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(54) ENERGY RECYCLING SYSTEM FOR WORKING DEVICE

(57) Disclosed is a working device energy recovery
system, including energy converters, a pressure energy
retaining valve, a switchover valve, an energy collector,
a logical control member, a main valve, a boom and cor-
responding connections. With the system, dropping po-
tential energy of the boom can be controllably converted
to hydraulic energy to be stored in the energy collector,
and the potential energy can also be directly recycled to
do work on the boom in a balancing manner, thereby
reducing heat generated by a hydraulic system, reducing
input power of a prime mover, and achieving the objective
of saving energy.
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Description

Technical Field

[0001] The present invention relates to a hydraulic sys-
tem that can control liquid flow of an energy converter
that can move mechanical components on a machine,
and more particularly to a device that recovers energy
from an energy converter and subsequently provides cer-
tain power for operation by using the recovered energy.

Related Art

[0002] In engineering machinery and agricultural
equipment, various mechanical components are often
operated by means of fluid transmission. For example,
an excavator is a common type of engineering machin-
ery, and lifting and dropping of an excavator boom are
often implemented by acting on an oil cylinder by hydrau-
lic oil. The hydraulic oil cylinder includes a cylinder with
a piston, the piston divides the cylinder into two cham-
bers, a rod connected with the piston is connected to the
boom, and the oil cylinder is connected with the main
body of the excavator, to implement rise and drop of a
support by extending the rod outwards from the oil cyl-
inder and retracting the rod towards the oil cylinder. Dur-
ing operation of the excavator, for example, positions of
working devices such as the boom, the stick, the bucket
and the corresponding oil cylinder are often constantly
adjusted, and especially the boom is often in a cyclic
movement process of being lifted from a low position to
a high position and then dropped from a high position to
a low position, as the boom and the stick and the bucket
that act on the boom are large in mass, in terms of the
principle of energy conversion, the support can be only
dropped under the action of gravity, and if dropping re-
sistance is not provided, the dropping process is prone
to weightlessness. In order to prevent weightlessness
when the boom drops, a conventional solution is to keep
the hydraulic oil cylinder having certain back pressure;
as a result, a liquid flow return pipeline is often provided
with a throttling device, where hydraulic oil flows back to
an oil tank through the throttling device. Consequently,
potential energy of the boom is converted to heat energy,
which is wasted away. To prevent great increase in the
temperature of hydraulic oil from bringing hazards to the
system, it is further necessary to dispose a heat-dissi-
pating device. Therefore, it is necessary to find out an
effective technology to implement energy recovery and
reuse in the hydraulic system.

SUMMARY

Technical Problem

[0003] A technical problem to be solved by the present
invention is to provide a working device energy recovery
system, which saves energy and reduces temperature

rise of hydraulic oil in a hydraulic system.

