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(57)  Provided are a gear pump cover and a four-
quadrant operating internal gear pump, relating to the
technical field of hydraulic pumps. The gear pump cov-
er includes a pump cover housing, a medium exchange
opening, and a one-way valve. A medium passage is
formed inside a four-quadrant operating internal gear
pump cover. The medium exchange opening is located
at a top of the pump cover housing. When the four-
quadrant operating internal gear pump cover is con-
nected to a pump body, the medium exchange opening
is configured to exchange a medium with the outside.
The one-way valve is configured to deliver a medium
leaking within the medium passage to a low-pressure

medium cavity. During the operation of the internal gear
pump, with the gear pump cover connected to the
pump body, an axial compensation structure and a ra-
dial compensation structure designed between the
pump body and the gear pump cover enable compen-
sations, using mechanical structures, for an axial clear-
ance and a radial clearance occurring when a high-
pressure oil passes through an oil pumping assembly
during the operation of the gear pump. Thus, oil leak-
age caused by such clearances during operation is re-
duced, thereby improving volumetric efficiency and low-
speed performance.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of hydraulic pumps, and in particular, to a gear
pump cover and a four-quadrant operating internal gear

pump.
BACKGROUND TECHNOLOGY

[0002] Internal gear pumps are characterized by low
noise, low flow pulsation, high efficiency, and the like.
The axial and radial clearance compensation designs
are adopted to further improve efficiency, and achieve
excellent low-speed performance. Currently, internal
gear pumps are widely used in the servo hydraulic field.
[0003] In the related art, internal gear pumps are ty-
pically designed with radial clearance compensations
so as to reduce leakage in radial clearances, improve
volumetric efficiency, and improve low-speed perfor-
mance. Furthermore, in addition to the design of oil
inlet/outlet port, a gear pump requires an additional de-
sign of an oil return port to allow high-pressure leaking
medium within the pump cavity to flow back to the oil
tank through this oil return port.

[0004] However, in the related art, there is no techni-
que for compensating for an axial clearance while com-
pensating for a radial clearance. Moreover, the related
art needs to design the oil return port, and add an oil
pipe to a hydraulic system, thereby causing inconveni-
ence in mounting and use.

CONTENT OF THE INVENTION

[0005] The present disclosure relates to a gear pump
cover and a four-quadrant operating internal gear pump
that can achieve simultaneous axial compensation and
radial compensation during oil pumping under operat-
ing conditions. Furthermore, a design of an oil return
path is added. The leaking medium flows back to a
low-pressure cavity through an internal flow passage
within the pump. Thus, the design that the leaking med-
ium flows back to the oil tank through a third oil port is
omitted. The technical solutions are described as fol-
lows.

[0006] In an aspect, provided is a gear pump cover,
including a pump cover housing, a medium exchange
opening, and a one-way valve, where a medium pas-
sage is formed inside a four-quadrant operating internal
gear pump cover;

the medium exchange opening is located at a top
of the pump cover housing;

when the four-quadrant operating internal gear
pump cover is connected to a pump body, the med-
ium exchange opening is configured to exchange a
medium with the outside; and the one-way valve is
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configured to selectively deliver a high-pressure
medium leaking within the medium passage to a
low-pressure medium cavity.

[0007] In an optional embodiment, the pump cover
housing includes at least two medium exchange open-
ings;

the at least two medium exchange openings in-
clude at least one medium inlet and at least one
medium outlet;

the at least one medium inlet, the at least one med-
ium outlet, and the one-way valve are located with-
in the same medium passage;

the one-way valve is provided with a one-way valve
mounting hole;

the one-way valve is located inside the one-way
valve mounting hole;

a first end of the one-way valve is opposite to the
medium passage, and a second end of the one-
way valve is provided with a plug; and

the one-way valve mounting hole defines an outlet
oil path that is communicated with the medium pas-
sage.

[0008] In an optional embodiment, the one-way valve
is in interference fit with the medium exchange open-
ing;

or

the one-way valve is in threaded connection with
the medium passage and is provided with a sealing
ring;

the sealing ring is in contact with the one-way valve
and the medium passage; and

the sealing ring is configured to strengthen the con-
nection of the one-way valve with the medium pas-
sage.

