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Deep rock mass theory has not yet been completely established, which leads to a lack of theoretical guidance for deep resource
development and poor continuity among engineering activities. 'e foundation of deep rock mechanics theory is to achieve the
deep in situ rock fidelity coring (including the retaining of the pore pressure and temperature). To realize this, pressure-retaining
coring technology is required. A self-triggered pressure-retaining controller based on magnetic control is proposed in this paper.
'e pressure-retaining controller realizes pressure-retaining coring in any direction by triggering the closure of the valve cover by
a magnetic force, forming a magnetic seal. Fifteen combined magnetic circuit design schemes are proposed. 'e magnetic flux
density norm distribution and magnetic force evolution law of different schemes are then quantitatively analyzed by the finite
element method. 'e results show that a complex magnetization combination can weaken the nonlinear negative correlation
between the magnetic force and distance. 'e optimal design of the valve seat magnetic circuit is Scheme 9, with the valve seat
consisting of four shape identical tile magnets. Among the schemes, for Scheme 9, the magnetic flux density norm of the valve
cover is the most concentrated.'emaximummagnetic flux density norm is in the middle, and the magnetic force at 35mm from
the valve cover to the valve seat is 2.915N. Scheme 9 satisfies the minimum condition of the mechanical model and verifies the
feasibility of magnetic field triggering. 'is research can be used to gain a better understanding of deep Earth properties and
provides technology for the improved design of deep in situ pressure-retaining coring devices.

1. Introduction

At present, deep rock mass engineering activities are far
ahead of basic theoretical research, but deep rock mass
mechanics theory has not been fully established, leading to a
certain degree of unawareness, inefficiency, and uncertainty
in deep resource development engineering activities [1]. For
example, the study on spalling failure of deep tunnel sur-
rounding rocks, the relationship between the strength of
mine surrounding rocks and abutment pressure, the control
of deep gas, the destructive study of rock burst, etc. all

require the support of deep rock mechanics theory [2–4].
'erefore, it is urgent to systematically study deep rock
mechanics theory and form the corresponding deep mining
theory. 'e key to studying deep rock mechanics theory and
methods is to realize deep in situ high-fidelity coring [1, 5].
Xie et al. [6] first proposed in situ high-fidelity deep rock
coring technology (including the retaining of the original
pore pressure, temperature, quality, luminosity, and hu-
midity of cores) based on the urgency of the development of
deep rock mechanics theory. 'ey explained the importance
of pressure-preserving coring. In addition, they indicated
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that the principle and technology of pressure-retaining
coring, which directly determines the accuracy of the
pressure-retaining ability and influences the effect of heat
preservation, quality preservation, luminosity preservation,
and humidity preservation, is the key to deep in situ high-
fidelity coring. Pressure-retaining coring technology is an
advanced and technically difficult drilling coring technology
that adopts advanced pressure-retaining and closed coring
tools. 'is technology can remove deep in situ cores that
maintain or nearly maintain the original stress and are not
contaminated by the drilling fluid.'is technology is of great
significance to obtain accurate deep rock data [7, 8]. Pres-
ently, pressure-retaining coring technology is used in pe-
troleum exploration and development, natural gas and deep-
water gas hydrate exploration, deep coalbed gas exploration
and development, marine deep resource exploration, and
deep geological exploration [9–16]. Pressure-retaining
coring is of great economic and strategic significance for
resource development and exploration [17]. 'e key to the
pressure-retaining coring technique is the pressure-retain-
ing coring device. Among such devices, the pressure core
barrel (PCB) has been used in the international Deep Sea
Drilling Project (DSDP) [18], the advanced piston corer
(APC) and pressure core sampler (PCS) have been used in
the Ocean Drilling Program (ODP) [19, 20], the Fugro
pressure corer (FPC) and Hydrate Autoclave Coring
Equipment (HYACE) rotary corer (HRC) have been applied
[21, 22], and the multiple autoclave corer (MAC) and dy-
namic autoclave piston corer (DAP) have been used for
coring during the “RV SONNE” cruise [23, 24]. In addition,
pressure core extractors include the pressure-temperature
core sampler (PTCS) developed in Japan [25], the gravity
piston-type gas hydrate high-fidelity coring device devel-
oped in China [26], the natural gas hydrate (NGH) deep-
water shallow-hole insulated and pressure-retaining core
drilling tool developed by the First Institute of Oceanog-
raphy [27], and the pressure and temperature preservation
system (PTPS) for NGHs developed by Zhu et al. [28]. In
recent years, China’s pressure-retaining coring technology
has also made great progress, gradually forming two major
technical categories: offshore wire line pressure-retaining
coring technology and onshore drilling type pressure-
retaining coring technology [29].