Solution to the Problem

Technical Solution

[0004] To solve the foregoing problem, a working de-
vice potential energy recovery hydraulic system used in
the present invention includes two energy converters that
at least include a unit each, a main valve, a first control
signal (Signal-a) and a second control signal (Signal-b),
where an inlet of a pressure energy retaining valve is
connected with the main valve through a switchover
valve, an outlet of the pressure energy retaining valve is
connected with rodless cavities of the units of the energy
converters, the switchover valve is connected with an
energy collector, an input end of a logical control member
is in communication connections with the main valve, the
units of the energy converters, the first control signal (Sig-
nal-a) and the second control signal (Signal-b), and an
output end of the logical control member is connected
with a control end of the switchover valve.
[0005] The units (1.1) and (1.2) of the two energy con-
verter are respectively separated into corresponding
working cavities (1.1b), (1.1c) and (1.2b), (1.2c) by rod
pistons (1.1a) and (1.2a), the working cavities (1.1b) and
(1.2b) are respectively provided with oil ports (B1) and
(B2) and are directly connected with an oil port (B) of the
main valve, and the working cavities (1.1c) and (1.2c)
are respectively provided with oil ports (A1) and (A2). A
boom acts on the units (1.1) and (1.2) of the energy con-
verters. The pressure energy retaining valve 2 includes:
unit valves (2a) and (2b), a signal OR valve (2c), a pres-
sure overload protection valve (2d), a direction valve (2e)
and a one-way throttle control valve (2f). The unit valve
(2a) is provided with a first oil port Ia, a second oil port
IIa, a third oil port IIIa and a fourth oil port IVa, and the
second oil port IIa communicates with the fourth oil port
IVa; the unit valve (2b) is provided with a fifth oil port Ib,
a sixth oil port IIb, a seventh oil port IIIb and an eighth oil
port IVb, the sixth oil port IIb communicates with the
eighth oil port IVb, and the oil ports (IIa) and (IIb) of the
pressure energy retaining valve are respectively con-
nected with the first working cavity oil port (A1) and the
second working cavity oil port (A2) of (1.1c) and (1.2c)
of the energy converters. The direction valve is provided
with a first pressure input port k1, a second pressure
input port k2, an oil return port (kt) and a reverse control
port (Kb5), the first pressure input port k1 communicates
with the third oil port IIIa and the seventh oil port IIIb, the
oil return port (kt) is connected with an oil return path (T2)
and gets oil back to an oil tank, and the reverse control
port (Kb5) is connected to a second connecting point (S2)
of the second control signal Signal-b. When there is no
pressure on the reverse control port (Kb5), the direction
valve is at a normal position, the first pressure input port
k1 and the second pressure input port k2 are switched
on, but the oil return port (kt) is not switched on; when
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there is pressure on the reverse control port (Kb5), the
direction valve is reversed to the right position, the first
pressure input port k1 and the oil return port (kt) are re-
sistively switched on, but the second pressure input port
k2 is not switched on. The signal OR valve includes: a
third pressure input port a, a fourth pressure input port b
and a pressure output port (c), the third pressure input
port a is connected with the fourth oil port IVa of the unit
valve (2a), the fourth pressure input port b is connected
with the eighth oil port IVb of the unit valve (2b), and the
pressure output port (c) is connected with the second
pressure input port k2 of the direction valve and takes a
high-pressure oil signal of the third pressure input port a
or the fourth pressure input port b through logic OR. An
inlet of the pressure overload protection valve is connect-
ed to an oil path (G) from the second pressure input port
k2 to the pressure output port c, and an output port is
connected to a control oil path (H) of the reverse control
port (Kb5). The one-way throttle control valve (2f) is re-
sistively connected to an output oil path of the pressure
overload protection valve, and is used to press the re-
verse control port (Kb5), to reverse the direction valve
(2e) for overload protection, which has no throttle control
effects on the second control signal (Signal-b). The
switchover valve includes: a first main oil port P1, a sec-
ond main oil port P2, a third main oil port (A), a fourth
main oil port (B), a first control port Ka4 and a second
control port Kb4, where the first main oil port P1 and the
second main oil port P2 are respectively connected with
an oil port (A) of the main valve and an oil port (X) of the
energy collector, the third main oil port (A) and the fourth
main oil port (B) are respectively connected with the first
oil port Ia and the fifth oil port Ib of the pressure energy
retaining valve, and the first control port Ka4 and the sec-
ond control port Kb4 are respectively connected with a
third control port (Pp1) and a fourth control port (Pp2) of
the logical control member. When the first control port
Ka4 has a signal function, the switchover valve is
switched to the left position, and at this time, the first main
oil port P1 is connected with the fourth main oil port (B),
and the third main oil port (A) is connected with the sec-
ond main oil port P2; when the second control port Kb4
has a signal function, the switchover valve is switched to
the right position, and at this time, the first main oil port
P1 is connected with the third main oil port (A), and the
fourth main oil port (B) is connected with the second main
oil port P2; when both the first control port Ka4 and the
second control port Kb4 have no signal function, the
switchover valve is at the normal position (middle posi-
tion), and at this time, the first main oil port P1 is con-
nected with the third main oil port (A) and the fourth main
oil port (B), but the second main oil port P2 is not switched
on. The logical control member may be a hydraulic logical
control member, an electric logical control member or an
electro-hydraulic control logical member, of which input
and output connections include: input (Ka2) is connected
to a first connecting point (S1) of the first control signal
Signal-a, input (Ka3) is connected to a first main oil path