[0009] In another aspect, provided is a four-quadrant
operating internal gear pump, including the gear pump
cover as described in any of the foregoing embodi-
ments, a pump body, and an oil pumping component;

where the gear pump cover is connected to the
pump body; a medium passage is formed within
the pump body and is configured to allow a med-
ium to pass therethrough when the four-quadrant
operating internal gear pump cover operates;

an accommodating cavity is formed when the gear
pump cover is connected to the pump body; the oil
pumping component is located within the accom-
modating cavity and at a connection of the gear
pump cover and the pump body; the oil pumping
component is fixedly connected to each of the gear
pump cover and the pump body;

the oil pumping component is provided with an ax-
ial compensation structure and a radial compensa-
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tion structure;

the axial compensation structure is configured to
compensate for an axial clearance of the oil pump-
ing component when the four-quadrant operating
internal gear pump operates; and

the radial compensation structure is configured to
compensate for a radial clearance of the oil pump-
ing component when the four-quadrant operating
internal gear pump operates.

[0010] In an optional embodiment, the oil pumping
component includes an internal gear and an external
gear;

the external gear is engaged with the internal gear,
and a radius of the external gear is smaller than a
radius of the internal gear;

a volume cavity is formed between the external
gear and the internal gear and is configured to al-
low the medium to pass therethrough when the
four-quadrant operating internal gear pump oper-
ates;

the radial compensation structure and the axial
compensation structure are located inside the vo-
lume cavity ; and

the radial compensation structure is in contact with
the axial compensation structure.

[0011] In an optional embodiment, the axial compen-
sation structure includes an axial plate, and the radial
compensation structure includes a valve plate and a
valve plate holder;

at least one through hole is formed in the axial
plate;

a surface of the valve plate holder includes at least
one slot, and the through holes correspond to the
slots in terms of quantity and position;

the valve plate is fit with the surface of the valve
plate holder that is provided with the slots, thereby
defining an oil passage; and

when the four-quadrant operating internal gear
pump operates, the medium passes through a pas-
sage defined by the through holes and the oil pas-
sage to push apart the valve plate and the valve
plate holder.

[0012] In an optional embodiment, the axial plate is
configured as an axisymmetric structure;

the axial plate includes a first through hole, a sec-
ond through hole, a third through hole, a fourth
through hole, and a recessed groove;

the first through hole is located at an axis of the
axisymmetric structure and is axisymmetric in
shape for positioning and mounting;

two recessed grooves, two second through holes,
and two third through holes are arranged axisym-
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metrically;

the second through holes and the third through
holes are located inside the recessed grooves;

the recessed grooves have connection portions
configured for the medium to pass therethrough;
the second through holes and the third through
holes are configured for connection with an oil in-
let/outlet port of the gear pump cover; and

the fourth through hole is located at the axis of the
axisymmetric structure, and is configured for posi-
tioning and mounting and for forming the medium
passage when the four-quadrant operating internal
gear pump cover operates.

[0013] In an optional embodiment, the valve plates
and the valve plate holders correspond to the recessed
grooves in terms of quantity and position;

the radial compensation structure further includes
stop pins;

the stop pins are in contact with the valve plates
and the valve plate holders, and are configured to
support the valve plates and the valve plate
holders; and

the stop pins are configured to limit relative displa-
cements of the valve plates and the valve plate
holders.

[0014] In an optional embodiment, the radial com-
pensation structure further includes a sealing roller and
a spring leaf;

the sealing roller and the spring leaf are configured
for contact with the valve plate; and

the sealing roller and the spring leaf are configured
to strengthen the connection of the valve plate and
the valve plate holder.

[0015] In an optional embodiment, when the gear
pump cover is connected to the pump body, a pump
cover cavity and a pump body cavity are formed;

the pump cover cavity, the pump body cavity, and
the one-way valve are located within the same
medium passage; and

the one-way valve is configured to maintain the
flow of a leaking medium from the pump cover cav-
ity through the medium passage.

