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(54) MAGNETIC INDUCTION PARTICLE DETECTION DEVICE AND CONCENTRATION DETECTION 
METHOD

(57) The disclosure provides a device for detecting
magnetic induction particles and a concentration detec-
tion method. The device includes a signal detection sys-
tem, a detection pipeline, an excitation coil, and a positive
even number of induction coils, wherein the excitation
coil is connected to a signal processing system and
wound on the detection pipeline; the induction coils are
connected to the signal processing system respectively
and wound on the excitation coil successively, and each
of the induction coils is wound on the excitation coil re-
versely from another induction coil directly adjacent to
the induction coil. The device is convenient for manufac-
ture and installation, and can improve detection preci-
sion. The method includes S1: obtaining an output signal
of the signal detection system, to acquire a change of a
voltage amplitude; and S2: detecting a concentration of
metal particles according to the change of the voltage
amplitude. The method can improve calculation accura-
cy. (Fig. 1)
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of de-
tection equipment, particularly to a device for detecting
magnetic induction particles, and further to a method for
concentration detection using the device.

BACKGROUND

[0002] Currently, there are multiple approaches for de-
tecting metal particles, among which, it is common to
utilize the electromagnetic induction principle to detect
the metal particles. Specifically, a conventional device
for detecting metal particles using the principle of elec-
tromagnetic induction often uses two reverse-wound ex-
citing/excitation coils as an excitation source, to generate
two magnetic fields of the same intensity and opposite
directions. In the absence of a magnetic field disturbance,
a net magnetic field at the middle of the two coils is zero;
an induction coil for inducing a change in the magnetic
field is wound at the middle, to induce a magnetic field
disturbance caused by metal particles.
[0003] Although such device is capable of electromag-
netic detection of metal particles, the device still has the
following drawbacks.

(1) In order to establish a balance of the magnetic
field and induce a magnetic field signal of the metal
particles, two reverse excitation coils and one induc-
tion coil are needed. This design makes a length of
the sensor longer, which is not conducive to actual
design, manufacture and installation.
(2) Only one magnetic induction coil is used. When
the magnetic field is balanced by the electromagnetic
induction, magnetic field attenuation outside the ex-
citation coil (exciting coil) is relatively obvious. When
a magnetic field disturbance caused by small parti-
cles on the excitation coils, is reflected on the exter-
nal induction coil, the magnetic field usually has been
attenuated a lot. Therefore, a detection precision for
tiny particles is insufficient, which affects a detection
effect.

[0004] Further, a method for detecting using data
measured by the prior art device is inaccurate corre-
spondingly. It is difficult to detect concentration of metal
particles in a fluid accurately.

SUMMARY

[0005] In order to overcome deficiencies of the prior
art, technical objects to be achieved by the present dis-
closure includes (1) providing a device for detecting mag-
netic induction particles, which can be manufactured and
installed easily and is capable of improving detection pre-
cision, and (2) providing a method for concentration de-

