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Abstract. Monitoring the generator current is a convenient and quick fault detection
method to find motor faults in a timely and convenient manner and maintain the
regular operation of the generator set. This paper combines artificial intelligence
technology to detect the gearbox status of doubly-fed wind turbines and uses
technology to see whether there is a fault. Moreover, this paper studies the primary
content of vibration monitoring, the calculation and physical meaning of time domain
parameters for condition monitoring, and the method of practical value
preprocessing. Aiming at the problem of impulsive impulses with suspected faults in
the valuable value map caused by the sudden noise generated by the external
environmental interference of the wind turbine gearbox, the standard distribution
principle method is used to filter out the impulsive noise and construct an intelligent
system. The simulation research shows that the innovative system proposed in this
paper can effectively extract the fault features of the doubly-fed wind turbine.
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1  INTRODUCTION

With the continuous growth of the development of wind power technology, the installed capacity of
wind power is also increasing. Moreover, many problems in wind power generation have gradually
emerged. The research and application of domestic wind turbine condition monitoring and fault
diagnosis technology is still in its infancy, and it is far from keeping up with the rapid development
of wind power installed capacity. There are more and more large-scale wind turbines, and it is not
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easy to find the cause after failure, which has caused considerable losses to the operation of the
entire unit. Wind farms are generally remote and scattered, and the units are on top of high towers.

Moreover, conventional vibrations such as acceleration and displacement, sensor installation and
maintenance, and signal collection and transmission could be more convenient, making promoting
wind turbine monitoring and diagnosis onerous. Suppose wind turbine detection and diagnosis can
be done by detecting generator currents. In that case, many defects in vibration detection can be
solved, physical damage to wind turbines can be reduced, and the ground can be seen without
opening the wind turbine cabin.

To better use wind energy, wind turbines are usually installed at wind outlets where wind
resources are concentrated, such as the Gobi Desert, islands, and other areas with harsher natural
conditions in the northwest. These areas usually have a significant difference in temperature
between day and night, and the direction and intensity of the wind also change from time to time,
so the wind turbine is constantly impacted by strong winds with variable directions and loads during
operation [5]. The harsh environment is the main external factor in the failure of wind turbines. In
Chinese wind farms, the commonly used types of wind turbines are mainly divided into two
categories. Gearboxes drive the first type. The production technology of this type of wind turbine is
relatively mature and is currently the most widely used model in domestic wind farms. The second
category is the model without a gearbox drive. Because it lacks the traditional part of the gearbox,
the unit's volume is reduced, and the failure rate and maintenance cost are also significantly reduced
[19].To connect the direct-drive wind turbine to the power grid, a full-power power electronic
converter needs to be installed, and the price of the converter is relatively high. Compared with the
first type of model, the running cost of the wind turbine is higher [6].

Currently, the mainstream models of domestic wind farms are still megawatt-level, double-fed
asynchronous generators driven by gearboxes. This type of machine has a high utilization factor of
wind resources, and the impact current on the enormous power grid is small when connected to the
grid. Still, its failure rate is also high, increasing the wind farm's power generation cost. How to
reduce the failure rate of units and reduce the cost of power generation has become the most
concerning and urgent problem in this field. Wind turbine faults can be divided into electrical,
communication, and mechanical. Among them, mechanical faults mainly include impeller faults and
transmission system faults. The gearbox is the most essential part of the transmission system. It is
a heavy-duty, speed-increasing transmission device composed of gears, bearings, and shafting. The
data shows that the component with the highest failure rate in wind turbines is the gearbox, and the
failure rate is increasing year by year.

This paper combines artificial intelligence technology to detect the state of the gearbox of the
doubly-fed wind turbine. It sees whether there is a fault to improve the operation effect of the
gearbox of the doubly-fed wind turbine.