[0016] In an optional embodiment, when the gear
pump cover is connected to the pump body, a skeleton
oil seal cavity is further formed at an end of the pump
body; and

the skeleton oil seal cavity communicates with the
pump body cavity, and is configured for cavity sealing
so as to maintain a low sealing pressure of a skeleton
oil seal.

[0017] The technical solutions provided in the embo-
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diments of the present disclosure achieve at least the
following beneficial effects:

(1) Regarding the pump cover structure, the leak-
ing medium is delivered back to the low-pressure
oil cavity through the one-way valve. This elimi-
nates the need for an additional oil return port, sim-
plifies the hydraulic system, and facilitates mount-
ing and use by the user.

(1) During the operation of the internal gear
pump, with the gear pump cover connected to
the pump body, the axial compensation struc-
ture and the radial compensation structure de-
signed between the pump body and the gear
pump cover enable compensations, using me-
chanical structures, for the axial clearance and
the radial clearance occurring when the high-
pressure oil passes through the oil pumping
component during the operation of the gear
pump. Thus, oil leakage caused by such clear-
ances during operation is reduced, thereby im-
proving volumetric efficiency and low-speed
performance.

DESCRIPTION OF THE DRAWINGS

[0018] In order to describe the technical solutions in
the embodiments of the present disclosure more
clearly, the accompanying drawings required for de-
scribing the embodiments are briefly described below.
Apparently, the accompanying drawings described be-
low are only some embodiments of the present disclo-
sure. Those of ordinary skill in the art may further de-
rive other drawings from these drawings without crea-
tive efforts.

FIG. 1 illustrates a schematic structural diagram of
a gear pump cover provided by an exemplary em-
bodiment of the present disclosure;

FIG. 2 illustrates a cross-sectional schematic dia-
gram of a four-quadrant operating internal gear
pump provided by an exemplary embodiment of
the present disclosure;

FIG. 3 illustrates a cross-sectional schematic dia-
gram of another four-quadrant operating internal
gear pump provided by an exemplary embodiment
of the present disclosure;

FIG. 4 illustrates a cross-sectional schematic dia-
gram of an oil pumping component provided by an
exemplary embodiment of the present disclosure;
FIG. 5 is a schematic structural diagram of an axial
compensation structure provided by an exemplary
embodiment of the present disclosure;

FIG. 6 is a schematic diagram of a combination of
an axial compensation structure and a radial com-
pensation structure provided by an exemplary em-
bodiment of the present disclosure;
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FIG. 7 is a schematic structural diagram of a cavity
provided by an exemplary embodiment of the pre-
sent disclosure; and

FIG. 8 is a schematic structural diagram of a cavity
provided by an exemplary embodiment of the pre-
sent disclosure from another perspective.

SPECIFIC IMPLEMENTATIONS

[0019] In order to make the objectives, technical so-
lutions and advantages of the present disclosure
clearer, embodiments of the present disclosure will be
further described in detail below with reference to the
accompanying drawings.

[0020] The gear pump cover and the four-quadrant
operating internal gear pump involved in the embodi-
ments of the present disclosure are applied to automo-
tive and industrial scenarios. Optionally, the internal
gear pump may be used in industrial transmission sce-
narios or in automotive active suspensions. The four-
quadrant operating internal gear pump cover serves as
a detachable oil supply component within the internal
gear pump.

[0021] It should be noted that the four-quadrant oper-
ating internal gear pump cover and the internal gear
pump involved in the embodiments of the present dis-
closure may each be implemented independently for
use as a hydraulic pump motor.

[0022] FIG. 1 illustrates a schematic structural dia-
gram of a gear pump cover provided by an exemplary
embodiment of the present disclosure.

[0023] Referring to FIG. 1, the gear pump cover 1
includes pump cover housing 11, medium exchange
opening 111, and one-way valve 112, and a medium
passage is formed inside a four-quadrant operating in-
ternal gear pump cover.

[0024] The medium exchange opening 111 is located
at a top of the pump cover housing 11.

