the third chamber 245 and the fourth
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chamber 246. The oil in the third chamber 245 may be discharged into the lower chamber 2012 of
the left-rear reducer assembly 2 to enable the piston rod 203 to move upward, and oil in the fourth
chamber 246 may be discharged into the lower chamber 2012 of the right-front reducer assembly
2 to enable the piston rod 203 to move upward. In this way, a possibility that the left-rear wheel
and the right-front wheel leave the ground is decreased, to improve the stability of the vehicle.
Certainly, it may be understood that, the foregoing several cases are only exemplary descriptions.
When the vehicle encounters another working condition, for example, the right-front wheel being
lifted, or the left-rear wheel being lifted, oil flows according to the foregoing linkage principle to
keep the vehicle from tipping. Each working condition is not described in detail herein.

[0189] It may be understood that, the hydraulic suspension system 1000 in this
embodiment also has the anti-pitch mode described in Embodiment 4. Details are not described
herein again.

[0190] Embodiment 7:

[0191] As shown in FIG. 12 to FIG. 19, in this embodiment, compared with
Embodiment 4, the second accumulator 10 is canceled in the hydraulic suspension system 1000
according to the embodiments of the present disclosure. A central accumulator 13, a central control
cylinder 24, a first height keeping branch, and a second height keeping branch are arranged in the
hydraulic suspension system 1000 according to the embodiments of the present disclosure.

[0192] Anoil access port of the central accumulator 13 is communicated with the central
energy storage adjustment valve 32. The central energy storage adjustment valve 32 is
communicated with a common flow path.

[0193] The central control cylinder 24 includes a second cylinder body 240 and a

movement member 241. The movement member 241 may be movably arranged in the second
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cylinder body 240 and fit the second cylinder body 240 to define a first chamber 243, a second
chamber 244, a third chamber 245, and a fourth chamber 246. The first chamber 243, the second
chamber 244, the third chamber 245, and the fourth chamber 246 are sequentially arranged in a
movement direction of the movement member 241. The first chamber 243 and the second chamber
244 are distributed on one side of a middle contact portion 2411 of the movement member 241.
The third chamber 245 and the fourth chamber 246 are distributed on the other side of the middle
contact portion 2411. The middle contact portion 2411 movably fits an inner wall of the second
cylinder body 240.

[0194] The oil channel 204 of the left-front reducer assembly 2 is communicated with
one of the first chamber 243 and the second chamber 244, and the oil channel 204 of the right-rear
reducer assembly 2 is communicated with the other one of the first chamber 243 and the second
chamber 244. The oil channel 204 of the left-rear reducer assembly 2 is communicated with one
of the third chamber 245 and the fourth chamber 246, and the oil channel 204 of the right-front
reducer assembly 2 is communicated with the other one of the third chamber 245 and the fourth
chamber 246.

[0195] The first height keeping branch is respectively communicated with the oil
channel 204 of the left-front reducer assembly 2 and the oil channel 204 of the right-front reducer
assembly 2, and a first height control valve 6 configured to communicate or cut off the first height
keeping branch is arranged on the first height keeping branch.

[0196] The second height keeping branch is respectively communicated with the oil
channel 204 of the left-rear reducer assembly 2 and the oil channel 204 of the right-rear reducer
assembly 2, and a second height control valve 7 configured to communicate or cut off the second

height keeping branch is arranged on the second height keeping branch.
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[0197] Specifically, for ease of description below, an example in which the oil channel
204 of the left-front reducer assembly 2 is communicated with the first chamber 243, the oil
channel 204 of the right-rear reducer assembly 2 is communicated with the second chamber 244,
the oil channel 204 of the left-rear reducer assembly 2 is communicated with the third chamber
245, and the oil channel 204 of the right-front reducer assembly 2 is communicated with the fourth
chamber 246 is used to describe the principle.

[0198] Specifically, as shown in FIG. 13, the hydraulic suspension system 1000 enters
the pressurization mode. The central energy storage adjustment valve 32 is opened, the four first
control valves 3 are closed, the first height control valve 6 is closed, and the second height control
valve 7 is closed. Qil that flows out of the liquid storage device 1 is discharged to the central
accumulator 13 for energy storage.

