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ABSTRACT

Wind energy is a widespread natural phenomenon, which receives more and more attention because of  its
renewable and non-polluting nature, but the unpredictable and unstable wind speed makes the wind power
control technology become a hot spot of concern. Firstly, the working principle of the wind turbine system
is introduced, and the wind turbine speed model of the wind turbine drive system is established according
to the system stability characteristics. Then on the basis of the traditional PID control algorithm, a wind
turbine rotation speed regulation optimization algorithm based on PID optimization control is proposed-
PID neural network control. The algorithm designs a three-layer forward PID neural network, and
through the PID variable structure control, the low-speed axis of the fan connects the rotor axis with the
gear box, which excites the operation of the aerodynamic gate for speed regulation, and compared with the
traditional PID control, the method can regulate the airflow of the coal mine fan more quickly, and the
overshooting amount is reduced by about 22%. Then, the BP neural network control is used to predict the
air demand, and the deviation of the predicted air demand from the current air demand and its chemical
rate are input into the controller. Finally, through the comparison of the control system and simulation
experiments, it is proved that the BP neural network control has stronger robustness and adaptability, and
can achieve better control effect.
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1. Introduction

With the continuous and rapid development of human society, the problems of environmental pollution
and ecological deterioration caused by fossil energy consumption have gradually deepened [1-27. In
addition, the contradiction between the growing energy demand and the continuous decrease of fossil
energy is becoming more and more obvious [37. The global energy crisis and environmental pollution
have greatly promoted the development of renewable energy. Wind power, with its clean and renewable,
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environmentally friendly and mature technology and many other advantages, has gradually been
emphasized by countries around the world [4-67. Variable-speed constant-frequency wind power
generation technology is one of the wind power generation technologies with the most promising
conditions for large-scale development and commercialization, and has become a research hotspot in the
field of wind power generation at home and abroad [7-37.

After decades of rapid development of China's wind power industry, it has created two world firsts in
“new installed capacity” and “cumulative installed capacity” [9-107]. However, in recent years, the problem
of wind abandonment and power limitation has seriously plagued China's wind power industry, and it has
become the biggest stumbling block that restricts the healthy and sustainable development of the industry.
In the first quarter of 2016, China's average wind abandonment rate was 26%, and the most serious area,
Jilin Province, reached 53% [[11-137. Such a high rate of wind abandonment, on the one hand, is due to
the distribution of wind power resources in China, the concentrated distribution of’ wind energy and power
load concentration area into the reverse distribution, in short, that is, the wind resource-rich local grid
acceptance capacity is insufficient, on the other hand, due to the randomness of the wind speed and
unpredictability of wind turbine power fluctuations in the output of the wind turbine, large-scale wind
power grid connection to the grid caused by a great impact, which results in the On the other hand, due to
the random and unpredictable wind speed, the output power of wind turbines fluctuates, and the
integration of large-scale wind power into the grid has a great impact on the grid, which leads to the waste
of resources because large-scale wind power cannot be effectively integrated into the grid [14-177.

In the face of the stochastic fluctuation characteristics of wind power, the grid can eftectively mitigate
the negative impacts caused by wind power fluctuations when the installed capacity of wind farms is small
[187. However, with the exhaustion of resources in high wind speed regions, wind power development has
gradually shifted to the southeast central region with lower wind speeds [197. In order to improve the
wind energy capture efficiency in the low wind speed region of the wind turbine, the blade radius of the
wind turbine is getting bigger and bigger and the stand-alone capacity is getting bigger and bigger, in
addition, the wind power grid connection method in the middle and southeastern part of the country is
mostly the centralization of wind farms, which exacerbates the impact of wind power fluctuation on the
grid, and the impact on the voltage and the frequency, etc., is getting more and more significant [20-227.

Variable-speed constant-frequency wind power generation systems have different control objectives and
control strategies when they are operated above, near and below the rated wind speed [237. When it
operates above the rated wind speed, the variable pitch control technique is usually adopted to ensure the
smooth output power, when it operates near the rated wind speed, it is required to keep the rotational speed
constant to realize the constant rotational speed operation, and when it operates below the rated wind
speed, it is required that the rotational speed of the wind turbine varies with the wind speed and maintains
a constant optimal tip speed ratio to realize the maximum wind energy capture. Variable speed wind
turbines have strong nonlinearity due to aerodynamic properties [24-267. In addition, their large moment
of inertia, wide range of operating wind speeds, and the mechanical damping of the rotor shaft change
continuously with the rotational speed, thus making it more difficult to achieve precise control of the
rotational speed [277].

