ACTIVE-PASSIVE DUAL MODE SWITCHABLE VEHICLE SUSPENSION SYSTEM AND
SWITCHING METHOD THEREFOR

TECHNICAL FIELD
[0001] The present disclosure pertains to the technical field of a vehicle suspension, and in
particular relates to an active suspension and passive suspension switchable suspension system and

a switching method therefor.

BACKGROUND

[0002] A suspension system is an important component of a vehicle and has function of
transmitting force and moment between wheels and a frame, buffering impact force transmitted to
the body from the uneven road, and attenuating vibration caused thereby so as to ensure driving
smoothness and operating stability of the vehicle. The active suspension has better vibration
damping performance than the passive suspension, but the reliability of the active suspension is
slightly worse than the passive suspension. If the vehicle is only equipped with the active
suspension, once malfunction occurs, it is difficult to ensure driving safety and maneuverability of
the vehicle. Therefore, the active suspension and the passive suspension are integrated into a vehicle
body and can be switched at any time so that the driving safety and the maneuverability of the
vehicle can be ensured while riding comfort is improved.

[0003] In the prior art, when the active suspension system and the passive suspension
system integrated in a vehicle body are switched with each other, a problem of strong vibration will
occur due to the unequal pressure of the two systems, and a greater potential safety risk exists. An
effective work of the active suspension system needs an energy accumulator as an auxiliary power
source, and an effective work of the passive suspension system needs an energy accumulator as an
elastic element. In the prior art, the energy accumulator for active suspension and the energy
accumulator for passive suspension are two independent elements, each of which plays its role.
The energy accumulator has larger volume and quality than other hydraulic elements. If the number
of the energy accumulator is large, it not only raises higher requirements for a limited layout space
of the vehicle body, but also increases the weight of the vehicle body, which is unfavorable for the

lightweight of the vehicle.



SUMMARY

[0004] In view of the above technical problems, an object of the present disclosure is to
provide an active-passive dual mode switchable vehicle suspension system and a switching method
therefor, which can realize smooth switching of working modes and allow an energy accumulator to
be reused in two working modes.

[0005] First, the present disclosure provides an active-passive dual mode switchable vehicle
suspension system, which includes a filter, a hydraulic pump, an one-way valve, a power take-off, a
servo valve, a suspension cylinder, an overflow valve, an energy accumulator, a reversing valve, a
first pressure sensor, a second pressure sensor, a controller, an oil tank and a displacement sensor;
[0006] an oil inlet of the filter is communicated with the oil tank through an oil pipe, and an
oil outlet of the filter is communicated with an oil inlet of the hydraulic pump through an oil pipe;
an oil outlet of the hydraulic pump is communicated with an oil inlet of the one-way valve through
an oil pipe; an oil outlet of the one-way valve is communicated with an oil inlet of the servo valve
through an oil pipe; and a return port of the servo valve is communicated with the oil tank through
an oil pipe.

[0007] A drive shaft of the hydraulic pump is connected to the power take-off through a
mechanical structure; the power take-off is connected to a power output shaft of a vehicle engine,
and the power take-off is used to obtain power from the vehicle engine and transmit the power to
the hydraulic pump.

[0008] The servo valve is a three-position four-way electro-hydraulic servo valve, which
includes three states of a left position, a middle position and a right position; a first working oil port
of the servo valve is communicated with a rodless cavity of the suspension cylinder, and a second
working oil port of the servo valve is communicated with a rod cavity of the suspension cylinder;
when the servo valve is at the middle position, all passages between the oil inlet, the return port of
the servo valve and the first working oil port, the second working oil port of the servo valve are
turned off; when the servo valve is at the left position, a passage between the oil inlet port of the
servo valve and the first working oil port of the servo valve is turned on, and a passage between the
return port of the servo valve and the second working oil port of the servo valve is turned on; when
the servo valve is at the right position, a passage between the oil inlet port of the servo valve and the
second working oil port of the servo valve is turned on, and a passage between the return port of the
servo valve and the first working oil port of the servo valve is turned on.

[0009] The suspension cylinder is hinged to the vehicle body, and the suspension cylinder is
provided with the displacement sensor to monitor the displacement of a piston rod relative to a

hydraulic cylinder barrel.



[0010] An oil inlet of the overflow valve is communicated with an oil outlet of the one-way
valve through an oil pipe, an oil outlet of the overflow valve is communicated with the oil tank
through an oil pipe, and an opening pressure of the overflow valve is adjusted by giving a control
signal to a control end of the overflow valve by the controller. The proportional overflow valve can
be used as a safety valve for an active suspension system or as a safety valve for a passive
suspension system.

[0011] The reversing valve and the servo valve are arranged in parallel, an oil inlet of the
reversing valve is communicated with the oil tank through an oil pipe, and a return port of the
reversing valve is communicated with the oil inlet of the overflow valve through an oil pipe; the
first working oil port of the reversing valve is communicated with the rod cavity of the suspension
cylinder through an oil pipe, and the second working oil port of the reversing valve is
communicated with the rodless cavity of the suspension cylinder through an oil pipe.

