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(57) ABSTRACT

The invention provides a magnetic induction particle detec-
tion device and a concentration detection method, wherein
the detection device comprises a signal detection system, a
detection pipeline, excitation coil and a positive even num-
ber of induction coils, and the excitation coil are connected
with the signal detection system and wound around the
detection pipeline; the induction coils are connected with the
signal detection system and wound around the excitation
coil sequentially and reversely with respect to each other. By
means of the device, preparation and installation can be
facilitated, and detection precision can be improved. The
method comprises the steps of: S1: acquiring an output
signal of the signal detection system and obtaining a voltage
amplitude change; and S2: according to the obtained voltage
amplitude change, detecting the metal particle concentra-
tion. By means of the method, the precision of calculation
can be improved.
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MAGNETIC INDUCTION PARTICLE
DETECTION DEVICE AND
CONCENTRATION DETECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. national phase applica-
tion of International Application No. PCT/CN2018/118694,
filed on Nov. 30, 2018, which claims priority to and the
benefit of Chinese Patent Application No. 201711268483.3,
filed on Dec. 5, 2017. The disclosures of the above appli-
cations are incorporated herein by reference.

FIELD

[0002] The present disclosure relates to the field of detec-
tion equipment, in particular to a magnetic induction particle
detection device, and further relates to a method for detect-
ing concentration by using the device.

BACKGROUND

[0003] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0004] At present, a plurality of methods have been
adopted for detecting metal particles, wherein the method
for detecting metal particles by using the electromagnetic
induction principle is a more typical method. Specifically, a
typical device for detecting metal particles by applying
electromagnetic induction usually adopts two reversely
wound excitation coils as excitation sources to generate two
magnetic fields with the same strength and opposite direc-
tions, and under the condition of no magnetic field distur-
bance, the net magnetic field between the two coils is zero;
an induction coil for responding to magnetic field change is
wound in therebetween and used for responding to magnetic
field disturbance caused by metal particles.

[0005] Although this device enables electromagnetic
detection of metal particles, the device still suffers from the
following defects:

[0006] (1) In order to establish magnetic field balance and
induce magnetic field signals of metal particles, two reverse
excitation coils and one induction coil are needed, but such
a configuration results in longer length of the sensor, being
disadvantageous to actual design, preparation, installation
and use;

[0007] (2) Only one magnetic induction coil is adopted,
when electromagnetic induction is applied for establishing
magnetic field balance, the attenuation of the magnetic field
outside the excitation coil (magnet excitation coil) is obvi-
ous, the magnetic field disturbance generated by small
particles on the excitation coil is often attenuated greatly
when showing on the external induction coil, consequently
the detection accuracy of the small particles is insufficient,
which affects the detection.

[0008] Furthermore, the detection method by using the
data measured by the device of the prior art is correspond-
ingly poor in accuracy, thus it’s difficult to accurately detect
the concentration of the metal particles in the fluid.

SUMMARY

[0009] Inorderto overcome the defects of the prior art, the
first technical object of the invention is to provide a mag-
netic induction particle detection device which can be con-
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veniently prepared and installed and can improve the detec-
tion accuracy, and the second technical object of the
invention is to provide a method for detecting the concen-
tration of metal particles by using the detection device.

[0010] In order to achieve the first technical object, the
technical solution adopted by the invention is specifically as
follows:

[0011] A magnetic induction particle detection device,
said detection device comprising a signal detection system,
a detection pipeline, an excitation coil and a positive even
number of induction coils, wherein the excitation coil is
connected with the signal detection system and wound
around the detection pipeline; the induction coils are con-
nected with the signal detection system and wound around
the excitation coil sequentially and reversely with respect to
each other.

[0012] Generally, in the technical solution of the existing
device for detecting particles through electromagnetic
induction, two reverse excitation coils that are wound at both
ends of the pipeline reversely with respect to each other and
externally to the pipeline and one induction coil that is
wound between the two excitation coils are required for
installation. However, in the present technical solution, the
arrangement that the induction coil is wound externally to
the excitation coil of the device can achieve the effects that
the installation is facilitated, the overall length of the sensor
is greatly shortened, and the device is convenient to prepare
and use.

