10

15

20

25

30

MAIN DRIVE HIGH-PRESSURE SEALING SYSTEM FOR SHIELD MACHINE
AND SLURRY BALANCE SHIELD MACHINE

[0001] This application claims the priority to Chinese patent application No.
201811092816.6, titled "MAIN DRIVE HIGH-PRESSURE SEALING SYSTEM FOR
SHIELD MACHINE AND SLURRY BALANCE SHIELD MACHINE", filed with the China
National Intellectual Property Administration on September 17, 2018, the entire disclosure of

which is incorporated herein by reference.

FIELD
[0002] The present application relates to the technical field of shield machines, and in
particular to a main drive high-pressure sealing system for shield machine and a slurry

balance shield machine having the same.

BACKGROUND

[0003] With the further development of national infrastructure construction, construction of
tunnels with large section, large buried depth, high water pressure, and long distance has
gradually begun. In order to cope with these complicated and harsh working conditions, a
kind of complicated tunnel boring equipment-shield machine, which integrates tunnel
excavation, construction slag discharge and segment lining, is commonly used in tunnel
construction. It has become a standard to measure the development of a country’s

construction machinery field.

[0004] In high water pressure conditions such as tunneling through the river and the sea, the
slurry balance shield machine needs to be used for tunneling. At present, the dominant and
safe and reliable method is to use the indirect slurry balance shield machine with air cushion
bin.

[0005] The main drive is an important part of the slurry balance shield machine, and the
sealing performance of the main drive directly determines the water and soil pressure-bearing
capacity of the shield machine. At present, the main drive of the shield machine mainly
adopts rubber lip seal. In order to improve the water and soil pressure-bearing capacity, four
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sealing lips are generally provided. A labyrinth chamber is provided outside the first sealing
lip, and fiber-rich grease is continuously injected into the chamber to resist the intrusion of
external mud; a grease chamber P1 is formed by the first and second sealing lips, and is
continuously filled with grease, which, on one hand, further improves the sealing capacity of
the main drive, and, on the other hand, lubricates the sealing lips to reduce wear; a ring
chamber formed by the second and third sealing lips is the oil and gas sealing chamber P2,
that is, when the external water pressure exceeds a certain value, gear oil and air will be
injected into this chamber to provide support for the sealing lips; the third sealing lip and the
fourth sealing lip are generally installed opposite to each other to form a leak detection
chamber P3; the fourth sealing lip is mainly configured to seal a gearbox P4 to prevent the

internal gear oil from leaking.

[0006] The bearing capacity of a single rubber lip seal is generally about 3bar. In a case that
the water and soil pressure is less than 3bar, the external water and soil pressure can be
resisted by the grease pressure of the grease chamber P1, ensuring that the seal of the main

drive is reliable.

[0007] In a case that the water and soil pressure is greater than 3bar and less than 6bar, the
total pressure provided by the oil and gas sealing chamber P2 and the grease chamber P1 can

also resist the external water and soil pressure.

[0008] In a case that the shield machine is operated at a large buried depth and a high water
pressure, the water and soil pressure exceeds 6bar, so the conventional multi-lip combined
seal is difficult to resist the external water pressure, and the external mud will penetrate the

seal and invade the main drive, causing the shield machine to stop and delay of the project.

[0009] Besides, the main drive sealing system in the conventional technology mostly adopts
manual operation when pressurizing, which requires higher operating experience of users and
results in large errors. In severe cases, the manual operation may cause engineering disasters
such as unstable slurry pressure, collapse of excavation face, roof fall and the like. In addition,
the main drive sealing system in the conventional technology cannot realize automatic
pressure reduction, and when there is no need to pressurize the sealing chamber, the exhaust

ball valve needs to be manually opened, which has certain potential safety hazards.
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SUMMARY

[0010] In view of this, an object of the present application is to provide a main drive
high-pressure sealing system for shield machine and a slurry balance shield machine having
the same, which realize pneumatic closed-loop feedback and follow-up response control, are
safe and reliable, reduce human intervention, have a high degree of automation, and

fundamentally improve the theoretical pressure-bearing capacity of the lip seal.

[0011] In order to achieve the above object, the following technical solutions are provided

according to the present application.

[0012] A main drive high-pressure sealing system for shield machine includes an air cushion
bin, an oil and gas sealing chamber, a compressed air input port, a first positive pneumatic

regulating valve and a first negative pneumatic regulating valve, where

an inlet of the compressed air input port is used for connecting with an air source, an
outlet of the compressed air input port is connected to an inlet of the first positive
pneumatic regulating valve, an outlet of the first positive pneumatic regulating valve is
connected to an inlet of the first negative pneumatic regulating valve and the oil and gas
sealing chamber, and an outlet of the first negative pneumatic regulating valve is

connected to an exhaust pipeline;

a positive pressure detection terminal of the first positive pneumatic regulating valve
and a positive pressure detection terminal of the first negative pneumatic regulating valve

are both connected to the air cushion bin;

a negative pressure detection terminal of the first positive pneumatic regulating valve
and a negative pressure detection terminal of the first negative pneumatic regulating valve

are both connected to the oil and gas sealing chamber;

when the pressure difference between the air cushion bin and the oil and gas sealing
chamber is greater than or equal to a first preset value, the first positive pneumatic
regulating valve is opened, and the first negative pneumatic regulating valve is in a closed
state (“in a closed state” means that the valve member is closed at this time or has been

closed in advance, the same applies hereinafter); and

when the pressure difference between the air cushion bin and the oil and gas sealing

chamber is less than or equal to a second preset value, the first negative pneumatic
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regulating valve is opened, and the first positive pneumatic regulating valve is in a closed

state.