tection of metal particles using the device.
[0006] The present disclosure adopts the following
technical solution to achieve the first technical object
mentioned above.
[0007] A device for detecting magnetic induction par-
ticles includes a signal detection system, a detection
pipeline, an excitation coil, and a positive even number
of induction coils, wherein the excitation coil is connected
to a signal processing system and wound on the detection
pipeline; the induction coils are connected to the signal
processing system respectively and wound on the exci-
tation coil successively, and each of the induction coils
is wound on the excitation coil reversely from another
induction coil directly adjacent to the induction coil.
[0008] In the existing technical solutions of a device
for detecting particles based on electromagnetic induc-
tion, the device usually needs two reverse exciting/exci-
tation coils and one induction coil, which should be in-
stalled by a way that the excitation coils are wound out-
wardly and reversely at both ends of the pipeline and the
induction coil is wound at the middle of the two excitation
coils. In the present technical solution, the arrangement
that induction coils are wound outside the excitation coil
in the device, enables the device to be installed conven-
iently, and achieves an effect of greatly shortening the
overall length of the sensor, such that it is convenient to
be manufactured and installed.
[0009] The excitation coil is connected to the signal
detection system. The signal detection system inputs a
sinusoidal alternating signal to both ends of the excitation
coil, to generate an alternating magnetic field which
drives the induction coils. In addition, the induction coils
are wound on the detection pipeline. As a result, a con-
dition of the particles can be detected without contacting
directly the liquid in the pipeline with a sensor, which
makes the test more convenient.
[0010] In order to achieve an effect of improving the
detection precision, the inventors employed a scheme of
a positive even number of induction coils in the solution
of the present disclosure. In the prior art, generally, only
one magnetic induction coil is wound. Although using one
magnetic induction coil seems to save costs, in fact, be-
cause the induction coil is arranged at the middle of the
two excitation coils and the induction coil is relatively far
from the excitation coils, when a magnetic field distur-
bance is caused by induction particles passing through
the excitation coils, the magnetic field is tend to attenuate
a lot, leading to insufficient precision for detecting the
size of the induction particles.
[0011] In the present technical solution, the excitation
coil is used and wound by a positive even number of
induction coils, to ensure the detection precision. The
excitation coil is used to generate a magnetic field, and
thus preferably, one excitation coil is wound. A positive
even number (for example, two) of induction coils, or a
group of induction coils, are used, so as to adapt to the
subsequent algorithm set by the inventors, i.e., calculat-
ing concentration of metal particles based on observing
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a change the magnetic field when the metal particles are
input into and pass through the two induction coils.
[0012] The induction coils are wound on the excitation
coil successively. Such arrangement can detect quickly
a disturbance on the magnetic field generated when the
particles pass through the induction coil, and achieve a
function of detecting metal particles.
[0013] The induction coils are wound on the excitation
coil reversely. The environment where the induction coils
are located may be considered consistent, since the in-
duction coils are close to each other. Such arrangement
can suppress temperature drift and electromagnetic in-
terference in a complex and harsh environment, improve
signal stability, and further improve the system perform-
ance.
[0014] It is to be noted that the coil refers to a segment
of coil that is connected to the signal detection system
at both ends and wound around the detection pipeline.
[0015] It is to be noted that successive winding refers
to that, for example, one of two induction coils is not to
be wound until the other one has been wound, and the
one induction coil will be wound at a position next to the
other one in the winding direction. That is to say, the
induction coils are wound on the detection pipeline in a
way that each of the induction coils is not overlapped with
each other but wound on the detection pipeline independ-
ently.
[0016] It is to be noted that reverse winding refers to
that, when being wound, two induction coils are wound
outside the excitation coil without overlap with each other,
and one of the induction coils is wound clockwise and
the other is wound counterclockwise. It is to be noted
that, the detection of particles as used herein refers to
detection of particles, such as, metal particles, by the
electromagnetic induction, and detection of the flow
thereof, so as to facilitating further analysis of data such
as concentration of the metal particles in the liquid.
[0017] It is to be noted that the signal detection system
is used for detecting electromagnetic induction condi-
tions. In an optional embodiment, it includes a control
circuit board, a signal output port, and the like. The signal
detection system should not be limited to the composition
as shown. Any mechanism should be regarded as be-
longing to the signal detection system, as long as it can
detect the electromagnetic change of the induction coils.
[0018] It is to be noted that two adjacent, successively
and reversely arranged induction coils constitute a group
of induction coils.
[0019] Preferably, the number of induction coils is two
or four or six.
[0020] In order to achieve an optimum balance be-
tween installation and manufacture costs and detection
precision, it is preferable to set the number of induction
coils as two.
[0021] Alternatively, by setting the number of induction
coils as four or six, etc., it is possible to perform multiple
measurements and average the measured values during
the measurement process, which can improve the relia-