In order to improve the adaptive ability and steady-state performance of fan speed control, a fan rotation
speed regulation optimization algorithm based on PID optimal control-PID neural network control is
proposed. Firstly, the fan rotation speed model is constructed on the principle of system stability and
improved on the basis of traditional PID control algorithm. The PID neural network control is used to
predict the wind demand of the fan, and the deviation of the predicted wind demand from the current wind
demand and its rate of change are reasoned. Then from the aspect of algorithm stability, the effect of the
algorithm is verified through experimental simulation. Finally, the PID neural network control of blade
vibration is used to optimize the control effect analysis.
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2. Fan speed PID optimization control system
2.1.  Wind turbine model
2.1.1.  Principles of wind energy conversion:

1) Bates Theory. The first person in the world to propose a complete theory of wind energy reception by
wind turbine blades was A. Bates in 1919. The Bates theory is based on the assumption that the wind
turbine is ideal, i.e., it has an infinite number of blades and no resistance to the air, and can completely
receive wind energy.

2) Power characteristics of wind turbines. Wind energy utilization coefficient describes the efficiency of
the wind turbine in absorbing wind energy, which is a nonlinear function of the tip speed ratio A4 and
pitch angle f, and its theoretical maximum value is 0.59, usually between 0.4 and 0.45, as known from
Bates theory. The tip speed ratio describes the ratio of the linear velocity at the tip of the blade to the
rotational speed of the wind turbine, and is generally expressed as:

_er
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A
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Using the curve fitting technique of least squares, the C  expression is approximated as follows:
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The tip speed ratio that maximizes the wind energy utilization factor is called the optimal tip speed ratio,

and the C, corresponding to the optimal tip speed ratio A4, is called the maximum wind energy

When the tip speed ratio deviates from A, the wind

utilization factor, which is expressed as C opt »

pmax *

energy utilization factor is not C which causes a decrease in the efficiency of the wind turbine.

pmax ?

From the expression of tip speed ratio A, it can be seen that for a specific fan, when the wind speed
tends to stabilize, as long as the fan rotor speed is maintained at the optimal speed can ensure the best tip
speed ratio, that is:

o R

Aropt = % (4)
The wind turbine power torque is T, :
T, = % = % prR°C, (4, P)V? (5)
Among them:
C,(4,B)= &7 (6)

A

where W, is the rotational angular velocity of the fan, R is the impeller radius, and Vv is the wind speed.

[t can be seen that the power moment is a nonlinear function ot wind speed.



184 WU AND GAO

Then the wind energy absorbed by the fan can be expressed as:

P, :% prRC (2, fV? (7)

3) Principles of maximum wind energy capture:

(1) Low-speed shutdown zone. Each fan corresponds to a cut-in wind speed, i.e., the minimum operating
wind speed of the fan. When the wind speed is lower than the cut-in wind speed, the energy obtained from
the wind is lower than the energy loss of the fan system operation, and the fan does not operate.

(2) Stall regulation zone. It refers to when the wind speed is higher than the rated wind speed, in order
to ensure the safety of electric power, and at the same time to avoid causing excessive mechanical load to
the fan, the fan power is limited to the rated power near. When the wind speed is greater than the rated
wind speed, fixed pitch fans generally use stall regulation to reduce the absorption of wind energy to
ensure that the fan operates at a safe speed. Variable pitch fan through the pitch angle adjustment, so that
the windward area of the blade is reduced, thus reducing the strong wind on the impact of the blade, the
power will be limited to the rated power neighborhood, to obtain the ideal power output.

(6) Power regulation area. The main difterence between the fixed-speed fan and the variable-speed fan to
obtain wind energy is that the wind speed is more moderate zone, the variable-speed fan can adjust the size
of the captured power according to the different wind speeds, the wind turbine in the rated wind speed
below, in each kind of wind speed there exists a unique maximum power output point, in which the
maximum wind energy conversion efficiency can be obtained, in this section of the wind speed zone, the
general use of the fixed pitch adjustment mode, do not change the paddle blade In this wind speed range,
the pitch adjustment method is generally used, without changing the size of the pitch angle of the blade,
as long as the wind turbine is kept running at the optimal tip speed ratio to realize the maximum wind
energy capture.

