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(54) HYDRAULIC APPARATUS

(57) The present application discloses a hydraulic
device. The hydraulic device includes: a cylinder body;
a piston arranged in the cylinder body, with an annular
gap between the piston and the cylinder body, and a
plurality of sealing grooves circumferentially configured
and arranged on the piston at intervals along an axial
direction, sequentially from bottom to top; a plurality of
sealing rings, each arranged within a corresponding
sealing groove, and movably connected in the sealing
groove; and at least one pressure adjusting structure
capable of driving the sealing ring to move in the sealing
groove to adjust the gap between the sealing ring and the
cylinder body. The present application discloses a hy-
draulic device to solve a problem of severe seal wear of
existing pistons.
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Description

TECHNICAL FIELD

[0001] The present application relates to the field of
hydraulic drive technologies, and more particularly, to a
hydraulic device.

BACKGROUD OF THE INVENTION

[0002] A liquid hydrogen pump includes a hydraulic
end (i.e., a cold end) and a drive end. The cold end is
placed inside a liquid hydrogen storage tank and fully
submerged in the liquid hydrogen. The drive end is
placed outside the liquid hydrogen storage tank. A piston
of the cold end is arranged in a hydraulic device and the
piston drives a piston rod to move together in the hy-
draulic device, and the other end of the piston rod is linked
to a working machine. A gap exists between the piston
and an inner wall of the hydraulic device, which is sealed
with multiple sealing rings provided in the gap to prevent
excessive liquid hydrogen from sipping through the gap
to the other side of the piston. This arrangement is also
one of the measures employed to ensure high volumetric
efficiency of the liquid hydrogen pump.
[0003] Among these multiple seals, the first seal (i.e.,
the lowermost sealing ring of the piston) typically experi-
ences the greatest force, and thus wears out the fastest.
Consequently, the first sealing ring often becomes se-
verely worn while the remaining seals remain nearly
intact. This leads to a critical issue that the liquid hydro-
gen pump has to be maintained by replacing a new
sealing ring before the seal wears out to the point of
failure. Such maintenance entails substantial costs.
[0004] Therefore, it is necessary to provide a hydraulic
device to solve the above-mentioned problems.

SUMMARY OF THE INVENTION

[0005] In view of this, the present application aims at
providing a hydraulic device to solve the problem of
severe seal wear of existing pistons.
[0006] Based on the above objective, the present ap-
plication provides a hydraulic device, including:

a cylinder body;
a piston arranged in the cylinder body, with an an-
nular gap between the piston and the cylinder body,
and a plurality of sealing grooves circumferentially
configured and arranged on the piston at intervals
along an axial direction, sequentially from bottom to
top;
a plurality of sealing rings, each arranged within a
corresponding sealing groove and movably con-
nected in the sealing groove; and
at least one pressure adjusting structure capable of
driving the sealing ring to move in the sealing groove
to adjust the gap between the sealing ring and the

cylinder body.

[0007] Alternatively, when one pressure adjusting
structure is provided, the pressure adjusting structure
is used to drive the sealing ring in the lowermost sealing
groove of the piston to move; and
when a plurality of pressure adjusting structures are
provided, each of the pressure adjusting structures is
arranged correspondingly to the sealing ring located
below the upmost sealing groove of the piston respec-
tively and used to drive the sealing rings in the sealing
grooves of the piston from bottom to top in turn.
[0008] Alternatively, when a plurality of pressure ad-
justing structures are provided, adjusting forces provided
by the plurality of pressure adjusting structures increase
by an equal increment from bottom to top along the
piston.
[0009] Alternatively, a surface of the sealing groove
towards a lowermost side of the piston is configured as a
roughened surface.
[0010] Alternatively, the roughened surface is a plur-
ality of protrusions arranged at equal intervals along a
radial direction.
[0011] Alternatively, the protrusions are inverted
bosses or frustums.
[0012] Alternatively, an energizer is arranged in the
sealing groove, and the energizer is disposed in the
sealing groove and is in contact with the sealing ring;
and the energizer is provided with a first cut-out, the
sealing ring is provided with a second cut-out, and the
first cut-out and the second cut-out are oppositely ar-
ranged along the axial direction of the piston.
[0013] Alternatively, the energizer is provided with a
positioning rod, a positioning hole cooperating with the
positioning rod extends from the sealing groove, and the
positioning rod is capable of moving in the positioning
hole; and when the positioning rod is in contact with the
sealing ring, the positioning rod is used to limit a position
of the second cut-out of the sealing ring and make the
second cut-outs of adjacent sealing rings staggered.
[0014] Alternatively, an edge of the energizer is pro-
vided with at least two notches, and the at least two
notches are symmetrically arranged on two opposite
sides of the positioning rod.
[0015] Alternatively, at least one vortex groove is ar-
ranged on at least a local circumferential edge of the
piston, and when a plurality of vortex grooves are pro-
vided, the plurality of vortex grooves are distributed at
intervals along the axial direction of the piston; and/or, a
surface of the sealing groove opposite to the roughened
surface is provided with at least one vortex groove; and
when a plurality of vortex grooves are provided, the
plurality of vortex grooves are distributed at intervals
along the axial direction of the piston.
[0016] Alternatively, the pressure adjusting structure
includes a first adjusting channel, a first valve core and a
first driving component, the first adjusting channel is
arranged on the piston and includes a first inlet end
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and at least one first outlet end, the first inlet end and the
first outlet end are respectively communicated with the
cylinder body and the sealing groove, the first valve core
is arranged in the first adjusting channel; and the first
driving component is capable of driving the first valve
core to open and close the first adjusting channel.
[0017] Moreover, alternatively, the pressure adjusting
structure includes a second adjusting channel, a second
valve core and a second driving component, the second
adjusting channel is arranged on the piston and includes
a second inlet end and at least one second outlet end, the
second inlet end is communicated with the cylinder body,
and the second outlet end is communicated with a gap
between two adjacent sealing grooves; and the second
valve core is arranged in the second adjusting channel,
and the second driving component is capable of driving
the second valve core to open and close the second
adjusting channel.
[0018] As can be seen from the above, compared with
the prior art, the hydraulic device provided by the present
application has the following advantages: by adopting the
hydraulic device, the gap between the sealing ring in the
sealing groove of the piston and the inner wall of the
cylinder body is adjusted through the pressure adjusting
structure according to a pressure change in the cylinder
body, so as to provide functions of sealing, lubrication and
pressure equalization respectively. The sealing ring of
the piston realizes the sealing function. After the pressure
born by a preceding seal of the piston (such as the first
seal) reaches a specified pressure value, the pressure
adjusting structure is switched from an opened state to a
closed state, a pressure provided by the pressure adjust-
ing structure acts on the sealing ring, and a part of liquid
hydrogen may leak from the gap between the sealing ring
and the inner wall of the cylinder body to the following seal
(such as the second seal), but the leaked liquid hydrogen
cannot push the preceding sealing ring to move to make
the seal completely invalid, so the seal still works, but is
not enough to seal the piston completely. When the liquid
hydrogen acts on the piston, each sealing ring only seals
a part of the pressure, and then the plurality of sealing
rings seal parts of the pressure step by step to realize
stepwise pressure reduction. Finally, the plurality of seal-
ing rings collectively seal the entire liquid hydrogen pres-
sures. Sealing is achieved while minimizing a backward
slippage of the liquid hydrogen, and the uniform sealing
pressure causes equal wear of the plurality of sealing
rings. The leaked liquid hydrogen forms good self-lubri-
cation on a surface of the sealing ring, which greatly
reduces the wear of the sealing ring, prolongs the service
life, extends the maintenance period and reduces costs.