Currently, the pressure-maintaining sealing devices of
pressure-retaining coring tools commonly used worldwide
include ball valves [30, 31], flap valves [32, 33], and ice
valves [34, 35]. Xie et al. [6] innovated and developed a self-
triggered pressure-retaining control technology for deep in
situ coring based on the geometry of a square cover,
providing a new principle, technology, and test platform for
exploring the difference in the in situ physical and me-
chanical properties of rock at different occurrence depths.
At the same time, this technique can be used to solve the
theoretical and technical problems of deep resource mining
and to construct a research system of deep rock mechanics
and mining theory [36]. He et al. [37] analyzed several
schemes of the square cover and optimized the pressure
retention ability of the square cover. 'e essence of the
square cover is the flap valve structure, and its working

principle is as follows. A trigger shrapnel is provided on the
back of the flap valve cover. When the coring is completed,
due to the lifting of the inner barrel of the coring chamber,
the shrapnel starts the valve cover. Under the action of the
cover’s own gravity, it reverses to the matching valve seat at
the bottom of the pressure-holding barrel to complete the
automatic sealing [6].

In the exploitation of deep coal resources, geologic
bedding is often present in the rock body, and the coal seam
usually contains some precursory fractures [38]. 'erefore,
the excavation of mine roadways will lead to the destruction
of the surrounding rock and other factors, resulting in the
reduction in gas pressure [39]. When the surrounding rock
is destroyed, the study of the dynamic failure mechanism of
coal and gas outbursts will be more complicated [3]. In
addition, the construction of deep underground engineering
will cause abnormal energy storage and dissipation in the
deep rocks [5, 40]. A pressure-retaining tool can be used to
obtain a pressure-retaining core in all directions from the
roadway space and thus will be helpful to carry out more
extensive and more accurate in situ scientific research in
deep rock. However, the application range of the pressure-
retaining controller is limited by the deadweight closure of
the valve cover, which is difficult to apply in some special
pressure-retaining coring fields. We propose the design of a
pressure-retaining coring device that can work in any di-
rection. 'e magnetic field is an important form of energy
that has been used continuously by engineers for hundreds
of years for exploration [41]. 'erefore, an innovative
pressure-retaining controller based on a magnetic field
trigger is designed in this paper so that the valve cover is no
longer subject to gravity. Such a device can be used for
pressure-retaining coring of a target formation in any di-
rection in coal mines, shale gas fields, and other fields. 'is
device provides in situ cores for the study of coal seam gas
distribution, deep rock burst tendency, and destructive
evaluation [42, 43].'e feasibility of this innovative design is
verified through the preliminary exploration of the magnetic
field space, and the optimal magnetic circuit design is ob-
tained, which provides data support and a theoretical basis
for the study of the magnetic field self-triggered pressure-
retaining controller.

2. Magnetic Field Control Mechanical Model of
the Pressure-Retaining Controller

2.1. How Magnetic Field Control Works? With the limited
design space available due to the accommodation of the
mechanical structure of the coring drill, the use of a mag-
netic force instead of gravity is proposed to realize the self-
triggered closure of the valve cover in any direction under
the constraint of a nonmechanical structure, as shown in
Figure 1. A magnetic force has many advantages, such as
easy control, energy savings, pollution reduction, and simple
structure, and it is widely used in machinery [44]. A cy-
lindrical groove outside the valve seat is cut, and the per-
manent magnet is inserted on the outside of the valve seat to
form a permanent magnet valve seat, as shown in Figure 2.
'e magnetic force generated by the magnetic field of the
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magnetic base makes the valve cover flip and close.'e force
diagram at a certain moment in the process is shown in
Figure 3. After the valve cover is closed, the magnetic force
causes the valve cover to close tightly against the valve seat to
form a static magnetic seal.