[0013] Preferably, the main drive high-pressure sealing system for shield machine further
includes a gearbox, a second positive pneumatic regulating valve and a second negative

pneumatic regulating valve, where

the outlet of the compressed air input port is connected to an inlet of the second
positive pneumatic regulating valve, an outlet of the second positive pneumatic regulating
valve is connected to an inlet of the second negative pneumatic regulating valve and the
gearbox, and an outlet of the second negative pneumatic regulating valve is connected to

the exhaust pipeline;

a positive pressure detection terminal of the second positive pneumatic regulating
valve and a positive pressure detection terminal of the second negative pneumatic

regulating valve are both connected to the oil and gas sealing chamber;

a negative pressure detection terminal of the second positive pneumatic regulating
valve and a negative pressure detection terminal of the second negative pneumatic

regulating valve are both connected to the gearbox;

when the pressure difference between the oil and gas sealing chamber and the
gearbox is greater than or equal to a third preset value, the second positive pneumatic
regulating valve is opened, and the second negative pneumatic regulating valve is in a

closed state; and

when the pressure difference between the oil and gas sealing chamber and the
gearbox is less than or equal to a fourth preset value, the second negative pneumatic
regulating valve is opened, and the second positive pneumatic regulating valve is in a

closed state.

[0014] Preferably, the main drive high-pressure sealing system for shield machine further
includes a leak detection chamber, a third positive pneumatic regulating valve and a third

negative pneumatic regulating valve, where

the outlet of the second positive pneumatic regulating valve is connected to an inlet
of the third positive pneumatic regulating valve, an outlet of the third positive pneumatic

regulating valve is connected to an inlet of the third negative pneumatic regulating valve
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and the leak detection chamber, and an outlet of the third negative pneumatic regulating

valve is connected to the exhaust pipeline;

a positive pressure detection terminal of the third positive pneumatic regulating valve
and a positive pressure detection terminal of the third negative pneumatic regulating

valve are both connected to the gearbox;

a negative pressure detection terminal of the third positive pneumatic regulating
valve and a negative pressure detection terminal of the third negative pneumatic

regulating valve are both connected to the leak detection chamber;

when the pressure difference between the gearbox and the leak detection chamber is
greater than or equal to a fifth preset value, the third positive pneumatic regulating valve

is opened, and the third negative pneumatic regulating valve is in a closed state; and

when the pressure difference between the gearbox and the leak detection chamber is
less than or equal to a sixth preset value, the third negative pneumatic regulating valve is

opened, and the third positive pneumatic regulating valve is in a closed state.

[0015] Preferably, in the main drive high-pressure sealing system for shield machine, a first

check valve is provided at the outlet of the first negative pneumatic regulating valve;

and/or, a second check valve is provided at the outlet of the second negative

pneumatic regulating valve;

and/or, a third check valve is provided at the outlet of the third negative pneumatic

regulating valve.

[0016] Preferably, in the main drive high-pressure sealing system for shield machine, a first
safety valve and/or a first pressure sensor is further provided on an outlet connecting pipeline

of the first positive pneumatic regulating valve;

and/or a second safety valve and/or a second pressure sensor is further provided on

an outlet connecting pipeline of the second positive pneumatic regulating valve;

and/or a third safety valve and/or a third pressure sensor is further provided on an

outlet connecting pipeline of the third positive pneumatic regulating valve.
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[0017] Preferably, the main drive high-pressure sealing system for shield machine further
includes an emergency pressure relief pipeline connected to the oil and gas sealing chamber,

the gearbox and the leak detection chamber.

[0018] Preferably, in the main drive high-pressure sealing system for shield machine, a
fourth check valve is provided between the oil and gas sealing chamber and the emergency

pressure relief pipeline;

and/or, a fifth check valve is provided between the gearbox and the emergency

pressure relief pipeline;

and/or, a sixth check valve is provided between the leak detection chamber and the

emergency pressure relief pipeline;
and/or, a first ball valve is provided on the emergency pressure relief pipeline;
and/or, a first muffler is arranged on the emergency pressure relief pipeline.

[0019] Preferably, in the main drive high-pressure sealing system for shield machine, a

second muffler is provided on the exhaust pipeline.

[0020] A slurry balance shield machine provided with the main drive high-pressure sealing

system for shield machine as described above is further disclosed.

[0021] Preferably, the above slurry balance shield machine further includes
a liquid level controller configured to detect liquid level in a gear oil chamber;
and/or, a respirator configured to empty the gearbox;

and/or, an oil and gas sealing tank provided between the oil and gas sealing chamber
and the gear oil chamber, where a high limit liquid level switch and/or a low limit liquid

level switch are provided on the oil and gas sealing tank.