2  RELATED WORK

With the development of motor and wind power generation technology, some scholars and
researchers have conducted extensive research and discussion on motor faults and wind power
generation fault detection [14]. Although some scholars and researchers have proposed many wind
turbine fault diagnosis and detection methods, there are few practical applications in wind power
[3]. The development of foreign countries is worthy of domestic study and reference. Some articles
analyzed the basic principles of motor equipment fault diagnosis and proposed diagnostic methods
based on signal transformation, expert systems, fuzzy theory, artificial neural networks, and
integrated intelligent systems [6]. Due to the uncertainty of motor faults, they also proposed the
multi-sensor fusion method and the current detection method [1]. Detecting the current of the rotor
and stator of the motor and performing spectrum analysis on the collected current signal can protect
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the motor's peak current detection and protection circuit. It can also perform online monitoring for
rotor eccentricity, broken bars, cracked rings, interphase short circuits, open circuits, and other
faults [9]. The current detection method can more accurately understand the working condition of
the motor. When the motor fails, the current will change very sensitively, so the current detection
of the motor fault is a very effective fault detection method. The motor and the generator have
similarities in principle, and their fault diagnosis also has similarities. Regarding the vibration of large
wind turbines, including gearbox vibration, scientific researchers have done scientific analysis to
clarify the location and vibration mechanism of the units prone to failure and provide a basis for fault
diagnosis [15]. The fault diagnosis of wind turbines is mostly based on vibration methods. There are
few research reports on sensorless diagnosis methods, most of which are preliminary studies.
Literature [13] established a wind turbine fault diagnosis and monitoring system based on generator
electrical signals, assisted in monitoring vibration and temperature signals, and conducted
preliminary experimental research. Literature [7] studies and analyzes the current and voltage signal
fault characteristics of doubly-fed, cage-type, and direct-drive induction generator sets when
mechanical and electrical faults occur, modeling and simulating the fault state of the main
components of the generator and verifying the generator set. The accuracy of the fault characteristic
qguantities of current and voltage signals at the time of the fault has been assessed. Still, no more
detailed theoretical analysis has been carried out. Literature [20] relies on a microcomputer-based
dynamic signal online monitoring sub-system called the DAS fault diagnosis system. A
browser/server web system for wind turbine gearbox monitoring is introduced using Java language
and ASP network technology. Use the SKF condition monitor to monitor the wind turbine gearbox to
find the point of failure [21]. To carry out the basic theoretical research on the fault diagnosis of
wind turbines, it is necessary to establish a complete set of wind turbine fault simulation test benches
to solve the problems that are difficult to capture, the typical faults, or the fact that the wind turbines
are unstable. There are many research documents on wind power generation simulation platforms,
and the simulation methods are mainly DC motors and AC motors. Due to the DC commutation and
maintenance inconvenience of DC motors, in recent years, AC asynchronous motors have gradually
been used to simulate wind turbines. Literature [23] designed and established a set of experimental
schemes for simulating wind turbines with asynchronous motors using vector control and constructed
a complete wind power generation system experimental platform, including a hardware platform and
control software. Literature [16] uses a general-purpose frequency converter + squirrel-cage
asynchronous electric mechanism to build a fan simulation experiment platform, and the system is
simple to establish. In summary, it can be seen that the sensorless fault diagnosis technology in the
field of wind turbine fault diagnosis has a wide range of application prospects. The research in this
area is only at the preliminary stage; the technology is not yet mature, and there is no use for
finalized products. [2]. Since the main model of the wind power generation system adopts a double-
fed wound asynchronous generator, which is very similar in structure and principle to an
asynchronous motor, it can learn from the fruitful research results of the sensorless fault diagnosis
method for the fault diagnosis of asynchronous motors and drive systems. Conduct basic theoretical
and experimental research on sensorless diagnosis methods for wind power generation systems,
explore the feasibility of sensorless detection technology for mechanical fault diagnosis of wind
turbine transmission systems, and provide a solid foundation for its application in wind turbine fault
diagnosis. Theoretical basis [11]. The research and application of this technology can effectively
solve the technical bottleneck encountered in applying vibration detection methods in wind power
systems [10].

3 RESEARCH ON THE STATE OF THE GEARBOX STRUCTURE

There are many ways for gears to mesh with each other to transmit energy and speed. The wind
turbine gearbox uses a combination of planetary gears and parallel gears to achieve speed increase.
This combination method combines the advantages of planetary gears and similar gears. The
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planetary gear system is small in size and mass, compact in structure, large in load capacity, high
in transmission efficiency, stable in operation, large in transmission ratio, and can realize the
synthesis and decomposition of motion. However, the material price is high, the structure is
complicated, and the manufacturing and installation are complex. The transmission distance of
parallel wheels is relatively long, and the transmission is rather large. In addition, it can change the
steering of the driven shaft, so it is widely used in various mechanical equipment. The failure
probability of the main components of the gearbox is shown in Figure 1.