2.2. Simplificationof theMechanicalModel BasedonMagnetic
FieldControl. 'e dominant factors of the magnetic force
are determined by the coercivity, the size of the per-
manent magnet, and the distance between the permanent
magnet and the desired point. 'e coercivity is deter-
mined by the permanent magnet material. 'e size of the
permanent magnet is determined within a limited range.
'e magnetic force at a certain position during the ro-
tation of the valve cover varies according to the distance
between the valve cover and the permanent magnet.
'erefore, when simplifying the mechanical model, the
main research point is the change in the magnetic force
caused by the change in the distance. 'e valve cover is
simplified as a thick round plate, and the valve seat is

simplified as a permanent magnet cylinder. 'e valve
cover is subject to only two forces in the magnetic field,
namely, gravity and the magnetic force generated by the
valve seat. If the magnetic force is greater than gravity,
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Figure 1: Square cover solid drawing.
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Figure 2: Permanent magnet valve seat design diagram. I, the valve cover. II, the valve seat. III, permanent magnet.
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Figure 3: Schematic diagram of the force applied at a certain
moment during the valve cover closure.
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then the valve cover will overcome gravity under the
magnetic force to render a variable acceleration linear
motion. And the valve seat will finally close. 'e force
exerted on the valve cover under the valve seat is shown
in Figure 4. 'e magnetic force of the valve cover at-
tenuates with the increase in the distance between the
valve cover and the valve seat [45]. How to weaken the
relationship between the magnetic force and the distance
is the main goal of model establishment and optimiza-
tion. 'erefore, it is important to explore different
magnetic circuit design schemes and seek magnetic
optimization schemes for long-distance traction.

3. Exploration of the Magnetic Field
Spatial Distribution

3.1. Magnetic Circuit Design. In magnetic mechanical
design, an optimized magnetic element usually has
multiple magnetizing directions [46]. Based on the Hi-
bachi array principle [46, 47], divide the permanent
magnet valve seat into two identical shape tile magnets,
four identical shape tile magnets, and eight identical
shape tile magnets along the axis, as shown in Figure 5.
'e spatial distribution of the magnetic field of the valve
seat will be optimized through the comprehensive
comparison and analysis of the magnetic flux density
norm and magnetic force.

Two kinds of magnetizing methods, namely, axial and
annular, are selected, as shown in Figure 6.

When the valve seat consists of two identical shape tile
magnets, three magnetic field combinations are offered.
When the valve seat consists of four identical shape tile
magnets, six magnetic field combinations are offered.
When the valve seat consists of eight identical shape tile
magnets, six magnetic field combinations are offered. A
total of fifteen magnetic field combinations are designed.
'e magnetic circuit design schemes are shown in
Figures 7–9.

3.2. Basic Parameter Setting. According to the actual size of
the coring device, the inner diameter of the simplified
valve seat is 60mm, the outer diameter is 80mm, and the
height is 45mm. 'e simplified seat has a diameter of
80mm and a height of 5mm. 'e maximum distance
between the center point of the inner surface of the valve
cover and the center point of the sealing surface of the
valve seat is 34mm. 'erefore, 8 monitoring positions are
set between the seat and the valve cover; that is, the
distances between the seat and the valve cover are 1mm,
5mm, 10mm, 15mm, 20mm, 25mm, 30mm, and 35mm.
In this paper, COMSOL Multiphysics is adopted for
numerical simulation analysis. 'e air region is estab-
lished outside the coring device.'e valve cover is made of
silicon steel.'e seat material is N52 NFeB.'e outer edge
of the air region is set as a zero magnetic scalar potential,
and the steady-state model is used for calculation
according to Figures 2 and 7–9. 'e average meshing
quality interval is 0.758–0.786.