DESCRIPTION OF THE DRAWINGS

[0019] The above features and technical advantages
of the present application will become clearer and easier
to understand by describing the embodiments thereof in
conjunction with the accompanying drawings.

FIG. 1 is a partial sectional view of a hydraulic device
adopted in a first embodiment of the present applica-
tion.
FIGs. 2 to 5 are schematic diagrams of a roughened
surface of a sealing groove of the hydraulic device
adopted in the embodiment of the present applica-
tion.
FIG. 6 is a schematic diagram of an energizer of the
hydraulic device adopted in the embodiment of the
present application.
FIG. 7 is a schematic diagram of another energizer of
the hydraulic device adopted in the embodiment of
the present application.
FIG. 8 is a partial sectional view of a hydraulic device
adopted in a second embodiment of the present
application.
FIG. 9 is a partial sectional view of a hydraulic device
adopted in a third embodiment of the present appli-
cation.
FIG. 10 is a partial sectional view of a hydraulic
device adopted in a fourth embodiment of the pre-
sent application.
FIG. 11 is a schematic diagram of a correlation
between a pressure and a time during the use of
the hydraulic device adopted in the embodiment of
the present application.

Reference numerals:

[0020] 10 - inner wall; 11 - sealing surface; 20 - piston;
201 - second gap; 21 - roughened surface; 22 - adjusting
channel; 23 - first spring; 24 - roll ball; 25 - second spring;
26 - lock nut; 27 - pressure-conducting through hole; 28 -
annular gap; 281 - first gap; 29 - vortex groove; 30 -
sealing ring; 40 - energizer; 41 - positioning rod; 42 -
notch; 50 - high-pressure liquid hydrogen; 60 - valve core;
61 - third spring; and 70 - guide ring mounting groove.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0021] To make the objectives, technical solutions, and
advantages of the present application more clear and
understandable, the following further describes the pre-
sent application in detail in combination with specific
embodiments and with reference to drawings. Same
parts are denoted by same reference numerals. It should
be noted that the words "front", "rear", "left", "right",
"upper" and "lower" used in the following description refer
to the directions in the drawings. The words "inside" and
"outside" are used to refer to a direction towards or away
from a geometric center of a specific part respectively.
[0022] A hydraulic device is applied in a high-pressure
liquid hydrogen pump. Liquid hydrogen is stored in a
liquid hydrogen storage tank, which has an ultra-low
temperature (approximately 20K). At such ultra-low tem-
perature, steel becomes brittle and its strength weakens;
furthermore, under a hydrogen-containing condition,
there is a risk of hydrogen corrosion. Consequently,
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maximum pressure-withstanding value of all liquid hydro-
gen storage tanks under the prior art remains relatively
low. However, a hydrogen refueling station that stores
liquid hydrogen requires high-pressure gaseous hydro-
gen to refuel vehicles loaded with compressed hydrogen.
Therefore, a high-pressure liquid hydrogen pump is
needed to compress the liquid hydrogen to a high pres-
sure, and then vaporize the liquid hydrogen into high-
pressure gaseous hydrogen for use by a hydrogen dis-
penser.
[0023] FIG. 1 is a partial sectional view of a hydraulic
device adopted in a first embodiment of the present
application. As shown in FIG. 1, the hydraulic device
includes a cylinder body, a piston 20, a plurality of sealing
rings 30 and at least one pressure adjusting structure.
[0024] The cylinder body includes, but is not limited to,
a hydraulic cylinder, and the cylinder body is provided
with an accommodating cavity.
[0025] The piston 20 is arranged in the cylinder body
and there is an annular gap between the piston and the
cylinder body; and a plurality of sealing grooves that are
circumferentially configured are arranged on the piston
20 at intervals along an axial direction, sequentially from
bottom to top. The piston 20 is movably arranged in the
accommodating cavity, and a circumferential gap exists
between a circumferential edge of the piston 20 and an
inner wall 10 of the cylinder body.
[0026] Each sealing groove is respectively provided
with the sealing ring 30, and the sealing ring 30 is movably
connected in the sealing groove. The sealing ring 30 and
the sealing groove cooperate with each other to provide a
seal for the piston 20, and the piston 20 is provided with a
plurality of seals at intervals from bottom to top. A lower
seal of the piston 20 is referred to as a preceding seal, and
an upper seal of the piston 20 is referred to as a following
seal. The sealing ring 30 may move left and right and up
and down in the sealing groove. The closer the sealing
ring 30 is to the sealing groove, the larger the gap
between the sealing ring 30 and the cylinder body, while
the farther the sealing ring 30 is from the sealing groove,
the smaller the gap between the sealing ring 30 and the
cylinder body.
[0027] The pressure adjusting structure is capable of
driving the sealing ring 30 to move in the sealing groove to
adjust the gap between the sealing ring 30 and the
cylinder body. When the pressure adjusting structure is
opened (that is, high-pressure liquid hydrogen 50 can
pass through), the pressure adjusting structure can drive
the sealing ring 30 to move in the sealing groove, such as
close to the sealing groove or close to the inner wall 10 of
the cylinder body, so as to adjust the gap between the
piston 20 and the cylinder body to increase or decrease.
When the pressure adjusting structure is closed, the
sealing ring 30 can be driven to remain stationary in
the sealing groove.
[0028] The sealing groove and the sealing ring 30
cooperate with each other to provide a sealing function
for the cylinder body. When the piston 20 reciprocates