[0025] When the four-quadrant operating internal
gear pump cover is connected to a pump body, the
medium exchange opening 111 is configured to ex-
change a medium with the outside. The one-way valve
112 is configured to selectively deliver a high-pressure
medium leaking within the medium passage to a low-
pressure medium cavity.

[0026] On the basis of the gear pump cover shown in
FIG. 1, FIG. 2 and FIG. 3 show schematic diagrams of
different cross sections of the four-quadrant operating
internal gear pump. Referring to FIG. 1 to FIG. 3, the
four-quadrant operating internal gear pump includes
the gear pump cover 1, the pump body 2, and oil pump-
ing component 12 as shown in FIG. 2.

[0027] The gear pump cover 1 is connected to the
pump body 2. A medium passage is formed within the
pump body 2 and is configured to allow a medium to
pass therethrough when the four-quadrant operating
internal gear pump cover operates.

[0028] An accommodating cavity is formed when the
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gear pump cover 1 is connected to the pump body 2.
The oil pumping component 12 is located within the
accommodating cavity and at a connection of the gear
pump cover 1 and the pump body 2. The oil pumping
component 12 is fixedly connected to each of the gear
pump cover 1 and the pump body 2.

[0029] In an embodiment of the present disclosure,
the pump body refers to the assembly of all compo-
nents of the pump module, excluding the four-quadrant
operating internal gear pump cover, in practical applica-
tion scenarios. In an example, the pump body refers to
the assembly that is connected to the four-quadrant
operating internal gear pump cover. In another exam-
ple, the pump body denotes the entirety of the pump
module including a control module and a motor module,
excluding the four-quadrant operating internal gear
pump cover. The present disclosure does not impose
limitations on the specific structure or form of the pump
body. In the present disclosure, the four-quadrant oper-
ating internal gear pump cover is configured to pump
the medium into the pump body to enable subsequent
energy conversion or energy transfer processes.
[0030] It should be noted that, with reference to FIG.
2 and FIG. 3, in an embodiment of the present disclo-
sure, the pump cover housing 11 includes at least two
medium exchange openings 111; the at least two med-
ium exchange openings 111 include at least one med-
ium inlet and at least one medium outlet; the at least
one medium inlet, the at least one medium outlet, and
the one-way valve 112 are located within the same
medium passage; the one-way valve 112 is provided
with one-way valve mounting hole 113; the one-way
valve is located inside the one-way valve mounting hole
113; a first end of the one-way valve 112 is opposite to
the medium passage, and a second end of the one-way
valve 112 is provided with plug 114. The one-way valve
mounting hole 113 defines an outlet oil path 115. The
outlet oil path 115 is communicated with the medium
passage.

[0031] It should be noted that, in an embodiment of
the present disclosure, as shown in FIG. 2, the number
of the one-way valve mounting holes 112 is 2. QOil pas-
sages defined by the two one-way valve mounting
holes 112 may be parallel to each other or form an
included angle. Optionally, the included angle may be
at least one of an acute angle and an obtuse angle.
Preferably, to make the structure compact, the included
angle is implemented as the obtuse angle.

[0032] In this case, the one-way valve is in interfer-
ence fit with the medium exchange opening; or, the
one-way valve is in threaded connection with the med-
ium passage. The one-way valve is provided with a
sealing ring. The sealing ring is in contact with both the
one-way valve and the medium passage. The sealing
ring is configured to strengthen the connection of the
one-way valve with the medium passage. In case that
the medium passage is formed inside the four-quadrant
operating internal gear pump, the oil return path where
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the one-way valve is located is relatively separate from
the main oil path. During the operation of the main oil
path, the oil pumping component creates a high-pres-
sure zone and a low-pressure zone, thereby circulating
the medium inside the pump body. When high-pressure
medium leaks, it will enter the oil return path where the
one-way valve is located. The one-way valve controls
the flow direction of the medium within the oil return
path such that the leaking high-pressure medium is se-
lectively delivered to the low-pressure zone.