3.3. Analysis of the Calculation Results When the Valve Seat
Consists of Two Identical Shape Tile Magnets

3.3.1. Magnetic Flux Density Norm Analysis. 'e magnetic
flux density norm reflects a stress relationship between the
valve seat and the valve cover. When the valve cover is in
the magnetic field generated by the valve seat, the greater
the magnetic flux density norm of the valve cover is and the
tighter the stress relationship between the valve cover and
the valve seat is [45]. According to Figure 7, a magnetic field
simulation is carried out to generate three completely
different magnetic field distributions. 'e magnetic flux
density norm nephogram of the valve cover is shown in
Figure 10. According to the figure, the magnetic flux
density norm of the valve cover decreases with increasing
distance between the valve cover and the valve seat in each
scheme. In Scheme 1, the maximum value of the cover flux
density norm is in the outermost region of the valve cover.
When the valve cover is more than 15mm from the valve
seat, the maximum value is four disconnected point areas.
In Scheme 2, when the valve cover is close to the valve seat,
the maximum value of the valve cover flux density norm
occurs at two symmetric areas on the outermost side. When
the cover is more than 15mm from the seat, the maximum
value is a concentrated in an oval area. In Scheme 3, when
the valve cover is close to the valve seat, the maximum value
of the valve cover flux density norm occurs at two sym-
metric areas on the outermost side. When the cover is more
than 15mm from the seat, the maximum value is a con-
centrated line area. Among the three schemes, the flux
density norm of the valve cover of Scheme 2 is the optimal
value at the same position from the valve seat, followed by
Scheme 3 and Scheme 1. In summary, from the perspective
of the magnetic flux density norm, the advantages of the
three schemes suggest the following ranking: Scheme 2,
Scheme 3, and Scheme 1.

3.3.2. Magnetic Force Analysis. 'e relationship between the
distance and maximum magnetic force is fitted according to
Table 1, and the fitting curve is shown in Figure 11.

All three schemes can be described by a logistic fitting
function, and the fitting degrees exceed 0.9. 'e three fitting

mg

Fm

Figure 4: A simplified mechanical model of the valve cover at a
certain position.
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curves show the same trend, and the fitting function is as
follows:

F �
A1 − A2( 

1 + x/A3( 
p

  + A2
, (1)

where F represents the maximum magnetic force exerted on
the valve cover,A1,A2,A3, and P are constant coefficients, and
x is the distance between the valve cover and the valve seat.
Formula (1) shows that there is a close relationship between
the maximum magnetic force and distance, showing a
nonlinear negative correlation. In the fitting formula, P is the

negative correlation coefficient, and the P values are 2.138,
1.712, and 1.808 for Schemes 1–3, respectively. 'us, the
negative correlation between the magnetic force and distance
is the smallest in Scheme 2. According to Figure 11, the curve
of Scheme 2 plots above the other two curves, indicating that
themaximummagnetic force of the valve cover of Scheme 2 is
the optimal value at the same position from the valve seat. In
summary, from the perspective of magnetic force, the ad-
vantages of the three schemes results in the following ranking:
Scheme 2, Scheme 1, and Scheme 3.

In summary, when the valve seat consists of two identical
shape tile magnets, Scheme 2 is the optimal scheme.
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Figure 6: Magnetizing mode of the tile magnet. (a) Axial magnetization. (b) Circular magnetization.
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Figure 7: Magnetic circuit design scheme when the valve seat consists of two identical shape tile magnets. (a) Scheme 1. (b) Scheme 2.
(c) Scheme 3.
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Figure 5: 'e valve seat is divided into identical shape tiles. (a) Two identical shape tile magnets. (b) Four identical shape tile magnets.
(c) Eight identical shape tile magnets.
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Figure 8: Magnetic circuit design scheme when the valve seat consists of four identical shape tile magnets. (a) Scheme 4. (b) Scheme 5.
(c) Scheme 6. (d) Scheme 7. (e) Scheme 8. (f ) Scheme 9.
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Figure 9: Magnetic circuit design scheme when the valve seat consists of eight identical shape tile magnets. (a) Scheme 10. (b) Scheme 11.
(c) Scheme 12. (d) Scheme 13. (e) Scheme 14. (f ) Scheme 15.
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3.4. Analysis of the Calculation Results When the Valve Seat
Consists of Four Identical Shape Tile Magnets