(E) from the oil port (A) of the main valve to the first main
oil port P1, input (Kb2) is connected to a third connecting
point (S3) of the second control signal Signal-b, and input
(Kb3) is connected to a second main oil path (F) from the
oil port (B) of the main valve to a first rod end oil port (B1)
and a second rod end oil port (B2) of the energy converter;
and the third control port (Pp1) is connected to the first
control port Ka4, and the fourth control port (Pp2) is con-
nected to the second control port Kb4. When pressure
oil is introduced into the two working cavities (1.1c) and
(1.2c) of the units (1.1) and (1.2) of the energy converters
and the other two working cavities (1.1b) and (1.2b) are
reconnected to the oil tank, the units (1.1) and (1.2) of
the energy converters synchronously lift the boom
through the rod pistons (1.1a) and (1.2a), and at this time,
input hydraulic energy is converted to potential energy
of the boom; when pressure oil is introduced into the two
working cavities (1.1b) and (1.2b) of the units (1.1) and
(1.2) of the energy converters and the other two working
cavities (1.1c) and (1.2c) are connected externally, the
boom drives the rod pistons (1.1a) and (1.2a) of the units
(1.1) and (1.2) of the energy converters to synchronously
drop, and at this time, potential energy of the boom is
converted to hydraulic energy. When operations are not
performed, the pressure energy retaining valve not only
can prevent leakage of pressure oil in the two working
cavities (1.1c) and (1.2c) of the energy converters, to
retain the boom in situ, but also can prevent the pressure
oil in the two working cavities (1.1c) and (1.2c) of the
energy converters from having too high pressure. During
a lifting operation, working oil can be respectively intro-
duced into the second oil port IIa and the sixth oil port IIb
unidirectionally from the oil ports (Ia) and (Ib), and during
a dropping operation, the second control signal Signal-
b acts on the reverse control port (Kb5), the direction
valve is reversed, and the pressure oil from the two work-
ing cavities (1.1c) and (1.2c) of the energy converters is
respectively introduced into the first oil port Ia and the
fifth oil port Ib from the second oil port IIa and the sixth
oil port IIb. When the first control port Ka4 and the second
control port Kb4 have no signal function, the switchover
valve is at the middle position, and conventional lifting
and dropping operations of the boom without potential
energy harvesting can be performed; when the first con-
trol port Ka4 has a signal function and the switchover
valve is at the left position, a loop connected to the oil
port (A) of the main valve, the first main oil port P1 and
the fourth main oil port (B), the fifth oil port Ib and the
sixth oil port IIb of the pressure energy retaining valve,
and the oil port (A2) of the unit (1.2) of the energy con-
verter forms a passage, and a loop connected to the oil
port (X) of the energy collector, the second main oil port
P2 and the third main oil port (A), the first oil port Ia and
the second oil port IIa of the pressure energy retaining
valve, and the oil port (A1) of the unit (1.1) of the energy
converter also forms a passage; when the second control
port Kb4 has a signal function and the switchover valve
is at the right position, a loop connected to the oil port
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(A) of the main valve, the first main oil port P1 and the
third main oil port (A) of the switchover valve, the first oil
port Ia and the second oil port IIa of the pressure energy
retaining valve, and the first working cavity oil port (A1)
of the unit (1.1) of the energy converter forms a passage,
and a loop connected to the oil port (X) of the energy
collector, the second main oil port P2 and the fourth main
oil port (B) of the switchover valve, the fifth oil port Ib and
the sixth oil port IIb of the pressure energy retaining valve,
and the second working cavity oil port (A2) of the unit
(1.2) of the energy converter forms a passage. Therefore,
by changing signal functions of the first control port Ka4
and the second control port Kb4, it is ensured that the oil
port (A) of the main valve, the oil port (X) of the energy
collector, the first working cavity oil port (A1) of the unit
(1.1) of the energy converter and the second working
cavity oil port (A2) of the unit (1.2) of the energy converter
are alternately switched on, to achieve the objectives of
harvesting and utilizing potential energy and exchanging
and cooling hot oil of the energy collector. The logical
control member can respectively control the signal func-
tions of the first control port Ka4 and the second control
port Kb4 of the switchover valve according to the pres-
sure of the first main oil path (E) or the second main oil
path (F), directly or indirectly introduces the first control
signal Signal-a and the second control signal Signal-b
into the first control port Ka4 and the second control port
Kb4 of the switchover valve when pressure of the first
main oil path (E) or the second main oil path (F) does not
reach a set value of the logical control member, and oth-
erwise, removes the signal functions of the first control
port Ka4 and the second control port Kb4 of the switch-
over valve.
[0006] Preferably, the first control signal Signal-a and
the second control signal Signal-b are hydraulic pressure
signals and/or electrical signals, and are directly or indi-
rectly taken from an operating handle.