bility of the detection.
[0022] Preferably, the excitation coils are two or more,
and all the excitation coils are wound in the same direc-
tion on the detection pipeline respectively.
[0023] It is to be noted that winding in the same direc-
tion means that all the excitation coils are wound either
clockwise or counterclockwise on the detection pipe re-
spectively. By such arrangement, the magnetic field can
be strengthened, and at the same time, winding in the
same direction can prevent the mutual interferences be-
tween the excitation coils which affects the stability of the
magnetic field.
[0024] Preferably, the excitation coil and/or the induc-
tion coils are wound are wound in a manner of at least
one layer.
[0025] The excitation coil and/or the induction coils are
wound in a manner of at least one layer (i.e., multiple
layers), which can further enhance the strength of the
magnetic field generated by the excitation coil, and the
signal generated on the induction coils is more obvious,
so as to facilitate improving the detection precision of
metal particles.
[0026] Preferably, the detection pipeline is made of
non-magnetic materials; and further preferably, the de-
tection pipeline is made of stainless steel.
[0027] The pipeline is made of non-magnetic materi-
als, so as to detect the magnetic field disturbance gen-
erated by the metal particles on the excitation coil more
accurately. During the detection, it is necessary to ensure
that the magnetic field generated by the excitation coil
passes through the middle of the pipeline as possible, to
increase the strength of the magnetic field in the pipeline.
More preferably, the non-magnetic stainless steel meets
the requirement, but is not limited to this material.
[0028] Preferably, a spacer sleeve is disposed be-
tween the excitation coil and the induction coils; and fur-
ther preferably, the spacer sleeve is made of non-mag-
netic materials.
[0029] The spacer sleeve is added between the exci-
tation coil and the induction coils, for isolating the exci-
tation coil and the induction coils. The non-magnetic ma-
terials are selected here, mainly for isolation of the exci-
tation coil and the induction coils during the production
and manufacture process. During the process of inducing
magnetic field disturbance generated by the metal parti-
cles, it is beneficial to improve the detection precision of
metal particles by minimizing the magnetic field loss be-
tween the induction coils and the excitation coil, and thus
the non-magnetic materials is used here. At the same
time, the spacer sleeve plays a role of a skeleton for
winding the induction coils, which may improve the flat-
ness of the wound induction coils.
[0030] Preferably, a shielding ring is further disposed
outside the induction coils.
[0031] The shielding ring arranged outside the induc-
tion coils may isolate an external magnetic field and resist
the interference of the external magnetic field, so that a
detection result is more accurate and a detection effect
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is better.
[0032] The present disclosure adopts the following
technical solution to achieve the second technical object
mentioned above.
[0033] A method for concentration detection using the
device for detecting magnetic induction particles men-
tioned above includes the following steps:

S1: obtaining an output signal of the signal detection
system, to acquire a change of a voltage amplitude;
and
S2: detecting a concentration of metal particles ac-
cording to the change of the voltage amplitude;

wherein the change of the voltage amplitude includes the
change of the voltage amplitude in both an amplitude
value and time, i.e., a relationship between a change of
the amplitude value and a moment when it happens, for
example, the amplitude value at a certain point and the
corresponding moment; more specifically, it may be the
highest point and zero point of the amplitude value and
their corresponding moments.
[0034] Preferably, detecting the concentration of metal
particles includes the following steps:

obtaining a flow velocity (v) by which metal particles
pass through the induction coils;
obtaining a mass (m) of the metal particles; and
calculating a concentration (c) of particles by the fol-
lowing equation, according to the obtained flow ve-
locity (v) and mass (m) of the metal particles, and a
time duration (t) took by the metal particles to pass
through the induction coils, and utilizing a cross-sec-
tional area (S) of the detection pipeline: 

[0035] During the process of obtaining the mass (m)
of the metal particles, in the single-layer closely wound
coil, the induced voltage (E) caused by the metal particles
when passing through the induction coils, is proportional
to a volume (V), magnetic permeability, and passing ve-
locity (v) of the particles, and the third power of a density
of turns of the wound coils. The volume and mass of the
metal particles flowing through the pipeline may be con-
verted by quantitative analysis of the output signal of the
oil sensor.
[0036] It is to be noted that the elapsed time t refers to
the time required for the metal particles to pass through
a certain distance in the pipeline, which may correspond
to the time elapsed between different amplitude values,
or a difference between moments of different amplitude
values.
[0037] Preferably, obtaining the flow velocity (v) of the
metal particles includes the following steps:

when the metal particles pass through a group of induc-
tion coils:

recording first time and second time at which the
signal processing system measures that the voltage
amplitude is at the highest point and a zero-crossing
point of a positive half cycle respectively, and calcu-
lating a first time difference (ΔT1) between the first
time and the second time, and a first corresponding
length (L1) of induction coil; recording third time and
fourth time at which the signal processing system
measures that the voltage amplitude is at a zero-
crossing point and the highest point of a negative
half cycle respectively, and calculating a second time
difference (ΔT2) between the third time and the
fourth time, and a second corresponding length (L2)
of induction coil;
measuring the flow velocity (v) based on the follow-
ing equation: 