[0012] The energy accumulator is arranged in an oil path between the return port of the
reversing valve and the oil inlet of the overflow valve. The energy accumulator can be used as an
auxiliary power source for the active suspension system or as an elastic element of the passive
suspension system.

[0013] The first pressure sensor is provided in an oil path between the energy accumulator
and the return port of the reversing valve, for detecting an oil pressure in the energy accumulator;
the second pressure sensor is provided in an oil path between the rodless cavity of the suspension
cylinder and the first working oil port of the servo valve, for detecting an oil pressure in the rodless
cavity of the suspension cylinder.

[0014] A control end of the power take-off, a control end of the servo valve, a control end of
the overflow valve and a control end of the reversing valve are all connected to the controller, and
their signals are all given by the controller.

[0015] The servo valve is a three-position four-way electro-hydraulic servo valve, which
includes three states of a left position, a middle position and a right position; when the servo valve
is at the middle position, all passages between the oil inlet, the return ports of the servo valve and
the first working oil port, the second working oil port of the servo valve are turned off; when the
servo valve is at the left position, the passage between the oil inlet port of the servo valve and the
first working oil port of the servo valve is turned on, and the passage between the oil return port of
the servo valve and the second working oil port of the servo valve is turned on, and at this time, oil
may enter the rodless cavity of the suspension cylinder through the oil inlet port of the servo valve
and the first working oil port of the servo valve, and at the same time, oil in the rod cavity of the

suspension cylinder may flow back to the oil tank through the second working oil port of the servo



valve and the oil return port of the servo valve; when the servo valve is at the right position, the
passage between the oil inlet port of the servo valve and the second working oil port of the servo
valve is turned on, and the passage between the oil return port of the servo valve and the first
working oil port of the servo valve is turned on, and at this time, the oil may enter the rod cavity of
the suspension cylinder through the oil inlet port of the servo valve and the second working oil port
of the servo valve, and at the same time, oil in the rodless cavity of the suspension cylinder may
flow back to the oil tank through the first working oil port of the servo valve and the oil return port
thereof.

[0016] In a preferred embodiment of the invention, the overflow valve is a proportional
overflow valve.

[0017] In a preferred embodiment of the invention, the reversing valve is a two-position
four-way electromagnetic reversing valve, comprising two states of turning off and turning on.
when the reversing valve is in the turning-off state, all passages between the oil inlet and return port
of the reversing valve and the first working oil port and second working oil port of the reversing
valve are turned off; when the reversing valve is in the turning-on state, a passage between the oil
inlet of the reversing valve and the first working oil port of the reversing valve, and a passage
between the return port of the reversing valve and the second working oil port of the reversing valve
are both turned on. Oil in the rodless cavity of the suspension cylinder may flow into the energy
accumulator through the second working oil port of the reversing valve and the return port of the
reversing valve, and oil in the oil tank may flow into the rod cavity of the suspension cylinder
through the oil inlet of the reversing valve and the first working oil port of the reversing valve. On
the contrary, oil in the energy accumulator may also flow into the rodless cavity of the suspension
cylinder through the return port of the reversing valve and the second working oil port of the
reversing valve, and the oil in the rod cavity of the suspension cylinder may also flow back to the
oil tank through the first working oil port of the reversing valve and the oil inlet of the reversing
valve.

[0018] Secondly, the present disclosure provides a switching method using the active-passive
dual mode switchable vehicle suspension system.

[0019] When the suspension system is in the active suspension mode, the reversing valve is in
the turning-oft state, and the opening pressure of the overflow valve at this time is the maximum
pressure p, used for the safe operation of the active suspension system. The power take-off is
connected to power output shaft of the vehicle engine and outputs the power to the hydraulic pump
to drive the working of the hydraulic pump. The controller outputs a corresponding control signal to

the control end of the servo valve according to the driving condition and vehicle body condition to



regulate the working thereof. At this time, the energy accumulator is used as the auxiliary power
source of the active suspension system, and the overflow valve is used as the safety valve of the
active suspension system.

[0020] When the suspension system is in the passive suspension mode, the reversing valve is in
the turning-on state, and the opening pressure of the overflow valve at this time is the maximum
pressure ps used for the safe operation of the passive suspension system. The power take-off is
disconnected to the power output shaft of the vehicle engine, and the hydraulic pump stops
working. The servo valve is at the middle position, while the energy accumulator is used as the
elastic element of the passive suspension system, and the overflow valve is used as the safety valve
of the passive suspension system. The method comprises following steps:

[0021] S1. when the vehicle is parked and an active suspension is switched from to a passive
suspension, the controller outputs a corresponding displacement command to the control end of the
servo valve according to a feedback signal of the displacement sensor; the servo valve regulates
movement of the piston rod of the cylinder to an middle position of its full stroke, and then the
controller stops outputting the signal to the servo valve; the servo valve returns to the middle
position state, the oil is locked in the suspension cylinder; the controller stops outputting signals to
the power take-off, the power take-off is disconnected from the power output shaft of the vehicle
engine, and the hydraulic pump stops working, at this time, the first pressure sensor detects that the
pressure value in the energy accumulator is p;, and a signal of the pressure value in the energy
accumulator is transmitted to the controller, and the second pressure sensor detects that the pressure
value in the rodless cavity of the suspension cylinder is p>, and then a signal of the pressure value in
the rodless cavity of the suspension cylinder is transmitted to the controller; and the controller
compares the pressure values p; and p2, and makes corresponding adjustments, specifically:

[0022] (1). if p;=p>, the controller outputs a control signal to the control end of the reversing
valve, adjusts the reversing valve to be switched from the turning-off state to the turning-on state;
the oil path between the rodless cavity of the suspension cylinder and the energy accumulator is
turned on; the oil path between the rod cavity of the suspension cylinder and the oil tank is turned
on; the controller outputs a control signal to the control end of the overflow valve to adjust its
opening pressure to ps; since p; is equal to p», there is no pressure difference when the reversing
valve is turned on, and the active suspension is smoothly switched to the passive suspension; at this
time, the energy accumulator is used as an elasticity element of the passive suspension, and the
overflow valve is used as a safety valve of the passive suspension system; and at this time, the
vehicle starts to travel, that is, travels in a passive suspension mode;

[0023] (2). if pr>p2, the controller outputs a control signal to the control end of the overflow



valve, adjusts the opening pressure of the overflow valve to p>, and the oil flows from the energy
accumulator back to the oil tank via the overflow valve; when the first pressure sensor monitors that
the pressure of the energy accumulator decreases to p2, the controller outputs a control signal to the
control end of the overflow valve to adjust its opening pressure to p,; then the controller outputs a
control signal to the control end of the reversing valve to switch the reversing valve from the
turning-off state to the turning-on state; at this time, p;/=p>, the active suspension is smoothly
switched to the passive suspension, the energy accumulator is used as the elastic element of the
passive suspension, and the overflow valve is used as the safety valve of the passive suspension
system; and at this time, the vehicle starts to travel, that is, travels in the passive suspension mode;
[0024] (3). if p2>p1, the controller outputs a control signal to the power take-off, and the power
take-off is reconnected to the output shaft of the vehicle engine and obtains power therefrom and
outputs the power to the hydraulic pump, and the hydraulic pump operates, the oil flows into the
energy accumulator via the one-way valve, the oil pressure in the energy accumulator rises; when
the pressure monitored by the first pressure sensor rises to p», the controller stops outputting the
control signal to the power take-off; the power take-off is disconnected from the output shaft of the
vehicle engine; the hydraulic pump stops working, and then the controller outputs a control signal
to the control end of the reversing valve, makes the reversing valve switch from the turning-off state
to the turning-on state; at this time p;=p2, the active suspension is smoothly switched to the passive
suspension, the energy accumulator is used as the elastic element of the passive suspension, and the
overflow valve is used as the safety valve of the passive suspension system; and at this time, the
vehicle starts to travel, that is, travels in the passive suspension mode; and

[0025] S2. when the vehicle is parked and the passive suspension is switched to the active
suspension, the controller stops outputting the signal to the reversing valve firstly; the reversing
valve is switched from the turning-on state to the turning-off state, the oil is locked in the
suspension cylinder, and subsequently the controller outputs a control signal to the overflow valve
to adjust its opening pressure to p., and then the controller outputs a control signal to the power
take-off; the power take-off is connected to the output shaft of the vehicle engine and obtains power
therefrom and outputs the power to the hydraulic pump, and the hydraulic pump operates, the
controller outputs a corresponding displacement command to the control end of the servo valve
according to the feedback signal of the displacement sensor; after the servo valve has regulated the
movement of the piston rod of the suspension cylinder to the middle position of its full stroke, the
controller stops outputting the control signal to the control end of the servo valve, and the servo
valve returns to the middle position state; to this end, the passive suspension has been smoothly

switched to the active suspension state; the vehicle starts to travel, the controller outputs a



corresponding control signal to the control end of the servo valve according to driving condition
and vehicle body condition to regulate the operation thereof; at this time, the energy accumulator is
used as an auxiliary power element of the active suspension, and the overflow valve is used as the
safety valve of the active suspension system; and the vehicle starts to travel, that is, travels in an
active suspension mode.

[0026] Compared with the prior art, the present disclosure has beneficial effects as follows:
[0027] when the active and passive dual-mode switchable vehicle suspension system is
switched between modes, the oil pressure in the rodless cavity of the suspension cylinder and the oil
pressure in the energy accumulator are adjusted to be equal in advance, so that the stable switching
of the active-passive suspension system can be realized, and the vibration of the vehicle body is
eliminated when the existing active-passive suspension system is switched; in the active-passive
dual-mode switchable vehicle suspension system of the present disclosure, the energy accumulator
can be used as an auxiliary power source in an active suspension mode or as an elastic element in a
passive suspension mode, and the overflow valve can be used as a safety valve in the active
suspension mode and also as a safety valve in the passive suspension mode, and the use number of
the energy accumulator and the overflow valve is effectively reduced, so that an arrangement space
of the vehicle body can be greatly saved, and particularly for emergency rescue vehicles that need
to be loaded with a variety of instruments and equipment, the suspension system of the present
disclosure can reserve more installation space for other instruments and equipment on the vehicle
body, and can effectively reduce the total mass of the vehicle body, and thus is favorable for

lightweight of a vehicle chassis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fig. 1 is a schematic view of an active-passive dual mode switchable vehicle
suspension system of the present disclosure.