[0199] As shown in FIG. 14, when the vehicle enters the lift mode, the central energy
storage adjustment valve 32 is opened, the four first control valves 3 are opened, the first height
control valve 6 is closed, and the second height control valve 7 is closed.

[0200] Oil discharged from the central accumulator 13 respectively enters the oil
channels 204 of the four reducer assemblies 2 through the four branch flow paths. The oil in the
oil channel 204 enters the lower chamber 2012 to enable the piston rod 203 to move upward to
raise the vehicle body.

[0201] As shown in FIG. 15, when the height of the vehicle body needs to be kept, the
hydraulic suspension system 1000 may switch to enter a height keeping mode, the first height
control valve 6 and the second height control valve 7 are both opened, the four first control valves
3 are closed, the first height keeping branch and the second height keeping branch are

communicated, and the oil channel 204 of the left-front reducer assembly 2 is communicated with
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the oil channel 204 of the right-front reducer assembly 2. The oil channel 204 of the left-rear
reducer assembly 2 is communicated with the oil channel 204 of the right-rear reducer assembly
2. That is, the piston rod 203 of the left-front reducer assembly 2 and the piston rod 203 of the
right-front reducer assembly 2 are in a linked state, and the piston rod 203 of the left-rear reducer
assembly 2 and the piston rod 203 of the right-rear reducer assembly 2 are in a linked state, to
enable the vehicle body to keep a current height as much as possible.

[0202] As shown in FIG. 16, when the vehicle enters the height reduction mode, the
central energy storage adjustment valve 32 is closed, the four first control valves 3 are opened, the
first height control valve 6 is closed, and the second height control valve 7 is closed.

[0203] Oil discharged from the lower chamber 2012 of each reducer assembly 2 passes
through the communicating channel and the oil return valve 27 to flow back into the liquid storage
device 1. In this way, each piston rod 203 moves downward to reduce the height of the vehicle
body.

[0204] As shown in FIG. 17, the central energy storage adjustment valve 32 is closed,
the first height adjustment valve 6 is closed, the second height adjustment valve 7 is closed, and
the four first control valves 3 are closed.

[0205] When the vehicle tends to tip, for example, the piston rods 203 of the left-front
reducer assembly 2 and the left-rear reducer assembly 2 are compressed, and the piston rods 203
of the right-front reducer assembly 2 and the right-rear reducer assembly 2 are extended, in this
case, the oil in the lower chamber 2012 of the left-front reducer assembly 2 is discharged to the
first chamber 243 through the oil channel 204, and the oil in the lower chamber 2012 of the left-
rear reducer assembly 2 is discharged to the third chamber 245 through the oil channel 204.

Because the first chamber 243 and the third chamber 245 are located on two sides of the middle
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contact portion 2411, a direction of a force of oil in the first chamber 243 on the middle contact
portion 2411 is opposite to a direction of a force of the third chamber 245 on the middle contact
portion 2411. The forces with two opposite directions cancel each other. In this way, the movement
member 241 does not move. In this way, the movement of the piston rod 203 of the left-front
reducer assembly 2 and the movement of the piston rod 203 of the left-rear reducer assembly 2
can be inhibited, so that the effect of inhibiting tipping can be achieved.

[0206] When the left-front wheel of the vehicle encounters an obstacle such as a rock
and the left-front wheel is lifted to make a compression degree of the left-front reducer assembly
2 greater than a compression degree of the left-rear reducer assembly 2, an amount of oil
discharged from the left-front reducer assembly 2 into the first chamber 243 is greater than an
amount of oil discharged from the left-rear reducer assembly 2 into the third chamber 245. In this
way, the movement member 241 moves rightward to press the third chamber 245 and the fourth
chamber 246. The oil in the third chamber 245 may be discharged into the lower chamber 2012 of
the left-rear reducer assembly 2 to enable the piston rod 203 to move upward, and oil in the fourth
chamber 246 may be discharged into the lower chamber 2012 of the right-front reducer assembly
2 to enable the piston rod 203 to move upward. In this way, a possibility that the left-rear wheel
and the right-front wheel leave the ground is decreased, to improve the stability of the vehicle.