[0013] The excitation coil is connected with the signal
detection system, and the signal detection system inputs a
sinusoidal alternating signal at both ends of the excitation
coil to generate an alternating magnetic field and drive the
induction coil. In addition, with the induction coil wound
around the detection pipeline, the condition of particles can
be detected without contacting the sensor directly with
liquid in the pipeline, which facilitates the detection.

[0014] In order to achieve an improved detection accu-
racy, the inventor adopts a positive even number of magnetic
induction coils in the solution of the invention. Generally, in
the prior art, only one magnetic induction coil is wound,
which seemingly saves the costs, but in fact renders an
insufficient accuracy of the size of the induced particles,
because the induction coil is positioned between the two
excitation coils to respond to the magnetic field disturbance
generated by the induction particles through the excitation
coil, but the induction coil is far away from the excitation
coil, always resulting in a great magnetic field attenuation.

[0015] However, in the present technical solution, the
excitation coil is adopted and a positive even number of
induction coils are used for winding on the excitation coil so
as to ensure the detection accuracy. The excitation coil is
used to generate a magnetic field and therefore preferably
one excitation coil is used for winding. The use of an even
positive number of induction coils, such as two or a group
of induction coils, can be adapted to the algorithm set by the
inventor to calculate the concentration of metal particles by
observing and inputting changes in the magnetic field
obtained by the two induction coils.

[0016] The induction coils are sequentially wound around
the excitation coil. In this arrangement, magnetic field
disturbance generated when particles pass through the
induction coils can be quickly detected, so as to achieve the
detection of metal particles.
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[0017] The induction coils are wound reversely with each
other on the excitation coil. Due to the proximity of the
induction coils, the environment of the induction coils can
be considered to be consistent, temperature drift and elec-
tromagnetic interference can be restrained in a complex and
severe environment, and thus signal stability is enhanced
and system performance is further improved.

[0018] It should be noted that a coil refers to a length of
coil connected at both ends to the signal detection system
and wound around the detection pipeline.

[0019] It should be noted that winding sequentially means,
for example, after completion of winding one of the two
induction coils, winding the other induction coil in the
direction of the detection pipeline from the next position in
this direction, i.e., one induction coil does not coincide with
the other, but independently wound around the pipeline.
[0020] It should be noted that winding reversely means
that the two induction coils do not coincide with each other
while being wound externally to the excitation coil, one in
the clockwise direction and the other in the counterclock-
wise direction. It should be noted that the detection of
particles, as used herein, refers to the detection of, for
example, metal particles by means of electromagnetic induc-
tion, specially of the flow thereof, so as to facilitate the
further analysis of the concentration of metal particles
matter in a liquid, and the like.

[0021] It should be noted that the signal detection system
detects electromagnetic induction conditions, and in an
alternative embodiment, includes a control circuit board, a
signal output port, etc. It should not be limited to the manner
in which a signal detection system is constructed, any
mechanism capable of detecting the electromagnetic change
of the induction coils is supposed to be the signal detection
system.

[0022] It should be noted that two adjacent, sequentially
and reverse wound, and corresponding induction coils are a
set of induction coils.

[0023] Preferably, the number of induction coils is two,
four or six.
[0024] In order to optimally balance the installation and

manufacturing costs and the detection accuracy, it would be
preferable to set the number of the induction coils as two.
[0025] Alternatively, the number of the induction coils is
set as four, six or the like, multiple times of measurement
and averaging can be carried out in the measurement process
to improve the reliability of detection.

[0026] Preferably, the excitation coils are two or more, and
are wound around the detection pipeline in the same direc-
tion.

[0027] It should be noted that winding in the same direc-
tion means that each excitation coil is wound clockwise or
counterclockwise around the detection pipeline. This
arrangement can increase the magnetic field strength, and
meanwhile the mutual interference among the excitation coil
can be prevented and the stability of the magnetic field can
be free from influence.

[0028] Preferably, the excitation coil and/or the induction
coils are wound in at least one layer.

[0029] The excitation coil and/or the induction coils are
wound in at least one layer (i.e., multiple layers), so that the
strength of the magnetic field generated by the excitation
coil can be further increased, signals generated on the
induction coil are more obvious, and the detection accuracy
of the metal particles is improved.
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[0030] Preferably, the detection pipeline is made of a
non-magnetic conductive material; further preferably, the
detection pipeline is made of stainless steel.