Beneficial Effects of the Present Invention

Beneficial Effects

[0007] Beneficial effects brought about by the present
invention are as follows: the present invention is applied
to recycling of potential energy of an excavator boom,
charges the potential energy of the boom into an energy
collector through corresponding control when the boom
drops, and when an excavator is performing arm lifting
and energy consumption operations, releases stored oil
to directly do work by controlling the switchover valve,
and reduces input power of a prime mover. The present
invention has a simple principle, is easy to control, has
reliable performance, and can automatically achieve ex-
change and cooling of hot oil in the energy collector,
which not only can reduce heat generated by a hydraulic
system and save energy, but also can reduce emissions
of the prime mover.

BRIEF DESCRIPTION OF THE DRAWING

[0008] FIG. 1 is a schematic structural diagram of Em-
bodiment 1.

DETAILED DESCRIPTION

Embodiments of the Present Invention

[0009] The present invention is further described be-
low in detail with reference to the accompanying drawing
and specific embodiments.
[0010] Referring to FIG. 1, a working device potential
energy recovery hydraulic system includes two energy
converters that at least include a unit (1.1, 1.2) each, a
main valve 6, a first control signal Signal-a and a second
control signal Signal-b. An inlet of a pressure energy re-
taining valve 2 is connected with the main valve 6 through
a switchover valve 3, an outlet of the pressure energy
retaining valve 2 is connected with rodless cavities of the
units (1.1, 1.2) of the energy converters, the switchover
valve 3 is connected with an energy collector 4, an input
end of a logical control member 5 is in communication
connections with the main valve 6, the units (1.1, 1.2) of
the energy converters, the first control signal Signal-a
and the second control signal Signal-b, and an output
end of the logical control member 5 is connected with a
control end of the switchover valve 3.
[0011] Each of the units (1.1, 1.2) of the energy con-
verters is separated into corresponding working cavities
(1.1b, 1.1c, 1.2b, 1.2c) by a rod piston (1.1a, 1.2a), the
working cavities (1.1b, 1.2b) are each provided with an
oil port (B1, B2) and are directly connected with an oil
port (B) of the main valve, and the working cavities (1.1c,
1.2c) are each provided with an oil port (A1, A2). The
pressure energy retaining valve 2 includes: unit valves
(2a, 2b), a signal OR valve (2c), a pressure overload
protection valve 2d, a direction valve 2e and a one-way
throttle control valve 2f, where the unit valve 2a is pro-
vided with a first oil port Ia, a second oil port IIa, a third
oil port IIIa and a fourth oil port IVa, and the second oil
port IIa communicates with the fourth oil port IVa; the unit
valve 2b is provided with a fifth oil port Ib, a sixth oil port
IIb, a seventh oil port IIIb and an eighth oil port IVb, the
sixth oil port IIb communicates with the eighth oil port
IVb, and the second oil port IIa and the sixth oil port IIb
are respectively connected with the first working cavity
oil port A1 and the second working cavity oil port A2 of
(1.1c, 1.2c) of the energy converters; the direction valve
2e is provided with a first pressure input port k1, a second
pressure input port k2, an oil return port kt and a reverse
control port Kb5, the input port k1 communicates with the
third oil port IIIa and the seventh oil port IIIb, the oil return
port kt is connected with an oil return path T2 and gets