along the accommodating cavity of the cylinder body, a
pressure borne by the piston 20 changes gradually, and a
position of the sealing ring 30 changes accordingly, thus
providing lubrication and pressure equalization func-
tions. When the pressure starts to increase, the pressure
adjusting structure is opened, and the pressure adjusting
structure drives the sealing ring 30 to move to one side far
away from the sealing groove, such as pushing the
sealing ring 30 from right to left to provide a sealing effect.
At this time, the gap between the sealing ring 30 and the
inner wall 10 of the cylinder body is minimum. As the high-
pressure liquid hydrogen 50 enters the gap between the
cylinder body and the piston 20, both sides of the sealing
ring 30 are subjected to driving forces, wherein one the
first side, the pressure adjusting structure pushes the
sealing ring 30 close to the cylinder body, and on the
second side, the gap between the piston 20 and the inner
wall 10 of the cylinder body is communicated with the
sealing groove, and after the high-pressure liquid hydro-
gen 50 enters the gap, it pushes the sealing ring 30 away
from the cylinder body, for example, pushing the sealing
ring 30 from left to right. Under the driving force on the
both sides, the gap between the sealing ring 30 and the
inner wall 10 of the cylinder body is slightly increased, so
that the high-pressure liquid hydrogen 50 can pass
through the seal from the gap and provide lubrication
function for the seal. When the pressure continues to
increase to a predetermined value, the pressure adjust-
ing structure is switched from an opened state to a closed
state, and the pressure provided by the pressure adjust-
ing structure acts on the sealing ring 30, so that the
sealing ring 30 remains motionless in the sealing groove,
and the gap between the sealing ring 30 and the inner wall
10 of the cylinder body remains unchanged, so that the
high-pressure liquid hydrogen 50 can pass through the
seal from the gap and enter the following seal, thereby
realizing the pressure equalization function.
[0029] By adopting the hydraulic device above, the gap
between the sealing ring 30 in the sealing groove of the
piston 20 and the inner wall 10 of the cylinder body is
adjusted through the pressure adjusting structure ac-
cording to a pressure change in the cylinder body, so
as to provide functions of sealing, lubrication and pres-
sure equalization respectively. The sealing ring 30 of the
piston 20 realizes the sealing function. After the pressure
borne by the preceding seal (such as the first seal) of the
piston 20 reaches a specified pressure value, the pres-
sure adjusting structure is switched from the opened
state to the closed state, a pressure provided by the
pressure adjusting structure acts on the sealing ring
30, and a part of high-pressure liquid hydrogen 50 may
leak from the gap between the sealing ring 30 and the
inner wall of the cylinder body to following seal (such as
the second seal), but the leaked high-pressure liquid
hydrogen 50 cannot push the preceding sealing ring
30 to move to make the seal completely invalid, so the
seal still works, but is not enough to seal the piston
completely. When the liquid hydrogen acts on the piston
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20, each sealing ring only 30 seals a part of the pressure,
and then the plurality of sealing rings 30 seal a part of the
pressure step by step to realize stepwise pressure re-
duction. Finally, the plurality of sealing rings 30 collec-
tively seal the entire liquid hydrogen pressures. Sealing is
achieved while minimizing a backward slippage of the
liquid hydrogen, and the uniform sealing pressure causes
equal wear of the plurality of sealing rings 30. The leaked
liquid hydrogen forms good self-lubrication on a surface
of the sealing ring 30, which greatly reduces the wear of
the sealing ring 30, prolongs the service life, extends the
maintenance period and reduces costs.
[0030] In one embodiment of the present application, a
surface of the sealing ring 30 towards the inner wall 10 of
the cylinder body is a sealing surface 11, an annular gap
28 is formed between the piston 20 and the inner wall 10
of the cylinder body, and a gap is formed between the
sealing surface 11 and the inner wall 10 of the cylinder
body, and the gap between the sealing surface 11 and the
inner wall 10 of the cylinder body changes continuously
with the movement of the sealing ring 30.
[0031] Generally, the lowermost seal of the piston 20 is
worn first. In order to prolong the service life of the piston
20, alternatively, when only one pressure adjusting struc-
ture is provided, the pressure adjusting structure is used
to drive the sealing ring 30 in the lowermost sealing
groove of the piston 20 to move. When a plurality of
pressure adjusting structures are provided, each pres-
sure adjusting structure is arranged correspondingly to
the sealing ring 30 below the upmost sealing groove of
the piston 20 respectively and used to drive the sealing
rings 30 in the sealing grooves of the piston 20 from
bottom to top in turn. If the piston 20 is provided with
ten seals, the tenth seal is used to provide a sealing
function, and the remaining nine or less seals may be
provided with pressure adjusting structures. That is, the
pressure adjusting structures may be provided for nine or
less seals from bottom to top(for example, if the pressure
adjusting structures are provided for five seals, them are
provided for the five seals arranged from bottom to top),
so that the ten or less seals can be worn to the same
extent. When the pressure adjusting structure is opened,
the high-pressure liquid hydrogen 50 can pass through
the sealing ring 30 of the piston 20 to achieve the sealing
or pressure equalization function. When the pressure
adjusting structure is switched from the opened state
to the closed state, a part of high-pressure liquid hydro-
gen 50 may leak along the sealing surface 11 of the first
(or each) sealing ring 30 to the following one, but the
leaked high-pressure liquid hydrogen 50 cannot push the
sealing ring 30 to move to make the seal completely
invalid, so the seal still works, but is not enough to seal
the piston completely. The leaked liquid hydrogen forms
good self-lubrication on the sealing surface 11, which
greatly reduces the wear of the sealing ring 30.
[0032] Alternatively, when a plurality of pressure ad-
justing structures are provided, adjusting forces provided
by the plurality of pressure adjusting structures increase