[0031] The detection pipeline is made of a non-magnetic
conductive material so as to measure the magnetic field
disturbance generated by metal particles on the excitation
coil more accurately. In the testing process, it’s necessary to
try to ensure that the magnetic field generated by the
excitation coil passes through the pipeline to improve the
magnetic field strength therein. More preferably, a non-
magnetic conductive stainless steel material is used, which
meets the requirement but does not exclude other materials.
[0032] Preferably, a spacer ring sleeve is further arranged
between the excitation coil and the induction coils; further
preferably, the spacer ring sleeve is made of a non-magnetic
conductive material.

[0033] A spacer ring sleeve is additionally arranged
between the excitation coil and the induction coils and used
for isolating the excitation coil and the induction coils. The
non-magnetic conductive material herein is mainly used for
isolating the excitation coil and the induction coils during
winding in the production and manufacturing process,
because trying to reduce the magnetic field loss between the
induction coils and the excitation coil in the process of
responding to the magnetic field disturbance generated by
the metal particles is advantageous for improving the detec-
tion accuracy of metal particles; meanwhile, as a frame
around which the induction coils are wound, the spacer ring
sleeve can improve the flatness during winding the induction
coils.

[0034] Preferably, a shielding ring is arranged outside the
induction coils.
[0035] Due to the fact that the shielding ring is arranged

outside the induction coil, the external magnetic field can be
isolated, and the interference of the external magnetic field
is prevented, rendering a more accurate detection result and
a better detection effect.

[0036] In order to achieve the second technical object, the
technical solution adopted by the invention is specifically as
follows:

[0037] A concentration detection method applying the
magnetic induction particle detection device, comprising the
steps of:

[0038] S1: acquiring an output signal of the signal detec-
tion system to obtain a voltage amplitude change;

[0039] S2: detecting the metal particle concentration
according to the obtained voltage amplitude change;
[0040] wherein the voltage amplitude change comprises
changes of voltage amplitude and time, i.e. the relationship
between the voltage amplitude change and the time, such as
the voltage amplitude at a certain time. More specifically, the
relationship may refer to the time corresponding to the
voltage amplitude at the highest point or the voltage ampli-
tude being zero.

[0041] Preferably, detecting the metal particle concentra-
tion comprises the steps of:

[0042] obtaining the flow velocity v of the metal particles
passing through the induction coils;

[0043] obtaining the mass m of the metal particles; and
[0044] calculating the concentration of the particles ¢ on
the basis of the flow velocity v of the metal particles, the
mass m of the metal particles, the elapsed time t and the
cross-sectional area S of the pipeline by using the following
formula:
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m
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[0045] During the process of obtaining the mass of the
metal particles m, in the single-layer densely wound coil, the
induction voltage E caused when the metal particles pass
through the spiral coil induction coil is directly proportional
to the volume V, the magnetic conductivity, the passing
speed of the particles v, and the third power of the winding
density of the coil. Through quantitative analysis on the
output signal of the sensor, the volume and the mass of the
metal particles flowing through the lubricating oil pipeline
can be calculated through conversion.

[0046] It should be noted that the elapsed time t refers to
the time required for the passage of the metal particles in the
pipeline over a certain distance, which may correspond to
the elapsed time between different amplitudes, or to the
difference between the times of different amplitudes.
[0047] Preferably, the method of obtaining the metal par-
ticle flow velocity v comprises the steps of:

[0048] Respectively recording the times when the voltage
amplitude of the metal particles passing through a group of
induction coils measured by the signal detection system is at
the highest point and at the zero point during the positive
half cycle, and calculating the time difference value AT, and
the length [, of the corresponding induction coils; respec-
tively recording the times when the voltage amplitude,
measured by the signal detection system, is at the zero point
and at the highest point during the negative half cycle, and
calculating the time difference value AT, and the length L,
of the corresponding induction coils; and

[0049] Obtaining the flow velocity according to this for-
mula:
ky XLy kyxl,
_ A, "TAn
'E 2
[0050] It should be noted that L, refers to the length of the

induction coils during the passage starting with the voltage
amplitude at the highest point and ending with the voltage
amplitude at the zero point during the positive half cycle; L,
refers to the length of the induction coils during the passage
starting with the voltage amplitude at the zero point and
ending with the voltage amplitude at the highest point during
the negative half cycle.