[0029] In the drawings, 1-filter, 2-hydraulic pump, 3-one-way valve, 4-power take-off,
S-vehicle engine, 6-servo valve, 7-suspension cylinder, 8-vehicle body, 9-overflow valve, 10-energy
accumulator, 11-reversing valve, 12-first pressure sensor, 13-second pressure sensor, 14-controller,
15-o0il tank, 16-displacement sensor, Pi-oil inlet of the servo valve, Ti-a return port of the servo
valve, Ai-first working oil port of servo valve, Bi-second working oil port of the servo valve , P>-oil
inlet of the reversing valve , Tr-return port of the reversing valve, Ax-first working oil port of the

reversing valve, B2-second working oil port of the reversing valve.

DETAILED DESCRIPTION



[0030] The following detailed description of the embodiments of the present invention is
provided in conjunction with the accompanying drawings, instead of limiting the scope of the
present disclosure. It is to be understood that in the description of the present disclosure, the terms
“front”, “rear”, “left”, “center”, “right”, “upper”, “lower”, and the like indicate orientations or
positional relationships based on those shown in the drawings, and are only for convenience in
describing the present disclosure and simplifying the description, but do not indicate or imply that
the device or element referred to must have a specific orientation, be constructed and operated in a
specific orientation, and thus, cannot be construed as limiting the present disclosure. The terms
“first”, “second” and the like are used merely to simplify the written description to distinguish them
from similar objects but not to be construed as specifying a sequential relationship between
particular orders.

[0031] In this application, unless expressly stated or limited otherwise, the terms “mounted”,
“connected”, “secured” and the like are to be construed broadly and can include, for example, fixed
connections, removable connections, or integral connections; can be mechanically or electrically
connected; they may be connected directly or indirectly through intervening media, or they may be
interconnected between two elements. The specific meaning of the above terms in the present
application can be understood by those of ordinary skill in the art as appropriate.

[0032] As shown in Fig. 1, an active-passive dual mode switchable vehicle suspension
system disclosed in an embodiment of the present disclosure includes a filter 1, a hydraulic pump 2,
a one-way valve 3, a power take-off 4, a servo valve 6, a suspension cylinder 7, a overflow valve 9,
an energy accumulator 10, a reversing valve 11, a first pressure sensor 12, a second pressure sensor
13, a controller 14, an oil tank 15 and a displacement sensor 16.

[0033] An oil inlet of the filter 1 is communicated with the oil tank 15 through an oil pipe,
an oil outlet of the filter 1 is communicated with an oil inlet of the hydraulic pump 2 through an oil
pipe, an oil outlet of the hydraulic pump 2 is communicated with an oil inlet of the one-way valve 3
through an oil pipe, an oil outlet of the one-way valve 3 is communicated with an oil inlet P; of the
servo valve through an oil pipe, and a return port T; of the servo valve is communicated with the oil
tank 15 through an oil pipe.

[0034] A drive shaft of the hydraulic pump 2 is connected to the power take-off 4 through a
mechanical structure, and the power take-off 4 is connected to a power output shaft of a vehicle
engine 5. The power take-off 4 is used to obtain power from the vehicle engine 5 and transmit the
power to the hydraulic pump 2.

[0035] A first working oil port A of the servo valve is communicated with a rodless cavity

of the suspension cylinder 7, and a second working oil port B1 of the servo valve is communicated



with a rod cavity of the suspension cylinder 7.

[0036] The suspension cylinder 7 is hinged to the vehicle body 8, and the suspension
cylinder 7 is provided with the displacement sensor16 to monitor the displacement of a piston rod
relative to a hydraulic cylinder barrel.

[0037] An oil inlet of the overflow valve 9 is communicated with the oil outlet of the
one-way valve 3 through an oil pipe, and an oil outlet of the overflow valve 9 is communicated with
the oil tank 15 through an oil pipe.

[0038] The reversing valve 11 and the servo valve 6 are arranged in parallel, an oil inlet P>
of the reversing valve is communicated with the oil tank 15 through an oil pipe, and a return port T
of the reversing valve is communicated with the oil inlet of the overflow valve 9 through an oil pipe.
A first working oil port Az of the reversing valve is communicated with the rod cavity of the
suspension cylinder 7 through an oil pipe, and an second working oil port B of the reversing valve
i1s communicated with the rodless cavity of the suspension cylinder 7 through an oil pipe.

[0039] The energy accumulator 10 is arranged in an oil path between the return port T of
the reversing valve and the oil inlet of the overflow valve 9. The energy accumulator 10 can be used
as an auxiliary power source for an active suspension system or used as an elastic element for a
passive suspension system.

[0040] The first pressure sensor 12 is provided in an oil path between the energy
accumulator 10 and the return port Tz of the reversing valve, for detecting an oil pressure in the
energy accumulator 10. The second pressure sensor 13 is provided in an oil path between the
rodless cavity of the suspension cylinder 7 and the first working oil port Al of the servo valve, for
detecting an oil pressure in the rodless cavity of the suspension cylinder 7.