Fasten Grease seal

Box
7% 3% 1%

Axle
10%

Gear wheel
60%

Bearing
19%

= Gear wheel = Bearing Axle Box = Fastener = Grease seal

Figure 1: The failure probability of each component of the gearbox.

At present, the gearboxes of wind turbines mainly adopt two transmission structures: one-stage
planetary and two-stage parallel structures and two-stage planetary and one-stage parallel
structures. The transmission path of the one-stage planetary and two-stage similar gearbox is as
follows: the main shaft and the planet carrier are rigidly connected, and the rotational speed is
transmitted to the planet carrier. The planetary wheels are fixed on the three branches of the
planetary carrier, and the planetary carrier's rotation drives the planetary wheels to revolve around
the sun wheel while rotating on the axis. The rotation and revolution of the planetary gear to the
sun gear to turn, thereby transferring speed and energy to the sun gear. At this time, the power of
the main shaft reaches the sun gear, and the function of the planetary gear system is realized. The
large gear at the end of the sun gear shaft in the planetary gear meshes with the secondary parallel
shaft pinion to achieve the purpose of a secondary speed increase, and the mesh of the secondary
pinion and the tertiary large gear achieves the third speed increase. In this way, it is transmitted by
planetary gears and two-stage parallel shaft gears, and the main shaft speed is output by the high-
speed shaft after the speed is increased, as shown in Figure 2. The transmission path of the two-
stage planetary gear and the first-stage parallel shaft gear is summarized as follows: The main shaft
drives the planet carrier to rotate, and the planet carrier drives the three first-stage planetary gears
to rotate and revolve. Because the ring gear is fixed, the planetary gear transmits energy to the
first-stage sun gear, which turns the second-stage planet carrier. After that, it passes through the
secondary planet carrier, secondary planetary gear, and secondary sun gear. The third-stage parallel
shaft gear transmits a high-speed shaft output, as shown in Figure 3.
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Figure 2: The structure diagram of one-stage planetary and two-stage parallel.
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Figure 3: The structure diagram of the two-stage planetary and first-stage parallel.

The fluctuating load on the tooth surface causes the amplitude modulation of the time-domain signal.
After the gear is eccentric, when the two wheels mesh, the gear is tight and loose due to the uneven
force on the bizarre. The amplitude of the resulting vibration signal changes periodically according
to this law, and amplitude modulation occurs. Errors caused by gear processing will also cause the
above-mentioned "loading" and "unloading" effects during gear meshing, resulting in amplitude
modulation. Generally, amplitude modulation and frequency modulation exist at the same time.
Therefore, the vibration signal received by the sensor at the fault point is an amplitude modulation
and frequency modulation signal; the amplitude and frequency are modulated, and the fault feature

frequency is modulated to the gear meshing frequency and its multiplier. The expression of the gear
fault vibration signal is as follows [17]:

x(8) = XiZo ar (t) cos[2mk fint + bie(€) + 64 ] (1)
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a(t) =c Zria:O Apgn cos [Zﬂnfgt + ¢kn] (2)
by (t) = ¢ X120 B Sin[ZHfgt + (pkl] (3)

Among them, a,(t). b, (t) is the amplitude modulation and frequency modulation function,
respectively; 4, is the amplitude modulation intensity; By is the frequency modulation intensity, c
is the dimensionless constant, f, is the gear engagement frequency, f, is the fault feature
frequency, and 6y, ¢xn, ¢ is the initial phase.

The planetary gear system generally comprises a ring gear, a planetary gear, a planet carrier,
and a sun gear. There are generally three planetary gears. In addition to revolving around the sun
gear, they also auto-propagate around the axis, so the planetary gears mesh with the sun gear and
the ring gear simultaneously. Usually, the ring gear is fixed, and the planet carrier drives the
planetary gear to revolve around the sun gear and drives the sun gear to rotate, realizing the energy
transfer from the planet carrier to the sun gear. When measuring the vibration signal of the planetary
gear train, the acceleration sensor is installed on the box connected to the ring gear. The ring gear
and the box are rigidly connected. It can be approximated that the sensor is installed on the ring
gear. There are two gear meshing processes when the planetary gear system works: planetary gear
and sun gear. The relative position between the meshing point and the sensor changes with the
planet carrier, causing the vibration signal received by the sensor to be an amplitude modulation
and frequency modulation signal. When the sun gear fails, the relative position between the fault
point and the sensor changes, which modulates the shock vibration caused by the fault. When the
planetary gear fails, the auto propagation and revolution cause the relative position of the fault point
and the sensor to change, resulting in modulation. When the gear ring fails, the relative position
does not change, so only the fault impact force modulates the gear meshing vibration.