[0038] It is to be noted that L1 refers to the length of
induction coil passed through by the particles between
the highest point and the zero-crossing point of the volt-
age amplitude during the positive half cycle; and the L2
refers to the length of induction coil passed through by
the particles between the zero-crossing point and the
highest point of the voltage amplitude during the negative
half cycle.
[0039] k1 refers to a correction coefficient when the
particles pass through one of the coils; and k2 refers to
a correction coefficient when the particles pass through
the other coil.
[0040] Because that different factors of each oil sensor,
such as, the wire (thickness and material) the number of
winding turns, the interaction of the two induction coils
and so on, affect the output signal of the sensor, leading
to that the sensor cannot sense the middle part of the
coil, the correction coefficients k1 or k2 are used to cor-
rect it.
[0041] More specifically, during the process that ferro-
magnetic particles pass through the two induction coils,
the ferromagnetic particles pass through the first induc-
tion coil and the second induction coil sequentially. When
ferromagnetic particles pass through the first induction
coil, the highest point of the output signal should be in
the middle portion of the first induction coil, without con-
sideration of an influence generated by the second in-
duction coil. However, after the second induction coil is
introduced, the magnetic field generated by the second
induction coil would affect the highest point of the output
signal to be slightly offset.
[0042] Preferably, if the induction coils includes multi-
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ple groups of induction coils, the flow velocity (v) by which
the metal particles pass through the induction coils
equals an average value of flow velocities (v) each cor-
responding to one of the groups of induction coils.
[0043] For example, in S1, the flow velocity (vgn)
(where n is a positive integer) of the metal particles pass-
ing through the gnth group of induction coils is calculated
respectively, and the flow velocity (v) is an average value
of the flow velocity of each group of induction coils, that is: 

[0044] The calculation method of the average value
can improve the calculation precision of the flow velocity,
and the calculation result is more accurate.
[0045] Preferably, a frequency of obtaining the output
signal of the signal detection system in S1 is once per
microsecond (ms).
[0046] The beneficial effect of setting the obtaining fre-
quency to be once per ms is that the frequency of the
output signal is 500 Hz; according to the sampling theo-
rem, the sampling frequency should be greater than 2
times of the highest frequency of the signal, in order to
preserve complete information of the signal without dis-
tortion; and thus, the sampling frequency of 1K is selected
here, i.e., 1000 valid signals are sampled in one second
(one per ms) for analysis.
[0047] Compared with the prior art, the device for de-
tecting magnetic induction particles of the present dis-
closure has the following beneficial effects.

1. The induction coils are wound outside the excita-
tion coil in the present device, enabling the device
to be installed conveniently, and achieving an effect
of greatly shortening the overall length of the sensor,
such that it is convenient to be manufactured and
installed.
2. The induction coils are wound on the detection
pipeline in the present device, such that a condition
of the particles can be detected without contacting
directly the liquid in the pipeline with the sensor,
which makes the test more convenient.
3. At least two induction coils are used to wind the
excitation coil in the present device, so as to ensure
the detection precision.
4. The spacer sleeve is added between the excitation
coil and the induction coils in the present device, for
isolating the excitation coil and the induction coils
and decreasing the magnetic field loss between the
induction coils and the excitation coil; and at the
same time, the spacer sleeve plays a role of a skel-
eton for winding the induction coils, which may im-
prove the flatness of the wound induction coils.
5. In the present device, the shielding ring arranged
outside the induction coils may isolate an external

magnetic field and resist the interference of the ex-
ternal magnetic field, so that a detection result is
more accurate and a detection effect is better.