[0022] It can be seen from the above technical solutions that, the main drive high-pressure
sealing system for shield machine and the slurry balance shield machine having the same
according to the present application adopt full pneumatic control, and achieve pneumatic
closed-loop feedback, follow-up response control and high-precision control. It can be
ensured that, the main drive sealing structure can still reliably resist the external water and
soil pressure when the power in the tunnel is cut off, which is not only safe and reliable,
reduces human intervention, and has a high degree of automation, but also fundamentally

-6-



10

15

20

25

improves the theoretical pressure-bearing capacity of the lip seal. Moreover, in the main drive
high-pressure sealing system for shield machine, while the exhaust pipeline is exhausting,
automatic and differential-pressure type exhaust and pressure relief are realized through the
first negative pneumatic regulating valve, thereby making the system more sensitive and
reducing the overshoot, which is beneficial to increasing the stability of the system. In
addition, by adopting the main drive high-pressure sealing system for shield machine and the
slurry balance shield machine having the same according to the present application, the main
drive of the slurry balance shield machine can still be reliably sealed under the conditions of
large buried depth and high water pressure, especially when the water pressure is higher than
6 bar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] For more clearly illustrating the technical solutions of embodiments of the present
application or in the conventional technology, drawings referred to for describing the
embodiments or the conventional technology will be briefly described hereinafter. Apparently,
the drawings in the following description are only several examples of the present application,
and for those skilled in the art, other drawings may be obtained based on these drawings

without any creative efforts.

[0024] FIG. 1 is a schematic diagram of a gas path structure of a main drive high-pressure

sealing system for shield machine according to an embodiment of the present application;

[0025] FIG. 2 is a schematic diagram of the main drive sealing structure for shield machine

according to an embodiment of the present application; and

[0026] FIG. 3 is a schematic structural diagram of the main drive high-pressure sealing

system for shield machine according to an embodiment of the present application.

[0027] Reference numerals in the drawings:

P1 grease chamber, P2 oil and gas sealing chamber,
P3 leak detection chamber, P4 gearbox,

1 air filter, 8 first ball valve,

11 oil and gas sealing tank, 12 liquid level controller,
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13 respirator, 21 first positive pneumatic control valve,
22 second positive pneumatic control valve,

23 third positive pneumatic regulating valve,

31 first safety valve, 32 second safety valve,
33 third safety valve, 41 first pressure sensor,
42 second pressure sensor, 43 third pressure sensor,

51 first negative pneumatic control valve,
52 second negative pneumatic control valve,

53 third negative pneumatic regulating valve,

61 first check valve, 62 second check valve,

63 third check valve, 71 fourth check valve,

72 fifth check valve, 73 sixth check valve,

91 first muffler, 92 second muffler,

101 high limit liquid level switch, 102 low limit liquid level switch.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] A main drive high-pressure sealing system for shield machine and a slurry balance
shield machine having the same are disclosed according to the present application, which
realize pneumatic closed-loop feedback and follow-up response control, are safe and reliable,
reduce human intervention, have a high degree of automation, and fundamentally improve the

theoretical pressure-bearing capacity of the lip seal.

[0029] The technical solution according to the embodiments of the present application will
be described clearly and completely as follows in conjunction with the drawings of the
embodiments of the present application. It is apparent that the described embodiments are
only a few of the embodiments rather than all of the embodiments of the present application.

Based on the embodiments in the present application, all of other embodiments, made by the
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person skilled in the art without any creative efforts, fall into the scope of protection of the

present application.

[0030] Referring to FIGS. 1 to 3, FIG. 1 is a schematic diagram of a gas path structure of a
main drive high-pressure sealing system for shield machine according to an embodiment of
the present application, FIG. 2 is a schematic diagram of the main drive sealing structure for
shield machine according to an embodiment of the present application, and FIG. 3 is a
schematic structural diagram of the main drive high-pressure sealing system for shield

machine according to an embodiment of the present application.

[0031] The main drive high-pressure sealing system for shield machine provided by the
embodiment of the present application mainly includes three main gas paths, namely a first

gas path, a second gas path and a third gas path.

[0032] In a specific embodiment, the first gas path includes an air cushion bin, an oil and gas
sealing chamber P2, a compressed air input port, a first positive pneumatic regulating valve

21 and a first negative pneumatic regulating valve 51, where

an inlet of the compressed air input port is used for connecting with an air source, an
outlet of the compressed air input port is connected to an inlet of the first positive
pneumatic regulating valve 21, an outlet of the first positive pneumatic regulating valve
21 is connected to an inlet of the first negative pneumatic regulating valve 51 and the oil
and gas sealing chamber P2, and an outlet of the first negative pneumatic regulating valve

51 is connected to an exhaust pipeline; and

a positive pressure detection terminal "+" of the first positive pneumatic regulating
valve 21 and a positive pressure detection terminal "+" of the first negative pneumatic
regulating valve 51 are both connected to the air cushion bin; and a negative pressure
detection terminal "-" of the first positive pneumatic regulating valve 21 and a negative
pressure detection terminal "-" of the first negative pneumatic regulating valve 51 are

both connected to the oil and gas sealing chamber P2.

[0033] Specifically, when the pressure difference between the air cushion bin and the oil and
gas sealing chamber P2 is greater than or equal to a first preset value, the first positive
pneumatic regulating valve 21 is opened, and the first negative pneumatic regulating valve 51

is in a closed state (“in a closed state” means that the valve member is closed at this time or
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has been closed in advance, the same applies hereinafter); and when the pressure difference
between the air cushion bin and the oil and gas sealing chamber P2 is less than or equal to a
second preset value, the first negative pneumatic regulating valve 51 is opened, and the first

positive pneumatic regulating valve 21 is in a closed state.