An amplitude modulation and a frequency modulation signal can describe the vibration signal of
the fault point. The carrier is the meshing frequency and its multiplier, and the modulation frequency
is the fault feature frequency of the faulty gear. The expression is as follows:

The sun gear failure is[8]:

x(t) = [1 — cos (ZHfS(r)t)] [1+ Acos2rfst + P)] » cos[2nrfp,t + B sin(2rufst + @) + 6] 4)

The planetary gear failure is:
x(t) = [1 = cos@nf.t)|[1 + Acos(2nf,t + ¢)] o cos[2nnfyt + B sin(2nf,t + @) + 6] (5)

The ring gear fault is:
x(t) = [1+ AcosQuft + ¢p)] e cos[2nfp,t + B sin(2rf,t + @) + 6] (6)

Among them, fs(r) and fc are the absolute rotation frequency of the sun wheel and the planet carrier
rotation frequency, respectively. £, f,, and fr are the fault feature frequencies of the sun, planetary,
and ring gear, respectively, and f,, is the gear meshing frequency. A, B, and are the intensity of AM

and FM, and ¢, 0 is the initial phase.

In the planetary gear system, the meshing frequencies of the sun, planetary, and the planetary
and ring gear are the same. The meshing frequency is:

fmzfcxzrz(ﬁc_fc)zszfpxzp (7)
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In the formula, £, is the meshing frequency, f, is the rotation frequency of the planet carrier, f; is
the rotation frequency of the sun gear, f, is the rotation frequency of the planet gear, z; is the
number of sun gear teeth, z, is the number of planet gear teeth, and z. is the number of ring gear
teeth.

1. In the event of a partial failure of the sun gear, within one rotation cycle of the planet carrier,
the failure point completes the meshing with all the planet gears. The feature frequency of the local
fault is:

_ fm
fs=7N (8)

Zs

Z is the number of sun gear teeth, and N is the number of planet gears.

When the sun gear has a distributed failure, within one rotation cycle of the planet carrier, all
the faulty parts complete one vibration, and the amplitude and frequency of the vibration change
once. The feature frequency of the distributed failure of the sun gear is equal to the rotation
frequency of the sun gear.

fo=t (9)

Zs

Zs is the number of sun gear teeth, and N is the number of planet gears.

2. When a partial planetary gear failure occurs, within one rotation cycle of the planetary carrier,
the failure point meshes with the sun gear and the ring gear, resulting in two impact forces. If two
impacts are regarded as one impact, the feature frequency of the local fault is two times the
frequency. Its fault feature frequency is

f =2 (10)

Zp
Z, is the number of planetary gears.

When the planetary gear has a distributed failure, in one rotation cycle of the planet carrier, all
the faulty parts complete a vibration, and the amplitude and frequency of the vibration change once.
The characteristic frequency of planetary gear distributed failure is:

fp = fm (11)

Zp
Z, is the number of planetary gears.

3. When a partial failure of the ring gear occurs within one rotation cycle of the planet carrier,
the failure point meshes with all the planet gears and generates an impact force. Its fault
characteristic frequency is[12]:

fo=tn (12)

Zy
Z, is the number of ring gear teeth, and N is the nhumber of planetary gears.

When the gear ring has a distributed failure, within one rotation cycle of the planet carrier, all
the faulty parts complete a vibration, and the amplitude and frequency of the vibration change once.
The characteristic frequency of distributed faults is:
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fr=to (13)

Zr

Z,is the number of ring gear teeth.