[0051] The coefficient k, refers to a correction coeflicient
when passing through a coil; and the coefficient k, refers to
the correction coefficient when passing the other coil.
[0052] Because different factors such as the wire (thick-
ness and/or material) of each lubricating oil sensor, the
number of winding turns and the interaction between the two
induction coils affect the output signal, making the sensor
fail to sense the middle of the induction coils, the correction
coeflicient k, or k, is introduced to correct the output signal.
[0053] More specifically, when ferromagnetic particles
pass through the two induction coils, they sequentially pass
through the induction coil 1 and the induction coil 2, and
during the passage through the induction coil 1, if the
influence of the induction coil 2 on the induction coil 1 is not
considered, the highest point of the output signal may occur
in the middle of the induction coil 1, but with the induction
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coil 2 introduced, the magnetic field generated by the
induction coil 2 may influence where the highest point of the
output signal occurs, resulting in a slight offset.

[0054] Preferably, if there are multiple groups of induction
coils, the flow velocity v of the metal particles passing
through the induction coils is the average value of the flow
velocities of particles passing through each group of induc-
tion coils.

[0055] For example, in S1, the flow velocity vgn (wherein
n is a positive integer) of the metal particles passing through
the gnth group of induction coils is respectively calculated,
and the flow velocity v is the average value of the flow
velocities of particles passing through each group of induc-
tion coils, namely:

Ve Vgt vy,
n

[0056] The calculation accuracy of the flow velocity can
be improved by calculating an average value, and hence the
calculation result is more accurate.

[0057] Preferably, the frequency at which the output signal
of the signal detection system is acquired in S1 is once per
microsecond.

[0058] The method has the following beneficial effect due
to the acquisition frequency of once per millisecond: the
frequency of the output signal is 500 Hz, according to the
sampling theorem, the sampling frequency should be more
than twice of the highest frequency of the signal, such that
the complete information of the signal can be preserved
lossless without distortion, therefore, the sampling fre-
quency of 1K, namely, 1,000 effective signals are sampled
every second (once per millisecond) for analysis.

[0059] Compared with the prior art, the magnetic induc-
tion particle detection device has the advantages as follows:
[0060] 1. The induction coil of the device is wound outside
the excitation coil, so that the installation is convenient, the
whole length of the sensor is greatly shortened, and prepare
and use of the device are facilitated;

[0061] 2. The induction coil of the device is wound around
the detection pipeline, so that measurement of particles can
be detected without contacting the sensor directly with
liquid in the pipeline, so that the test is more convenient;
[0062] 3. According to the device, at least two induction
coils are adopted for winding around the excitation coil to
ensure the detection accuracy;

[0063] 4. According to the device, a spacer ring sleeve is
additionally arranged between the excitation coil and the
induction coils and is used for isolating the excitation coil
and the induction coils, so that the magnetic field loss
between the induction coils and the excitation coil is
reduced; meanwhile, as a frame around which the induction
coils are wound, the spacer ring sleeve can improve the
flatness during winding the induction coils;

[0064] 5. According to the device, a shielding ring is
arranged outside the induction coils, so that an external
magnetic field can be isolated, the interference of the exter-
nal magnetic field is prevented, rendering a more accurate
detection result and a better detection effect.

[0065] The above description is merely a summary of the
technical solutions of the present invention, in order to
render a more clear understanding of the technical means of
the present invention to implement according to the content
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of the description, and in order to render the above and other
objects, features and advantages of the present invention to
be more readily understood, the following detailed descrip-
tion of the preferred embodiments is carried out taken in
conjunction with the accompanying drawings.

[0066] Further areas of applicability will become apparent
from the description provided herein. It should be under-
stood that the description and specific examples are intended
for purposes of illustration only and are not intended to limit
the scope of the present disclosure.

DRAWINGS

[0067] In order that the disclosure may be well under-
stood, there will now be described various forms thereof,
given by way of example, reference being made to the
accompanying drawings, in which:

[0068] FIG. 1 is a schematic cross-sectional view of a first
preferred embodiment of the magnetic induction particle
detection device of the present invention;

[0069] FIG. 2 is a schematic cross-sectional view of a
second preferred embodiment of the magnetic induction
particle detection device of the present invention;

[0070] FIG. 3 is a partially enlarged schematic view of
area A in FIG. 2;

[0071] FIG. 4 is a schematic diagram showing the prin-
ciple of electromagnetic induction test performed by the
magnetic induction particle detection device of the present
invention;

[0072] FIG. 5 is a graph of voltage output change corre-
sponding to the schematic diagram of mechanism of FIG. 4.