[0207] Certainly, it may be understood that, the foregoing several cases are only
exemplary descriptions. When the vehicle encounters another working condition, for example, the
right-front wheel being lifted, or the left-rear wheel being lifted, oil flows according to the
foregoing linkage principle to keep the vehicle from tipping. Each working condition is not
described in detail herein.

[0208] As shown in FIG. 18, the third adjustment valve 20 is opened, the fourth
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adjustment valve 21 is opened, the central energy storage adjustment valve 32 is closed, the first
height adjustment valve 6 is closed, the second height adjustment valve 7 is closed, the four first
control valves 3 are closed, the first on-off valve 22 is opened, and the second on-off valve 23 is
opened.

[0209] When the vehicle tends to pitch, that is, one of the front side and the rear side of
the hydraulic suspension system 1000 is compressed and the other is extended, for example, the
piston rod 203 of the left-front reducer assembly 2 and the piston rod 203 of the right-front reducer
assembly 2 are compressed, the piston rod 203 of the left-rear reducer assembly 2 and the piston
rod 203 of the right-rear reducer assembly 2 are extended, oil in the lower chamber 2012 of the
left-front reducer assembly 2 flows into the upper chamber 2011 of the left-rear reducer assembly
2 through the sixth pipe, to enable the piston rod 203 of the left-rear reducer assembly 2 to lower.

[0210] The oil in the lower chamber 2012 of the right-front reducer assembly 2 enters
the upper chamber 2011 of the right-rear reducer assembly 2 through the eighth pipe, to enable the
piston rod 203 of the right-rear reducer assembly 2 to lower. In this way, the hydraulic suspension
system 1000 may provide an anti-pitch force, to keep the vehicle from continuing to pitch.

[0211] Through the formation of the third return path and the fourth return path, linked
adjustment of the right-front reducer assembly 2, the right-rear reducer assembly 2, the left-front
reducer assembly 2, and the left-rear reducer assembly 2 can be implemented, so that it is further
ensured that an anti-pitch torque can be provided to stop the vehicle from continuing to pitch.
Through the control of open or closed states of the third adjustment valve 20 and the fourth
adjustment valve 21, stiffness of the hydraulic suspension system 1000 can be adjusted. For
example, when the third adjustment valve 20 and the fourth adjustment valve 21 are closed, the

stiffness of the hydraulic suspension system 1000 can be increased.
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[0212] Certainly, it may be understood that, the foregoing description of the flow path
of oil is only an exemplary description to introduce an anti-pitch principle. When the rear side is
compressed and the front side is extended, the foregoing anti-pitch principle is used, and the
hydraulic suspension system 1000 can provide an anti-pitch force.

[0213] It may be understood that, when the hydraulic suspension system 1000 according
to the embodiments of the present disclosure is used in an off-road vehicle, to increase an off-road
RTI, as shown in FIG. 19, the third adjustment valve 20 is closed, the fourth adjustment valve 21
is closed, the central energy storage adjustment valve 32 is closed, the four first control valves 3
are closed, the first on-off valve 22 is closed, and the second on-off valve 23 is closed. The first
height adjustment valve 6 is opened, and the second height adjustment valve 7 is opened.

[0214] The anti-tip principle and the height keeping principle described above are used.
When an off-road vehicle travels on a bumpy mountain road, the hydraulic suspension system
1000 may provide an anti-tip force and a vehicle body height keeping force, and therefore is not
prone to tipping.

[0215] Embodiment 8:

[0216] As shown in FIG. 20, in this embodiment, compared with Embodiment 1, the
hydraulic suspension system 1000 according to the embodiments of the present disclosure further
includes a central control cylinder 24, a first height keeping branch, and a second height keeping
branch.