Rolling bearings are an indispensable part of the gearbox, and their primary function is to support
high-speed rotating gears. Therefore, the force is complicated, the working environment is harsh,
and it is straightforward to damage. The structure of the rolling bearing can be seen from diagrams
2-5. The innermost structure is the inner ring, which is connected to the gear shaft of the gearbox
and rotates with the rotation of the gear. The rolling elements are located between the inner ring
and the outer ring of the bearing, and it use rolling instead of sliding to reduce the frictional
resistance between the inner and outer rings and improve the energy transmission efficiency. The
cage is between the rolling elements, and the fixed rolling element positions are kept relatively
evenly spaced. The outer ring is located on the outermost side of the bearing and is connected to
the bearing seat to encapsulate and protect the bearing.

Cage

Inner circle Rolling element

Outer ring

Figure 4: Schematic diagram of rolling bearing structure.

When the rolling bearing fails, the fault point produces periodic impacts. The frequency of the impact
force is different for different faulty components so that the positioning of the rolling bearing fault
diagnosis can be realized. In actual engineering applications, we don't care about the specific types
of failures, such as wear, peeling, or bonding of components. We only need to determine the faulty
component in the inner ring, outer ring, cage, or rolling element, so for the judgment of bearing
failure, we must first determine which component is faulty. The fault characteristic frequency of each
rolling bearing element can be extracted as the basis for determining the bearing fault. The
calculation method of the fault’s typical frequency is shown below.

The physical parameters of a rolling bearing are shown in Table 1, and the expression of f is as
follows:

f=2% (14)

In the formula, n is the rotation speed of the shaft. The harmonics of the rotation frequency are Nf,
N=1,2,3,...

Table 1 Structural D d Z f
parameters of rolling
bearings
Contact angle Raceway pitch | Rolling element Number of Rotation
diameter diameter rolling elements frequency
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1. Inner ring fault characteristic frequency:

fi=05zf (1+%cos ) (15)
2. Outer ring fault characteristic frequency:

fo =052f (1-Scos p) (16)

3. Feature frequency of rolling element defects:

2
fo=2f [1 = (2) cos? ﬁ] (17)
4. Unbalance frequency of cage:
]‘CZO.Sf(l—%cos,B) (18)

Monitoring the operating status of the wind turbine gearbox is realized by the characteristic
quantities that can characterize the active status of the wind turbine gearbox. Acceleration sensors
are now used to monitor the condition of the fan drive system. It measures the vibration signal of
each measuring point, analyzes the collected signal in the time domain and frequency domain,
extracts the fault characteristics from the signal, and monitors and diagnoses the status of the fan.
The time domain parameters of the vibration signal can be used to make an initial judgment on the
early failure of the wind turbine operating state. The initial decision is mainly to have a rough
judgment on the fault. After the harsh judgment, the fault diagnosis system can determine the fan
failure's location and the failure's time.

The practical value, the root mean square, is critical for monitoring the fan gearbox's working
status. The practical value is the positive square root of the signal mean honest value, which
describes the signal energy's magnitude and reflects the gearbox vibration's severity.

The acquired signal is x = (xq,x;,--,xy), N = 1,2,3---, which is substituted into the mean square
error formula[18]:

1

2
— |=%N
ers L\ N&i=1 Xi

(19)

In the formula, X, is the mean square error value, N is the number of sampling points, and x,, is
the sampled signal.

The acceleration sensor is used to sample the vibration signal of the fan gearbox, the data and
other time segments are used to calculate the practical value of the vibration data in each period,
and the observed values in each period are arranged in time to form an effective value sequence
diagram. The horizontal axis is time, and the vertical axis is RMS value. When the fan gearbox is in
regular operation, the vibration is stable, the practical value amplitude is small, and the change is
insignificant. When the gearbox fails, the vibration is severe, and the practical value changes
drastically, exceeding the average value several or even dozens of times. The change of the observed
value amplitude reflects the development process of the gearbox from average to failure, and the
practical value can vividly represent the working status of the fan gearbox.

Fig. 5 shows the time sequence diagram of the practical value of a specific gearbox's three
measuring points of 2V, 3A, and 4H. The amplitude of the practical value in the 3A-16K acceleration
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effective value graph in the first 1000 hours is below 10mm/s2 (straight line). After 1000 hours, the
amplitude exceeds 10mm/s2, and the gearbox is abnormal.