[0033] In conclusion, in the device provided by the
embodiments of the present disclosure, the leaking
medium is delivered back to the low-pressure oil cavity
through the one-way valve. This eliminates the need for
an additional oil return port, simplifies the hydraulic sys-
tem, and facilitates mounting and use by the user.
[0034] In an embodiment of the present disclosure,
the oil pumping component is provided with an axial
compensation structure and a radial compensation
structure.

[0035] The axial compensation structure is config-
ured to provide axial clearance compensation for the
oil pumping component when the four-quadrant operat-
ing internal gear pump operates. The radial compensa-
tion structure is configured to provide radial clearance
compensation for the oil pumping component when the
four-quadrant operating internal gear pump operates.
[0036] The specific forms in which the axial compen-
sation structure and the radial compensation structure
are implemented are described hereinafter with refer-
ence to FIG. 4 to FIG. 6.

[0037] In an optional embodiment, the oil pumping
component 12 includes internal gear 124 and external
gear 123. The external gear 123 is engaged with the
internal gear 124, and a radius of the external gear 123
is smaller than that of the internal gear 124. A volume
cavity is formed between the external gear 123 and the
internal gear 124 and is configured to allow the medium
to pass therethrough when the four-quadrant operating
internal gear pump operates. The radial compensation
structure 122 and the axial compensation structure 121
are located inside the volume cavity. The radial com-
pensation structure 122 is in contact with the axial com-
pensation structure 121.

[0038] That is to say, in the embodiments of the pre-
sent disclosure, the axial compensation structure and
the radial compensation structure adapted to the inter-
nal gear pump are both located in the flow path of the
pressurized medium.

[0039] In an optional embodiment, the axial compen-
sation structure 121 includes axial plate 1211, and the
radial compensation structure 122 includes valve plate
1221 and valve plate holder 1222. At least one oil
groove 12116 is formed in the axial plate 1211. A sur-
face of the valve plate holder 1222 includes at least one
slot 12221, where the oil grooves correspond to the
slots in terms of quantity and position. The valve plate
1221 is fit with the surface of the valve plate holder
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1222 that is provided with the slots, thereby defining an
oil passage. When the four-quadrant operating internal
gear pump operates, the medium flows through a pas-
sage defined by the oil grooves and the oil passage.
[0040] In this case, the axial plate 1211 is configured
as an axisymmetric structure. The axial plate includes
first through hole 12111, second through hole 12112,
third through hole 12113, fourth through hole 12114,
and recessed groove 12115. The first through hole
12111 is located at the axis of the axisymmetric struc-
ture and is axisymmetric in shape for positioning and
mounting. In practical application, the first through hole
may be implemented as a circular through hole for
matching with stop pin 1223. There are two recessed
grooves 12115, two second through holes 12112, and
two third through holes 12113, which are distributed
axisymmetrically. The second through holes 12112 and
the third through holes 12113 are located inside the
recessed grooves 12115. The recessed grooves 12115
have connection portions configured for the medium to
pass therethrough. The second through holes 12112
and the third through holes 12113 are configured for
connection with an oil inlet/outlet port of the gear pump
cover. The fourth through hole 12114 is located at the
axis of the axisymmetric structure and is configured for
positioning and mounting.

[0041] It should be noted that, in an embodiment of
the present disclosure, the width of the oil groove
12116 is sufficient such that, when the medium pas-
sage is formed, high-pressure oil can push apart the
valve plate 1221 and the valve plate holder 1222 under
operating conditions. In this case, the gaps between
the oil groove 12116 and the valve plate 1221 as well
as the valve plate holder 1222 are interconnected. The
valve plate holder is provided with the slots 12221 to
accommodate this function.

[0042] In an optional embodiment, the valve plates
1221 and the valve plate holders 1222 correspond to
the recessed grooves 12115 in terms of quantity and
position, and the radial compensation structure 122
further includes the stop pin 1223. The stop pin 1223 is
in contact with the valve plate 1221 and the valve plate
holder 1222, and is configured to support the valve
plate 1221 and the valve plate holder 1222 and limit
the circumferential displacements of the valve plate
1221 and the valve plate holder 1222 under the action
of the high-pressure medium.