[0034] The "first preset value™ is set according to the minimum opening value (i.e. the first
positive pneumatic regulating valve 21 is opened and unblocked when the pressure difference
reaches or exceeds this value) preset in the first positive pneumatic regulating valve 21 and
the minimum closing value (i.e. the first negative pneumatic regulating valve 51 is closed and
occluded when the pressure difference reaches or exceeds this value) preset in the first
negative pneumatic regulating valve 51. Preferably, the first preset value equals to the
minimum opening value of the first positive pneumatic regulating valve 21 and is greater than

or equal to the minimum closing value of the first negative pneumatic regulating valve 51.

[0035] The "second preset value™ is set according to the maximum closing value (i.e. the
first positive pneumatic regulating valve 21 is closed and occluded when the pressure
difference reaches or is smaller than this value) preset in the first positive pneumatic
regulating valve 21 and the maximum opening value (i.e. the first negative pneumatic
regulating valve 51 is opened and unblocked when the pressure difference reaches or is
smaller than this value) preset in the first negative pneumatic regulating valve 51. Preferably,
the second preset value equals to the maximum opening value of the first negative pneumatic
regulating valve 51 and is less than or equal to the maximum closing value of the first positive

pneumatic regulating valve 21.
[0036] Therefore,

[0037] 1) when the pressure difference between the air cushion bin and the oil and gas
sealing chamber P2 rises to or exceeds the first preset value, the first positive pneumatic
regulating valve 21 is opened, and the first negative pneumatic regulating valve 51 is in a
closed state, and compressed air is charged into the oil and gas sealing chamber P2 (i.e., the
oil and gas sealing tank 11) after passing through the compressed air input port and the first

positive pneumatic regulating valve 21;

[0038] 2) the oil and gas sealing chamber P2 is continuously charged until the total pressure
of the oil and gas sealing chamber P2 and the grease chamber P1 can balance the external
water and soil pressure, so that the main drive seal is reliable, and preferably, at this time, the

-10 -



10

15

20

25

30

pressure difference between the air cushion bin and the oil and gas sealing chamber P2
reaches or is smaller than an intermediate value (which is smaller than the first preset value
and smaller or equal to the rated pressure of the grease chamber P1) preset in the first positive
pneumatic regulating valve 21, and the first positive pneumatic regulating valve 21 is closed
(or, in other specific embodiments, the first positive pneumatic regulating valve 21 may be
still in an open state where the delivery capacity of the first positive pneumatic regulating

valve is small, to compensate for leakage);

[0039] 3) if the pressure in the air cushion bin decreases, then when the pressure difference
between the air cushion bin and the oil and gas sealing chamber P2 is less than or equal to the
second preset value, the first negative pneumatic regulating valve 51 is opened and the first
positive pneumatic regulating valve 21 is in a closed state, and at this time, the compressed air
in the oil and gas sealing chamber P2 is discharged through the first negative pneumatic

regulating valve 51; and

[0040] 4) the compressed air in the oil and gas sealing chamber P2 is continuously
discharged until the pressure difference between the air cushion bin and the oil and gas
sealing chamber P2 reaches an intermediate value (which is greater than the second preset
value) preset in the first negative pneumatic regulating valve 51, and the first negative

pneumatic regulating valve 51 is closed.

[0041] In a specific embodiment, in the main drive high-pressure sealing system for shield
machine, the air source for generating the compressed air is an air compressor outside the
tunnel. During operation, after filtered by an air filter 1, the compressed air enters the
compressed air input port of the main drive high-pressure sealing system for shield machine,

and then enters the main drive high-pressure sealing system for shield machine.

[0042] It can be seen from the above technical solution that, the main drive high-pressure
sealing system for shield machine provided by the embodiment of the present application
adopts full pneumatic control, and achieves pneumatic closed-loop feedback, follow-up
response control and high-precision control. It can be ensured that, the main drive sealing
structure can still reliably resist the external water and soil pressure when the power in the
tunnel is cut off, which is not only safe and reliable, reduces human intervention, and has a
high degree of automation, but also fundamentally improves the theoretical pressure-bearing

capacity of the lip seal.
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[0043] Moreover, in the main drive high-pressure sealing system for shield machine, while
the exhaust pipeline is exhausting, automatic and differential-pressure type exhaust and
pressure relief are realized through the first negative pneumatic regulating valve 51, thereby
making the system more sensitive and reducing the overshoot, which is beneficial to

increasing the stability of the system.

[0044] In an embodiment, the main drive high-pressure sealing system for shield machine is
applicable for a slurry balance shield machine to ensure that the main drive of the slurry
balance shield machine can still be reliably sealed under the conditions of large buried depth

and high water pressure, especially when the water pressure is higher than 6 bar.

[0045] In a specific embodiment, the second gas path of the main drive high-pressure
sealing system for shield machine includes the oil and gas sealing chamber P2, a gearbox P4,
a second positive pneumatic regulating valve 22 and a second negative pneumatic regulating

valve 52, where

the outlet of the compressed air input port is connected to an inlet of the second
positive pneumatic regulating valve 22, an outlet of the second positive pneumatic
regulating valve 22 is connected to an inlet of the second negative pneumatic regulating
valve 52 and the gearbox P4, and an outlet of the second negative pneumatic regulating

valve 52 is connected to the exhaust pipeline; and

a positive pressure detection terminal "+" of the second positive pneumatic regulating
valve 22 and a positive pressure detection terminal "+" of the second negative pneumatic
regulating valve 52 are both connected to the oil and gas sealing chamber P2; and a
negative pressure detection terminal "-" of the second positive pneumatic regulating valve
22 and a negative pressure detection terminal "-" of the second negative pneumatic

regulating valve 52 are both connected to the gearbox.

