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(54) DEVICE AND METHOD FOR DETECTING FLUID TRANSPARENCY

(57) The present invention discloses an apparatus
for detecting fluid transparency and a detection method.
The apparatus includes: a detection pipeline configured
to allow a light beam to enter and exit from a fluid in the
detection pipeline; a laser tube configured to output a
light beam to enter the fluid; a photoelectric detector
configured to detect a light beam exiting from the fluid;
wherein, the photoelectric detector comprises a scatter
detector and a transmission detector. The method
includes: acquiring a scatter background noise value and
a transmission background value, acquiring a scattered
light intensity Iscatter obtained by the scatter detector and
a transmitted light intensity Itransmission obtained by the
scatter detector, and calculating an absorbed light
intensity Iabsorption of a particle; acquiring a total light
intensity Itotal-light-intensity; obtaining the fluid
transparency. According to the apparatus and the
method, the accuracy of the detection of the fluid
transparency can be effectively improved.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the technical field of detection device, and in particular to an apparatus for
detecting fluid transparency and a detection method performed using said apparatus.

BACKGROUND

[0002] In the operation process of an engine, a bearing, a gear and so on, a lubricating oil system is often required to
be arranged so as to reduce abrasion loss, and factors such as insufficient purity of lubricating oil, existence of debris
in lubricating oil will cause great disaster. A failed operation process of a large-scale mechanical equipment is often due
to a vicious cycle caused by a continuous accumulation of abrasive debris in the lubricating oil. According to a diagnosis
system for abrasion fault, there is a strong correlation between a damage degree of a worn component (for example,
an engine, a rolling bearing, a gear, etc.) and particles in the lubricating system. In order to realize the detection of
particles in the lubricating oil, a particle form detection apparatus, such as a fluid transparency detection apparatus, is
usually arranged in a lubricating oil pipeline to monitor the quality of the lubricating oil on-line in real time, so as to provide
an effective basis for fault diagnosis of an engine, a bearing, a gear, etc., and quickly and accurately determine the
abrasion state and the reason of the fault.
[0003] In the existing methods for detecting liquid particles, usually, a laser light beam is guided to irradiate a transparent
apparatus containing a liquid, and the particles in the liquid can be detected by measuring the light intensity of the
scattered light. In this method, there are the following defects: (1) the scattered light is obtained in a single mode, so
that the total light intensity of the light scattered in all directions cannot be accurately obtained, thus, the accuracy of the
obtained total light intensity is not high; (2) the method for calculating the transparency of air is directly applied to the
calculation of the transparency of the fluid without considering the influence of the inherent impurities of the fluid (that
is, the background noise value of a pure fluid); both of these aspects will affect the accuracy of the calculation of the
fluid transparency.