[0073] The drawings described herein are for illustration
purposes only and are not intended to limit the scope of the
present disclosure in any way.

DETAILED DESCRIPTION

[0074] The following description is merely exemplary in
nature and is not intended to limit the present disclosure,
application, or uses. It should be understood that throughout
the drawings, corresponding reference numerals indicate
like or corresponding parts and features.

[0075] In order to further illustrate the technical means of
the present invention for achieving the intended purposes
thereof as well as effects, the following detailed description
is made, taken in conjunction with the accompanying draw-
ings and preferred embodiments, to illustrate specific
embodiments, structures, features and efficacy thereof
according to the present invention.

Embodiment 1 (Magnetic Induction Particle
Detection Device)

[0076] FIG. 1 is a schematic cross-sectional view of a first
preferred embodiment of the magnetic induction particle
detection device of the present invention; the detection
device comprises a signal detection system 1, a detection
pipeline 2, an excitation coil 3 and two induction coils (a first
induction coil 4 and a second induction coil 5 respectively),
wherein the excitation coil is connected with the signal
detection system and wound around the detection pipeline;
the induction coils are connected with the signal detection
system and wound around the excitation coil sequentially
and reversely with respect to each other.
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[0077] The above is one of the preferred embodiments of
the present technical solution. This embodiment has the
following beneficial effects:

[0078] (1) According to the device, the induction coil is
wound outside the excitation coil, so that the installation is
convenient, the whole length of the sensor is greatly short-
ened, and prepare and use of the device are facilitated;
[0079] (2) The induction coil of the device is wound
around the detection pipeline, so that measurement of par-
ticles can be detected, without contacting the sensor directly
with liquid in the pipeline, so that the test is more conve-
nient;

[0080] (3) The induction coils are sequentially wound
around the excitation coil, so that the magnetic field distur-
bance generated when particles pass through the induction
coils can be quickly detected, so as to achieve the detection
of metal particles;

[0081] (4) The induction coils are wound reversely with
each other on the excitation coil; due to the proximity of the
induction coils, the environment of the induction coils can
be considered to be consistent, temperature drift and elec-
tromagnetic interference can be restrained in a complex and
severe environment, and thus signal stability is enhanced
and system performance is further improved.

[0082] In this embodiment, there is one excitation coil for
generating a magnetic field. In other embodiments, the
number of the excitation coil may be two or more, but
co-directional winding is required to prevent mutual inter-
ference of the magnetic fields and influence on the measure-
ment effect.

[0083] In this embodiment, there are two induction coils.
This arrangement can effectively improve the detection
accuracy and ensure a better detection effect. Or in other
embodiments, the number of the induction coils is a positive
even number, such as four, six or more, on the one hand, the
same detection effect can be achieved, and on the other hand,
the detection reliability can be improved by averaging
multiple measurements.

[0084] In this embodiment, the material of the detection
pipeline is made of a non-magnetic conductive material;
further preferably, the detection pipeline is made of stainless
steel. The detection pipeline is made of a non-magnetic
conductive material so as to measure the magnetic field
disturbance generated by metal particles on the excitation
coil more accurately. In the testing process, it’s necessary to
try to ensure that the magnetic field generated by the
excitation coil pass through the pipeline to improve the
magnetic field strength therein. More preferably, a non-
magnetic conductive stainless steel material is used, which
meets the requirement but does not exclude other materials.

Embodiment 2 (Magnetic Induction Particle
Detection Device)