[0217] The central control cylinder 24 includes a second cylinder body 240 and a
movement member 241. The movement member 241 may be movably arranged in the second
cylinder body 240 and fit the second cylinder body 240 to define a first chamber 243, a second

chamber 244, a third chamber 245, and a fourth chamber 246. The first chamber 243, the second
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chamber 244, the third chamber 245, and the fourth chamber 246 are sequentially arranged in a
movement direction of the movement member 241. The first chamber 243 and the second chamber
244 are distributed on one side of a middle contact portion 2411 of the movement member 241.
The third chamber 245 and the fourth chamber 246 are distributed on the other side of the middle
contact portion 2411. The middle contact portion 2411 movably fits an inner wall of the second
cylinder body 240.

[0218] The oil channel 204 of the left-front reducer assembly 2 is communicated with
one of the first chamber 243 and the second chamber 244, and the oil channel 204 of the right-rear
reducer assembly 2 is communicated with the other one of the first chamber 243 and the second
chamber 244. The oil channel 204 of the left-rear reducer assembly 2 is communicated with one
of the third chamber 245 and the fourth chamber 246, and the oil channel 204 of the right-front
reducer assembly 2 is communicated with the other one of the third chamber 245 and the fourth
chamber 246. For ease of description below, an example in which the oil channel 204 of the left-
front reducer assembly 2 is communicated with the first chamber 243, the oil channel 204 of the
right-rear reducer assembly 2 is communicated with the second chamber 244, the oil channel 204
of the left-rear reducer assembly 2 is communicated with the third chamber 245, and the oil channel
204 of the right-front reducer assembly 2 is communicated with the fourth chamber 246 is used to
describe the principle.

[0219] Specifically, when the vehicle tends to tip, for example, the piston rods 203 of
the left-front reducer assembly 2 and the left-rear reducer assembly 2 are compressed, and the
piston rods 203 of the right-front reducer assembly 2 and the right-rear reducer assembly 2 are
extended, in this case, the oil in the lower chamber 2012 of the left-front reducer assembly 2 is

discharged to the first chamber 243 through the oil channel 204, and the oil in the lower chamber
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2012 of the left-rear reducer assembly 2 is discharged to the third chamber 245 through the oil
channel 204. Because the first chamber 243 and the third chamber 245 are located on two sides of
the middle contact portion 2411, a direction of a force of oil in the first chamber 243 on the middle
contact portion 2411 is opposite to a direction of a force of the third chamber 245 on the middle
contact portion 2411. The forces with two opposite directions cancel each other. In this way, the
movement member 241 does not move. In this way, the movement of the piston rod 203 of the
left-front reducer assembly 2 and the movement of the piston rod 203 of the left-rear reducer
assembly 2 can be inhibited, so that the effect of inhibiting tipping can be achieved.

[0220] When the left-front wheel of the vehicle encounters an obstacle such as a rock
and the left-front wheel is lifted to make a compression degree of the left-front reducer assembly
2 greater than a compression degree of the left-rear reducer assembly 2, an amount of oil
discharged from the left-front reducer assembly 2 into the first chamber 243 is greater than an
amount of oil discharged from the left-rear reducer assembly 2 into the third chamber 245. In this
way, the movement member 241 moves rightward to press the third chamber 245 and the fourth
chamber 246. The oil in the third chamber 245 may be discharged into the lower chamber 2012 of
the left-rear reducer assembly 2 to enable the piston rod 203 to move upward, and oil in the fourth
chamber 246 may be discharged into the lower chamber 2012 of the right-front reducer assembly
2 to enable the piston rod 203 to move upward. In this way, a possibility that the left-rear wheel
and the right-front wheel leave the ground is decreased, to improve the stability of the vehicle.

[0221] Certainly, it may be understood that, the foregoing several cases are only
exemplary descriptions. When the vehicle encounters another working condition, for example, the
right-front wheel being lifted, or the left-rear wheel being lifted, oil flows according to the

foregoing linkage principle to keep the vehicle from tipping. Each working condition is not
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described in detail herein.