[0046] Specifically, when the pressure difference between the oil and gas sealing chamber
P2 and the gearbox P4 is greater than or equal to a third preset value, the second positive
pneumatic regulating valve 22 is opened, and the second negative pneumatic regulating valve
52 is in a closed state; and when the pressure difference between the oil and gas sealing
chamber P2 and the gearbox P4 is less than or equal to a fourth preset value, the second
negative pneumatic regulating valve 52 is opened, and the second positive pneumatic
regulating valve 22 is in a closed state.
_12-
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[0047] The "third preset value" is set according to the minimum opening value (i.e. the
second positive pneumatic regulating valve 22 is opened and unblocked when the pressure
difference reaches or exceeds this value) preset in the second positive pneumatic regulating
valve 22 and the minimum closing value (i.e. the second negative pneumatic regulating valve
52 is closed and occluded when the pressure difference reaches or exceeds this value) preset
in the second negative pneumatic regulating valve 52. Preferably, the third preset value equals
to the minimum opening value of the second positive pneumatic regulating valve 22 and is
greater than or equal to the minimum closing value of the second negative pneumatic

regulating valve 52.

[0048] The "fourth preset value" is set according to the maximum closing value (i.e. the
second positive pneumatic regulating valve 22 is closed and occluded when the pressure
difference reaches or is smaller than this value) preset in the second positive pneumatic
regulating valve 22 and the maximum opening value (i.e. the second negative pneumatic
regulating valve 52 is opened and unblocked when the pressure difference reaches or is
smaller than this value) preset in the second negative pneumatic regulating valve 52.
Preferably, the fourth preset value equals to the maximum opening value of the second
negative pneumatic regulating valve 52 and is less than or equal to the maximum closing

value of the second positive pneumatic regulating valve 22.
[0049] Therefore,

[0050] 1) to prevent leakage of gear oil in the gearbox caused by excessive pressure, when
the pressure difference between the oil and gas sealing chamber P2 and the gearbox P4 is
larger than the third preset value, the second positive pneumatic regulating valve 22 is opened,
and the second negative pneumatic regulating valve 52 is in a closed state, and the
compressed air is charged into the gearbox P4 after passing through the compressed air input

port and the second positive pneumatic regulating valve 22, to charge the gearbox;

[0051] 2) the gearbox P4 is continuously charged until the pressure difference between the
oil and gas sealing chamber P2 and the gearbox P4 reaches or is smaller than an intermediate
value (which is smaller than the third preset value) preset in the second positive pneumatic
regulating valve 22, and at this time, the second positive pneumatic regulating valve 22 is

closed (or, in other specific embodiments, the second positive pneumatic regulating valve 22
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may be still in an open state where the delivery capacity of the second positive pneumatic

regulating valve is small, to compensate for leakage);

[0052] 3) when the pressure in the air cushion bin decreases, the pressure in the oil and gas
sealing chamber P2 decreases as well, and when the pressure difference between the oil and
gas sealing chamber P2 and the gearbox P4 is less than or equal to the fourth preset value, the
second negative pneumatic regulating valve 52 is opened and the second positive pneumatic
regulating valve 22 is in a closed state, and at this time, the compressed air in the gearbox P4

is discharged through the second negative pneumatic regulating valve 52; and

[0053] 4) the compressed air in the gearbox P4 is continuously discharged until the pressure
difference between the oil and gas sealing chamber P2 and the gearbox P4 reaches an
intermediate value (which is greater than the fourth preset value) preset in the second negative
pneumatic regulating valve 52, and the second negative pneumatic regulating valve 52 is

closed.

[0054] In a specific embodiment, the third gas path of the main drive high-pressure sealing
system for shield machine includes the gearbox P4, a leak detection chamber P3, a third
positive pneumatic regulating valve 23 and a third negative pneumatic regulating valve 53,

where

the outlet of the second positive pneumatic regulating valve 22 is connected to an
inlet of the third positive pneumatic regulating valve 23, an outlet of the third positive
pneumatic regulating valve 23 is connected to an inlet of the third negative pneumatic
regulating valve 53 and the leak detection chamber P3, and an outlet of the third negative

pneumatic regulating valve 53 is connected to the exhaust pipeline; and

a positive pressure detection terminal "+" of the third positive pneumatic regulating
valve 23 and a positive pressure detection terminal "+" of the third negative pneumatic
regulating valve 53 are both connected to the gearbox P4; a negative pressure detection
terminal "-" of the third positive pneumatic regulating valve 23 and a negative pressure
detection terminal "-" of the third negative pneumatic regulating valve 53 are both

connected to the leak detection chamber P3.

[0055] Specifically, when the pressure difference between the gearbox P4 and the leak

detection chamber P3 is greater than or equal to a fifth preset value, the third positive
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pneumatic regulating valve 23 is opened, and the third negative pneumatic regulating valve 53
is in a closed state; and when the pressure difference between the gearbox P4 and the leak
detection chamber P3 is less than or equal to a sixth preset value, the third negative pneumatic
regulating valve 53 is opened, and the third positive pneumatic regulating valve 23 is in a

closed state.

[0056] The "fifth preset value" is set according to the minimum opening value (i.e. the third
positive pneumatic regulating valve 23 is opened and unblocked when the pressure difference
reaches or exceeds this value) preset in the third positive pneumatic regulating valve 23 and
the minimum closing value (i.e. the third negative pneumatic regulating valve 53 is closed and
occluded when the pressure difference reaches or exceeds this value) preset in the third
negative pneumatic regulating valve 53. Preferably, the fifth preset value equals to the
minimum opening value of the third positive pneumatic regulating valve 23 and is greater
than or equal to the minimum closing value of the third negative pneumatic regulating valve
53.