[0048] The above description is only an overview of
the technical solutions of the present disclosure. In order
to illustrate the technical means of the present disclosure
more clearly enabling it to be implemented according to
the content of the specification, and make the above-
described and other objects, features and advantages of
the present disclosure to be more clear for understand-
ing, the following preferred embodiments are provided,
which may be detailed below in connection with the ac-
company drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049]

Fig. 1 is a cross-sectional structural view showing a
first preferred embodiment of a device for detecting
magnetic induction particles of the present disclo-
sure;
Fig. 2 is a cross-sectional structural view showing a
second preferred embodiment of a device for detect-
ing magnetic induction particles of the present dis-
closure;
Fig. 3 is a partial enlarged view of area A in Fig. 2;
Fig. 4 is a schematic diagram showing a principle for
electromagnetic induction testing using the device
for detecting magnetic induction particles of the
present disclosure; and
Fig. 5 is a graph showing a voltage output change
corresponding to the schematic diagram of Fig. 4.

DETAILED DESCRIPTION

[0050] In order to further illustrate the technical means
and effects taken by the present disclosure to achieve
the predetermined technical objects, specific embodi-
ments, structures, features, and effects thereof accord-
ing to the disclosure are described in details below with
reference to the accompanying drawings and preferred
embodiments.

Embodiment I (Device for detecting magnetic induc-
tion particles)

[0051] As shown, Fig. 1 is a cross-sectional structural
view showing a first preferred embodiment of a device
for detecting magnetic induction particles of the present
disclosure. The device includes 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 in-
duction coil 5, respectively). The excitation coil is con-
nected to a signal processing system and wound on the
detection pipeline. The induction coils are connected to
the signal processing system respectively and wound on
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the excitation coil successively and reversely to each oth-
er.
[0052] The above is one of the preferred embodiments
of the present technical solution. This basic implemen-
tation has the following beneficial effects.

(1) The arrangement that induction coils are wound
outside the excitation coil in the device, enables the
device to be installed conveniently, and achieves an
effect of greatly shortening the overall length of the
sensor, such that it is convenient to be manufactured
and installed.
(2) The induction coils are wound on the detection
pipeline, such that a condition of the particles can be
detected without contacting directly the liquid in the
pipeline with the sensor, which makes the test more
convenient.
(3) The induction coils are wound on the excitation
coil successively, which enables quick detection of
the magnetic field disturbance generated when the
particles pass through the induction coils, so as to
achieve the function of detecting metal particles;
(4) The induction coils are wound on the excitation
coil reversely. The environment where the induction
coils are located may be considered consistent,
since the induction coils are close to each other.
Such arrangement can suppress temperature drift
and electromagnetic interference in a complex and
harsh environment, improve signal stability, and fur-
ther improve the system performance.

[0053] In the embodiment, the number of the excitation
coil for generating the magnetic field is one. In other em-
bodiments, the number of excitation coils may also be
two or more, but all the excitation coils should to be wound
in the same direction, to prevent mutual interferences of
magnetic fields which may affect the measurement ef-
fect.
[0054] In the embodiment, the number of the induction
coils is two. By this arrangement, the detection precision
may be improved effectively and the detection effect is
better. Alternatively, 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 reli-
ability of the detection can be improved by performing
multiple measurements and averaging the measured val-
ues.
[0055] In this embodiment, the detection pipeline is
made of non-magnetic materials; more specifically, the
detection pipeline is made of stainless steel. The pipeline
is made of non-magnetic materials, so as to detect the
magnetic field disturbance generated by the metal parti-
cles on the excitation coil more accurately. During the
detection, it is necessary to ensure that the magnetic field
generated by the excitation coil passes through the mid-
dle of the pipeline as possible, to increase the strength
of the magnetic field in the pipeline. More preferably, the

non-magnetic stainless steel meets the requirement, but
is not limited to this material.

Embodiment II (Device for detecting magnetic induc-
tion particles)