SUMMURY

[0004] In order to overcome the disadvantages of the prior art, the technical problems solved by the present invention
are: (1) how to provide a detection apparatus capable of measuring the fluid transparency more accurately by detecting
the scattered light intensity and the transmitted light intensity; (2) how to provide a detection method using said device
to improve the accuracy of the detection of the transparency.
[0005] In order to solve the first technical problem, the technical solutions adopted in the present invention are as follows:
An apparatus for detecting fluid transparency, including: a detection pipeline configured to allow a light beam to enter
and exit from a fluid in the detection pipeline; a laser tube configured to output a light beam to enter the fluid; a photoelectric
detector configured to detect a light beam exiting from the fluid; where, the photoelectric detector includes a scatter
detector and a transmission detector.
[0006] In the prior art, in order to detect liquid particles, usually, a laser light beam is guided to irradiate a transparent
apparatus containing a liquid, and the particles in the liquid can be detected by measuring the light intensity of the
scattered light. Such technology will lead to the technical defects mentioned in the above background section. Therefore,
the inventor has innovatively proposed the technical solution of arranged the transmission detector and the scatter
detector in the apparatus at the same time, which can effectively solve the above technical problems, where the scattered
light is obtained while the intensity of the transmitted light that is transmitted through the liquid can be obtained; and the
total light intensity can be obtained by obtaining the transmitted light intensity, the scattered light intensity and the
absorbed light intensity of the particle, so as to obtain the fluid transparency more accurately.
[0007] It should be noted that, the lubricating oil is taken as an example application scenario of the fluid in the present
patent, which does not mean that the apparatus and the methods are only applicable to the application scenario of
lubricating oil, and can also applied to other fluids.
[0008] It should be noted that, the scatter detector is mainly configured to obtain the scattered light information of the
laser tube.
[0009] It should be noted that, the transmission detector is mainly used to obtain the transmitted light intensity of the
laser tube.
[0010] Preferably, the scatter detector is arranged to be not on a same line with the light beam outputted by the laser tube.
[0011] The scatter detector is configured to identify the size and shape of particles. In the preferred embodiment, the
scatter detector is arranged to be not on the same line with the light beam outputted by the laser tube. Because when
the scatter detector is arranged to be on the same line with the light beam outputted by the laser tube, the sensitivity for
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the scatter detector to receive the light beam is low, and is likely to be interfered by direct light beams. When the scatter
detector is not on the same line with the light beam outputted by the laser tube, the interference of the light beam can
be reduced, and the detection of scattered light beam can be more accurate.
[0012] More preferably, the scatter detector is arranged on a vertical plane of the light beam outputted by the laser
tube, and three position points of the scatter detector, the detection pipeline and the laser tube form a right-angled shape.
[0013] Experiments show that the interference of the direct light beams can be avoided to a greater extent through
the arrangement of the above position relationship, and the accuracy of the detection of the scattered light beam can
be ensured.
[0014] Preferably, the transmission detector is arranged to be on a same line with the light beam outputted by the
laser tube, and the detection pipeline is arranged between the transmission detector and the laser tube.
[0015] Preferably, the apparatus further includes a drive device for driving movement of the laser tube.
[0016] In the existing apparatuses for detecting fluid transparency, the laser tube is fixed, and the outputted light beam
is also fixed at a certain position, so that the particle detected is limited to the particle at that position. Since different
sized particles are of different masses, the particles will be separated in different layers according to their masses. The
existing apparatuses will lead to a narrow detection range, and the particles detected are relatively local to a certain
position, resulting in the detected fluid transparency is not accurate enough. Therefore, the inventor has innovatively
proposed to set laser tube (which is fixed according to the existing apparatuses) as movable, and the driving device is
configured to drive the laser tube to move, so that the outputted light beam by the laser tube can cover the detection
pipe, thus, the particles flowing through the entire detection pipeline are detected, which makes the light intensity obtained
more accurate, so as to further improve the technical effects of improving the detection accuracy and precision.
[0017] Or, in another embodiment, the laser may be fixed to perform the measurement described in the above em-
bodiment, and then in the next measurement process, the laser tube is moved to perform measurement in another layer.
That is, in this preferred embodiment, the laser tube is not moved in a single measurement process, instead, the laser
tube is fixed in a single measurement process, then the laser tube is moved after the single measurement process, and
the laser tube is still fixed in another measurement process to measure the transparency. Finally, the result of each
measurement process is recorded, and then the measurement result is obtained by weighted average algorithm, which
makes the measurement result more accurate.
[0018] Preferably, the driving device is a motor.
[0019] In one the embodiment, a motor can be arranged in the apparatus to drive the laser tube to move, thus causing
the outputted light beam that enters the fluid to move.
[0020] More preferably, the movement of the laser tube is screw rod movement or gear movement.
[0021] The screw rod movement refers to that, in one embodiment, a nut is arranged on the laser, and the motor
driving screw cooperates with the nut to realize the movement.
[0022] The gear movement refers to that both the motor and the laser tube are provided with parts of gear like structures,
and the parts cooperate with each other to realize the movement.
[0023] Preferably, a range of the movement of the laser tube is a diameter of a cross-section of the detection pipeline.
[0024] The range of the movement of the laser tube is set as the diameter of the cross-section of the detection pipeline,
which can cover the detection pipeline to a greater extent, so that the fluid in the pipeline can be adequately covered by
the light beam, therefore, the adequate detection of particle in each layer can be achieved and the detection accuracy
can be improved.
[0025] Preferably, the movement of the laser tube is at a uniform speed.
[0026] In the process of uniform movement, the signal of the particle will be obtained more stably, which makes the
result of the detection and analysis more accurate.
[0027] In order to solve the second technical problem, the technical solutions adopted in the present invention are as
follows:
[0028] A method for detecting fluid transparency using the apparatus according to any one of claims 1 to 8, where,
the method includes:

S1: introducing a pure fluid into the apparatus, obtaining a scatter background noise value and a transmission
background noise value from the apparatus, and converting the scatter background noise value and the transmission
background noise value into a corresponding scattered light intensity background noise value Iscattered-backgroung-noise
and a corresponding transmitted light intensity background noise value Itransmittion-background-noise;
S2: introducing a fluid under test into the apparatus, outputting a laser light beam by the laser tube, then obtaining
a scattered light voltage signal and a transmitted light voltage signal obtained by the scatter detector and the
transmission detector respectively, converting the scattered light voltage signal and the transmitted light voltage
signal into a scattered light intensity Iscatter obtained by the scatter detector and a transmitted light intensity Itransmission
obtained by the scatter detector, and obtaining an absorbed light intensity Iabsorption of a particle;
S3: outputting a total light intensity Itotal-light-intensity according to the results obtained in step S2, where, a calculation
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formula of the total light intensity is: Itotal-light-intensity = Iscatter + Itransmission + Iabsorption - Iscattered-backgroung-noise -
Itransmittion-background-noise;
S4: outputting the fluid transparency T according to the Itotal-light-intensity and the Itransmission obtained in S3, where a
calculation formula of the fluid transparency T is:

[0029] It should be noted that, according to the existing methods for measuring fluid transparency, usually, the values
of the total laser intensity and the transmitted light intensity are obtained directly, and then divide the two values directly
to obtain the fluid transparency. However, in this manner, the total light intensity is hard to obtain and the accuracy of
the directly obtained total light intensity is not high. Therefore, the inventor innovatively obtains the total light intensity
step by step, that is, the scattered light intensity, the transmitted light intensity, and the absorbed light intensity of the
particle are obtained respectively, and then the total light intensity is obtained by the addition of the scattered light
intensity, the transmitted light intensity, and the absorbed light intensity of the particle. On the other hand, this manner
is usually used for measurement in air, but there are many impurities which affect the scattering and transmission in the
fluid compared with the air, so the manner for calculating the transparency of air cannot be directly applied to the
calculation of the transparency of the fluid. This method can improve the accuracy of the detection of the total light
intensity and the accuracy of the calculation of transparency.
[0030] Preferably, the laser tube is moved in S2;

More preferably, the laser tube is moved during the detection process;
More preferably, the laser tube is moved prior to the detection process.

[0031] The laser tube is movable, and there are two preferred solutions, both of the solutions can achieve the beneficial
effect that the laser is not limited to entering the detection pipe at a certain point or in a certain layer, thus, the accuracy
of each light intensity obtained by the detector will be improved.
[0032] The laser tube is moved during the detection process refers to that the laser moves during the process of
obtaining the signals in S2, that is, particles in multiple layers can be detected that may be formed in the pipeline can
be detected in real-time, and the forms of the particles in respective layers in the obtaining process, so that the accuracy
of the signals can be improved.
[0033] In addition, the detection of the particle shape in the previous layer is performed in the process of laser detection
of particles in the previous layer. In this way, higher signal accuracy can be obtained by weighted average of multiple
detection results.
[0034] Preferably, after step S3, the method further includes: repeating step S2 and step S3 to obtain a maximum
value of total light intensity Imax within a period of time; and the fluid transparency T = (Itransmission -
Itransmittion-background-noise) / Imax ∗ 100%.
[0035] It should be noted that, in the actual use of the lubricating oil, due to a series of problems such as the accuracy
of data acquisition and the flow speed of the lubricating oil, the initially selected light intensity may not be the accurate
total light intensity. In order to avoid the error in the calculation of the total light intensity, the total light intensity is
calculated every time in the algorithm and compared with the previous calculated total light intensity. The maximum total
light intensity in a period of time is selected as the actual total light intensity, which makes the measured total light
intensity closer to the actual total light intensity and the result of the detection is more accurate.
[0036] Compared with the prior art, the invention has the following advantages:

1. In the apparatus for detecting fluid transparency according to the present invention, the scatter detector and the
transmission detector are provided at the same time; by providing the two types of photoelectric detectors at the
same time, two types of data can be detected in one apparatus at the same time, the transparency of the fluid in
the detection pipeline can be further detected, and the detection efficiency is improved, that is, the scattered light
is obtained while the intensity of the transmitted light that is transmitted through the liquid can be obtained; the
accuracy of the detection of the transparency is improved;
2. In the apparatus for detecting fluid transparency according to the present invention, the laser tube is set to be
movable, so that the light beam outputted by the laser tube can cover the detection pipeline, so as to detect the
particles flowing through the whole detection pipeline, which further achieves the technical effect of improving the
detection accuracy and precision;
3. In the apparatus for detecting fluid transparency according to the present invention, preferably, the motor is
included, which is connected with the laser tube to drive the laser tube to move, and the mobility of the laser tube
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is realized;
4. In the apparatus for detecting fluid transparency according to the present invention, the range of the movement
of the laser tube is set as the diameter of the cross-section of the detection pipeline, which can cover the detection
pipeline to a greater extent, so that the fluid in the pipeline can be adequately covered by the light beam, therefore,
the adequate detection of particle in each layer can be achieved and the detection accuracy can be improved.;
5. In the apparatus for detecting fluid transparency according to the present invention, the movement of the laser
tube is at a uniform speed. In the process of uniform movement, the signal of the particle will be obtained more
stably, which makes the result of the detection and analysis more accurate;
6. In the apparatus for detecting fluid transparency according to the present invention, the scatter background noise
value and the transmission background noise value in the pure fluid are measured first to measure the inherent
condition in the fluid, which is used as the basis for comparison in the subsequent measurement, so as to improve
the accuracy of the subsequent measurement;
7. In the apparatus for detecting fluid transparency according to the present invention, the total light intensity is
obtained step by step, that is, the scattered light intensity, the transmitted light intensity and the absorbed light
intensity of the particle are obtained respectively, and then the total light intensity is obtained by adding the scattered
light intensity, the transmitted light intensity and the absorbed light intensity of the particle and subtracting the
background noise values. This method can improve the accuracy of the detection of the total light intensity, so that
the accuracy of the calculation of the transparency is improved;
8. In the apparatus for detecting fluid transparency according to the present invention, step S2 and step S3 are
repeated to obtain a maximum value of total light intensity Imax within a period of time as the total light intensity, so
that the measured total light intensity is more accurate.

[0037] The foregoing description is only an overview of the technical solutions of the present invention, and in order
to make the technical means of the present invention more clearly understood and the present invention can be imple-
mented in accordance with the content of the description, and in order to make the above and other objects, features,
and advantages of the present invention more clearly understood, the following preferred embodiments are specifically
described below with reference to the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

[0038] FIG. 1 is a structural diagram of a preferred implementation of an apparatus for detecting fluid transparency
according to the present invention;
The reference sings include: 1: Detection pipe; 2: Scatter detector; 3: Transmission detector; 4: Laser tube; 5: Motor;
51: Gear; 52: Rack; a: Particle; b: Particle.

DESCRIPTION OF EXAMPLE CONFIGURATIONS

[0039] To further illustrate the technical means and effects of the present invention adopted to achieve the predeter-
mined objects, embodiments, structures, characteristics and effects according to the present invention are described
with reference to the accompanying drawing and preferred embodiments:

Embodiment 1 (an apparatus for detecting fluid transparency)