oil back to an oil tank, and the reverse control port Kb5
is connected to a second connecting point S2 of the main
valve at which the second control signal Signal-b is input;
the signal OR valve 2c includes: a third pressure input
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port a, a fourth pressure input port b and a pressure output
port c, the third pressure input port a is connected with
the fourth oil port IVa of the unit valve 2a, the fourth pres-
sure input port b is connected with the eighth oil port IVb
of the unit valve 2b, and the pressure output port c is
connected with the oil port k2 of the direction valve and
takes a high-pressure oil signal of the third pressure input
port a or the fourth pressure input port b through logic
OR; an inlet of the pressure overload protection valve 2d
is connected to an oil path G from the oil port k2 to the
pressure output port c, and an output port is connected
to a control oil path H of the reverse control port Kb5; and
the one-way throttle control valve 2f is resistively con-
nected to an output oil path of the pressure overload pro-
tection valve 2d, and is used to press the reverse control
port Kb5, to reverse the direction valve 2e for overload
protection, which has no throttle control effects on the
second control signal Signal-b. The switchover valve 3
includes: a first main oil port P1, a second main oil port
P2, a third main oil port A, a fourth main oil port B, a first
control port Ka4 and a second control port Kb4, where
the first main oil port P1 and the second main oil port P2
are respectively connected with an oil port A of the main
valve and an oil port X of the energy collector, the first
main oil port A and the fourth main oil port B are respec-
tively connected with the first oil port Ia and the fifth oil
port Ib of the pressure energy retaining valve 2, and the
first control port Ka4 and the second control port Kb4 are
respectively connected with a third control port Pp1 and
a fourth control port Pp2 of the logical control member 5.
Input and output connections of the logical control mem-
ber 5 include: input Ka2 is connected to a first connecting
point S1 of the main valve at which the first control signal
Signal-a is input, input Ka3 is connected to a first main
oil path E from the oil port (A) of the main valve to the oil
port (P1) of the switchover valve, input Kb2 is connected
to a third connecting point S3 of the main valve at which
the second control signal Signal-b is input, and input Kb3
is connected to a second main oil path F from the oil port
B of the main valve to a first rod end oil port B1 and a
second rod end oil port B2 of the energy converter; and
output Pp1 is connected to the first control port Ka4 of
the switchover valve 3, and output Pp2 is connected to
the second control port Kb4 of the switchover valve 3.
[0012] The logical control member 5 is a hydraulic log-
ical control member, an electric logical control member
or an electro-hydraulic control logical member.
[0013] Preferably, the signals Signal-a and Signal-b
are hydraulic pressure signals and/or electrical signals,
and are directly or indirectly taken from an operating han-
dle.
[0014] Referring to FIG. 1, in terms of the units (1.1)
and (1.2) of the energy converters: when pressure oil is
introduced into the two working cavities (1.1c) and (1.2c)
of the units (1.1) and (1.2) of the energy converters and
the other two working cavities (1.1b) and (1.2b) are re-
connected to the oil tank, the units (1.1) and (1.2) of the
energy converters synchronously lift the boom through