10

amplitude
n

|||||J\i..m.u||l|nnlllmuﬂl\llllllilllImum\ﬂ|i|l|||ﬂ|“|“~-mmm

0 Timeth) 1000 1500
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=
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0 500 Time(h) 1000 1500
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Figure 5: Time sequence diagram of practical value.

Kurtosis is another critical parameter to monitor the working status of wind turbine gearboxes. The
formula is as follows:

cqg =2 Ii,(EE byt (20)

In statistics, kurtosis is the fourth-order center distance of a sample, which is used to characterize
the degree of convexity of the density cap of the sample. When ¢, = 3, the sample curve is defined
as having normal kurtosis; when ¢, >3, the distribution curve is defined as positive kurtosis; when
cq <3, the distribution curve is defined as negative kurtosis.

The kurtosis reflects the impact characteristics in the vibration signal. During the rotating
equipment's operation, the vibration signal's amplitude change is close to the normal distribution,
and the kurtosis index is ¢, = 3. After the fault occurs, the large amplitude of the vibration signal
increases rapidly, and the kurtosis index at this time is ¢, >3. The more significant the absolute value
of the kurtosis index, the farther away the vibration signal amplitude distribution curve is from the
normal state and the more serious the fault. The above is the theoretical basis for gearbox fault
diagnosis using the change of kurtosis.

1. Mean
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The mean value describes the stable component in the signal and reflects the position of the
equilibrium point of mechanical vibration[22].

X=%Z§V:1Xi (21)

2. Peak

The peak value is the single peak maximum value of the vibration waveform. The average value
of the n numbers with the most considerable absolute value in the signal.

Xp =238 Xi (22)

3. Crest factor
The crest factor is used to detect whether there is an impact on the signal.

1
;Z?:lxi X

lzN x_z Xrms
N Zi=1%i

P= (23)
4. Pulse factor

The impulse factor is used to detect whether there is an impact on the signal, and it is more
stable than the crest factor.

1yn
iz Xi X

O = i i (24)
5. Margin factor
The margin factor is used to detect the wear and tear of the equipment.
YL X
== (25)

=—n=tl %
e[ X
6. Skewness

Skewness reflects the asymmetry of the vibration signal. Friction or collision in a specific direction
causes the asymmetry of the waveform.

L 3
Cw =32l () (26)
7. Crest factor:
IyN 2
_ ANTi=iT =ers
F= SEM k) 1] 27)

The practical value (RMS) of the acceleration signal is one of the critical parameters for monitoring
the operating status of the wind turbine gearbox. Its amplitude changes with the change of the
gearbox's active state. The gearbox is affected by sudden load and wind speed and sometimes
produces high-energy, short-term impact noise. The calculated practical value has serious errors,
and the functional value sequence diagram made from this has considerable errors, which reduces
the accuracy of the influential value sequence diagram, directly affects the judgment of the gearbox
state, and even causes the result of fault misjudgment. Impact noise is non-periodic accidental
noise, and the principle of normal distribution 30 can be used to remove this impact noise effectively.
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First, the original vibration signal amplitude is statistically processed to form a histogram. The
histogram distribution trend looks like a normal distribution. The average value occupies an absolute
proportion and is in the middle part. The shock noise amplitude is abnormally high, accounting for a
small proportion, and is at both ends. Then, the standard distribution curve is used to fit the
histogram to find the fitted variance. Furthermore, u + 30 is used as the boundary to eliminate the
abnormal data on both sides and finally, the practical value is recalculated with the remaining data.

The probability density of the random variable x is:

1 _(x-p?

e 2 (28)

f(X) = 2mo
In the formula, 7 is the ratio of pi, e is the natural index, u is the average value of the normal
population, ¢ is the standard deviation of the average population, and x is the value of a sample
randomly drawn from the average population. It is said that the random variable x obeys the normal
distribution with the parameter (y,0), denoted by x~N(y, o).

Affected by a large number of uncertain factors in nature, random variables obey normal
distribution. According to the laws of mathematical statistics, it can be known that when the sample
size is large enough, the distribution of random variables is similar to the normal distribution. The
sampling frequency of the vibration signal of the gearbox is very high. In a certain period, many
data points are collected, so the amplitude of the vibration signal obeys the normal distribution.