[0041] A control end of the power take-off 4, a control end of the servo valve 6, a control
end of the overflow valve 9 and a control end of the reversing valve 11 are all connected to the
controller 14, and their signals are all given by the controller 14.

[0042] The servo valve 6 is a three-position four-way electro-hydraulic servo valve,
including three states of a left position, a middle position and a right position; when servo valve 6 is
at the middle position, all passages between the oil inlet P; and the return port T of the servo valve
and the first working oil port A and the second working oil port B1 of the servo valve are turned
off; when the servo valve 6 is at the left position, a passage between the oil inlet Py of the servo
valve and the first working oil port A; of the servo valve is turned on, and a passage between the
return port T of the servo valve and the second working oil port B1 of the servo valve is turned on,
and at this time, oil may flow into the rodless cavity of the suspension cylinder 7 through the oil

inlet Py of the servo valve and the first working oil port A; of the servo valve, and at the same time,



the oil in the rod cavity of the suspension cylinder 7 may flow back to the oil tank 15 through the
second working oil port B; of the servo valve and the return port T; of the servo valve; when the
servo valve 6 is at the right position, a passage between the oil inlet port P; of the servo valve and
the second working oil port B of the servo valve is turned on, and a passage between the return
port T of the servo valve and the first working oil port A; of the servo valve is turned on, and at
this time, the oil may flow into the rod cavity of the suspension cylinder 7 through the oil inlet P; of
the servo valve and the second working oil port B of the servo valve, and at the same time, the oil
in the rodless cavity of the suspension cylinder 7 may flow back to the oil tank 15 through the first
working oil port A of the servo valve and the return port T; of the servo valve.

[0043] The overflow valve 9 is a proportional overflow valve. An opening pressure of the
overflow valve 9 can be adjusted by the controller 14 in a manner of transmitting a control signal to
the control end of the overflow valve 9. The overflow valve 9 can be used as a safety valve for the
active suspension system or used as a safety valve for the passive suspension system.

[0044] The reversing valve 11 is a two-position four-way electromagnetic reversing valve,
which includes two states of turning off and turning on. When the reversing valve 11 is in the
turning-off state, all passages between the oil inlet P2 and return port T2 of the reversing valve and
the first working oil port A, and the second working oil port B> of the reversing valve are turned off;
when the reversing valve 11 is in the turning-on state, a passage between the oil inlet P> of the
reversing valve and the first working oil port Az of the reversing valve, and a passage between the
return port T of the reversing valve and the second working oil port B> of the reversing valve are
both turned on; oil in the rodless cavity of the suspension cylinder 7 may flow into the energy
accumulator 10 through the second working oil port B> of the reversing valve and the return port T
of the reversing valve, and oil in the oil tank 15 may flow into the rod cavity of the suspension
cylinder 7 through the oil inlet P> of the reversing valve and the first working oil port Az of the
reversing valve. On the contrary, oil in the energy accumulator 10 may also flow into the rodless
cavity of the suspension cylinder 7 through the return port T> of the reversing valve and the second
working oil port B2 of the reversing valve, and the oil in the rod cavity of the suspension cylinder 7
may also flow back to the oil tank 15 through the first working oil port A of the reversing valve
and the oil inlet P> of the reversing valve.

[0045] In the active-passive dual mode switchable vehicle suspension system of the present
disclosure, when the system operates in the active suspension mode, working parts include the filter
1, the hydraulic pump 2, the one-way valve 3, the power take-off 4, the servo valve 6, the
suspension cylinder 7, the overflow valve 9, the energy accumulator 10, the controller 14, the oil

tank 15 and the displacement sensor 16. When the system operates in the passive suspension mode,
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the working parts include the suspension cylinder 7, the overflow valve 9, the energy accumulator
10, the reversing valve 11 and the oil tank 15.

[0046] In the active suspension mode, the power take-off 4 receives a signal and is
continuously connected to the power output shaft of the vehicle engine 5 to drive the operation of
the hydraulic pump 2. The control end of the servo valve 6 receives the control signal transmitted
by the controller 14 and continues working. The overflow valve 9 continues to maintain its opening
pressure at p, (pq 1s @ maximum pressure for the safe operation of the active suspension system). At
this time, the reversing valve 11 may not receive a signal and continue to be maintained in the
turning-off state.

[0047] In the passive suspension mode, the power take-off 4 may not receive a signal and
continue to be disconnected from the power output shaft of the vehicle engine 5. The servo valve 6
may not receive a signal and continue to be maintained at the middle position. The overflow valve 9
continuously maintains its opening pressure at p,. The reversing valve 11 receives a signal and
maintains in the turning-on state.

[0048] The switching method of the active-passive dual mode switchable vehicle
suspension system of the present disclosure is as follows:

[0049] When the suspension system is in the active suspension mode, the reversing valve 11
is in the turning-off state, and the opening pressure of the overflow valve 9 at this time is the
maximum pressure p, used for the safe operation of the active suspension system. The power
take-off 4 is connected to power output shaft of the vehicle engine 5 and outputs the power to the
hydraulic pump 2 to drive the working of the hydraulic pump 2. The controller 14 outputs a
corresponding control signal to the control end of the servo valve 6 according to the driving
condition and vehicle body condition to regulate the working thereof. At this time, the energy
accumulator 10 is used as the auxiliary power source of the active suspension system, and the
overflow valve 9 is used as the safety valve of the active suspension system.