[0222] The first height keeping branch is respectively communicated with the oil
channel 204 of the left-front reducer assembly 2 and the oil channel 204 of the right-front reducer
assembly 2, and a first height control valve 6 configured to communicate or cut off the first height
keeping branch is arranged on the first height keeping branch.

[0223] The second height keeping branch is respectively communicated with the oil
channel 204 of the left-rear reducer assembly 2 and the oil channel 204 of the right-rear reducer
assembly 2, and a second height control valve 7 configured to communicate or cut off the second
height keeping branch is arranged on the second height keeping branch.

[0224] Specifically, when the first height control valve 6 is opened, the first height
keeping branch is communicated. When the first height control valve 6 is closed, the first height
keeping branch is cut off. When the second height control valve 7 is opened, the second height
keeping branch is communicated. When the second height control valve 7 is closed, the second
height keeping branch is cut off.

[0225] When the height of the vehicle body needs to be kept, the hydraulic suspension
system 1000 may switch to enter a height keeping mode, the first height control valve 6 and the
second height control valve 7 are both opened, the first height keeping branch and the second
height keeping branch are communicated, and the oil channel 204 of the left-front reducer
assembly 2 is communicated with the oil channel 204 of the right-front reducer assembly 2. The
oil channel 204 of the left-rear reducer assembly 2 is communicated with the oil channel 204 of
the left-rear reducer assembly 2. That is, the piston rod 203 of the left-front reducer assembly 2
and the piston rod 203 of the right-front reducer assembly 2 are in a linked state, and the piston

rod 203 of the left-rear reducer assembly 2 and the piston rod 203 of the right-rear reducer
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assembly 2 are in a linked state, to enable the vehicle body to keep a current height as much as
possible.

[0226] Embodiment 9:

[0227] As shown in FIG. 21, in this embodiment, compared with Embodiment 8, the
second control valve 12 is not arranged in the hydraulic suspension system 1000 according to the
embodiments of the present disclosure, and the hydraulic suspension system 1000 includes a
central accumulator 13.

[0228] It needs to be noted that, in this embodiment, in the pressurization mode, the oil
in the liquid storage device 1 flows to the central accumulator 13 and the second accumulator 10
for energy storage.

[0229] The modes of the hydraulic suspension system 1000 in this embodiment are the
same as those in Embodiment 8. Details are not described herein.

[0230] It needs to be noted that, the foregoing nine embodiments are only exemplary
descriptions. The modes of the hydraulic suspension system 1000 are not exhaustively described
in each embodiment. The foregoing nine embodiments all have the lift mode, the height reduction
mode, damping adjustment, and the like. Details are not described in each embodiment.

[0231] A vehicle according to embodiments of the present disclosure includes the
hydraulic suspension system 1000 according to any foregoing embodiment of the present
disclosure.

[0232] The vehicle according to the embodiments of the present disclosure may adjust
the height of the vehicle body according to a road condition or the like. For example, on a relatively
bumpy mountain road, the hydraulic suspension apparatus may enter the lift mode to raise the

center of gravity of the vehicle, thereby improving the driving stability of the vehicle. When an
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impact of the vehicle body on a driving speed needs to be reduced, the hydraulic suspension
apparatus may enter the height reduction mode to lower the center of gravity of the vehicle.
Certainly, it may be understood that, the foregoing is only an exemplary description, and the height
of the vehicle body may be adjusted according to an actual requirement in a driving process.

[0233] The vehicle according to the embodiments of the present disclosure may adjust
a height of a vehicle body, and can improve the operational stability of a vehicle without damaging
the comfort of the vehicle, so that the contradiction between the comfort and the steering stability
of the vehicle is effectively resolved. In addition, the weight can be reduced by using the hollow
piston rod 203, and the oil channel 204 defined by the hollow piston rod 203 is further used to
implement intake or discharge of oil to adjust the position of the piston rod 203. The adjustment
manner is simple, the reliability is high, the costs are low, and the response speed is fast. Further,
the oil channel 204 communicated with the lower chamber 2012 is opened at the piston rod 203,
and the oil channel 204 is communicated with the liquid storage apparatus. Therefore, an oil path
can be stably communicated, wear or the like at a joint due to vibration is avoided, and liquid
leakage at a joint can be avoided as much as possible.