The 30 principle is an essential characteristic of the normal distribution, and its content is as
follows:

Plu—o<x<u+o)=6826% (29)
P(u—20<x<pu+20)=9545% (30)
P(u—30<x<pu+30)=99.73% (31)

That is, available(u — o,u + o) contains 68.26% of the original data, (u — 20,u + 20) has 95.45% of the
original data, and (u — 30,u + 30) contains 99.73% of the original data, as shown in Figure 6.

u=0,0=1
04 =

0.05

Figure 6: Normal distribution curve.

The acceleration of the wind turbine gearbox is usually distributed within a certain period. We
perform statistical processing on the acceleration signal, draw a histogram, and fit it with a standard
distribution curve. Since (u — 30, u + 30) contains 99.73% of the original data, the spike noise on both
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available can be considered noise. (1 — 30,1 + 30) is used as the boundary to remove the data at both
ends. The practical value is recalculated with the remaining data.

4  RESEARCH ON CONDITION MONITORING AND FAULT DIAGNOSIS OF GEARBOX OF DOUBLY-
FED WIND TURBINE BASED ON ARTIFICIAL INTELLIGENCE TECHNOLOGY

The principle of intelligent fault diagnosis for the gearbox of a wind turbine generator is shown in
Figure 7(a), and Figure 7(b) shows the development process of the fault diagnostic instrument.
According to the basic principles and methods of wind power gearbox fault diagnosis, the functional
requirements of the fault diagnosis instrument are put forward. Then, the core software and
hardware platform is selected on this basis. With the above two steps as the foundation, since the
wind power gearbox fault diagnosis instrument is essentially an embedded system, developing and
designing an embedded system must include software and hardware. The hardware part of the whole
wind power gearbox fault diagnosis instrument is based on the ARM processor platform. Then, based
on the minimum system of the ARM microprocessor, the related peripheral interface circuit is
expanded to form the hardware part of the diagnostic instrument. Figure 7 (c) shows the fault
diagnosis instrument's hardware structure block diagram.

1, ]

Vibration Slg:na Feature BP neural Failure
signal processing extraction network recognition

L JL L

(a) Principles of intelligent fault diagnosis for gearboxes of wind turbines

;‘l Diagnostic principles ‘,""
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Functional |
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Software

development | | Hardware design |

—_—

| Joint debugging |/ /" Problem
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Y

Successful

debugging?

.
Completed
development |

(b) Flow chart of research and development of fault diagnosis system
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(c) The overall hardware structure block diagram of the system

Figure 7: The Condition Monitoring and Fault Diagnosis System of the Gearbox of the Doubly-Fed
Wind Turbine Based on Artificial Intelligence Technology.

Based on the above research, the simulation experiment of the model in this paper is carried out.
The simulation is carried out on the four working conditions, and the results shown in Figure 8 below
are obtained.
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Figure 8: Time-domain waveforms of four working conditions.
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From the energy spectra of the above four working conditions, it can be seen that after the bearing
fails, the energy of a particular frequency band will suddenly increase, and the power will be lower
under normal conditions. When the inner ring, outer ring, and rolling elements have a fault, the
energy value suddenly increases, and the frequency band contains the fault frequency at the
corresponding position. It shows that the system proposed in this paper can effectively extract the
fault features.

5 CONCLUSION

In the work process of the wind turbine, the manufacturing of parts, the device's accuracy, poor
daily maintenance, and operator errors may cause gearbox failures. Researching the fault diagnosis
of the wind turbine gearbox can effectively prevent the reduction of the gearbox's working accuracy
and reduce or eliminate the occurrence of accidents. Moreover, it maximizes the working potential
of bearings and gears, improves production efficiency, and ensures industrial production's safe and
efficient operation. Therefore, diagnosing the fault in the wind turbine gearbox is of greater practical
significance. In particular, it has significant practical value for reducing the maintenance cost of wind
farms on remote islands and improving the operation level. This paper combines artificial intelligence
technology to detect the state of the gearbox of the doubly-fed wind turbine and whether there is a
fault. The simulation test results show that the intelligent system proposed in this paper can
effectively extract the fault characteristics of the doubly-fed wind turbine. This research has delved
into the intersection of artificial intelligence (AI) technology, wind turbine mechanics, and human-
computer Interaction perspectives to explore how advancements in AI can enhance the reliability of
renewable energy systems, particularly in the context of diverse cultural approaches to maintenance
and technology adoption.
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