[0057] The "sixth preset value" is set according to the maximum closing value (i.e. the third
positive pneumatic regulating valve 23 is closed and occluded when the pressure difference
reaches or is smaller than this value) preset in the third positive pneumatic regulating valve 23
and the maximum opening value (i.e. the third negative pneumatic regulating valve 53 is
opened and unblocked when the pressure difference reaches or is smaller than this value)
preset in the third negative pneumatic regulating valve 53. Preferably, the sixth preset value
equals to the maximum opening value of the third negative pneumatic regulating valve 53 and
is less than or equal to the maximum closing value of the third positive pneumatic regulating

valve 23.
[0058] Therefore,

[0059] 1) when the pressure difference between the gearbox P4 and the leak detection
chamber P3 is greater than or equal to the fifth preset value, the third positive pneumatic
regulating valve 23 is opened, and the third negative pneumatic regulating valve 53 is in a
closed state, and the compressed air is charged into the leak detection chamber P3 after
passing through the compressed air input port, the second positive pneumatic regulating valve

22, and the third positive pneumatic regulating valve 23;
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[0060] 2) the leak detection chamber P3 is continuously charged until the total pressure of
the leak detection chamber P3, the oil and gas sealing chamber P2 and the grease chamber P1
can balance the external water and soil pressure, so that the main drive seal is reliable, and
preferably, at this time, the pressure difference between the gearbox P4 and the leak detection
chamber P3 reaches or is smaller than an intermediate value (which is smaller than the fifth
preset value) preset in the third positive pneumatic regulating valve 23, and the third positive
pneumatic regulating valve 23 is closed (or, in other specific embodiments, the third positive
pneumatic regulating valve 23 may be still in an open state where the delivery capacity of the

third positive pneumatic regulating valve is small, to compensate for leakage);

[0061] 3) when the pressure in the air cushion bin decreases, the pressure in the leak
detection chamber P3 decreases as well, and when the pressure difference between the
gearbox P4 and the leak detection chamber P3 is less than or equal to the sixth preset value,
the third negative pneumatic regulating valve 53 is opened, and the third positive pneumatic
regulating valve 23 is in a closed state. at this time, the compressed air in the leakage

detection chamber P3 is discharged through the third reaction pneumatic regulating valve 53;

[0062] 4) the compressed air in the leak detection chamber P3 is continuously discharged
until the pressure difference between the gearbox P4 and the leak detection chamber P3
reaches an intermediate value (which is greater than the sixth preset value) preset in the third
negative pneumatic regulating valve 53, and the third negative pneumatic regulating valve 53

is closed.

[0063] In order to further optimize the above technical solution, as shown in Figure 1, in the
main drive high-pressure sealing system for shield machine, in order to prevent excessive
sealing pressure cause by damage of any valve member, an emergency pressure relief pipeline
connected to the oil and gas sealing chamber P2, the gearbox P4 and the leak detection
chamber P3 is further provided. Preferably, a first ball valve 8 and a first muffler 91 are
provided on the emergency pressure relief pipeline. When the external water pressure
decreases to the pressure bearing range of a single seal of the main drive, the first ball valve 8
is opened, and the compressed air in the oil and gas sealing chamber P2, the leak detection
chamber P3 and the gearbox P4 is discharged and relieved through the emergency pressure

relief pipeline respectively.

-16 -



10

15

20

25

30

[0064] In a specific embodiment, as shown in FIG. 1, a second muffler 92 is provided on the
exhaust pipeline of the main drive high-pressure sealing system for shield machine. The first

muffler 91 and the second muffler 92 can reduce noise pollution during exhaust.

[0065] In order to further optimize the above technical solution, in the main drive
high-pressure sealing system for shield machine, a first check valve 61 is provided at the
outlet of the first negative pneumatic regulating valve 51; a second check valve 62 is provided
at the outlet of the second negative pneumatic regulating valve 52; and a third check valve 63
Is provided at the outlet of the third negative pneumatic regulating valve 53. Specifically, the
first check valve 61, the second check valve 62, and the third check valve 63 are connected in

parallel to the above exhaust pipeline.

[0066] Further, in the main drive high-pressure sealing system for shield machine, a fourth
check valve 71 is provided between the oil and gas sealing chamber P2 and the emergency
pressure relief pipeline; a fifth check valve 72 is provided between the gearbox P4 and the
emergency pressure relief pipeline; and a sixth check valve 73 is provided between the leak
detection chamber P3 and the emergency pressure relief pipeline. Specifically, the fourth
check valve 71, the fifth check valve 72, and the sixth check valve 73 are connected in

parallel to the above emergency pressure relief pipeline.