[0040] FIG. 1 illustrates a structural schematic diagram of a preferred embodiment of an apparatus for detecting fluid
transparency according to the present invention, which includes: a detection pipe 1 configured to allow a light beam to
enter and exit from a fluid in the detection pipeline; a laser tube 4 configured to output a light beam to enter the fluid;
and a photoelectric detector configured to detect a light beam exiting from the fluid.
[0041] The photoelectric detector includes: a scatter detector 2 configured to detect a scattered light beam; a trans-
mission detector 3 configured to detecting a transmitted light beam; the scatter detector is arranged on a vertical plane
of the light beam outputted by the laser tube, and three points including positions of the scatter detector, the detection
pipeline and the laser tube form a right-angled shape; and the transmission detector is arranged to be on the same line
with the light beam outputted by the laser tube, and the detection pipeline is arranged between the transmission detector
and the laser tube.
[0042] The detection device also includes a motor 5 which functions as a driving means, and the motor is connected
with the laser tube to drive the movement of the laser tube. The motor drives the movement of the laser tube through
the gear 51 and the rack 52.
[0043] The specific working process of the detection apparatus is as follows:
At the beginning, the motor, the gear and the rack are configured to control the laser tube to be positioned at the lowest
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position of the stroke to detect the liquid in the lowest layer of the pipeline, and the distribution of the particles in the
lowest layer is analyzed; then a motor driving program is controlled to move the laser tube at a uniform speed, so that
the laser light path moves in a scanning manner in the pipeline, signals outputted by the photoelectric detector are
collected, and the distribution of particles in different layers of the pipeline is analyzed, thus realizing the function of
dynamically analyzing the distribution of the particles in the pipeline. Since different sized particles (e.g., a relatively
small particle "a" and a relatively large particle "b" in FIG. 1) are of different masses, they are separated in different
layers, the light beam can be moved to enter the fluid in the detection pipeline in a covering manner using the apparatus,
so that different particles are scattered and transmitted differently, the result of the detection performed by the photoelectric
detector is more comprehensive and accurate, and the accuracy of the detection of the fluid transparency and the particle
concentration is improved.
[0044] In the embodiment, the photoelectric detector includes the scatter detector and the transmission detector; by
providing the two types of photoelectric detectors at the same time, two types of data can be detected in one apparatus
at the same time, the transparency of the fluid in the detection pipeline can be further detected, and the detection
efficiency is improved, that is, the scattered light is obtained while the intensity of the transmitted light that is transmitted
through the liquid can be obtained; the accuracy of the detection of the transparency is improved.
[0045] In this embodiment, in order to reduce the interference of the light beam and make the detection of the scattered
light beam more accurate, the scatter detector is arranged on a vertical plane of the light beam outputted by the laser
tube, and three position points of the scatter detector, the detection pipeline and the laser tube form a right-angled shape.
In other preferred embodiments, the scatter detector is arranged to be not on the same line with the light beam outputted
by the laser tube, and the above technical effects can also be achieved.
[0046] In the embodiment, the laser tube is set to be movable, so that the light beam outputted by the laser tube can
cover the detection pipeline, so as to detect the particles flowing through the whole detection pipeline, which further
achieves the technical effect of improving the detection accuracy and precision.
[0047] In the embodiment, the movement of the laser tube is gear moving, and in other embodiments, the movement
of the laser tube may also be screw rod moving, etc.
[0048] In the embodiment, a range of the movement of the laser tube is a diameter of a cross-section of the detection
pipeline. The range of the movement of the laser tube is set as the diameter of the cross-section of the detection pipeline,
which can cover the detection pipeline to a greater extent, so that the fluid in the pipeline can be adequately covered by
the light beam, therefore, the adequate detection of particle in each layer can be achieved and the detection accuracy
can be improved. In other embodiments, the moving range may be determined according to specific situations, and is
not limited to the preferred implementation of this embodiment.
[0049] In the embodiment, the movement of the laser tube is at a uniform speed. In the process of uniform movement,
the signal of the particle will be obtained more stably, which makes the result of the detection and analysis more accurate.