[0043] Correspondingly, referring to FIG. 4, in order
to reduce the leakage between the valve plate and the
valve plate holder, the radial compensation structure
122 further includes sealing roller 1224 and spring leaf
1225. The sealing roller 1224 and the spring leaf 1225
are configured for contact with the valve plate 1222.
The sealing roller 1224 and the spring leaf 1225 are
configured for sealing, thereby preventing the leakage
of the high-pressure medium between the valve plate
and the valve plate holder.

[0044] Based on the illustration of the structure

10

15

20

25

30

35

40

45

50

55

above, when the external gear and internal gear are
combined as the oil pumping component, the crescent-
shaped chamber between the gears is filled with the
radial compensation structure such that the crescent-
shaped chamber between the gears is divided into two
volume cavities, referred to as a first volume cavity and
a second volume cavity. When the gears rotate clock-
wise, the first volume cavity acts as an oil suction cav-
ity. The region of engagement of the gears expands in
volume, drawing hydraulic oil into the first volume cav-
ity. As the gears continue to rotate, the tooth space
between two teeth of the gears delivers the hydraulic
oil from the first volume cavity to the second volume
cavity At the second volume cavity, the region of en-
gagement of the gears reduces in volume, creating a
high-pressure cavity that discharges high-pressure hy-
draulic oil. When the gears rotate counterclockwise, the
second volume cavity acts as a low-pressure oil suction
cavity, while the first volume cavity acts as the high-
pressure cavity. The tooth spaces of the gears then
deliver the hydraulic oil from the second volume cavity
to the first volume cavity. During this process, the med-
ium, i.e. high-pressure oil or low-pressure oil, flows
through the oil passages defined by the recessed
grooves and the through holes.

[0045] To accommodate four-quadrant operation, the
radial compensation structure is symmetrically de-
signed. In an embodiment of the present disclosure,
the radial compensation structure is composed of two
valve plate holders, two valve plates, two sealing roll-
ers, and a wavy spring leaf. During the operation of the
internal gear pump, the high-pressure oil from the high-
pressure cavity side enters the gaps between the valve
plates and the valve plate holders, pressing the valve
plates and the valve plate holders against the tip circles
of the two gears, respectively. This reduces the clear-
ance between the tip circles and reduces leakage of
the high-pressure oil into the low-pressure cavity. The
clearances between the valve plates and the valve
plate holders are sealed by the sealing rollers. High-
pressure hydraulic oil presses the sealing rollers
against the tangential surfaces of the valve plates and
the valve plate holders, preventing the hydraulic oil
from leaking into the low-pressure zone. When pres-
sure is not yet established, the wavy spring leaf
presses the sealing rollers against the tangential sur-
faces of the valve plates and the valve plate holders to
achieve sealing. The stop pin provides support to the
valve plate and the valve plate holder, counteracting
the hydraulic pressure acting on the valve plate and
the valve plate holder and preventing axial displace-
ments of the valve plate and the valve plate holder.
[0046] Moreover, in the axial direction, the internal
gear pump is designed with two axial clearance com-
pensation plates. To accommodate four-quadrant op-
eration, the axial plates are also symmetrically de-
signed. The axial plates are provided with oil grooves
corresponding to the radial compensation structures in
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terms of quantity and position. These oil grooves re-
spectively communicate with the two volume cavities.
Additionally, oil grooves are designed for the volume
cavities to communicate with the oil inlet/outlet port of
the gear pump cover.

[0047] The axial plates further include the second
through holes and the third through holes that commu-
nicate with the oil passage defined by the slots in the
valve plate holders. This allows the high-pressure oil to
quickly fill the clearances between the valve plates and
the valve plate holders, rapidly pushing apart the valve
plates and the valve plate holders to achieve clearance
compensation.