[0067] In order to further optimize the above technical solution, in the main drive

high-pressure sealing system for shield machine,

a first safety valve 31 and a first pressure sensor 41 are further connected to the outlet
of the first positive pneumatic regulating valve 21 (i.e., an outlet connecting pipeline of
the first positive pneumatic regulating valve 21). The first safety valve 31 is configured to
ensure that the pressure of the oil and gas sealing chamber P2 is within a controllable
range, and to prevent the seal from being damaged due to excessive pressure. The first
pressure sensor 41 is configured to collect the pressure data of the oil and gas sealing

chamber P2 in real time, which is convenient for analysis, display and storage;

a second safety valve 32 and a second pressure sensor 42 are further connected to the
outlet of the second positive pneumatic regulating valve 22 (i.e., an outlet connecting
pipeline of the second positive pneumatic regulating valve 22). The second safety valve
32 is configured to ensure that the pressure of the gearbox P4 is within a controllable
range, and to prevent the seal from being damaged due to excessive pressure. The second
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pressure sensor 42 is configured to collect the pressure data of the gearbox P4 in real time,

which is convenient for analysis, display and storage; and

a third safety valve 33 and a third pressure sensor 43 are further connected to the
outlet of the third positive pneumatic regulating valve 23 (i.e., an outlet connecting
pipeline of the third positive pneumatic regulating valve 23). The third safety valve 33 is
configured to ensure that the pressure of the leak detection chamber P3 is within a
controllable range, and to prevent the seal from being damaged due to excessive pressure.
The third pressure sensor 43 is configured to collect the pressure data of the leak

detection chamber P3 in real time, which is convenient for analysis, display and storage.

[0068] Besides, a slurry balance shield machine is further provided according to the
embodiment of the present application, and the slurry balance shield machine is provided with

the main drive high-pressure sealing system for shield machine as described above.

[0069] Specifically, as shown in FIG. 3, the above slurry balance shield machine further

includes a liquid level controller 12, a respirator 13, and an oil and gas sealing tank 11, where:

the liquid level controller 12 is configured to detect the liquid level in a gear oil
chamber and perform chain protection for the gear oil chamber. When the liquid level is

lower than a required low limit, a shutdown signal is triggered;

the respirator 13 is configured to empty the gearbox P4 to prevent pressure
accumulation, and moreover, in order to prevent the respirator 13 from being damaged in
the high pressure stage, a second ball valve is additionally mounted between the

respirator 13 and the main drive; and

the oil and gas sealing tank 11 is arranged between the oil and gas sealing chamber
P2 and the gear oil chamber, and the oil and gas sealing tank 11 is provided with a high
limit liquid level switch 101 and a low limit liquid level switch 102, and oil has to be
drained from the oil and gas sealing tank 11 when the high limit liquid level switch 101 is
triggered, and oil has to be added to the oil and gas sealing tank 11 when the low limit

liquid level switch 102 is triggered.

[0070] To sum up, the main drive high-pressure sealing system for shield machine and the
slurry balance shield machine provided with the system according to the embodiment of the

present application have at least the following beneficial effects:
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[0071] 1) the regulating valves are logically interconnected, making the system safe and

reliable;

[0072] 2) the control process does not require human involvement, and the degree of

automation is high;
[0073] 3) the closed-loop feedback allows the system control accuracy to be higher; and

[0074] 4) the main drive is still sealed and reliable, when the water pressure is higher than
Gbar.

[0075] Finally, it should be further noted that, in the application, the relationship terms such
as "first" and "second" are merely used to distinguish one entity or operation from another
entity or operation, which does not require or imply that any such actual relationship or
sequence exists between these entities or operations. Moreover, the terms "“comprise",
"include”, or any other variants thereof are intended to encompass a non-exclusive inclusion,
such that the process, method, article, or device including a series of elements includes not
only those elements but also those elements that are not explicitly listed, or the elements that
are inherent to such process, method, article, or device. Unless explicitly limited, the
statement “including a ..." does not exclude the case that other similar elements may exist in

the process, the method, the article or the device other than enumerated elements.

[0076] The above embodiments are described in a progressive manner. Each of the
embodiments is mainly focused on describing its differences from other embodiments, and

references may be made among these embodiments with respect to the same or similar parts.

[0077] The above illustration of the disclosed embodiments can enable those skilled in the
art to practice or use the present application. Various modifications to these embodiments are
obvious to a person skilled in the art, the general principles defined herein may be
implemented in other embodiments without departing from the spirit and scope of the present
application. Therefore, the present application is not limited to the embodiments described
herein, but should be in accordance with the broadest scope consistent with the principle and

novel features disclosed herein.
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Claims

1. A main drive high-pressure sealing system for shield machine comprising an air
cushion bin, an oil and gas sealing chamber (P2), a compressed air input port, a first
positive pneumatic regulating valve (21) and a first negative pneumatic regulating valve

(51), wherein

an inlet of the compressed air input port is configured to connect with an air source,
an outlet of the compressed air input port is connected to an inlet of the first positive
pneumatic regulating valve (21), an outlet of the first positive pneumatic regulating
valve (21) is connected to an inlet of the first negative pneumatic regulating valve (51)
and the oil and gas sealing chamber (P2), and an outlet of the first negative pneumatic

regulating valve (51) is connected to an exhaust pipeline;

a positive pressure detection terminal of the first positive pneumatic regulating
valve (21) and a positive pressure detection terminal of the first negative pneumatic

regulating valve (51) are both connected to the air cushion bin;

a negative pressure detection terminal of the first positive pneumatic regulating
valve (21) and a negative pressure detection terminal of the first negative pneumatic

regulating valve (51) are both connected to the oil and gas sealing chamber (P2);

when pressure difference between the air cushion bin and the oil and gas sealing
chamber (P2) is greater than or equal to a first preset value, the first positive pneumatic
regulating valve (21) is opened, and the first negative pneumatic regulating valve (51)

is in a closed state; and

when the pressure difference between the air cushion bin and the oil and gas
sealing chamber (P2) is less than or equal to a second preset value, the first negative
pneumatic regulating valve (51) is opened, and the first positive pneumatic regulating

valve (21) is in a closed state.