Embodiment 2 (a method for detecting fluid transparency using the apparatus as described above according to the 
present invention)

[0050] The embodiment is a first preferred embodiment of a method for detecting fluid transparency using the device
described above. The method includes the following steps:

S1: introducing a pure fluid into the apparatus, obtaining a scatter background noise value and a transmission
background noise value from the apparatus, and converting the scatter background noise value and the transmission
background noise value into a corresponding scattered light intensity background noise value Iscattered-backgroung-noise
and a corresponding transmitted light intensity background noise value Itransmission-background-noise;
S2: introducing a fluid under test into the apparatus, outputting a laser light beam by the laser tube, then obtaining
a scattered light voltage signal and a transmitted light voltage signal obtained by the scatter detector and the
transmission detector respectively, converting the scattered light voltage signal and the transmitted light voltage
signal into a scattered light intensity Iscatter obtained by the scatter detector and a transmitted light intensity Itransmission
obtained by the scatter detector, and obtaining an absorbed light intensity Iabsorption of a particle;
S3: outputting a total light intensity Itotal-light-intensity according to the results obtained in step S2, where, a calculation
formula of the total light intensity is: Itotal-light-intensity = Iscatter + Itransmission + Iabsorption - Iscattered-backgroung-noise -
Itransmission-background-noise;
S4: outputting the fluid transparency T according to the Itotal-light-intensity and the Itransmission obtained in S3, where a
calculation formula of the fluid transparency T is:
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[0051] Specifically, in the process of analysis of lubricating oil transparency, the backgroung noise value in the pure
fluid is first measured, so as to remove the inherent factor in the fluid that affects the measurement of the parameters.
After that, the scatter detector and the transmission detector are used to obtain the scattered light intensity Iscatter and
the transmitted light intensity Itransmission respectively. Based on the optical signal conditioning circuit, a weak light intensity
can be converted into a voltage pulse signal; the processed scattered light signal includes information related to the
number and size of the particle in the lubricating oil; the processed transmitted light signal includes the transmitted light
intensity through the lubricating oil. According to the structure design and circuit conversion, the voltage signal Utransmissioin
transmitted through the lubricating oil can be received by the transmission detector, and the amplitude of the signal
represents the intensity of the light. In optical analysis of granularity, a scattered light intensity voltage signal Uscatter is
obtained.
[0052] Through the above steps, the scattered light intensity voltage signal Uscatter of the particle can be obtained.
The size of the particle is calculated, and the analysis of absorption coefficient of the particle is performed, so that the
light intensity voltage signal Uabsorption absorbed by the particle can be obtained. There is a certain proportion relationship
between Uscatter and Uabsorption: Uabsorption = K ∗ Uscatter. K is related to the material and the absorption coefficient of the
particle, and can be corrected by calibration in practice.
[0053] Then, the scattered light intensity Iscatter, the transmitted light intensity Itransmission and the absorped light intensity
Iabsorption of the particle are obtained according to the above voltage signals. Then, the total light intensity Itotal-light-intensity
is obtained by adding the Iscatter, the Itransmission, and the Iabsorption and subtracting the inherent background noise values
of the pure fluid.
[0054] The total light intensity is obtained step by step, that is, the scattered light intensity, the transmitted light intensity
and the absorbed light intensity of the particle are obtained respectively, and then the total light intensity is obtained by
adding the scattered light intensity, the transmitted light intensity and the absorbed light intensity of the particle and
subtracting the background noise values. This method can improve the accuracy of the detection of the total light intensity,
so that the accuracy of the calculation of the transparency is improved.

Embodiment 3 (a method for detecting fluid transparency)

[0055] The embodiment is a second preferred embodiment of a method for detecting fluid transparency. The difference
between this embodiment and the above embodiment 2 is that the laser tube is movable in S2. The laser tube is movable,
so that the laser is not limited to entering the detection pipe at a certain point or in a certain layer, thus, the accuracy of
each light intensity obtained by the detector will be improved.
[0056] In addition, the movement of the laser tube has another further beneficial effect. In another preferred embod-
iment, the laser may be fixed to perform the measurement described in the above embodiment, and then in the next
measurement process, the laser tube is moved to perform measurement in another layer. That is, in this preferred
embodiment, the laser tube is not moved in a single measurement process, instead, the laser tube is fixed in a single
measurement process, then the laser tube is moved after the single measurement process, and the laser tube is still
fixed in another measurement process to measure the transparency. Finally, the result of each measurement process
is recorded, and then the measurement result is obtained by weighted average algorithm, which makes the measurement
result more accurate.
[0057] The specific steps are as follows:

(1) Initially, the laser light is controlled to be at the lowermost layer of stroke (i.e., the lowermost layer within a
diameter of the cross section of the detection pipe), sampling is performed on the photoelectric detector, an analysis
on the particle in the lubricating oil and the transparency of the lubricating oil is performed at the same time, and
the analysis result x0 regarding the current position is recorded.
(2) The laser tube is controlled to be moved upward at a uniform speed, sampling is performed on the photoelectric
detector, an analysis on the particle in the lubricating oil and the transparency of the lubricating oil is performed at
the same time, and the analysis result xi regarding the current position is recorded.
(3) When the laser tube is moved to the uppermost layer of the stroke (the uppermost layer within the diameter of
the cross-section of the detection pipe), sampling is performed on the photoelectric detector, an analysis on the
particle in the lubricating oil and the transparency of the lubricating oil is performed at the same time, and the analysis

result  regarding the current position is recorded.

(4) The laser tube is controlled to be moved downward at a uniform speed, sampling is performed on the photoelectric
detector, an analysis on the particle in the lubricating oil and the transparency of the lubricating oil is performed at
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the same time, and the analysis result  regarding the current position is recorded.

(5) Similarly, when the laser tube is moved to the initial position of the stroke, the analysis result xmax-1 is obtained,
and a single layered analysis is completed.
(6) A secondary analysis is performed on the overall result of the layer-by-layer analysis, so that the particle distribution
and the fluid transparency in the entire pipeline is obtained through the analysis. It is considered that the form of
the fluid in the pipeline does not change much in a short period of time, and the movement of the laser tube is
reciprocating motion at a relatively uniform speed, therefore, it is considered that the results obtained by recipro-
catingly scanning layer-by-layer are consistent, and the particle distribution and the fluid transparency in each layer
can be obtained by a calculation of the average value.

[0058] The other implementations included in this embodiment are the same as the above-mentioned Embodiment 2
and will not be repeated here.

Embodiment 4 (a method for detecting fluid transparency)

[0059] The embodiment is a third preferred embodiment of a method for detecting fluid transparency. The difference
between this embodiment and the above Embodiment 2 is that after step S3, the method further includes: repeating
step S2 and step S3 to obtain a maximum value of total light intensity Imax within a period of time; and the fluid transparency
T = (Itransmission - Itransmittion-background-noise) / Imax ∗ 100%;
[0060] In the actual use of the lubricating oil, due to a series of problems such as the accuracy of data acquisition and
the flow speed of the lubricating oil, the initially selected light intensity may not be the accurate total light intensity. In
order to avoid the error in the calculation of the total light intensity, the total light intensity is calculated every time in the
algorithm and compared with the previous calculated total light intensity. The maximum total light intensity in a period
of time is selected as the actual total light intensity, which makes the measured total light intensity closer to the actual
total light intensity and the result of the detection is more accurate.
[0061] The selection of the total light intensity is an iterative process. In the algorithm, when the total light intensity is
selected, the total light intensity is compared with the previously selected total light intensity. The selection of the total
light intensity focuses the maximum value from the beginning to the end, therefore, for each measurement, For each
measurement, the maximum total light intensity can be obtained by only performing one calculation of total light intensity
and one comparison.
[0062] The other implementations included in this embodiment are the same as the above-mentioned Embodiment 2
and Embodiment 3 and will not be repeated here.

Embodiment 5 (an apparatus for detecting fluid transparency)

[0063] The basic structure of the embodiment is: an apparatus for detecting particle form, which includes: a detection
pipeline configured to allow a light beam to enter and exit from a fluid in the detection pipeline; a laser tube configured
to output a light beam to enter the fluid; a photoelectric detector configured to detect a light beam exiting from the fluid;
the detection apparatus further includes a drive device for driving movement of the laser tube.
[0064] In addition to the above basic structure, the following preferred solutions may also include:
Preferably, the driving device is a motor.
[0065] Preferably, the movement of the laser tube is screw rod movement or gear movement.
[0066] Preferably, a range of the movement of the laser tube is a diameter of a cross-section of the detection pipeline.
[0067] Preferably, the movement of the laser tube is at a uniform speed.
[0068] Preferably, the photoelectric detector includes a scatter detector.
[0069] Preferably, the scatter detector is arranged to be not on the same line with the light beam outputted by the laser
tube.
[0070] Preferably, the scatter detector is arranged on a vertical plane of the light beam outputted by the laser tube,
and three points including positions of the scatter detector, the detection pipeline and the laser tube form a right-angled
shape.
[0071] Preferably, the photoelectric detector also includes a transmission detector.
[0072] Preferably, the transmission detector is arranged to be on the same line with the light beam outputted by the