[0050] When the suspension system is in the passive suspension mode, the reversing valve
11 is in the turning-on state, and the opening pressure of the overflow valve 9 at this time is the
maximum pressure ps used for the safe operation of the passive suspension system. The power
take-off 4 is disconnected to the power output shaft of the vehicle engine 5, and the hydraulic pump
2 stops working. The servo valve 6 is at the middle position, while the energy accumulator 10 is
used as the elastic element of the passive suspension system, and the overflow valve 9 is used as the
safety valve of the passive suspension system.

[0051] S1, when the vehicle is parked and an active suspension is switched to a passive

suspension, the controller 14 outputs a corresponding displacement command to the control end of
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the servo valve 6 according to a feedback signal of the displacement sensor; the servo valve 6
regulates movement of the piston rod of the suspension cylinder 7 to an middle position of its full
stroke, and then the controller 14 stops outputting the signal to the servo valve; the servo valve 6
returns to the middle position, the oil is locked in the suspension cylinder 7; the controller 14 stops
outputting signals to the power take-off 4, the power take-off 4 is disconnected from the power
output shaft of the vehicle engine 5, and the hydraulic pump 2 stops working; at this time, the first
pressure sensor 12 detects that the pressure value in the energy accumulator is p;, and signal of the
pressure value is transmitted to the controller 14, and the second pressure sensor detects that the
pressure value in the rodless cavity of the suspension cylinder 7 is p», and then signal of the
pressure value is transmitted to the controller 14; and the controller 14 compares the pressure values
pi1 and p2, and makes corresponding adjustments, specifically:

[0052] (1) if pi=p2, the controller 14 outputs a control signal to the control end of the
reversing valve 11, adjusts the reversing valve 11 to be switched from the turning-off state to the
turning-on state; the oil path between the rodless cavity of the suspension cylinder 7 and the energy
accumulator 10 is turned on; the oil path between the rod cavity of the suspension cylinder 7 and
the oil tank 15 is turned on; the controller 14 outputs a control signal to the control end of the
overflow valve 9 to adjust its opening pressure to a maximum pressure ps; since p; is equal to p2,
there is no pressure difference when the reversing valve 11 is turned on, and the active suspension is
smoothly switched to the passive suspension; at this time, the energy accumulator 10 is used as an
elasticity element of the passive suspension, and the overflow valve 9 is used as a safety valve of
the passive suspension system; and at this time, when the vehicle starts to travel, that is, travels in
the passive suspension mode;

[0053] (2) if pi>p2, the controller 14 outputs a control signal to the control end of the
overflow valve 9, adjusts the opening pressure of the overflow valve 9 to p2, and the oil flows from
the energy accumulator 10 back to the oil tank 15 through the overflow valve 9; when the first
pressure sensor 12 monitors that the pressure of the energy accumulator 10 decreases to p», the
controller 14 outputs a control signal to the control end of the overflow valve 9 to adjust its opening
pressure to the maximum pressure ps; then the controller 14 outputs a control signal to the control
end of the reversing valve 11 to switch the reversing valve from the turning-off state to the
turning-on state; at this time, p;=p>, the active suspension is smoothly switched to the passive
suspension, the energy accumulator 10 is used as the elastic element of the passive suspension, and
the overflow valve 9 is used as the safety valve of the passive suspension system; and at this time,
the vehicle starts to travel, that is, travels in the passive suspension mode;

[0054] (3) if p2>pl, the controller 14 outputs a control signal to the power take-off 4, and
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the power take-off 4 is reconnected to the output shaft of the vehicle engine 5 and obtains power
therefrom and outputs the power to the hydraulic pump 2, and the hydraulic pump 2 operates, the
oil flows into the energy accumulator 10 through the one-way valve 3, the oil pressure in the energy
accumulator 10 rises, and when the pressure monitored by the first pressure sensor 12 rises to p2,
the controller 14 stops outputting the control signal to the power take-off 4; the power take-off 4 is
disconnected from the output shaft of the vehicle engine 5; the hydraulic pump 2 stops working, and
then the controller 14 outputs a control signal to the control end of the reversing valve 11, switches
the reversing valve switch from the turning-off state to the turning-on state; at this time pl=p2, the
active suspension is smoothly switched to the passive suspension, the energy accumulator 10 is
used as the elastic element of the passive suspension, and the overflow valve 9 is used as the safety
valve of the passive suspension system; and at this time, when the vehicle starts to travel, that is,
travels in the passive suspension mode.