[0085] FIG. 2 is a schematic view showing the structure of
a second preferred embodiment of the magnetic induction
particle detection device of the present invention; this
embodiment differs from the above-mentioned embodiment
1 in that: as shown in FIG. 3, a spacer ring sleeve 6 is further
arranged between the excitation coil and the induction coils
in the detection device, that is, the excitation coil is sleeved
with a spacer ring sleeve, and the induction coils are wound
around the spacer ring sleeve. And a shielding ring 7 is
arranged outside the induction coil.
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[0086] Both or one of the above technical solutions can be
implemented as required. In this embodiment, both solutions
are implemented, that is, a spacer ring sleeve and a shielding
ring are arranged, which is a more preferred embodiment.
[0087] The arrangement of the spacer ring sleeve, on one
hand, is mainly used for isolating the excitation coil and the
induction coils during winding in the production and manu-
facturing process, and on the other hand, the spacer ring
sleeve can be used meanwhile as a frame around which the
induction coils are wound, thus the flatness of the induction
coil winding can be improved. Further preferably, the spacer
ring sleeve is made of a non-magnetic conductive material,
the magnetic field loss between the induction coils and the
excitation coil is minimized as much as possible in the
process of responding to the magnetic field disturbance
generated by the metal particles, which is advantageous to
improving the detection accuracy of the metal particles, and
therefore the non-magnetic conductive material is selected
herein.

[0088] The arrangement of the shielding ring outside the
induction coil can isolate the external magnetic field, pre-
vent the interference of the external magnetic field, thus
rendering a more accurate detection result and a better
detection effect.

[0089] With reference to FIGS. 4 and 5, taking the
arrangement in the above-described embodiment as an
example, the implementation principle of the device will be
described hereinafter as follows:

[0090] An alternating magnetic field can be generated by
inputting a sinusoidal alternating signal at two ends of the
excitation coil; under the action of an alternating magnetic
field, alternating signals can be generated at two ends of the
induction coil.

[0091] Depending on the magnetic conductivity of the
material, metal materials can be roughly classified as dia-
magnetic (<1), paramagnetic (>>1), and ferromagnetic (>>1).
The diamagnetic material weakens the magnetic field, the
paramagnetic material strengthens the magnetic field, and
the ferromagnetic material greatly increases the magnetic
field strength. In a circuit, opposite output ends of the two
induction coils are connected, and output signals of the other
two ends are measured. When no metal particles pass
through the interior of the excitation coil, induction signals
of the two induction coils cancel out each other, thus the
overall output of the system is zero. When metal particles
(ferromagnetic materials) pass through the interior of the
excitation coil from left to right, the process is divided into
the following stages:

[0092] (1) When the metal particles enter the first induc-
tion coil, the change of the first induction coil is relatively
sensitive, and firstly the voltage value rises, but the change
of the second induction coil is relatively slow, therefore, at
the moment, the two ends of the induction coil output a
rising positive voltage;

[0093] (2) Along with the metal particles approaching the
middle, the second induction coil is also influenced, at the
moment, the voltage generated by the first induction coil is
slowly balanced by the voltage generated by the second
induction coil and gradually decreases, and then decreases to
zero in the middle of the first induction coil and the second
induction coil;

[0094] (3) The metal particles pass through the first induc-
tion coil and enter the second induction coil, at the moment,
the voltage value of the second induction coil is higher than
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that of the first induction coil, a negative voltage appears,
and the voltage amplitude is continuously increasing;

[0095] (4) When the particles pass through the second
induction coil and flow out of the second induction coil, the
influence on the second induction coil is slowly weakened,
the voltage amplitude is slowly decreasing and then
approaches zero when the particles leave the second induc-
tion coil behind for a certain distance.

[0096] According to the electromagnetic induction prin-
ciple, when metal particles pass through the lubricating oil
pipeline from left to right, the sensor equipment can detect
a signal similar to a sinusoidal wave, the amplitude of the
signal is proportional to the size of the particles, and the
period of the signal is proportional to the flow velocity of the
particles, on such a basis, the flow velocity is calculated.

Embodiment 3 (Concentration Detection Method
Applying the Magnetic Induction Particle Detection
Device)

[0097] This embodiment provides a detection method
applying the magnetic induction particle detection device
mentioned above, comprising the steps of:

[0098] S1: acquiring an output signal of the signal detec-
tion system to obtain a voltage amplitude change;

[0099] S2: detecting the metal particle concentration
according to the obtained voltage amplitude change;

[0100] Wherein the voltage amplitude change comprises
changes of voltage amplitude and time, namely the relation-
ship between the voltage amplitude change and the time,
such as the voltage amplitude at a certain time.