[0234] Other structures such as a braking system and operations of the vehicle according
to the embodiments of the present disclosure are known to those of ordinary skill in the art, and
details are not described herein again.

[0235] 1In the description of the present disclosure, it should be understood that,
orientations or position relationships indicated by terms such as "center", "longitudinal”,
"transverse”, "length", "width", "thickness", "up", "down", "front", "back", "left", "right",
"vertical", "horizontal", "top", "bottom", "inner", "outer", "clockwise", "counterclockwise",

"axial", "radial", and "circumferential” are orientations or position relationship shown based on
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the accompanying drawings, and are merely used for describing the present disclosure and
simplifying the description, rather than indicating or implying that the apparatus or element should
have a particular orientation or be constructed and operated in a particular orientation, and
therefore, should not be construed as a limitation on the present disclosure.

[0236] In addition, terms "first" and "second" are used only for describing objectives,
and shall not be construed as indicating or implying relative importance or implying a quantity of
indicated technical features. Therefore, a feature restricted by "first " or "second" may explicitly
indicate or implicitly include one or more such features. In descriptions of the present disclosure,
"multiple” means more than two, unless otherwise defined clearly and specifically.

[0237] In the present disclosure, unless otherwise clearly specified and limited, terms
"mount”, "connect", "connect to", and "fix" should be understood in a generalized manner, for
example, may be understood as fixed connection, detachable connection, or integration; or may be
understood as mechanical connection or electrical connection; or may be understood as direct
connection, or indirect connection by means of a medium, or internal communication of two
elements or a mutual relationship between two elements. A person of ordinary skill in the art may
understand specific meanings of the terms in the present disclosure according to specific situations.

[0238] In the present disclosure, unless explicitly specified or limited otherwise, a first
characteristic "on" or "under" a second characteristic may be the first characteristic in direct
contact with the second characteristic, or the first characteristic in indirect contact with the second

characteristic by using an intermediate medium. Moreover, the first feature "on", "above" and "on
the top of" the second feature may be that the first feature is directly above or obliquely above the

second feature, or merely that the level of the first feature level is higher than that of the second

feature. The first feature "under”, "below" and "on the bottom of" the second feature may be that
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the first feature is directly below or obliquely below the second feature, or merely that the level of
the first feature is lower than that of the second feature.

[0239] In description of the specification, description of reference terms such as "one
embodiment", "some embodiments", "example", "specific example" or "some examples" means
including specific features, structures, materials, or features described in the embodiment or
example in at least one embodiment or example of the present disclosure. In this specification,
schematic descriptions of the foregoing terms do not need to aim at a same embodiment or example.
In addition, the described specific features, structures, materials, or features can be combined in a
proper manner in any one or more embodiments or examples. Moreover, different embodiments
or examples and features of different embodiments or examples described in the specification can
be synthesized and combined by those skilled in the art as long as no conflict occurs..

[0240] Although the embodiments of the present disclosure are shown and described
above, it can be understood that, the foregoing embodiments are exemplary, and cannot be
construed as a limitation to the present disclosure. Within the scope of the present disclosure, a

person of ordinary skill in the art may make changes, modifications, replacement, and variations

to the foregoing embodiments.
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WHATIS CLAIMED IS:

1. Ahydraulic suspension apparatus, configured to adjust a height of a vehicle body of a vehicle,
comprising:

a liquid storage apparatus, the liquid storage apparatus being suitable for being arranged on
the vehicle body and being configured to store oil; and

a reducer, the reducer having a reducer housing, a piston, and a piston rod, the reducer housing
being suitable for being connected to an axle, the piston being located in the reducer housing and
fitting the reducer housing to define an upper chamber and a lower chamber, an end of the piston
rod being connected to the piston, the piston rod being suitable for being connected to the vehicle
body, an oil channel being provided in the piston rod, and the oil channel being communicated
with the lower chamber and the liquid storage apparatus, to make oil flowable between the liquid

storage apparatus and the lower chamber.