[0056] As shown, Fig. 2 is a cross-sectional structural
view showing a second preferred embodiment of a device
for detecting magnetic induction particles of the present
disclosure. The difference between this embodiment and
the above embodiment I is that, as shown in Fig. 3, a
spacer sleeve 6 is arranged between the excitation coil
and the induction coils, that is, the spacer sleeve is cov-
ered outside the excitation coil and the induction coils
are wound on the spacer sleeve. Additionally, a shielding
ring 7 is arranged outside the induction coils.
[0057] The above two technical solutions may be im-
plemented together, or one of them may be implemented,
as needed. In the present embodiment, both solutions
are implemented, i.e., both the spacer sleeve and the
shielding ring are arranged, which is a more preferable
embodiment.
[0058] On one hand, the spacer sleeve is provided
mainly for isolation of the excitation coil and the induction
coils during the production and manufacture process;
and on the other hand, the spacer sleeve may plays a
role of a skeleton for winding the induction coils at the
same time, which may improve the flatness of the wound
induction coils. As a still further preferable embodiment,
the spacer sleeve is made of non-magnetic materials, so
as to minimizing the magnetic field loss between the in-
duction coils and the excitation coil during the process
of sensing the magnetic field disturbance generated by
metal particles. It is beneficial to improve the detection
precision of metal particles and thus the non-magnetic
materials is used here.
[0059] The shielding ring is provided. The shielding
ring is arranged outside the induction coils to isolate an
external magnetic field and resist the interference of the
external magnetic field, so that a detection result is more
accurate and a detection effect is better.
[0060] Taking the arrangement in the above embodi-
ments as an example, the implementation principle of
the device is illustrated in connection with Fig. 4 and Fig.
5 below.
[0061] An alternating magnetic field may be generated
by inputting a sinusoidal alternating signal to both ends
of the excitation coil; an alternating signal may be gen-
erated at both ends of the induction coil under the action
of the alternating magnetic field.
[0062] Metal material can be roughly classified into di-
amagnetic (<1), paramagnetic (>1), and ferromagnetic
(>>1), according to the magnetic permeability of the ma-
terials. Among them, the diamagnetic material weakens
the magnetic field, the paramagnetic material strength-
ens the magnetic field, and the ferromagnetic material
increases the magnetic field strength greatly. In a circuit,
the reverse output ends of the two induction coils are

9 10 



EP 3 722 782 A1

7

5

10

15

20

25

30

35

40

45

50

55

connected and output signals from the other two ends
are measured. When no metal particle passes through
the inside of the excitation coil, the induced signals of the
two induction coils are cancelled reversely, and the over-
all output of the system is zero. When metal particles
(ferromagnetic materials) pass through the inside of the
excitation coil from left to right, the following processes
happen.

(1) During a process that the metal particles enter
the first induction coil, the first induction coil is more
sensitive to the change and the corresponding volt-
age value is increased firstly; the second induction
coil changes slowly; and a rising positive voltage is
outputted at both ends of the induction coils.
(2) As the metal particles approach to the middle,
the second induction coil is also affected. At this time,
the voltage generated by the first induction coil is
balanced slowly by the voltage generated by the sec-
ond induction coil, decreases gradually, and drops
to 0 in the middle of the first induction coil and the
second induction coil.
(3) The metal particles pass through the first induc-
tion coil and enter the second induction coil. At this
time, the voltage value of the second induction coil
is higher than that of the first induction coil, and a
negative voltage appears, of which the voltage am-
plitude value increases continuously.
(4) When the particles pass through and flow out
from the second induction coil, the influence on the
second induction coil is weakened gradually, and the
voltage amplitude value decreases gradually, and
tends to zero after the particles flow out from the
second induction coil a certain distance.

[0063] According to the electromagnetic induction prin-
ciple, when metal particles pass through the oil pipeline
from left to right, the sensor device can detect a signal
similar to a sinusoidal wave, of which the amplitude value
is proportional to the size of the particles, and the period
is proportional to the flow velocity of the particles. There-
by, the flow velocity may be calculated.

Embodiment III (A method for concentration detec-
tion using the device for detecting magnetic induc-
tion particles)

[0064] The embodiment provides a method for con-
centration detection using the device for detecting mag-
netic induction particles of the above embodiment. The
method includes the following steps:

S1: obtaining an output signal of the signal detection
system, to acquire a change of a voltage amplitude;
S2: detecting a concentration of metal particles ac-
cording to the change of the voltage amplitude;

wherein the change of the voltage amplitude includes the

change of the voltage amplitude in both an amplitude
value and time, i.e., a relationship between a change of
the amplitude value and a moment when it happens, for
example, the amplitude value at a certain point and the
corresponding moment.
[0065] In an preferable embodiment, detecting the
concentration of metal particles includes the following
steps:

obtaining a flow velocity (v) by which metal particles
pass through the induction coils;
obtaining a mass (m) of the metal particles; and
calculating a concentration (c) of particles by the fol-
lowing equation, according to the obtained flow ve-
locity (v) and mass (m) of the metal particles, and a
time duration (t) took by the metal particles to pass
through the induction coils, and utilizing a cross-sec-
tional area (S) of the detection pipeline: 