[0101] In a preferred embodiment, detecting the metal
particle concentration comprises the steps of:

[0102] obtaining the flow velocity v of the metal particles
passing through the induction coils;

[0103]

[0104] calculating the concentration of the particles ¢ on
the basis of the flow velocity v of the metal particles, the
mass m of the metal particles, the elapsed time t and the
cross-sectional area S of the pipeline by using the following
formula:

obtaining the mass m of the metal particles; and

T vxixS

[0105] In a more preferred embodiment, the method of
obtaining the metal particle flow velocity v comprises the
steps of:

[0106] Respectively recording the times when the voltage
amplitude of the metal particles passing through a group of
induction coils measured by the signal detection system is at
the highest point and at the zero point during the positive
half cycle, and calculating the time difference value AT, and
the length [, of the corresponding induction coils; respec-
tively recording the times when the voltage amplitude,
measured by the signal detection system, is at the zero point
and at the highest point during the negative half cycle, and
calculating the time difference value AT, and the length L.,
of the corresponding induction coils; and
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[0107] Obtaining the flow velocity according to this for-
mula:
ky XLy kyxIl,
_ &, ' an
'E 2
[0108] Due to the fact that detection points at zero points

are too many in the output signal, errors are likely to be
caused in an actual sampling process; therefore, in this
method, the highest points of the positive half cycle and the
negative half cycle of the signal is selected as a time
recording point to be used for flow velocity analysis.
[0109] In the process that particles flow through the lubri-
cating oil pipeline, the length of the pipeline L is certain, T,
T, and T, are sampled, wherein T, is the moment when a
signal goes by the highest point of the positive half cycle, T,
is the moment when the signal goes by the zero point, and
T, is the moment when the signal goes by the highest point
of the negative half cycle, as shown in FIG. 5; the flow
velocity can be obtained by time sampling:

=KX L
VERXRT

[0110] Because different factors, such as the wire (thick-
ness, material) of each lubricating oil sensor, the number of
winding turns and the interaction between the two induction
coils affect the output signal, making the sensor fail to sense
the middle of the induction coils, the correction coefficient
K is introduced to correct the output signal. Meanwhile,
analysis is carried out on the basis of two time periods,
namely, T, to T, and T, to T;, and the average flow velocity
is taken to reduce errors.

=KX L
N A T =T
=KX ——
"2 IX(T5-T)
Vi + vy
Sulh

Wherein L is the total length through the induction coil, and
L/2 is the coil length through two half cycles respectively.
[0111] The above is the calculated velocity of particles
passing through one set of induction coils.

[0112] In the output signal, the amplitude of the signal is
related to the size of the metal particles. When the cylin-
drical metal particles pass through the interior of the spiral
pipe at a constant speed, the induced electromotive force is
calculated as follows:

E=—4kpop,»*VIoy

Wherein k is a system correction coefficient, n is the density
of a coil, ie., turn number (winding turns per unit
length=total turns/total length), V is a particle volume, and
v is a particle flow velocity.

[0113] In a single-layer densely wound coil, the induction
voltage E caused when the metal particles pass through the
spiral coil induction coil is directly proportional to the
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volume V, the magnetic conductivity, the passing speed of
the particles v, and the third power of the winding density of
the coil. Through quantitative analysis on the output signal
of the sensor, the volume and the mass of the metal particles
flowing through the lubricating oil pipeline can be calculated
through conversion. Under the condition that the lubricating
oil flow velocity v is obtained, the concentration of metal
particles is measured, and the method is as follows:

[0114] With the cross-sectional area S of the pipeline
given, by converting the number and size of passing metal
particles obtained on the basis of the amplitude value of the
output signal in a period t into the total mass m, the
concentration of the metal particles is obtained through the
following formula:

m
c =
VXIXS

(ng/m?)

[0115] In a further preferred embodiment, the frequency at
which the output signal of the signal detection system is
acquired in S1 is once per millisecond.

Embodiment 4 (Concentration Detection Method
Applying the Magnetic Induction Particle Detection
Device)

[0116] This embodiment differs from the embodiment 3 in
that calculation of the flow velocity of this embodiment
adopts a more preferred embodiment, that is, if there are
multiple groups of induction coils, the flow velocity v at
which the metal particles pass through the induction coils is
an average value of the flow velocities of all the groups of
induction coils.

[0117] For example, the flow velocity vgn (wherein n is a
positive integer) of the metal particles passing through the
nth group of induction coils is respectively calculated in the
S1, and the flow velocity v is the average value of the flow
velocities of all the groups of induction coils, namely:

Ve Vgt vy,
n

[0118] The calculation accuracy of the flow velocity can
be improved by an averaging method, and the detection
result is more accurate.

