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PRESSURE SELF-MATCHING ENERGY UTILIZATION SYSTEM

[0001] The present application clims the priority to Chinese Patent Application No.
201710343343.1, titled "PRESSURE SELF-MATCHING ENERGY UTILIZATION SYSTEM",
filed on May 16, 2017 with the Chinese Patent Office, which is incorporated herem by

reference m its entirety.

FIELD

[0002] The present disclosure relates to a hydraulic utilization system for recycling energy of
a construction machinery working device, and in particular to a pressure self-matching energy

utilization system.

BACKGROUND

[0003] For environmental protection and energy saving, machine manufacturers in the
construction machinery industry perform research work of energy recycling and utilization of a
mechanical equipment, and put forward a lot of methods and principles for energy recycling
and utilization, such as an oil-electric hybrid power mode, and an oil-liquid hybrid power mode.
Because high price and low reliability of a motor battery which is a key component in the
oil-electric hybrid power mode and a general energy saving effect of a product using this mode,
the oilelectric hybrid power mode is abandoned in the industry. At present, the focus of
industry research is on the technology of the oil-liquid hybrid power mode. A difficulty of this
technology is how to make the recycled energy be utilized efficiently and be well matched with
a load. There are two common ways in the industry. A first way is to use recycled energy to
drive a pressure cylinder to pressurize oil drawn from a tank and then store the pressurized oil
into an energy accumulator. An initial pressure of the oil when stored into the energy
accumulator is higher than the maximum working pressure that may occur in a working device,
otherwise the oil in the energy accumulator is not completely released and used because a

pressure of the oil is bower than a driving pressure required by the working device. A second
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way is to use the recycled energy to drive a secondary element to pressurize the oil drawn from
the tank and then store the pressurized oil into the energy accumulator. When the oil is used, the
pressure oil in the energy accumulator is used to drive the secondary element to draw oil from
the tank, to drive the working device. It can be seen from these two ways that the first way has a
poor press matching. Because the initial pressure of the oil in the energy accumulator is higher
than the maximum working pressure that may occur in the working device, energy of the
pressure oil in the energy accumulator corresponding to a pressure higher than the maximum
working pressure will be lost in a form of heat when the oil is released. The second way has a
good pressure matching. However the second way has a low transmission efficiency. The
secondary element is not well developed. There are twice conversions both in a process of
storing the recyclked energy into the energy accumulator and in a process of releasing the
recycled energy in the energy accumulator for usage, thus a total efficiency is not more than
45%.

SUMMARY

[0004] In order to avoid the disadvantages in the conventional art, a pressure selfmatching
energy utilization system is provided according to the disclosure. The pressure self-matching
energy utilization system has a simple structure, few transmission links and a high transmission

efficiency, to economically and efficiently recycle energy.

[0005] A pressure self-matching energy utilization system includes a synchronous motor, a
control valve, a working pump, an energy accumulator and a pressure actuation element and
corresponding oil pipe connection. A main outlet OUT of the synchronous motor is connected
to a load keeping cavity of the pressure actuation element. A first inlet IN1 of the synchronous
motor is connected to an oil port of the energy accumulator via a first switch valve K1 of the
control valve. A second inlet IN2 of the synchronous motor is connected to an output port of the
working pump via a second switch valve K2 of the contro] valve.

[0006] Furthermore, the synchronous motor has no low pressure drain port, an accumulating

pressure of the energy accumulator is represented as Px, a working pressure of the working
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pump is represented as Pb, a demand pressure of the actuation element is represented as Pn,
Px+Pb>2Pn and Px<2Pn. In this way, the working pressure of the working pump continuously
raises from a no-load pressure until the output pressure Pb>2Pn-Px. At this time, the
synchronous motor starts to rotate, outputs pressure oil from both the first inlet IN1 and the
second inlet IN2 to the pressure actuation element, and the pressure actuation element lifis a
working device. The synchronous motor functions as a pressure distributor, which reduces the
high pressure and increases the low pressure. The synchronous motor compensates a pressure
Pn-Px, by which the working pump is higher than a load, to the energy accumulator to drive the
load by the working pump and the energy accumulator. A lift speed of the load depends on an
output flow of the working pump. Since the synchronous motor has no drain port, all working
ports has a high pressure, a volumetric efficiency of the synchronous motor 1 is close to 100%.
Thus a total transmission efficiency is more than 90%, and an energy utilization rate is high.