2. The hydraulic suspension apparatus according to claim 1, wherein the liquid storage apparatus
comprises a control pump and a liquid storage device, and the control pump is arranged between

the liquid storage device and the oil channel.

3. The hydraulic suspension apparatus according to claim 1 or 2, wherein an upper end of the
piston rod extends out of the reducer housing, an oil port is formed at the upper end of the piston

rod, and the oil port is configured to communicate the oil channel and the liquid storage apparatus.

4. The hydraulic suspension apparatus according to claim 2, further comprising an oil outlet

channel and an oil return channel, the oil outlet channel and the oil return channel are both
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communicated between the liquid storage device and the oil channel, the oil outlet channel and the

oil return channel partially overlap, and the control pump is arranged on the oil outlet channel.

5. The hydraulic suspension apparatus according to claim 4, wherein the oil outlet channel
comprises a shared channel and an oil outlet branch, the oil return channel comprises the shared
channel and an oil return branch, one end of the shared channel is communicated with the oil
channel, and the oil outlet branch and the oil return branch are both communicated with the other

end of the shared channel.

6. The hydraulic suspension apparatus according to claim 5, wherein a one-way valve and the
control pump are arranged on the oil outlet branch, one end of the one-way valve is communicated
with the shared channel, the other end of the one-way valve is communicated with the control

pump, and an oil return valve is arranged on the oil return branch.

7. The hydraulic suspension apparatus according to any one of claims 1 to 6, further comprising
an accumulator module, the oil channel is communicated with the liquid storage apparatus through
a communicating channel, the accumulator module is communicated with the communicating
channel, and the accumulator module is suitable for at least adjusting at least one of damping and

stiffness of the reducer and the height of the vehicle body of the vehicle.

8. The hydraulic suspension apparatus according to claim 7, further comprising a first control
valve, and the first control valve is arranged on the communicating channel, and is configured to

control communication or separation between the liquid storage apparatus and the accumulator
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module.

9. The hydraulic suspension apparatus according to claim 7 or 8, wherein the accumulator
module comprises a first accumulator and an openness adjustment valve, the first accumulator is
communicated with the communicating channel at a first communicating point, the openness
adjustment valve is arranged between the first communicating point and the oil channel, the
openness adjustment valve is configured to adjust openness of a communicating channel between
the oil channel and the first communicating point, to adjust the damping of the reducer, and the
openness adjustment valve is further configured to close a communicating channel between the oil

channel and the first communicating point, to adjust the stiffness of the reducer.

10. The hydraulic suspension apparatus according to any one of claims 7 to 9, wherein the
accumulator module further comprises a second accumulator and a stiffness adjustment valve, a
second communicating point communicated with the second accumulator is arranged on the
communicating channel, the stiffness adjustment valve is arranged between the second
accumulator and the second communicating point, and the stiffness adjustment valve is configured
to communicate or separate the communicating channel and the second accumulator to adjust the

stiffness of the reducer.

11. The hydraulic suspension apparatus according to claim 10, wherein a second control valve is

further arranged between the second communicating point and the oil channel.

12. The hydraulic suspension apparatus according to any one of claims 7 to 11, wherein the
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accumulator module further comprises a first accumulator and a second accumulator, the first
accumulator is communicated with the communicating channel at a first communicating point, and
a second communicating point communicated with the second accumulator is arranged on the

communicating channel.

13. The hydraulic suspension apparatus according to claim 12, wherein the first communicating

point is located between the oil channel and the second communicating point.

14. The hydraulic suspension apparatus according to claim 12 or 13, wherein a second control

valve is arranged between the first communicating point and the second communicating point.

15. A hydraulic suspension system, comprising a controller and the hydraulic suspension
apparatus according to any one of claims 1 to 14, the controller being configured to control a flow
direction of oil between the liquid storage apparatus and the reducer according to a status of a

vehicle, to increase or reduce a height of a vehicle body of the vehicle.

16. A vehicle, comprising the hydraulic suspension system according to claim 15.
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