2. The main drive high-pressure sealing system for shield machine according to

claim 1, further comprising a gearbox (P4), a second positive pneumatic regulating
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valve (22) and a second negative pneumatic regulating valve (52), wherein

the outlet of the compressed air input port is connected to an inlet of the second
positive pneumatic regulating valve (22), an outlet of the second positive pneumatic
regulating valve (22) is connected to an inlet of the second negative pneumatic
regulating valve (52) and the gearbox (P4), and an outlet of the second negative

pneumatic regulating valve (52) is connected to the exhaust pipeline;

a positive pressure detection terminal of the second positive pneumatic regulating
valve (22) and a positive pressure detection terminal of the second negative pneumatic

regulating valve (52) are both connected to the oil and gas sealing chamber (P2);

a negative pressure detection terminal of the second positive pneumatic regulating
valve (22) and a negative pressure detection terminal of the second negative pneumatic

regulating valve (52) are both connected to the gearbox (P4);

when the pressure difference between the oil and gas sealing chamber (P2) and the
gearbox (P4) is greater than or equal to a third preset value, the second positive
pneumatic regulating valve (22) is opened, and the second negative pneumatic

regulating valve (52) is in a closed state; and

when the pressure difference between the oil and gas sealing chamber (P2) and the
gearbox (P4) is less than or equal to a fourth preset value, the second negative
pneumatic regulating valve (52) is opened, and the second positive pneumatic

regulating valve (22) is in a closed state.

3. The main drive high-pressure sealing system for shield machine according to
claim 2, further comprising a leak detection chamber (P3), a third positive pneumatic

regulating valve (23) and a third negative pneumatic regulating valve (53), wherein

the outlet of the second positive pneumatic regulating valve (22) is connected to
an inlet of the third positive pneumatic regulating valve (23), an outlet of the third
positive pneumatic regulating valve (23) is connected to an inlet of the third negative
pneumatic regulating valve (53) and the leak detection chamber (P3), and an outlet of

the third negative pneumatic regulating valve (53) is connected to the exhaust pipeline;

a positive pressure detection terminal of the third positive pneumatic regulating
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valve (23) and a positive pressure detection terminal of the third negative pneumatic

regulating valve (53) are both connected to the gearbox (P4);

a negative pressure detection terminal of the third positive pneumatic regulating
valve (23) and a negative pressure detection terminal of the third negative pneumatic

regulating valve (53) are both connected to the leak detection chamber (P3);

when the pressure difference between the gearbox (P4) and the leak detection
chamber (P3) is greater than or equal to a fifth preset value, the third positive pneumatic
regulating valve (23) is opened, and the third negative pneumatic regulating valve (53)

is in a closed state; and

when the pressure difference between the gearbox (P4) and the leak detection
chamber (P3) is less than or equal to a sixth preset value, the third negative pneumatic
regulating valve (23) is opened, and the third positive pneumatic regulating valve (53)

is in a closed state.

4. The main drive high-pressure sealing system for shield machine according to
claim 3, wherein a first check valve (61) is provided at the outlet of the first negative

pneumatic regulating valve (51);

and/or, a second check valve (62) is provided at the outlet of the second negative

pneumatic regulating valve (52);

and/or, a third check valve (63) is provided at the outlet of the third negative

pneumatic regulating valve (53).

5. The main drive high-pressure sealing system for shield machine according to
claim 3, wherein a first safety valve (31) and/or a first pressure sensor (41) is further
provided on an outlet connecting pipeline of the first positive pneumatic regulating

valve (21);

and/or a second safety valve (32) and/or a second pressure sensor (42) is further
provided on an outlet connecting pipeline of the second positive pneumatic regulating

valve (22);
and/or a third safety valve (33) and/or a third pressure sensor (43) is further
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provided on an outlet connecting pipeline of the third positive pneumatic regulating

valve (23).

6. The main drive high-pressure sealing system for shield machine according to
claim 3, further comprising an emergency pressure relief pipeline connected to the oil

and gas sealing chamber (P2), the gearbox (P4) and the leak detection chamber (P3).

7. The main drive high-pressure sealing system for shield machine according to
claim 6, wherein a fourth check valve (71) is provided between the oil and gas sealing

chamber (P2) and the emergency pressure relief pipeline;

and/or, a fifth check valve (72) is provided between the gearbox (P4) and the

emergency pressure relief pipeline;

and/or, a sixth check valve (73) is provided between the leak detection chamber

(P3) and the emergency pressure relief pipeline;
and/or, a first ball valve (8) is provided on the emergency pressure relief pipeline;

and/or, a first muffler (91) is provided on the emergency pressure relief pipeline.

8. The main drive high-pressure sealing system for shield machine according to

claim 1, wherein a second muftler (92) is provided on the exhaust pipeline.

9. A slurry balance shield machine, provided with the main drive high-pressure

sealing system for shield machine according to any one of claims 1 to 8.

10. The slurry balance shield machine according to claim 9, further comprising

a liquid level controller (12) configured to detect a liquid level in a gear oil

chamber;
and/or, a respirator (13) configured to empty the gearbox (P4);

and/or, an oil and gas sealing tank (11) provided between the oil and gas sealing
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chamber (P2) and the gear oil chamber, wherein a high limit liquid level switch (101)

and/or a low limit liquid level switch (102) are provided on the oil and gas sealing tank

(11).
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