3.4.1. Magnetic Flux Density Norm Analysis. According to
Figure 8, magnetic field simulation is carried out to generate six

completely different magnetic field distributions.'emagnetic
flux density norm nephogram of the valve cover is shown in
Figure 12. According to the figure, the magnetic flux density
norm of the valve cover decreases with increasing the distance
between the valve cover and the valve seat in each scheme.'e
analysis method is the same as that used in Section 3.3. In
Scheme 9, at the same distance from the valve seat, the valve
cover flux density norm distribution is radial, with the max-
imum value at the center of the valve cover. In addition, the
maximum value is distributed across a wide area, forming a
square at close distance and an oval at long distance. 'e valve
cover flux density norm of Scheme 9 tends to decrease when
the distance between the valve cover and the valve seat is large,
but in this case, the valve cover flux density norm is larger and
more concentrated than in other schemes. Among the six
schemes, the flux density normof the valve cover of Scheme 9 is
the optimal value at the same position from the valve seat. In
summary, from the perspective of the magnetic flux density
norm, the advantages of the schemes result in the following

1 mm 5 mm 10 mm 15 mm

Flux density norm (T)

25 mm20 mm 30 mm 35 mm

1.00.80.60.40.20.0

0.50.40.30.20.10.0

(a)

0.50.40.30.20.10.0

1 mm 5 mm 10 mm 15 mm

Flux density norm (T)

25 mm20 mm 30 mm 35 mm

2.0 2.51.51.00.50.0

(b)

0.50.40.30.20.10.0

1 mm 5 mm 10 mm 15 mm

Flux density norm (T)

25 mm20 mm 30 mm 35 mm

1.51.20.90.60.30.0

(c)

Figure 10: Magnetic flux density norm nephogram of the valve cover when the valve seat consists of two identical shape tile magnets.
(a) Scheme 1. (b) Scheme 2. (c) Scheme 3.

Table 1: Maximum magnetic force of the valve cover when the
valve seat consists of two identical shape tile magnets in three
schemes.

Distance (mm)
Maximum magnetic force (N)

Scheme 1 Scheme 2 Scheme 3
1 259.329 354.435 161.725
5 68.370 131.817 53.001
10 19.124 49.643 18.332
15 7.851 22.130 7.991
20 4.380 10.368 3.926
25 2.817 5.049 2.077
30 1.859 2.486 1.158
35 1.179 1.229 0.661
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ranking: Scheme 9, Scheme 8, Scheme 7, Scheme 5, Scheme 6,
and Scheme 4.

3.4.2. Magnetic Force Analysis. 'e relationship between the
distance and maximum magnetic force is fitted according to
Table 2, and the fitting curve is shown in Figure 13.

All 6 schemes can be described by fitting formula (1), and
the fitting degrees exceed 0.9. 'e P values are 2.265, 1.855,
1.958, 1.844, 1.486, and 1.311 for Schemes 4–9, respectively.
'us, the negative correlation between the magnetic force
and distance is the smallest in Scheme 9. According to
Figure 13, the curve of Scheme 9 is above the other five
curves when the distance between the valve cover and the
valve seat exceeds 10mm.'is indicates that when the cover
is far from the seat, the maximummagnetic force of the valve
cover of Scheme 9 is the optimal value at the same position.
In summary, from the perspective of magnetic force, the
advantages of the schemes result in the following ranking:
Scheme 9, Scheme 8, Scheme 4, Scheme 7, Scheme 5, and
Scheme 6.

In summary, when the valve seat consists of four
identical shape tile magnets, Scheme 9 is the optimal scheme.