[0055] S2, when the vehicle is parked and the passive suspension is switched to the active
suspension, the controller 14 stops outputting the signal to the reversing valve 11; the reversing
valve 11 is switched from the turning-on state to the turning-off state, the oil is locked in the
suspension cylinder 7, and subsequently the controller 14 outputs a control signal to the overflow
valve 9 to adjust its opening pressure to p,, and then the controller 14 outputs a control signal to the
power take-off 4; the power take-off 4 is connected to the output shaft of the vehicle engine 5 and
obtains power therefrom and outputs the power to the hydraulic pump 2, and the hydraulic pump 2
operates; the controller 14 outputs a corresponding displacement command to the control end of the
servo valve 6 according to the feedback signal of the displacement sensor 16; after the servo valve 6
has regulated the movement of the piston rod of the suspension cylinder 7 to the middle position of
its full stroke, the controller 14 stops outputting the control signal to the control end of the servo
valve 6, and the servo valve 6 returns to the middle position state; at this point, the passive
suspension has been smoothly switched to the active suspension state; when the vehicle starts to
travels, the controller 14 outputs corresponding control signals to the control end of the servo valve
6 according to the driving road condition and the vehicle body condition to regulate its operation; at
this time, the energy accumulator 10 is used as the auxiliary power element of the active suspension,
and the overflow valve 9 is used as the safety valve of the active suspension system; and the vehicle
starts to travels, that is, travels in the active suspension mode.

[0056] Finally, it should be noted that the above-mentioned embodiments are only used to
illustrate the technical solution of the present disclosure, rather than limit the present disclosure.
Although the present disclosure has been described in detail with reference to the foregoing

embodiments, it should be understood by the person skilled in the art that it is allowable to modify
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or equivalently substitute the present disclosure; however, all technical solutions and improvements
that do not depart from the spirit and scope of the present disclosure should be covered by the scope

of the claims of the present disclosure.
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WHAT IS CLAIMED IS:

1. An active-passive dual mode switchable vehicle suspension system, comprising

a filter, a hydraulic pump, a one-way valve, a power take-off, a servo valve, a suspension
cylinder, an overflow valve, an energy accumulator, a reversing valve, a first pressure sensor, a
second pressure sensor, a controller, an oil tank and a displacement sensor; wherein

the filter has an oil inlet communicated with the oil tank through an oil pipe, and has an oil
outlet communicated with an oil inlet of the hydraulic pump through an oil pipe; the hydraulic
pump has an oil outlet communicated with an oil inlet of the one-way valve through an oil pipe, the
one-way valve has an oil outlet communicated with an oil inlet of the servo valve through an oil
pipe, and the servo valve has a return port communicated with the oil tank through an oil pipe;

the hydraulic pump has a drive shaft connected to the power take-off, and the power take-off is
connected to a power output shaft of a vehicle engine;

the servo valve is a three-position four-way electro-hydraulic servo valve, comprising three
states of a left position, a middle position and a right position; the servo valve has a first working oil
port communicated with a rodless cavity of the suspension cylinder, and a second working oil port
communicated with a rod cavity of the suspension cylinder; when the servo valve is at the middle
position, all passages between the oil inlet and return ports of the servo valve and the first working
oil port and second working oil port of the servo valve are turned off; when the servo valve is at the
left position, a passage between the oil inlet port of the servo valve and the first working oil port of
the servo valve is turned on, and a passage between the return port of the servo valve and the second
working oil port of the servo valve is turned on; when the servo valve is at the right position, a
passage between the oil inlet port of the servo valve and the second working oil port of the servo
valve is turned on, and a passage between the return port of the servo valve and the first working oil
port of the servo valve is turned on;

the suspension cylinder is hinged to the vehicle body, and the suspension cylinder is provided
with the displacement sensor;

the overflow valve has an oil inlet communicated with an oil outlet of the one-way valve
through an oil pipe, and an oil outlet communicated with the oil tank through an oil pipe; an
opening pressure of the overflow valve is adjusted in such manner that a control signal is given by
the controller to a control end of the overflow valve;

the reversing valve and the servo valve are arranged in parallel, the reversing valve has an oil
inlet communicated with the oil tank through an oil pipe, and a return port communicated with the

oil inlet of the overflow valve through an oil pipe; the first working oil port of the reversing valve is
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communicated with the rod cavity of the suspension cylinder through an oil pipe, and the second
working oil port of the reversing valve is communicated with the rodless cavity of the suspension
cylinder through an oil pipe;

the energy accumulator is arranged in an oil path between the return port of the reversing valve
and the oil inlet of the overflow valve;

the first pressure sensor is provided in an oil path between the energy accumulator and the
return port of the reversing valve, and the second pressure sensor is provided in an oil path between
the rodless cavity of the suspension cylinder and the first working oil port of the servo valve; and

a control signal output end of the controller is respectively connected with a control end of the
power take-off, a control end of the servo valve, a control end of the overflow valve and a control
end of the reversing valve.

2. The active-passive dual mode switchable vehicle suspension system according to claim 1,
wherein the overflow valve is a proportional overflow valve.

3. The active-passive dual mode switchable vehicle suspension system according to claim 1,
wherein,

the reversing valve is a two-position four-way electromagnetic reversing valve, comprising
two states of turning off and turning on; when the reversing valve is in the turning-off state, all
passages between the oil inlet and return port of the reversing valve and the first working oil port
and second working oil port of the reversing valve are turned off; when the reversing valve is in the
turning-on state, a passage between the oil inlet of the reversing valve and the first working oil port
of the reversing valve, and a passage between the return port of the reversing valve and the second
working oil port of the reversing valve are both turned on.