the rod pistons (1.1a) and (1.2a), and at this time, input
hydraulic energy can be converted to potential energy of
the boom; when pressure oil is introduced into the two
working cavities (1.1b) and (1.2b) of the units (1.1) and
(1.2) of the energy converters and the other two working
cavities (1.1c) and (1.2c) are connected externally, the
boom drives the rod pistons (1.1a) and (1.2a) of the units
(1.1) and (1.2) of the energy converters to synchronously
drop, and at this time, potential energy of the boom is
converted to hydraulic energy.
[0015] In terms of the pressure energy retaining valve
2: when lifting and dropping operations of the boom are
not performed, the pressure energy retaining valve not
only can prevent leakage of pressure oil in the two work-
ing cavities (1.1c) and (1.2c) of the energy converters,
to retain the boom in situ, but also can prevent that the
pressure oil in the two working cavities (1.1c) and (1.2c)
of the energy converter has too high pressure and there-
fore damages components.
[0016] In terms of the switchover valve 3: by corre-
spondingly controlling signals that act on the first control
port Ka4 and the second control port Kb4, the following
functions can be achieved: 1) oil paths from the oil port
(A) of the main valve and the oil port (X) of the energy
collector to the two cavities (1.1c) and (1.2c) of the energy
converters are alternately switched on, which not only
achieves the objective of harvesting and utilizing poten-
tial energy but also can achieve exchange and cooling
of hot oil of the energy collector; 2) when lifting and drop-
ping operations of the boom are performed, for example,
the first main oil path (E) and the second main oil path
(F) are in a state in which the pressure reaches a set
pressure value of the logical control member, the logical
control member removes a signal acting on the first con-
trol port Ka4 or the second control port Kb4, the switch-
over valve returns to the middle position, and conven-
tional operations without energy conservation can be per-
formed.
[0017] In terms of the energy collector 4: it not only can
collect dropping potential energy of the boom, but also
can provide power when the boom is lifted.
[0018] In terms of the logical control member 5: it is
mainly used to detect pressure of the first main oil path
(E) or the second main oil path (F), for example, when
the pressure does not reach the set value of the logical
control member, it directly or indirectly introduces the first
control signal Signal-a and the second control signal Sig-
nal-b into the first control port Ka4 and the second control
port Kb4 of the switchover valve for reverse control, and
otherwise, it removes acting signals of the first control
port Ka4 and the second control port Kb4 of the switch-
over valve.
[0019] Referring to FIG. 1, in the lifting operation proc-
ess: an operating handle inputs a signal to enable the
first control signal Signal-a to be effective, the main valve
is switched to the left position under the action of the first
control signal Signal-a, pressure oil on an oil path P of
the main valve can be introduced into the port A of the
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main valve, and return oil of the port B of the main valve
can be introduced into an oil return path T. Herein, the
switchover valve has the following two working states:

1) If pressure (determined by load) of the port A of
the main valve does not reach the set value of the
logical control member, the logical control member
introduces the first control signal Signal-a into the
first control port Ka4 of the switchover valve to switch
the switchover valve to the left position. At this time,
pressure from the main valve enters the working cav-
ity (1.2c) of the energy converter through the port A
of the main valve, the first main oil port P1 and the
fourth main oil port B of the switchover valve, the fifth
oil port Ib and the sixth oil port IIb of the pressure
energy retaining valve and the port A2 of the energy
converter. Besides, pressure oil of the energy col-
lector enters the working cavity (1.1c) of the energy
converter through the X port, the second main oil
port P2 and the third main oil port A of the switchover
valve, the first oil port Ia and the second oil port IIa
of the pressure energy retaining valve and the port
A1 of the energy converter. At this time, return oil of
the working cavities (1.1b) and (1.2b) of the energy
converters can flow back to the oil tank through the
port B of the main valve and the oil return path T of
the main valve, and thus the energy converter does
work on and lifts the boom under the action of the
energy collector and the pressure oil from the main
valve, and required power of the prime mover is au-
tomatically decreased due to assistant functions of
the energy collector.

2) If pressure (determined by load) of the port A of
the main valve reaches or exceeds the set value of
the logical control member, the logical control mem-
ber removes a signal function of the first control port
Ka4 of the switchover valve, and the switchover
valve works in the middle position. At this time, pres-
sure oil from the main valve is divided into two chan-
nels after passing through the port A of the main
valve and the first main oil port P1 of the switchover
valve, one channel enters the working cavity (1.1c)
of the energy converter from the third main oil port
A, the first oil port Ia and the second oil port IIa of
the pressure energy retaining valve and the port A1
of the energy converter, and the other channel enters
the working cavity (1.2c) of the energy converter from
the fourth main oil port B, the fifth oil port Ib and the
sixth oil port IIb of the pressure energy retaining valve
and the port A2 of the energy converter. Return oil
of the working cavities (1.1b) and (1.2b) of the energy
converters can flow back to the oil tank through the
port B of the main valve and the oil return path T,
and thus the energy converter does work on and lifts
the boom without energy conservation under the ac-
tion of the pressure oil from the main valve.