3.5. Analysis of the Calculation Results When the Valve Seat
Consists of Eight Identical Shape Tile Magnets

3.5.1. Magnetic Flux Density Norm Analysis. According to
Figure 9, magnetic field simulation is carried out to generate six
completely different magnetic field distributions. 'e magnetic
flux density norm nephogram of the valve cover is shown in
Figure 14. According to the figure, the magnetic flux density
norm of the valve cover decreases with increasing the distance
between the valve cover and the valve seat in each scheme. 'e
analysis method is the same as that in Section 3.3. In Scheme 15,
the magnetic flux density mode is generally low in the center
and high at the peripheries in a symmetric distribution. 'e

outer ring of the valve seat has four large areas in which the
magnetic flux density mode is more uniform and is generally
higher than it is in other schemes. Among the six schemes, the
flux density norm of the valve cover of Scheme 15 is the optimal
value at the same position from the valve seat. In summary,
from the perspective of the magnetic flux density norm, the
advantages of the schemes result in the following ranking:
Scheme 15, Scheme 14, Scheme 13, Scheme 11, Scheme 12, and
Scheme 10.

3.5.2. Magnetic Force Analysis. 'e relationship between the
distance and maximum magnetic force is fitted according to
Table 3, and the fitting curve is shown in Figure 15.

All 6 schemes can be described by fitting formula (1), and
the fitting degrees exceed 0.9. 'e P values are 2.220, 2.484,
2.332, 2.042, 1.894, and 1.706 for Schemes 10–15, respectively.
'us, the negative correlation between the magnetic force and
distance is the smallest in Scheme 15. According to Figure 15,
the curve of Scheme 15 plots above the other five curves when
the distance between the valve cover and the valve seat exceeds
5mm.'is indicates that when the cover is far from the seat, the
maximummagnetic force of the valve cover of Scheme 15 is the
optimal value at the same position. Although the curve fluc-
tuates at 35mm, the overall trend is clear. In summary, from the
perspective of magnetic force, the advantages of the schemes
result in the following ranking: Scheme 15, Scheme 10, Scheme
13, Scheme 12, Scheme 14, and Scheme 11.

In summary, when the valve seat consists of eight
identical shape tile magnets, Scheme 15 is the optimal
scheme.

3.6. ComparativeAnalysis of theMagnetic FieldOptimization.
According to the above sections, three comparison schemes
are selected: Scheme 2, when the valve seat consists of two
identical shape tile magnets; Scheme 9, when the valve seat
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Figure 11: 'e curve of the relationship between the maximum magnetic force and distance when the valve seat consists of two identical
shape tile magnets.
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Figure 12: Magnetic flux density norm nephogram of the valve cover when the valve seat consists of four identical shape tile magnets.
(a) Scheme 4. (b) Scheme 5. (c) Scheme 6. (d) Scheme 7. (e) Scheme 8. (f ) Scheme 9.
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Table 2: Maximum magnetic force of the valve cover when the valve seat consists of four identical shape tile magnets in six schemes.

Distance (mm)
Maximum magnetic force (N)

Scheme 4 Scheme 5 Scheme 6 Scheme 7 Scheme 8 Scheme 9
1 265.098 344.533 169.530 171.384 190.576 236.777
5 64.168 111.624 52.093 53.455 67.263 97.531
10 16.374 37.288 16.272 17.915 27.857 46.035
15 6.575 14.886 6.697 7.862 13.646 24.548
20 3.369 6.221 3.027 3.873 7.242 13.931
25 2.174 2.749 1.534 2.120 4.042 8.028
30 1.552 1.247 0.843 1.238 2.287 4.806
35 1.151 0.586 0.512 0.771 1.350 2.915
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Figure 13: 'e curve of the relationship between the maximum magnetic force and distance when the valve seat consists of four identical
shape tile magnets.
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Figure 14: Continued.
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Figure 14: Magnetic flux density norm nephogram of the valve cover when the valve seat consists of eight identical shape tile magnets.
(a) Scheme 10. (b) Scheme 11. (c) Scheme 12. (d) Scheme 13. (e) Scheme 14. (f ) Scheme 15.

Table 3: Maximum magnetic force of the valve cover when the valve seat consists of eight identical shape tile magnets in six schemes.