4. A switching method using the active-passive dual mode switchable vehicle suspension
system according to any one of claims 1 to 3, wherein the method comprises following steps:

when the vehicle is parked and an active suspension is switched from to a passive suspension,
the controller outputs a corresponding displacement command to the control end of the servo valve
according to a feedback signal of the displacement sensor; the servo valve regulates movement of
the piston rod of the cylinder to an middle position of its full stroke, and then the controller stops
outputting the signal to the servo valve; the servo valve returns to the middle position state, the oil
is locked in the suspension cylinder; the controller stops outputting signals to the power take-off,
the power take-off is disconnected from the power output shaft of the vehicle engine, and the
hydraulic pump stops working, at this time, the first pressure sensor detects that the pressure value
in the energy accumulator is p;, and a signal of the pressure value p; in the energy accumulator is

transmitted to the controller, and the second pressure sensor detects that the pressure value in the
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rodless cavity of the suspension cylinder is p2, and then a signal of the pressure value p> in the
rodless cavity of the suspension cylinder is transmitted to the controller; and the controller
compares the pressure values p; and p>, and makes corresponding adjustments, specifically:

if p1=p>, the controller outputs a control signal to the control end of the reversing valve, adjusts
the reversing valve to be switched from the turning-off state to the turning-on state; the oil path
between the rodless cavity of the suspension cylinder and the energy accumulator is turned on; the
oil path between the rod cavity of the suspension cylinder and the oil tank is turned on; the
controller outputs a control signal to the control end of the overflow valve to adjust its opening
pressure to a maximum pressure ps for the safe operation of the passive suspension system; since p;
is equal to p2, there is no pressure difference when the reversing valve is turned on, and the active
suspension is smoothly switched to the passive suspension; at this time, the energy accumulator is
used as an elasticity element of the passive suspension, and the overflow valve is used as a safety
valve of the passive suspension system; and at this time, the vehicle starts to travel, that is, travels in
a passive suspension mode;

if pr>p2, the controller outputs a control signal to the control end of the overflow valve, adjusts
the opening pressure of the overflow valve to p>, and the oil flows from the energy accumulator
back to the oil tank via the overflow valve; when the first pressure sensor monitors that the pressure
of the energy accumulator decreases to p2, the controller outputs a control signal to the control end
of the overflow valve to adjust its opening pressure to the maximum pressure ps for the safe
operation of the passive suspension system; then the controller outputs a control signal to the
control end of the reversing valve to switch the reversing valve from the turning-off state to the
turning-on state; at this time, p;=p>, the active suspension is smoothly switched to the passive
suspension, the energy accumulator is used as the elastic element of the passive suspension, and the
overflow valve is used as the safety valve of the passive suspension system; and at this time, the
vehicle starts to travel, that is, travels in the passive suspension mode;

if p>>p;, the controller outputs a control signal to the power take-off, and the power take-off is
reconnected to the output shaft of the vehicle engine and obtains power therefrom and outputs the
power to the hydraulic pump, and the hydraulic pump operates, the oil flows into the energy
accumulator via the one-way valve, the oil pressure in the energy accumulator rises; when the
pressure monitored by the first pressure sensor rises to p2, the controller stops outputting the control
signal to the power take-off; the power take-off is disconnected from the output shaft of the vehicle
engine; the hydraulic pump stops working, and then the controller outputs a control signal to the
control end of the reversing valve, makes the reversing valve switch from the turning-off state to the

turning-on state; at this time p;=p», the active suspension is smoothly switched to the passive
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suspension, the energy accumulator is used as the elastic element of the passive suspension, and the
overflow valve is used as the safety valve of the passive suspension system; and at this time, the
vehicle starts to travel, that is, travels in the passive suspension mode; and

when the vehicle is parked and the passive suspension is switched to the active suspension, the
controller stops outputting the signal to the reversing valve; the reversing valve is switched from the
turning-on state to the turning-off state, the oil is locked in the suspension cylinder, and
subsequently the controller outputs a control signal to the overflow valve to adjust its opening
pressure to p,, and then the controller outputs a control signal to the power take-off; the power
take-off is connected to the output shaft of the vehicle engine and obtains power therefrom and
outputs the power to the hydraulic pump, and the hydraulic pump operates, the controller outputs a
corresponding displacement command to the control end of the servo valve according to the
feedback signal of the displacement sensor; after the servo valve has regulated the movement of the
piston rod of the suspension cylinder to the middle position of its full stroke, the controller stops
outputting the control signal to the control end of the servo valve, and the servo valve returns to the
middle position state; to this end, the passive suspension has been smoothly switched to the active
suspension state; the vehicle starts to travel, the controller outputs a corresponding control signal to
the control end of the servo valve according to driving condition and vehicle body condition to
regulate the operation thereof; at this time, the energy accumulator is used as an auxiliary power
element of the active suspension, and the overflow valve is used as the safety valve of the active

suspension system; and the vehicle starts to travel, that is, travels in an active suspension mode.
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