by an equal increment from bottom to top along the piston
20. The piston 20 is sequentially provided with a plurality
of seals from bottom to top, and each seal includes a
sealing groove and a sealing ring 30. Except for the
topmost, last seal, the sealing groove of each seal is
connected with a pressure adjusting structure, and each
seal can only seal a certain amount of pressure to equal-
ize the pressure, so that a pressure drop of each sealing
ring 30 is the same, and finally the wear is the same,
further prolonging the service life, extending the main-
tenance period and reducing costs.
[0033] In one embodiment of the present application,
the piston 20 is sequentially provided with ten seals from
bottom to top, and the sealing grooves of the first to ninth
seals are all communicated with a pressure adjusting
structure. The pressure adjusting structure includes, but
is not limited to a relief valve, and relief pressures set by
spring forces in the relief valves are 5 MPa, 10 MPa, 15
MPa, 20 MPa, 25 MPa, 30 MPa, 35 MPa, 40 MPa and 45
MPa from the first to the ninth respectively. That is, when
a pressure of the high-pressure liquid hydrogen 50 is 5
Mpa, the pressure adjusting structure of the first seal is
closed. The high-pressure liquid hydrogen 50 continues
to move to the second seal, and when the pressure of the
high-pressure liquid hydrogen 50 is 10 Mpa, the pressure
adjusting structure of the second seal is closed. The high-
pressure liquid hydrogen 50 continues to move to the
following seal.
[0034] The sealing groove includes an upper surface, a
lower surface and an inner surface. The upper surface is
a surface towards a lowermost side of the piston 20, and
the lower surface is a surface towards an uppermost side
of the piston 20. The upper surface and the lower surface
are oppositely arranged. The sealing ring 30 can move
back and forth between the upper surface and the lower
surface. The inner surface is oppositely arranged with the
inner wall 10 of the cylinder body. The sealing ring 30 can
move back and forth between the inner surface and the
inner wall 10 of the cylinder body. In order to better
position the sealing ring 30, alternatively, the surface of
the sealing groove towards the lowermost side of the
piston 20 (i.e., the upper surface or an upper bearing
surface) is configured as a roughened surface 21. The
sealing ring 30 cannot move when contacting with the
roughened surface 21, and has a positioning function.
The sealing ring can move freely after being separated
from the roughened surface 21.
[0035] The upper bearing surfaces (i.e., the surface
towards a bottom surface of the piston 20) of the multiple
sealing grooves on the piston 20 are roughened. When
the sealing ring 30 abuts against the roughened surface
21, a static friction force is great, so that the sealing ring
30 cannot move left and right. When the piston 20 moves
downward, the pressure of the high-pressure liquid hy-
drogen is transmitted to the sealing ring 30, pushing the
sealing ring 30 upward, forming a great static friction
force, which makes the sealing ring 30 unable to move.
Especially, when the pressure adjusting structure is
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closed, the static friction force and an acting force pro-
vided by the pressure adjusting structure jointly ensure
the position of the sealing ring 30 to be unchanged. The
lateral immobility ensures that a sealing pressure be-
tween the sealing ring 30 and the inner wall 10 remains
unchanged. When the piston 20 moves upward, the
sealing ring 30 is separated from the roughened surface
21 and can move freely.
[0036] FIGs. 2 to 5 are schematic diagrams of the
roughened surface 21 of the sealing groove of the hy-
draulic device adopted in the embodiment of the present
application. FIGs. 2 to 5 show different structural forms of
the roughened surface 21. The roughened surface 21
has a strong blocking effect on the movement of the
sealing ring 30 away from the cylinder body, but has a
relatively small blocking effect on the movement of the
sealing ring 30 toward the cylinder body.
[0037] Alternatively, the roughened surface 21 is a
plurality of protrusions arranged at equal intervals along
a radial direction. The protrusions are evenly distributed
on the sealing groove to provide uniform friction force. In
addition, according to specific requirements, the protru-
sions may be provided at unequal intervals.
[0038] There are a plurality of ways to realize the
roughened surface 21. As shown in FIG. 2, a plurality
of triangular protrusions are arranged on the surface of
the sealing groove towards the lowermost side of the
piston 20, and right sides of the triangular protrusions are
inclined surfaces, forming a structure similar to barbs, so
that the protrusions have a strong blocking effect on the
right movement of the sealing ring 30, and have a small
blocking effect on the left movement of the sealing ring
30.
[0039] As shown in FIG. 3, a plurality of symmetrical
triangular protrusions are arranged on the surface of the
sealing groove towards the lowermost side of the piston
20, forming a structure similar to cross barbs, so that the
protrusions have a strong blocking effect on the right
movement of the sealing ring 30, and have a small
blocking effect on the left movement of the sealing ring
30.
[0040] As shown in FIG. 4, a plurality of battlement-
shaped protrusions are arranged on the surface of the
sealing groove towards the lowermost side of the piston
20. The battlement-shaped protrusions can position the
sealing ring 30 in contact with them and prevent relative
displacement of the sealing ring 30.
[0041] Alternatively, the protrusions are inverted
bosses or frustums. The boss or the frustum includes a
connecting surface and a contact surface which are
oppositely arranged. The connecting surface is used
for connecting with the sealing groove, and the contact
surface is used for contacting with the sealing ring. A
diameter of the connecting surface is larger than that of
the contact surface, and a diameter of the boss or the
frustum is gradually changed, that is, the closer the
diameter is to the connecting surface, the larger the
diameter is, while the closer the diameter is to the con-