These way and parameters are the preferred embodiments for implement this disclosure.

[0007] The pressure actuation element may be one or more oil cylinders and/or one or more
hydraulic motors. The load keeping cavity of the pressure actuation element i further
connected to a descending control device, the descending control device is configured to control
the pressure actuation element to control descending of a working device. The oil port of the
energy accumulator is further connected to an energy accumulating control device, the energy
accumulating control device is configured to charge energy to be recycled into the energy
accumulator.

[0008] The working pump may be a fixed displacement pump or a variable displacement
pump.

[0009] A switch valve control signal of the control valve is a hydraulic signal and/or an
electrical signal

[0010] The beneficial effects of the disclosure are described as follows. In the present
disclosure, a torque pressure transformation principle of the synchronous motor and a
characteristic of the working pump that the working pressure depends on the load are used.
When the pressure of the energy accumulator cannot drive the pressure actuation element, the

working pressure of the working pump is continuously raised from a low pressure. The
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synchronous motor performs pressure distribution, and compensates the pressure of the working
pump higher than that of the load to the energy accumulator to drive the load by the working
pump and the energy accumulator. By the pressure self-matching, purposes of utilizing the
energy accumulator for recycling energy to replace an oil pump to do work to outside and
reducing an input power of a prime motor and reducing fuel consumption are achieved. The
system according to this disclosure has a simple structure, few transmission links and a high
transmission efficiency, and the system use common ekments which is developed well and
which is reliable. The system according to this disclosure is suitable for lifting and rotating of
construction machinery and agricultural equipment working devices, especially for lifting of

swing arms of excavator type devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a schematic principle view of a system according to the disclosure.

[0012] 1 synchronous motor IN1 first mlet IN2 second inlet
OUT mam outlet 2 control valve 3 working pump
4 energy accunmulator 5 pressure actuation element

DETAILED DESCRIPTION OF EMBODIMENTS
[0013] The present disclosure is described below in detail in conjunction with the drawings
and embodiments.

[0014] An energy utilization process of an energy accumulator is described as follows. As
illustrated in Figure 1, when an actuation element 5 lifts a working device, a first switch valve
K1 and a second switch valve K2 of a control valve 2 are switched on, a switch valve K i
switched off Pressure oil in the energy accumulator 4 is transmitted to a first inlet IN1 of a
synchronous motor 1, oil in the working pump 3 is transmitted to a second inlet IN2 of the
synchronous motor 1. In this case, the synchronous motor 1 performs automatic matching based

on an accumulating pressure (which is represented as Px) of the energy accumulator 4, a
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working pressure (which is represented as Pb) of the working pump 3 and a demand pressure
(which is represented as Pn) of the actuation element 5, to make Px+Pb>2Pn. A specific

working process is described as follows.

[0015] 1Ina case of Px<2Pn, at the beginning moment, the pressure of the energy accumulator
4 is unable to drive the pressure actuation element 5, at this time the synchronous motor 1
cannot be rotated. Qil at the first inlet IN1 and the second inlet IN2 of the synchronous motor
cannot flow into the main outlet OUT of the synchronous motor. It can be known from a
hydraulic transmission principle that the working pressure of the working pump 3 depends ona
load. In this way, the working pressure of the working pump 3 continuously raises from a
no-load pressure until the output pressure Pb>2Pn-Px. At this time, the synchronous motor 1
starts to rotate, outputs pressure oil from both the first inlet IN1 and the second inlet IN2 to the
pressure actuation element 5, and the pressure actuation element lifts a working device. The
synchronous motor 1 functions as a pressure distributor, which reduces the high pressure and
increases the low pressure. The synchronous motor compensates a pressure Pn-Px, by which the
working pump 3 is higher than a load, to the energy accumulator 4 to drive the load by the
working pump and the energy accumulator. A lift speed of the load depends on an output flow
of the working pump 3. Since the synchronous motor 1 has no drain port, all working ports has
a high pressure, a volumetric efficiency of the synchronous motor 1 i close to 100%. Thus a
total transmission efficiency is more than 90%, and an energy utilization rate is high. These way

and parameters are the preferred embodiments for mplement this disclosure.