Distance (mm)
Maximum magnetic force (N)

Scheme 10 Scheme 11 Scheme 12 Scheme 13 Scheme 14 Scheme 15
1 264.869 328.353 175.293 182.453 199.339 286.889
5 62.423 75.978 41.999 48.249 62.507 112.262
10 16.285 16.184 10.078 13.940 20.242 43.513
15 6.516 3.910 3.130 5.233 7.948 18.762
20 3.384 0.957 1.228 2.339 3.278 8.315
25 2.189 0.256 0.652 1.228 1.434 3.850
30 1.561 0.071 0.421 0.711 0.651 1.834
35 1.168 0.020 0.301 0.447 0.300 0.867
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consists of four identical shape tile magnets; and Scheme 15,
when the valve seat consists of eight identical shape tile
magnets. By comparing Figures 10, 12, and 14, it is found
that the magnetic flux density norm of the three schemes is
relatively concentrated. However, from the observation of
the whole trend, Scheme 9 of the magnetic flux density norm
is more concentrated, and it is superior to other schemes at
monitoring points farther than 10mm. Figure 16 shows the
fitting curve of the magnetic force exerted on the valve cover
and the distance between the valve cover and the valve seat in
the three schemes. According to the information of the
figure, at close range, the magnetic force generated by
Scheme 2 is relatively large, and it is conducive to magnetic

sealing; the magnetic force of the three schemes is much
greater than the gravity of the valve cover, so there is no need
to consider the traction problem at close range. When the
distance is greater than 10mm, the magnetic force generated
by Scheme 9 gradually surpasses the other two schemes and
becomes the optimal scheme. By comparing the negative
correlation parameter P of the three schemes, it can be seen
that the P value of Scheme 9 is the smallest at 1.311. 'is
means that the magnetic force of Scheme 9 decays more
slowly with distance than those of the other schemes.
'erefore, the optimal scheme is Scheme 9. 'e scheme
generates 2.915N magnetic force when the valve cover is
35mm from the seat, which is greater than the 2.25N gravity
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Figure 15: 'e curve of the relationship between the maximum magnetic force and distance when the valve seat consists of eight identical
shape tile magnets.
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Figure 16: Relationships of the maximum magnetic force and distance of the monitoring point with fitting curves for three schemes.
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of the valve cover itself. 'erefore, the feasibility of a
magnetic trigger can be verified under the magnetic circuit
design of this scheme.

4. Conclusions

In this paper, based on the past development of pressure-
retaining controllers, an innovative design for a pressure-
retaining controller triggered by a magnetic force is presented.
Based on the Hibachi array principle, fifteen varieties of
magnetic circuit design schemes are proposed. 'e magnetic
field is analyzed through numerical simulation, which avoids
the problems that the magnetic field is difficult to solve ana-
lytically and that the accuracy of an empirical formula is low.
'rough this exploratory study, the mechanical feasibility of a
magnetic trigger is clarified, and a feasibility analysis is provided
for this magnetic trigger.'is work provides new opportunities
for in situ pressure-retaining coring of deep rock masses. 'e
specific conclusions are as follows:

(1) An innovative design for a pressure-retaining con-
troller based on a magnetic trigger is proposed to
realize flip closure under any circumstances and
magnetic sealing effects. 'e technique can be ap-
plied to coring a target formation in any direction in
areas such as a coal mine or shale gas field.

(2) Considering all the results, the magnetic flux density
norm is more concentrated when the valve seat
consists of four identical shape tile magnets (Scheme
9), and this scheme is superior to other schemes
when the monitoring point distance is greater than
10mm.

(3) 'e optimal scheme under the long-distance traction
condition is Scheme 9. 'e magnetic force of this
scheme decays more slowly with distance than those
of the other schemes. 'e valve cover’s magnetic
force 35mm from the valve seat is 2.915N, which is
greater than the gravity of the valve cover of 2.25N.
'e valve cover can close against gravity, which
verifies the feasibility of a magnetic field-triggered
pressure-retaining controller.

(4) 'e composite of multipole magnetization helps to
weaken the nonlinear negative correlation between
the magnetic force and distance. 'e composite
magnetization combination of the same monitoring
point has a greater magnetic flux density norm and
magnetic force. For this valve seat, the number of
magnetic poles is four.
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