[0119] For example, in the device, there are two groups of
induction coils in total, the flow velocity measured for the
first group of induction coils is vgl, the flow velocity
measured for the second group of induction coils is vg2, and
then the flow velocity finally calculated in S1 can be
obtained by the following formula:

Vel + Vg2
2

V=

[0120] Unless otherwise expressly indicated herein, all
numerical values indicating mechanical/thermal properties,
compositional percentages, dimensions and/or tolerances, or
other characteristics are to be understood as modified by the
word “about” or “approximately” in describing the scope of
the present disclosure. This modification is desired for
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various reasons including industrial practice; material,
manufacturing, and assembly tolerances; and testing capa-
bility.

[0121] As used herein, the phrase at least one of A, B, and
C should be construed to mean a logical (A OR B OR C),
using a non-exclusive logical OR, and should not be con-
strued to mean “at least one of A, at least one of B, and at
least one of C.”

[0122] The above-described embodiments are merely pre-
ferred embodiments of the present invention, and thus do not
limit the scope of the present invention, and any insubstan-
tial changes and substitutions made by those skilled in the art
on the basis of the present invention are intended to be
within the scope of the present invention.

1. A magnetic induction particle detection device, com-
prising:

a signal detection system;

a detection pipeline;

an excitation coil; and

a positive even number of induction coils,

wherein the excitation coil is connected with the signal

detection system and wound around the detection pipe-
line, and the induction coils are connected with the
signal detection system and wound around the excita-
tion coil sequentially and reversely with respect to each
other.

2. The magnetic induction particle detection device
according to claim 1, wherein the excitation coils are two or
more, and each of the excitation coils are wound around the
detection pipeline in same direction.

3. The magnetic induction particle detection device
according to claim 1, wherein the excitation coil and/or the
induction coils are wound in at least one layer.

4. The magnetic induction particle detection device claim
1, wherein the detection pipeline is made of a non-magnetic
conductive material.

5. The magnetic induction particle detection device
according to claim 1, wherein a spacer ring sleeve is further
arranged between the excitation coil and the induction coils.

6. The magnetic induction particle detection device
according to claim 1, wherein a shielding ring is arranged
outside the induction coils.

7. A concentration detection method applying the mag-
netic induction particle detection device according to claim
1, wherein the method comprises steps of:

S1: acquiring an output signal of the signal detection

system to obtain a voltage amplitude change;

S2: detecting a metal particle concentration according to

the obtained voltage amplitude change.

8. The concentration detection method according to claim
7, wherein said obtaining the flow velocity v of the metal
particles comprises steps of:
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respectively recording time when voltage amplitude of the
metal particles passing through a group of the induction
coils measured by the signal detection system is at
highest point and at zero point during positive half
cycle, and calculating time difference value AT, and
length L; of the corresponding induction coils; respec-
tively recording time when voltage amplitude, mea-
sured by the signal detection system, is at zero point
and at highest point during negative half cycle, and
calculating time difference value AT, and length [, of
the corresponding induction coils; and

obtaining the flow velocity according to formula:

kXL kyxl,
ar, T Tan
2

V=

9. The concentration detection method according to claim
7, wherein if there are multiple groups of the induction coils,
the flow velocity v of the metal particles passing through the
induction coils is an average value of flow velocities of the
particles passing through each said group of induction coils.

10. The concentration detection method according to
claim 7, wherein a frequency at which the output signal of
the signal detection system is acquired in S1 is once per
millisecond.

11. The magnetic induction particle detection device
according to claim 1, wherein the number of the induction
coils is two or four or six.

12. The magnetic induction particle detection device
according to claim 4, wherein the detection pipeline is made
of stainless steel.

13. The magnetic induction particle detection device
according to claim 5, wherein the spacer ring sleeve is made
of a non-magnetic conductive material.

14. The concentration detection method according to
claim 7, wherein said detecting said metal particle concen-
tration comprises the steps of:

obtaining flow velocity v of metal particles passing

through the induction coils;

obtaining mass m of the metal particles; and

calculating concentration of the particles ¢ on the basis of

the flow velocity v of the metal particles, the mass m of
the metal particles, elapsed time t and cross-sectional
area S of the detection pipeline by using following
formula:

T vxixS