[0020] In the dropping operation process: the operat-
ing handle inputs a signal to enable the second control
signal Signal-b to be effective, the main valve is switched
to the right position under the action of the second control
signal Signal-b, pressure oil on an oil path P of the main
valve can be introduced into the port B of the main valve,
return oil of the port A of the main valve can be introduced
into the oil return path T. Herein, the switchover valve
also has the following two working states:

1) If pressure (determined by load) of the port B of
the main valve does not reach the set value of the
logical control member, the logical control member
introduces the second control signal Signal-b into
the second control port Kb4 of the switchover valve
to switch the switchover valve to the right position.
At this time, pressure oil from the main valve enters
the working cavities (1.1b) and (1.2b) of the energy
converters through the port B of the main valve, oil
of the working cavity (1.1c) of the unit (1.1) of the
energy converter enters the energy collector through
the second oil port IIa and the first oil port Ia of the
pressure energy retaining valve, the third main oil
port (A) and the second main oil port P2, and oil of
the working cavity (1.2c) of the unit (1.2) of the energy
converter flows back to the oil tank through the sixth
oil port IIb and the fifth oil port Ib of the pressure
energy retaining valve, the third main oil port (A), the
first main oil port P1, the port A of the main valve and
the oil return path T. As the port A of the main valve
has small back pressure, the dropping back pressure
of the boom is mainly generated by the energy col-
lector, the dropping potential energy of the boom is
mainly stored in the energy collector.

2) If pressure (determined by load) of the port B of
the main valve reaches or exceeds the set value of
the logical control member, the logical control mem-
ber removes a signal function of the second control
port Kb4 of the switchover valve, and the switchover
valve is not reversed and works in the middle posi-
tion. At this time, pressure oil from the main valve
enters the working cavities (1.1b) and (1.2b) of the
energy converters through the port B of the main
valve, oil of the working cavities (1.1c) and (1.2c) of
the energy converters each passes through the sec-
ond oil port IIa, the first oil port Ia, the sixth oil port
IIb and the fifth oil port Ib of the pressure energy
retaining valve, and the third main oil port (A) and
the fourth main oil port (B) of the switchover valve
and then enters the oil return path T from the first
main oil port P1 of the switchover valve and the port
A of the main valve and flows back to the oil tank,
and the boom can perform conventional dropping
operations without energy storage.

[0021] The foregoing descriptions are merely preferred
embodiments of the present invention, and do not limit
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the present invention in any way. For persons skilled in
the art, the present invention can have various changes
and variations. Any modification, equivalent replacement
and improvement made within the spirit and principle of
the present invention should fall within the protection
scope of the present invention.

Claims

1. A working device energy recovery system, compris-
ing two energy converters that at least comprise a
unit (1.1, 1.2) each, a main valve (6), a first control
signal (Signal-a) and a second control signal (Signal-
b), wherein an inlet of a pressure energy retaining
valve (2) is connected with the main valve (6) through
a switchover valve (3), an outlet of the pressure en-
ergy retaining valve (2) is connected with rodless
cavities of the units (1.1, 1.2) of the energy convert-
ers, the switchover valve (3) is connected with an
energy collector (4), an input end of a logical control
member (5) is in communication connections with
the main valve (6), the units (1.1, 1.2) of the energy
converters, the first control signal (Signal-a) and the
second control signal (Signal-b), and an output end
of the logical control member (5) is connected with
a control end of the switchover valve (3).