[0048] FIG. 7 illustrates a schematic diagram of an oil
path structure of an internal gear pump provided by an
exemplary embodiment of the present disclosure, and
FIG. 8 illustrates a schematic diagram of the oil path
structure from another perspective. As shown in FIG.
8, the accommodating space within the internal gear
pump forms a pump cover cavity 610 and a pump body
cavity 620, and the pump cover cavity 610 communi-
cates with the pump body cavity 620. In this case, ske-
leton oil seal cavity 630 is further formed at an end of
the pump body. The skeleton oil seal cavity communi-
cates with the pump body cavity, and is configured for
cavity sealing so as to maintain a low sealing pressure
of a skeleton oil seal. The skeleton oil seal cavity com-
municates with the pump body cavity, and is configured
for cavity sealing so as to maintain a low sealing pres-
sure of the skeleton oil seal. In an embodiment of the
present disclosure, the oil paths of the pump cover cav-
ity and the pump body cavity and the oil path of the
skeleton oil seal cavity form included angles of 90° with
the oil path of the one-way valve.

[0049] It should be noted that, referring to FIG. 8, in
an embodiment of the present disclosure, the medium
from the pump cover cavity flows into the low-pressure
cavity of the gear through the oil path corresponding to
the one-way valve, while the high-pressure medium
leaking in the oil pumping component will also enter
the pump body cavity for circulation.

[0050] In conclusion, according to the internal gear
pump provided in the embodiments of the present dis-
closure, during the operation of the internal gear pump,
with the gear pump cover connected to the pump body,
the axial compensation structure and the radial com-
pensation structure designed between the pump body
and the gear pump cover enable compensations, using
mechanical structures, for an axial clearance and a ra-
dial clearance occurring when the high-pressure oil
passes through the oil pumping component during the
operation of the gear pump. Thus, oil leakage caused
by such clearances during operation is reduced, there-
by improving volumetric efficiency and low-speed per-
formance.

[0051] It should be noted that, in an embodiment of
the present disclosure, the internal gear pump is further
equipped with essential internal components of the
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pump body, such as a sliding bearing and a gear shaft.
The present disclosure does not impose limitations on
the specific positions and combination manners of the
components described above.

[0052] The foregoing are merely descriptions of the
optional embodiments of the present disclosure, and
are not intended to limit the present disclosure. Any
modifications, equivalent replacements and improve-
ments made within the spirit and principle of the pre-
sent disclosure should be included in the protection
scope of the present disclosure.

Claims

1. A gear pump cover, characterized by comprising:
a pump cover housing, a medium exchange open-
ing, and a one-way valve, wherein a medium pas-
sage is formed inside a four-quadrant operating
internal gear pump cover;

the medium exchange opening is located at a
top of the pump cover housing;

when the four-quadrant operating internal gear
pump cover is connected to a pump body, the
medium exchange opening is configured to ex-
change a medium with the outside; and the
one-way valve is configured to selectively deli-
ver a high-pressure medium leaking within the
medium passage to a low-pressure medium
cavity.

2. The gear pump cover according to claim 1, char-
acterized in that the pump cover housing com-
prises at least two medium exchange openings;

the at least two medium exchange openings
comprise at least one medium inlet and at
least one medium outlet;

the medium inlet, the medium outlet, and the
one-way valve are located within the same
medium passage;

the one-way valve is provided with a one-way
valve mounting hole;

the one-way valve is located inside the one-
way valve mounting hole;

a first end of the one-way valve is opposite to
the medium passage, and a second end of the
one-way valve is provided with a plug; and

the one-way valve mounting hole defines an
outlet oil path, and the outlet oil path is com-
municated with the medium passage.

3. The gear pump cover according to claim 2, char-
acterized in that the one-way valve is in interfer-
ence fit with the medium exchange opening;
or
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the one-way valve is in threaded connection
with the medium passage and is provided with
a sealing ring;

the sealing ring is in contact with the one-way
valve and the medium passage; and

the sealing ring is configured to strengthen the
connection of the one-way valve with the med-
ium passage.