[0016] Ina case of Px>2Pn, the pressure of the energy accumulator 4 may drive the pressure
actuation element 5. The synchronous motor 1 is rotated in a high speed under a function of the
pressure oil from the first inlet IN1, and the second inlet IN2 has a very low pressure, even a
negative pressure. The load of the working pump 3 is zero in this case, and there is no power
outputted by the working pump 3. If oil drainage of the energy accumulator 4 is performed with
throttle control, energy of the pressure oil corresponding to a 2Pn-Px overpressure will be lost
in a form of heat. If the oil drainage of the energy accumulator 4 is not performed with throttle
control, the pressure oil released by the energy accumulator 4 makes the lifting of the working

device be continuously accelerated and results in an uncontrollable lifting speed, and the
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synchronous motor 1 is possible to draw no oil and generate abnormal sound and damage
components. Inaddition, in case of a certain recycled energy, a too high recycle pressure results
in a too small volume of the recycled oil. In this case, each lift cycle of the working device
cannot be completed during releasing of the recycled oil, pump oil supply is constantly
switched, which results in a poor machine operability. Therefore, this situation should be

avoided.

[0017] The embodiments disclosed above are only preferred embodiments of the present
disclosure, and the present disclosure is not limited thereto. For those skilled in the art, any
modifications and changes may be made to the disclosure. Modifications, equivalent
replacements and improvements made without departing from the spirit and principle of the
present disclosure should fall into the protection scope of the present disclosure.
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CLAIMS

1. A pressure self-matching energy utilization system, comprising: a synchronous motor
(1), a control valve (2), a working pump (3), an energy accumulator (4) and a pressure actuation

element (5); wherein

a main outlet (OUT) of the synchronous motor (1) is connected to a load keeping cavity of
the pressure actuation element (5), a first inlet (IN1) of the synchronous motor (1) is connected
to an oil port ofthe energy accumulator (4) via a first switch valve (K1) ofthe control valve (2),
and a second inlet (IN2) of the synchronous motor (1) is connected to an output port of the
working pump (3) via a second switch valve (K2) of the conirol valve (2).

2. The pressure self-matching energy utilization system according to claim 1, wherein, the
synchronous motor (1) has no low pressure drain port, an accumulating pressure of the energy
accumulator (4) is represented as Px, a working pressure of the working pump (3) is represented
as Pb, a demand pressure of the actuation element (5) is represented as Pn, Px+Pb>2Pn and
Px<2Pn.

3. The pressure self-matching energy utilization system according to claim 2, wherein, the
pressure actuation element (5) comprises at least one oil cylinder and/or at least one hydraulic

motor.

4. The pressure self matching energy utilization system according to claim 3, wherein, the
load keeping cavity of the pressure actuation element (5) is further connected to a descending
control device, the descending control device is configured to control the pressure actuation

element (5) to control descending of a working device.

5. The pressure self-matching energy utilization system according to any one ofclaims 1 to
4, wherein, the oil port of the energy accumulator (4) is further connected to an energy
accumulating control device, the energy accumulating control device is configured to charge

energy to be recycled into the energy accumulator (4).

6. The pressure self-matching energy utilization system according to claim 5, wherein, the

working pump (3) is a fixed displacement pump or a variable displacement pump.
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7. The pressure self-matching energy utilization system according to claim 6, wherein, a

switch valve control signal of the control valve (2) is a hydraulic signal and/or an elkctrical
signal