2. The working device energy recovery system accord-
ing to claim 1, wherein each of the two energy con-
verters at least comprises one or more converter
units (1.1, 1.2), each unit is separated into corre-
sponding working cavities (1.1b, 1.1c, 1.2b, 1.2c) by
a rod piston (1.1a, 1.2a), the working cavities (1.1b,
1.2b) are each provided with an oil port (B1, B2) and
are directly connected with an oil port (B) of the main
valve, and the working cavities (1.1c, 1.2c) are each
provided with an oil port (A1, A2); the pressure en-
ergy retaining valve (2) comprises: unit valves (2a,
2b), a signal OR valve (2c), a pressure overload pro-
tection valve (2d), a direction valve (2e) and a one-
way throttle control valve (2f); the unit valve (2a) is
provided with a first oil port (1a), a second oil port
(IIa), a third oil port (IIIa) and a fourth oil port (IVa),
and the second oil port (IIa) communicates with the
fourth oil port (IVa); the unit valve (2b) is provided
with a fifth oil port (Ib), a sixth oil port (IIb), a seventh
oil port (IIIb) and an eighth oil port (IVb), the sixth oil
port (IIb) communicates with the eighth oil port (IVb),
and the second oil port (IIa) and the sixth oil port (IIb)
are respectively connected with the first working cav-
ity oil port (A1) and the second working cavity oil port
(A2) of the energy converters (1.1c, 1.2c); the direc-
tion valve (2e) is provided with a first pressure input
port (k1), a second pressure input port (k2), an oil
return port (kt) and a reverse control port (Kb5), the
input port (k1) communicates with the third oil port
(IIIa) and the seventh oil port (IIIb), the oil return port

(kt) is connected with an oil return path (T2) and gets
oil back to an oil tank, and the reverse control port
(Kb5) is connected to a second connecting point (S2)
of the main valve at which the second control signal
(Signal-b) is input; the signal OR valve (2c) compris-
es: a third pressure input port (a), a fourth pressure
input port (b) and a pressure output port (c), the third
pressure input port (a) is connected with the fourth
oil port (IVa) of the unit valve (2a), the fourth pressure
input port (b) is connected with the eighth oil port
(IVb) of the unit valve (2b), and the pressure output
port (c) is connected with the oil port (k2) of the di-
rection valve and takes a high-pressure oil signal of
the third pressure input port (a) or the fourth pressure
input port (b) through logic OR; an inlet of the pres-
sure overload protection valve (2d) is connected to
an oil path (G) from the oil port (k2) to the pressure
output port (c), and an output port is connected to a
control oil path (H) of the reverse control port (Kb5);
the one-way throttle control valve (2f) is resistively
connected to an output oil path of the pressure over-
load protection valve (2d), and is used to press the
reverse control port (Kb5), to reverse the direction
valve (2e) for overload protection, which has no throt-
tle control effects on the second control signal (Sig-
nal-b); the switchover valve (3) comprises: a first
main oil port (P1), a second main oil port (P2), a third
main oil port (A), a fourth main oil port (B), a first
control port (Ka4) and a second control port (Kb4),
the first main oil port (P1) and the second main oil
port (P2) are respectively connected with an oil port
(A) of the main valve and an oil port (X) of the energy
collector, the first main oil port (A) and the fourth
main oil port (B) are respectively connected with the
first oil port (Ia) and the fifth oil port (Ib) of the pressure
energy retaining valve (2), the first control port (Ka4)
and the second control port (Kb4) are respectively
connected with a third control port (Pp1) and a fourth
control port (Pp2) of the logical control member (5);
and input and output connections of the logical con-
trol member (5) comprise: input (Ka2) is connected
to a first connecting point (S1) of the main valve at
which the first control signal (Signal-a) is input, input
(Ka3) is connected to a first main oil path (E) from
the oil port (A) of the main valve to the oil port (P1)
of the switchover valve, input (Kb2) is connected to
a third connecting point (S3) of the main valve at
which the second control signal (Signal-b) is input,
input (Kb3) is connected to a second main oil path
(F) from the oil port (B) of the main valve to a first
rod end oil port (B1) and a second rod end oil port
(B2) of the energy converter, output (Pp1) is con-
nected to the first control port (Ka4) of the switchover
valve (3), and output (Pp2) is connected to the sec-
ond control port (Kb4) of the switchover valve (3).

3. The working device energy recovery system accord-
ing to claim 1 or 2, wherein the logical control mem-
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ber (5) is a hydraulic logical control member, an elec-
tric logical control member or an electro-hydraulic
control logical member.

4. The working device energy recovery system accord-
ing to claim 1 or 2, wherein the first control signal
(Signal-a) and the second control signal (Signal-b)
are hydraulic pressure signals and/or electrical sig-
nals, and are directly or indirectly taken from an op-
erating handle.
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