EP 3 722 788 A1

9

5

10

15

20

25

30

35

40

45

50

55

laser tube, and the detection pipeline is arranged between the transmission detector and the laser tube.
[0073] The above embodiments are only the preferred embodiments of the present invention, and cannot be used to
define the protection scope of the invention. Any non-substantive changes and replacements made by those skilled in
the art on the basis of the present invention belong to the protection scope claimed by the present invention.

Claims

1. An apparatus for detecting fluid transparency, comprising:

a detection pipeline configured to allow a light beam to enter and exit from a fluid in the detection pipeline;
a laser tube configured to output a light beam to enter the fluid;
a photoelectric detector configured to detect a light beam exiting from the fluid;
wherein, the photoelectric detector comprises a scatter detector and a transmission detector.

2. The apparatus according to claim 1, wherein the scatter detector is arranged to be not on a same line with the light
beam outputted by the laser tube.

3. The apparatus according to claim 2, wherein, the scatter detector is arranged on a vertical plane of the light beam
outputted by the laser tube, and three position points of the scatter detector, the detection pipeline and the laser
tube form a right-angled shape.

4. The apparatus according to any one of claims 1 to 3, wherein, the transmission detector is arranged to be on a
same line with the light beam outputted by the laser tube, and the detection pipeline is arranged between the
transmission detector and the laser tube.

5. The apparatus according to any one of claims 1 to 4, wherein, the apparatus further comprises a drive device for
driving movement of the laser tube.

6. The apparatus according to claim 5, wherein, the drive device is a motor; and
preferably, the movement of the laser tube is screw rod movement or gear movement.

7. The apparatus according to claim 5 or 6, wherein, a range of the movement of the laser tube is a diameter of a
cross-section of the detection pipeline.

8. The apparatus according to any of claims 4 to 7, wherein, the movement of the laser tube is at a uniform speed.

9. A method for detecting fluid transparency using the apparatus according to any one of claims 1 to 8, wherein, the
method comprises:

S1: introducing a pure fluid into the apparatus, obtaining a scatter background noise value and a transmission
background noise value from the apparatus, and converting the scatter background noise value and the
transmission background noise value into a corresponding scattered light intensity background noise value
Iscattered-backgroung-noise and a corresponding transmitted light intensity background noise value
Itransmittion-background-noise;
S2: introducing a fluid under test into the apparatus, outputting a laser light beam by the laser tube, then obtaining
a scattered light voltage signal and a transmitted light voltage signal obtained by the scatter detector and the
transmission detector respectively, converting the scattered light voltage signal and the transmitted light voltage
signal into a scattered light intensity Iscatter obtained by the scatter detector and a transmitted light intensity
Itransmission obtained by the scatter detector, and obtaining an absorbed light intensity Iabsorption of a particle;
S3: outputting a total light intensity Itotal-light-intensity according to the results obtained in step S2, wherein, a
calculation formula of the total light intensity is: Itotal-light-intensity = Iscatter + Itransmission + Iabsorption -
Iscattered-backgroung-noise - Itransmittion-background-noise,
S4: outputting the fluid transparency T according to the Itotal-light-intensity and the Itransmission obtained in S3,
wherein a calculation formula of the fluid transparency T is: 
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preferably, the laser tube is moved in S2;
more preferably, the laser tube is moved during the detection process;
more preferably, the laser tube is moved prior to the detection process.

10. The method according to claim 9 wherein, after step S3, the method further comprises: repeating step S2 and step
S3 to obtain a maximum value of total light intensity Imax within a period of time; and the fluid transparency T =
(Itransmission - Itransmittion-background-noise) / Imax ∗ 100%.
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