necting surface, the smaller the diameter is. The con-
necting surface of the frustum or the boss has a certain
contact area, which can provide a required friction force
for the sealing ring.
[0042] As shown in FIG. 5, a plurality of bosses or
frustums are arranged on the surface of the sealing
groove towards the lowermost side of the piston 20.
Trapezoidal protrusions can position the sealing ring
30 in contact with them and prevent relative displacement
of the sealing ring 30.
[0043] In one embodiment of the present application, a
height of the roughened surface 21, that is, a height of the
protrusion, ranges from 0.01 mm to 1 mm, and the
plurality of protrusions are evenly distributed on the con-
tact surface, with a distribution density of 1 to 100 per
square centimeter. Alternatively, the protrusions are ar-
ranged in a row, and protrude out in a prismatic shape on
the sealing groove of the piston 20 to position the sealing
ring 30.
[0044] In order to better achieve the expansion of the
sealing ring 30, alternatively, an energizer 40 is arranged
in the sealing groove, and the energizer 40 is disposed in
the sealing groove and is in contact with the sealing ring
30. The energizer 40 is provided with a first cut-out (not
labeled), and the sealing ring 30 is provided with a second
cut-out (not shown). The first cut-out and the second cut-
out are oppositely arranged along the axial direction of
the piston 20. By setting positions of the first cut-out and
the second cut-out, a sealing performance of the sealing
ring 30 can be improved. The energizer 40 concentrates
a force on one side surface of the sealing ring 30 for
pushing the sealing ring 30 to move. This reduces the
driving difficulty, and facilitates the timely response of the
sealing ring 30.
[0045] In one embodiment of the present application,
the energizer 40 is C-shaped, that is, the energizer 40 is
provided with a first cut-out, which is a non-closed ring.
For example, the driving force provided by the pressure
adjusting structure acts on the energizer 40 and the
sealing ring 30, so that the sealing ring 30 generates a
leftward thrust and generates a sealing pressure on the
inner wall 10 of the cylinder body, which is equal to or
slightly higher than a set pressure of the corresponding
pressure adjusting structure, thereby realizing the pres-
sure equalization function.
[0046] After the sealing groove receives the sealing
ring 30, it is necessary to install an energizer 40, and a
certain distance is reserved between the energizer 40
and the sealing groove, so that the high-pressure liquid
hydrogen 50 can act on the energizer 40 conveniently. By
appropriately reducing a volume of a space behind the
energizer 40 (i.e., a second gap 201), pressure transmis-
sion of a fluid leaking from the pressure adjusting struc-
ture is faster, so as to apply a pressure to the sealing ring
30.
[0047] FIG. 6 is a schematic diagram of an energizer 40
of the hydraulic device adopted in the embodiment of the
present application. As shown in FIG. 6, the energizer 40
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is provided with a positioning rod 41.
[0048] In order to make the position of the energizer 40
more stable, alternatively, the energizer 40 is provided
with a positioning rod 41, a positioning hole cooperated
with the positioning rod 41 extends from the sealing
groove, and the positioning rod 41 is capable of moving
in the positioning hole. When the positioning rod 41 is in
contact with the sealing ring 30, the positioning rod is
used to limit a position of the second cut-out of the sealing
ring 30 and make the second cut-outs of adjacent sealing
rings 30 staggered. The positioning hole is communi-
cated with the sealing groove, or the positioning hole is
simultaneously communicated with the sealing groove
and the pressure adjusting structure. The energizer 40
includes an inner surface and an outer surface, and the
positioning rod 41 is arranged on the outer surface,
located in a middle part or an upper-middle part of the
energizer 40, and extends away from the energizer 40,
usually in the form of a circular rod. The positioning rod 41
and the first notch are respectively arranged at two
opposite sides of the energizer 40. The positioning rod
41 moves in the positioning hole to limit a position and a
moving range of the energizer 40 and the sealing ring 30
in the sealing groove. At the same time, due to the limited
moving range of the energizer 40, the energizer 40
responds to the relief pressure more favorably and
quickly.
[0049] Further, when the sealing ring 30 is C-shaped,
that is, the sealing ring 30 is provided with the second cut-
out, which is a non-closed ring, after the energizer 40 is
positioned by the positioning rod 41, the cut-out on the
energizer 40 may position the sealing ring 30 again by the
positioning rod 41, so that the gaps of the sealing ring 30
are staggered and a sealing performance is optimized. A
plurality of adjusting channels 22 and positioning holes
may be arranged, each adjusting channel 22 commu-
nicates with one positioning hole, and then the plurality of
communicated adjusting channels 22 and positioning
holes are evenly distributed in a circumference of the
piston 20, so as to position openings of the sealing rings
30 and avoid a large volume of uncontrollable leaks
caused by the openings of the sealing rings 30 conver-
ging at the same angle during operation.
[0050] FIG. 7 is a schematic diagram of another en-
ergizer 40 of the hydraulic device adopted in the embodi-
ment of the present application. As shown in FIG. 7, the
energizer 40 is provided with a notch 42.
[0051] In order to make an energizing effect of the
energizer 40 better, alternatively, an edge of the energi-
zer 40 is provided with at least two notches 42, and the at
least two notches 42 are symmetrically arranged on two
opposite sides of the positioning rod 41. One or more
notches 42 are respectively arranged on both sides near
the positioning rod 41, and the notches 42 may be semi-
circular or other shapes, so that the strength of this part is
slightly weaker than that of other parts, and the sealing
ring 30 can be expanded outward with better roundness
during deformation, thereby increasing a better energiz-