4. A four-quadrant operating internal gear pump,

characterized by comprising: the gear pump cov-
er according to any one of claims 1 and 2, a pump
body, and an oil pumping component;

wherein the gear pump cover is connected to
the pump body; a medium passage is formed
within the pump body and a medium is allowed
to pass through the medium passage when the
four-quadrant operating internal gear pump
cover operates;

an accommodating cavity is formed when the
pump cover is connected to the pump body;
the oil pumping component is located within
the accommodating cavity and at a connection
of the pump cover and the pump body; the oil
pumping component is fixedly connected to
the pump cover and the pump body;

the oil pumping component is provided with an
axial compensation structure and a radial com-
pensation structure;

the axial compensation structure is configured
to compensate for an axial clearance of the oil
pumping component when the four-quadrant
operating internal gear pump operates; and
the radial compensation structure is configured
to compensate for a radial clearance of the oil
pumping component when the four-quadrant
operating internal gear pump operates.

The four-quadrant operating internal gear pump
according to claim 4, characterized in that the oil
pumping component comprises an internal gear
and an external gear;

the external gear is engaged with the internal
gear, and a radius of the external gear is smal-
ler than a radius of the internal gear;

a volume cavity is formed between the exter-
nal gear and the internal gear and the medium
is allowed to pass through the volume cavity
when the four-quadrant operating internal gear
pump operates;

the radial compensation structure and the axial
compensation structure are located inside the
volume cavity ; and

the radial compensation structure is in contact
with the axial compensation structure.
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The four-quadrant operating internal gear pump
according to claim 4, characterized in that the
axial compensation structure comprises an axial
plate, and the radial compensation structure com-
prises a valve plate and a valve plate holder;

at least one through hole is formed in the axial
plate;

a surface of the valve plate holder comprises
at least one slot, and the through holes corre-
spond to the slots in terms of quantity and po-
sition;

the valve plate is fit with the surface of the
valve plate holder having the slots, thereby de-
fining an oil passage; and

when the four-quadrant operating internal gear
pump operates, the medium passes through a
passage defined by the through holes and the
oil passage to push apart the valve plate and
the valve plate holder.

The four-quadrant operating internal gear pump
according to claim 6, characterized in that the
axial plate is configured as an axisymmetric struc-
ture;

the axial plate comprises a first through hole, a
second through hole, a third through hole, a
fourth through hole, and a recessed groove;
the first through hole is located at an axis of
the axisymmetric structure and is axisymmetric
in shape for positioning and mounting;

two recessed grooves, two second through
holes, and two third through holes are ar-
ranged axisymmetrically;

the second through holes and the third through
holes are located inside the recessed grooves;
the recessed grooves have connection por-
tions configured for the medium to pass there-
through;

the second through holes and the third through
holes are configured for connection with oil in-
let/outlet ports of the gear pump cover; and
the fourth through hole is located at the axis of
the axisymmetric structure, and is configured
for positioning and mounting and for forming
the medium passage when the four-quadrant
operating internal gear pump cover operates.

The four-quadrant operating internal gear pump
according to claim 7, characterized in that the
valve plates and the valve plate holders corre-
spond to the recessed grooves in terms of quantity
and position;

the radial compensation structure further com-
prises stop pins;
the stop pins are in contact with the valve
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plates and the valve plate holders, and are
configured to support the valve plates and the
valve plate holders; and

the stop pins are configured to limit relative
displacements of the valve plates and the
valve plate holders.

The four-quadrant operating internal gear pump
according to claim 6, characterized in that the
radial compensation structure further comprises a
sealing roller and a spring leaf;

the sealing roller and the spring leaf are con-
figured for contact with the valve plate; and
the sealing roller and the spring leaf are con-
figured to strengthen the connection of the
valve plate and the valve plate holder.

The internal gear pump according to claim 4, char-
acterized in that when the internal gear pump cov-
er is connected to the pump body, a pump cover
cavity and a pump body cavity are formed;

the pump cover cavity, the pump body cavity,
and the one-way valve are located within the
same medium passage;

the one-way valve is configured to maintain a
leaking medium from the pump cover cavity
flowing through the medium passage;

when the internal gear pump cover is con-
nected to the pump body, a skeleton oil seal
cavity is further formed at an end of the pump
body; and

the skeleton oil seal cavity communicates with
the pump body cavity, and is configured for
cavity sealing so as to maintain a low sealing
pressure of a skeleton oil seal.
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