[0066] In a more preferable embodiment, the method
for calculating the flow velocity (v) of the metal particles
includes the following steps:
when the metal particles passes through a group of in-
duction coils:

recording first time and second time at which the
signal processing system measures that the voltage
amplitude is at the highest point and a zero-crossing
point of a positive half cycle respectively, and calcu-
lating a first time difference (ΔT1) between the first
time and the second time, and a first corresponding
length (LI) of induction coil; recording third time and
fourth time at which the signal processing system
measures that the voltage amplitude is at a zero-
crossing point and the highest point of a negative
half cycle respectively, and calculating a second time
difference (ΔT2) between the third time and the
fourth time, and a second corresponding length (L2)
of induction coil;
measuring the flow velocity (v) based on the follow-
ing equation: 

[0067] Because there are too many detection points of
the zero-crossing point in the output signal, it is often
possible to cause errors in the actual sampling process.
Therefore, in this method, the highest point of the posi-
tive/negative half-cycle of the signal is selected as the

11 12 



EP 3 722 782 A1

8

5

10

15

20

25

30

35

40

45

50

55

time recording point for the flow velocity analysis.
[0068] During the process that particles flows through
the oil pipeline, the length (L) of the pipeline is constant,
and may be extracted by sampling times T1, T2 and T3,
where T1 is the moment when the signal passes the high-
est point of the positive half cycle, and T2 is the moment
when the signal passes the zero point, and T3 is the
moment when the signal passes the highest point of the
negative half cycle, as shown in Fig. 5. The flow velocity
may be obtained as: 

[0069] Because that different factors of each oil sensor,
such as, the wire (thickness and material) the number of
winding turns, the interaction of the two induction coils
and so on, affect the output signal of the sensor, leading
to that the sensor cannot sense the middle part of the
coil, a correction coefficient K is used to correct it. At the
same time, an average of velocities are taken to reduce
the error, by the analysis of two time periods from T1 to
T2 and T2 to T3. 

where L is the total length of the induction coils passed
through by the particles, and L/2 is the length of the in-
duction coils passed through during each of the two half
cycles.
[0070] The above describes the velocity calculated
when the particles pass through a group of induction
coils.
[0071] In the output signal, the amplitude value of the
signal is related to the size of the metal particles. In a
case that cylindrical metal particles pass through the in-
side of a spiral pipe at a constant speed, the induced
electromotive force is generated as: 

where k is the system correction coefficient, n is a density
of turns of the coils (the number of turns per length unit
= total turns / total length), V is the volume of the particles,
and v is the flow velocity of the particles.
[0072] In the single-layer closely wound coil, the in-
duced voltage (E) caused by the metal particles when
passing through the spiral pipe induction coil is propor-
tional to t a volume (V), magnetic permeability, and flow
velocity (v) of the particles, and the third power of the v.
By quantitative analysis on the output signal of the sen-
sor, the volume and mass of the metal abrasive particles
flowing through the oil pipeline may be converted. The
concentration of the metal particles may be measured
based on the following method, under the condition that
the oil flow velocity (v) is obtained.
[0073] The cross-sectional area (S) of the pipeline is
known. The concentration of the metal particles may be
obtained by converting the quantity and size of metal
particles passing through the coils obtained based on
amplitude value of the output signal into a total mass (m),
i.e., calculated by the equation below: 

[0074] In a still further preferable embodiment, a fre-
quency of obtaining the output signal of the signal detec-
tion system in S1 is once per millisecond (ms).