ing effect.
[0052] In order to reduce the action of the fluid between
the piston 20 and the inner wall 10 acting on the sealing
ring 30 and the energizer 40, the sealing ring 30 may be
widened or the sealing groove may be narrowed, to
appropriately narrow a first gap 281 between the sealing
ring 30 and the sealing groove, so that an amount and a
speed of the high-pressure liquid hydrogen 50 leaking
through the annular gap 28 flowing to the second gap 201
on the side of the energizer 40 can be limited. Alterna-
tively, at least local circumferential edge of the piston 20 is
provided with at least one vortex groove 29. When a
plurality of vortex grooves 29 are provided, the plurality
of vortex grooves 29 are distributed at intervals along the
axial direction of the piston 20; and/or, one surface of the
sealing groove opposite to the roughened surface 21 is
provided with at least one vortex groove 29. When a
plurality of vortex grooves 29 are provided, the plurality
of vortex grooves 29 are distributed at intervals along the
axial direction of the piston 20. The vortex groove 29 is a
groove-shaped structure extending along a flowing direc-
tion of the fluid. When the fluid flows through the position
of the vortex groove 29, the fluid maybe diverted to form a
backflow and a vortex. The backflow is opposite to a
direction of an original fluid, which hinders the flow of
the original fluid and slows down a flow rate, thus hinder-
ing a source flow, thereby reducing a speed and a pres-
sure of this part of fluid acting on the sealing ring 30 and
the energizer 40.
[0053] Referring to FIG. 1, alternatively, the pressure
adjusting structure includes a first adjusting channel 22, a
first valve core and a first driving component. The first
adjusting channel 22 is arranged on the piston 20, and the
first adjusting channel 22 includes a first inlet end and at
least one first outlet end. The first inlet end and the first
outlet end are respectively communicated with the cylin-
der body and the sealing groove. The first valve core is
arranged in the first adjusting channel 22 and the first
driving component is connected with the first valve core
and capable of driving the first valve core to open and
close the first adjusting channel 22. When the pressure
does not reach a predetermined value, the first adjusting
channel 22 remains open. When the high-pressure liquid
hydrogen 50 enters the first adjusting channel 22, the
pressure gradually increases, and the first driving com-
ponent starts to drive the first valve core to move. When
the pressure reaches the predetermined value, the first
valve core and the first driving component closes the first
adjusting channel 22. When the pressure is lower than
the predetermined value again, the first driving compo-
nent starts to drive the first valve core to move again.
[0054] In one embodiment of the present application,
the pressure adjusting structure includes, but is not lim-
ited to, a relief valve. The first adjusting channel 22 uses a
relief hole with a variable diameter, and the first valve core
uses a roll ball 24. The roll ball 24 moves within a certain
range. When the roll ball 24 moves to the smallest dia-
meter, the first adjusting channel 22 is closed, and when
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the ball 24 leaves the smallest diameter, the first adjusting
channel 22 is opened. The first driving component adopts
two springs, which are a first spring 23 and a second
spring 25 respectively. The first spring 23 is longer than
the second spring 25, and the first spring 23 and the
second spring 25 are respectively arranged on two op-
posite sides of the roll ball 24. The other end of the first
spring 23 is arranged at a top end of the first adjusting
channel 22, a bottom end of the first adjusting channel 22
passes through the piston 20, and a lock nut 26 is ar-
ranged inside. A center of the lock nut 26 is provided with
a pressure-conducting through hole 27. Two opposite
ends of the pressure-conducting through hole 27 are
respectively communicated with the first adjusting chan-
nel 22 and the cylinder body. The other end of the second
spring 25 is arranged on the lock nut 26. When the
pressure does not reach a predetermined value, the first
adjusting channel 22 remains open. When the high-
pressure liquid hydrogen 50 enters the first adjusting
channel 22, with the pressure gradually increasing, the
first spring 23 is compressed and the second spring 25 is
stretched, so that the roll ball 24 moves. When the
pressure reaches the predetermined value, the roll ball
24 moves to the smallest diameter, and the first adjusting
channel 22 is switched from the opened state to the
closed state. When the pressure is lower than the pre-
determined value again, both the first spring 23 and the
second spring 25 are reset to drive the roll ball 24 away
from the smallest diameter, and the first adjusting chan-
nel 22 is switched from the closed state to the opened
state.
[0055] There are a plurality of relief valves, and set
closing pressures of the relief valves may be selected by
controlling elastic forces of the first spring 23 and the
second spring 25. For example, the closing pressures of
the nine relief valves of the piston 20 from bottom to top
are set to 5 MPa, 10 MPa, 15 MPa, 20 MPa, 25 MPa, 30
MPa, 35 MPa, 40 MPa and 45 MPa respectively. The
pressure of the high-pressure liquid hydrogen 50 trans-
mitted to the back of each sealing ring 30 is gradually
increased, and the pressure on the sealing surface 11 of
each seal is uniformly increased. A pressure difference
between the seals is equal, so that the high-pressure
liquid hydrogen 50 is sealed step by step under control.
[0056] FIG. 8 is a partial sectional view of a hydraulic
device adopted in a second embodiment of the present
application. The main difference between FIG. 8 and FIG.
1 is that structures of the valve cores and the driving
components are different, and there is a guide ring
mounting groove 70. The first valve core is a T-shaped
valve core 60, the first driving component is a third spring
61, the third spring 61 is sleeved on the valve core 60, the
valve core 60 can move close to the lock nut 26, and the
third spring 61 can abut against a variable-diameter
section of the first channel. When the pressure does
not reach the predetermined value, the third spring 61
pushes the valve core 60 close to the lock nut 26, and the
first adjusting channel 22 remains open. When the high-

pressure liquid hydrogen 50 enters the first adjusting
channel 22, the pressure gradually increases, pushing
the valve core 60 to move upward and starting to com-
press the third spring 61. When the pressure reaches the
predetermined value, the third spring 61 is further com-
pressed, the valve core 60 moves to the smallest dia-
meter, and the first adjusting channel 22 is switched from
an opened state to a closed state. When the pressure is
lower than the predetermined value again, the third
spring 61 returns, driving the valve core 60 away from
the smallest diameter, and the first adjusting channel 22
is switched from the closed state to the opened state. The
guide ring mounting groove 70 is arranged on the piston
20 for installing a guide ring, and a movement accuracy of
the piston 20 is ensured by the guide ring, so as to avoid
an influence of excessive deviation on the sealing per-
formance of the piston 20.
[0057] In addition to the above implementation, the
pressure adjusting structure may also be realized in
another way. FIG. 9 is a partial sectional view of the
hydraulic device e adopted in a third embodiment of
the present application. As shown in FIG. 9, the pressure
adjusting structure includes a second adjusting channel
22, a second valve core and a second driving component.
[0058] The structural difference between the second
adjusting channel 22 shown in FIG. 9 and the first adjust-
ing channel 22 shown in FIG. 1 is that the first adjusting
channel 22 communicates directly with the sealing
groove, and the second adjusting channel 22 commu-
nicates with the annular gap 28 between the piston 20
and the inner wall 10 of the cylinder body, and then
communicates with the sealing groove through the an-
nular gap 28.
[0059] Alternatively, the pressure adjusting structure
includes a second adjusting channel 22, a second valve
core and a second driving component, and the second
adjusting channel 22 is arranged on the piston 20. The
second adjusting channel 22 includes a second inlet end
and at least one second outlet end. The second inlet end
is communicated with the cylinder body, and the second
outlet end is communicated with a gap between two
adjacent sealing grooves. The second valve core is ar-
ranged in the second adjusting channel 22, and the
second driving component is capable of driving the sec-
ond valve core to open and close the second adjusting
channel 22. The second outlet end of the second adjust-
ing channel 22 of the pressure adjusting structure is
arranged between two adjacent sealing grooves, that
is, the second outlet end of the second adjusting channel
22 is arranged in the annular gap 28 between two sealing
rings 30. When the pressure does not reach a predeter-
mined value, the second adjusting channel 22 remains
open. When the high-pressure liquid hydrogen 50 enters
the second adjusting channel 22, the pressure gradually
increases, and the second driving component starts to
drive the second valve core to move. When the pressure
reaches the predetermined value, the second valve core
and the second driving component closes the second
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adjusting channel 22. When the pressure is lower than
the predetermined value again, the second driving com-
ponent starts to drive the second valve core to move
again.
[0060] A relief fluid with a predetermined pressure
directly relieves the annular gap 28 between two adjacent
sealing rings 30, so that the pressure at the annular gap
28 between each sealing ring 30 is aset pressure, and the
pressure difference between upper and lower sides of
each sealing ring 30 is a set pressure difference. During
the movement of the piston 20, a pressure distribution
between two adjacent sealing rings 30 is distributed
according to a set value, which is balanced with a pres-
sure of the fluid flowing from the annular gap 28 between
the piston 20 and the inner wall 10, and the balanced
residual pressure is the final sealing pressure. The re-
sidual pressure is a smaller value resulting from a lower
side pressure offsetting an upper side pressure. For
example, the pressure difference of each seal may be
set to 5 MPa.
[0061] FIG. 10 is a partial sectional view of a hydraulic
device adopted in a fourth embodiment of the present
application. As shown in FIG. 10, the main difference
between FIG. 10 and FIG. 9 is that the piston 20 is
provided with a vortex groove 29.
[0062] In order to better achieve a desired sealing
pressure, in this way, a flow rate of the fluid flowing from
the gap between the piston 20 and the inner wall 10 of the
cylinder body (i.e., the first gap 28) may also be limited, so
that the relief pressure may take effect first. Alternatively,
a plurality of vortex grooves 29 distributed at intervals
along the axial direction are arranged on a circumferen-
tial edge of the piston 20; and/or, a plurality of vortex
grooves 29 distributed at intervals along the radial direc-
tion are arranged on one surface of the sealing groove
facing away from the lowermost side of the piston 20. The
vortex grooves 29 limit the flow rate of the fluid flowing
from the first gap 28, so that a fluid flowing from a
pressure relief channel works first, that is, the relief
pressure works first, which may push the sealing ring
30 downward and leftward. After the pressure of the high-
pressure liquid hydrogen flowing from the first gap 28 at
the lower side is transferred to the sealing ring 30, the
pressure on the upper side is offset, and the sealing ring
30 is positioned and sealed according to the residual
pressure. In this case, the sealing pressure is the pres-
sure difference of the two fluids in upper and lower. Once
positioned, the sealing ring 30 can no longer move, and
can only work under the sealing pressure during position-
ing, so as to achieve a desired sealing pressure.
[0063] The following further introduces a use process
of the hydraulic device.
[0064] FIG. 11 is a schematic diagram of a correlation
between a pressure and a time during the use of the
hydraulic device adopted in the embodiment of the pre-
sent application. P1 is an equalizing pressure; t1 is an
equalizing time; P2 is a positioning pressure; t2 is a
positioning time; P3 is a sealing pressure; and t3 is a

sealing time.
[0065] As shown in FIG. 11, the piston 20 may be
summarized as "first equalizing, then positioning and
then sealing" in a compressed liquid hydrogen stroke.
[0066] The piston 20 is provided with ten seals. The
sealing groove and the sealing ring 30 cooperate with
each other to provide a sealing effect for the cylinder
body. When the piston 20 reciprocates along the accom-
modating cavity of the cylinder body, a pressure borne by
the piston 20 changes gradually, and a position of the
sealing ring 30 changes accordingly, thus providing lu-
brication and pressure equalization functions. There are
pressure adjusting structures, which are relief valves, in
the first nine sealing grooves from bottom to top. Relief
pressures set by spring forces in the relief valves corre-
sponding to the first nine seals are 5 MPa, 10 MPa, 15
MPa, 20 MPa, 25 MPa, 30 MPa, 35 MPa, 40 MPa and 45
MPa respectively.
[0067] During the compressed liquid hydrogen stroke,
the pressure adjusting structure undergoes a switch from
being opened to closed. The liquid hydrogen pressure
squeezes the roll ball 24 through the relief hole, com-
pressing the first spring 23 and stretching the second
spring 25. When the pressure reaches the set pressure,
the relief valve closes, and the set pressure acts on the
energizer 40 and the sealing ring 30, causing the sealing
ring 30 to generate a leftward thrust and a sealing pres-
sure, which is equivalent to or slightly higher than the set
pressure of the corresponding relief valve. Therefore, the
function of pressure equalization is realized.
[0068] In the compressed liquid hydrogen stroke, the
high pressure of the high-pressure liquid hydrogen flow-
ing from the annular gap 28 first acts on the sealing ring
30, causing the sealing ring 30 to generate upward
pressure, to push the sealing ring 30 tightly against the
roughened surface 21 of the sealing groove, and the
roughened surface 21 provides a great static friction
force, so that the sealing ring 30 cannot move. Therefore,
the function of positioning is realized.
[0069] In the compressed liquid hydrogen stroke, an
amount and a speed of the sealing ring 30 flowing from
the annular gap 28 to the first gap 281 and the second gap
201 are limited due to the decrease of the first gap 281
and the obstruction provided by the vortex groove 29.
Moreover, the pressure leaked from the relief valve is
transmitted more quickly due to the decrease of a volume
of the second gap 201, and a sealing thrust of the sealing
ring 30 to the left is mainly driven by the pressure of the
high-pressure liquid hydrogen 50 leaked from the relief
valve. After the high-pressure liquid hydrogen 50 flowing
from the annular gap 28 flows to the second gap 201, the
high pressure in the second gap 201 cannot push the
sealing ring 30 further toward the wall of the cylinder due
to the positioning function of the roughened surface 21,
but the high pressure in the second gap 201 can offset a
reaction force exerted on the sealing ring 30 by the high-
pressure liquid hydrogen 50 leaking from the sealing
surface 11, thus ensuring that the sealing ring 30 cannot
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move away from the wall of the cylinder, and ensuring that
the seal will not fail completely.
[0070] Because the sealing pressure on the preceding
sealing surface 11 is lower than that of the high-pressure
liquid hydrogen 50, a part of the high-pressure liquid
hydrogen 50 may leak (upward) along the sealing surface
11. However, the leaked high-pressure liquid hydrogen
50 cannot push the sealing ring 30 to move to the right to
make the seal completely invalid. The high-pressure
liquid hydrogen can only be leak upward from the gap
in the sealing surface 11, so the seal still works, but is not
enough to seal the position completely. The leaked high-
pressure liquid hydrogen 50 forms good self-lubrication
on the sealing surface 11, which greatly reduces the wear
of the sealing ring 30. Through the quantitative leakage
on the nine seals in the above leakage process, good
self-lubrication is realized, and at the same time, the wear
of all the sealing rings 30 is close to the same.
[0071] The sealing ring 30 relies on the high-pressure
liquid hydrogen 50 for self-lubrication and therefore re-
quires continuous wetting by the high-pressure liquid
hydrogen 50. At the same time, a slippage volume of
the high-pressure liquid hydrogen 50 cannot be exces-
sive. The aforementioned hydraulic device achieve a
slippage volume of the high-pressure liquid hydrogen
50 of 1% by arranging ten sealing rings. As a result, a
liquid hydrogen pump equipped with the hydraulic device
above achieves a high volumetric efficiency.
[0072] As can be seen from the above description and
practice, compared with the prior art, the hydraulic device
provided by the present application has the following
advantages: by adopting the hydraulic device, the gap
between the sealing ring 30 in the sealing groove of the
piston and the inner wall of the cylinder body is adjusted
through the pressure adjusting structure according to a
pressure change in the cylinder body, so as to provide
functions of sealing, lubrication and pressure equaliza-
tion respectively. The sealing ring 30 of the piston realizes
the sealing function. After a pressure born by a preceding
seal of the piston (such as the first seal) reaches a
specified pressure value, the pressure adjusting struc-
ture is switched from an opened state to a closed state, a
pressure provided by the pressure adjusting structure
acts on the sealing ring 30, and a part of high-pressure
liquid hydrogen 50 may leak from the gap between the
sealing ring 30 and the inner wall of the cylinder body to
the following seal (such as the second seal), but the
leaked high-pressure liquid hydrogen 50 cannot push
the preceding sealing ring 30 to move to make the seal
completely invalid, so the seal still works, but is not
enough to seal the piston completely. When the liquid
hydrogen acts on the piston 20, each sealing ring 30 only
seals a part of the pressure, and then the plurality of
sealing rings 30 seal parts of the pressure step by step to
realize stepwise pressure reduction. Finally, the plurality
of sealing rings 30 collectively seal the entire liquid hy-
drogen pressures. Sealing is achieved while minimizing a
backward slippage of the liquid hydrogen, and the uni-