Embodiment IV (A method for concentration detec-
tion using the device for detecting magnetic induc-
tion particles)

[0075] The difference between the embodiment and
the above embodiment III is that the flow velocity (v) of
the embodiment applies a more preferable implementa-
tion, that is, if there are multiple groups of induction coils,
the flow velocity (v) of the metal particles passing through
the induction coils is an average value of the flow velocity
for each group of induction coils.
[0076] For example, in S1, the flow velocity (vgn)
(where n is a positive integer) of the metal particles pass-
ing through the gnth group of induction coils is calculated
respectively, and the flow velocity (v) is an average value
of the flow velocity of each group of induction coils, that is:

[0077] The calculation method of the average value
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can improve the calculation precision of the flow velocity,
and the calculation result is more accurate.
[0078] For example, in the device, there are two groups
induction coils in total. The flow velocity measured for
the first group of induction coils is vg1 and the flow velocity
measured for the second group of induction coils is vg2,
and thus the final flow velocity of S1 is to be calculated
by the equation below: 

[0079] The above embodiments are merely preferable
embodiments of the present disclosure, and the scope
of the present disclosure is not limited thereto. Any in-
substantial changes and substitutions made by those
skilled in the art based on the present disclosure should
belong to the protection scope claimed by the present
disclosure.

Claims

1. A device for detecting magnetic induction particles,
characterized by 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 to a signal processing system and
wound on the detection pipeline; the induction
coils are connected to the signal processing sys-
tem respectively and wound on the excitation
coil successively, and each of the induction coils
is wound on the excitation coil reversely from
another induction coil directly adjacent to the in-
duction coil;
preferably, the number of induction coils is two,
four or six.

2. The device for detecting magnetic induction particles
according to claim 1, characterized in that, the ex-
citation coil includes two or more excitation coils
wound on the detection pipeline in the same direction
respectively.

3. The device for detecting magnetic induction particles
according to claim 1 or claim 2, characterized in
that, the excitation coil and/or the induction coils are
wound in a manner of at least one layer.

4. The device for detecting magnetic induction particles
according to any of claims 1-3, characterized in
that, the detection pipeline is made of non-magnetic
materials;
preferably, the detection pipeline is made of stainless

steel.

5. The device for detecting magnetic induction particles
according to any of claims 1-4, characterized in
that, a spacer sleeve is further disposed between
the excitation coil and the induction coils;
preferably, the spacer sleeve is made of non-mag-
netic materials.

6. The device for detecting magnetic induction particles
according to any of claims 1-5, characterized in
that, a shielding ring is further disposed outside the
induction coils.

7. A method for concentration detection using the de-
vice for detecting magnetic induction particles ac-
cording to any of claims 1-6, characterized in that,
the method comprises:

S1: obtaining an output signal of the signal de-
tection system, to acquire a change of a voltage
amplitude; and
S2: detecting a concentration of metal particles
according to the change of the voltage ampli-
tude;

preferably, detecting the concentration of metal par-
ticles comprises:

obtaining a flow velocity v by which metal parti-
cles pass through the induction coils;
obtaining a mass m of the metal particles; and
calculating a concentration c of particles by the
following equation, according to the obtained
flow velocity, v, and mass, m, of the metal par-
ticles, and a time duration t took by the metal
particles to pass through the induction coils, and
utilizing a cross-sectional area S of the detection
pipeline: 

8. The method for concentration detection according
to claim 7, characterized in that, obtaining the flow
velocity v of the metal particles comprises:
when the metal particles pass through a group of
induction coils:

recording first time and second time at which the
signal processing system measures that the
voltage amplitude is at the highest point and a
zero-crossing point of a positive half cycle re-
spectively, and calculating a first time difference
ΔT1 between the first time and the second time,
and a first corresponding length L1 of induction
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coil; recording third time and fourth time at which
the signal processing system measures that the
voltage amplitude is at a zero-crossing point and
the highest point of a negative half cycle respec-
tively, and calculating a second time difference
ΔT2 between the third time and the fourth time,
and a second corresponding length L2 of induc-
tion coil;
measuring the flow velocity v based on the fol-
lowing equation:

9. The method for concentration detection according
to claim 7 or claim 8, characterized in that, when
the induction coils comprises multiple groups of in-
duction coils, the flow velocity v by which the metal
particles pass through the induction coils equals an
average value of flow velocities v each correspond-
ing to one of the multiple groups of induction coils.

10. The method for concentration detection according
to any of claims 7-9, characterized in that, a fre-
quency of obtaining the output signal of the signal
detection system in S1 is once per millisecond.
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