form sealing pressure causes equal wear of the plurality
of sealing rings 30. The leaked liquid hydrogen forms
good self-lubrication on a surface of the sealing ring 30,
which greatly reduces the wear of the sealing ring 30,
prolongs the service life, extends the maintenance period
and reduces costs.
[0073] Those of ordinary skills in the art should under-
stand that those described above are merely specific
embodiment of the present application, but are not in-
tended to limit the present application. Any modifications,
equivalent replacements, improvements, and the like
made without departing from the principle of the present
application shall all fall in the scope of protection of the
present application.

Claims

1. A hydraulic device, comprising:

a cylinder body;
a piston arranged in the cylinder body, with an
annular gap between the piston and the cylinder
body, and a plurality of sealing grooves circum-
ferentially configured and arranged on the pis-
ton at intervals along an axial direction, sequen-
tially from bottom to top;
a plurality of sealing rings, each arranged within
a corresponding sealing groove, and movably
connected in the sealing groove; and
at least one pressure adjusting structure cap-
able of driving the sealing ring to move in the
sealing groove to adjust the gap between the
sealing ring and the cylinder body.

2. The hydraulic device according to claim 1, wherein,

when one pressure adjusting structure is pro-
vided, the pressure adjusting structure is used to
drive the sealing ring in the lowermost sealing
groove of the piston to move; and
when a plurality of pressure adjusting structures
are provided, each of the pressure adjusting
structures is arranged correspondingly to the
sealing ring located below the upmost sealing
groove of the piston respectively and used to
drive the sealing rings in the sealing grooves of
the piston from bottom to top in turn.

3. The hydraulic device according to claim 2, wherein,
when a plurality of pressure adjusting structures are
provided, adjusting forces provided by the plurality of
pressure adjusting structures increase by an equal
increment from bottom to top along the piston.

4. The hydraulic device according to any one of claims
1 to 3, wherein,
a surface of the sealing groove towards a lowermost
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side of the piston is configured as a roughened sur-
face.

5. The hydraulic device according to claim 4, wherein,
the roughened surface is a plurality of protrusions
arranged at equal intervals along a radial direction.

6. The hydraulic device according to claim 5, wherein,
the protrusions are inverted bosses or frustums.

7. The hydraulic device according to claim 4, wherein,
an energizer is arranged in the sealing groove, and
the energizer is disposed in the sealing groove and is
in contact with the sealing ring; and the energizer is
provided with a first cut-out, the sealing ring is pro-
vided with a second cut-out, and the first cut-out and
the second cut-out are oppositely arranged along the
axial direction of the piston.

8. The hydraulic device according to claim 7, wherein,
the energizer is provided with a positioning rod, a
positioning hole cooperating with the positioning rod
extends from the sealing groove, and the positioning
rod is capable of moving in the positioning hole; and
when the positioning rod is in contact with the sealing
ring, the positioning rod is used to limit a position of
the second cut-out of the sealing ring and make the
second cut-outs of adjacent sealing rings staggered.

9. The hydraulic device according to claim 8, wherein,
an edge of the energizer is provided with at least two
notches, and the at least two notches are symme-
trically arranged on two opposite sides of the posi-
tioning rod.

10. The hydraulic device according to claim 4, wherein,
at least one vortex groove is arranged on at least a
local circumferential edge of the piston, and when a
plurality of vortex grooves are provided, the plurality
of vortex grooves are distributed at intervals along
the axial direction of the piston; and/or, a surface of
the sealing groove opposite to the roughened sur-
face is provided with at least one vortex groove; and
when a plurality of vortex grooves are provided, the
plurality of vortex grooves are distributed at intervals
along the axial direction of the piston.

11. The hydraulic device according to any one of claims
1 to 3, wherein,
the pressure adjusting structure comprises a first
adjusting channel, a first valve core and a first driving
component, the first adjusting channel is arranged
on the piston and comprises a first inlet end and at
least one first outlet end, the first inlet end and the first
outlet end are respectively communicated with the
cylinder body and the sealing groove, the first valve
core is arranged in the first adjusting channel; and
the first driving component is capable of driving the

first valve core to open and close the first adjusting
channel.

12. The hydraulic device according to any one of claims
1 to 3, wherein,
the pressure adjusting structure comprises a second
adjusting channel, a second valve core and a second
driving component, the second adjusting channel is
arranged on the piston and comprises a second inlet
end and at least one second outlet end, the second
inlet end is communicated with the cylinder body,and
the second outlet end is communicated with a gap
between two adjacent sealing grooves; and the sec-
ond valve core is arranged in the second adjusting
channel, and the second driving component is cap-
able of driving the second valve core to open and
close the second adjusting channel.
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