2.1.2.  Wind turbine structure. The basic components of a wind turbine include the wind wheel (rotor),
low-speed shaft, incremental speed gearbox, high-speed shaft, generator, machine ship, yaw system,
braking system, control system and tower.

The generator is a device that converts mechanical energy into electrical energy, which directly affects
the operation efficiency and power supply quality of the whole system. Depending on the structure of the
wind turbine generator, the operation, structure and efficiency of the wind energy absorbing device will
be different. The yaw system is a mechanism used to adjust the position of the rotational plane of the wind
turbine blades relative to the direction of air flow. The control system runs through all parts of the wind
power system, mainly consisting of yaw control, hydraulic control, pitch control system and transmission
system and temperature control system. Braking system is in order to prevent damage to wind power
equipment in emergency situations and take the emergency braking system, mainly divided into pneumatic
brakes and mechanical brakes. The tower is the support system for the wind engine, ensuring that the wind
turbine can operate at a height where the wind conditions are more stable, and at the same time ensuring
the stability of the generator when the wind is stronger.

2.2.  Mathematical model of wind turbine system speed control

2.2.1.  System stability. In the analysis and design of feedback control systems, the stability of the system
is the most important issue. In the determination of system stability, Lyapunov stability theory is one of
the longest used methods [257].

Stability of motion in the Lyapunov sense: Let X, be an equilibrium state of the system, and call X,
stable in the Lyapunov sense, if for any given real number & >0, there exists a corresponding real number
5(8,to) >0 such that by satisfies the inequality:
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% —x[<d(et;) (8)

The perturbed motion starting from any initial state X, satisfies the following inequality:

H¢(t; X01t0)_xe

<g Vit (9)

Judgment Theorem:

DEFINITION: Let xe D", Q be finite closed intervals on D" including the origin. V(x,t) is a
scalar function defined on Qx[to,oo) . Where if:

1) V(x,t) has continuous first order partial derivatives with respect to X and t;

2) V(0,t)=0;

8) V(x,t) is bounded positive definite, i.e., there exist non-decreasing continuous scalar functions
Ol(”X”) and ,B(HX”) satisfying:

a(0)=p(0)=0 (10)

So that for any t2t; and X0 there is:

0<aj¥)<v (x1)< () )

Then V(x,t) 1is said to be a (time-varying) positive definite function defined on Qx[to,oo) .

There is the following theorem:

The zero equilibrium state of a system is uniformly stable (or uniformly asymptotically stable) if there
exists a certain neighborhood Qc D" containing the origin and a bounded positive definite function

V(x,t) defined in the range of Qx[to,oo), whose full derivatives along the system are bounded semi-

negative definite (or negatively definite) on Qx[tO,OO) .

2.2.2. Fan speed model. On the basis of the above description of the system structure, the control
parameter model of fan rotation speed regulation is analyzed, and the data model basis is provided for the
optimal control of fan rotation speed regulation. The optimization parameter models of fan rotation speed

are as follows: the number of pole pairs of the fan rotating electromagnetic coupling pole P, the pole arc

coefficient S, the thickness of the fan rotor blade coil |m, the thickness of the rotor/stator yoke |y, the
magnetic flux leakage inductance L, the stator and rotor core magnetic resistance |, the air gap length

of the fan | , the radius of the fan rotor I, the permeability of the fan core J,, the diameter of the fan

cno
coil |y, the axial length ratio of the stator/rotor of the fan magnetic dipole is A =d, /1, so that | =1,
r=r.+l,, NI =A,J,K,, the radiated magnetic moment of the fan can be expressed as:

oM

* " 47R?

E

sin@(KR— j)e *® (12)

Construct the optimal control objective function of fan rotor blade speed regulation, divide the fan rotor
blade magnetic dipole radiation electromagnetic field into three regions, and get the fan magnetic induction
density as:

F
B, =
‘T AN (13)

Wind turbine rotor blades under the action of the wind, by exciting the aerodynamic gates, the wind
turbine operating conductor is subjected to the force: f =11xB, the magnetic field vector is:
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H = JAZ+ R (14)
where, R is the frontal winding air gap area of the machine, Hz is the rotor rotational FM amplitude,

ignoring the armature reaction and stator/rotor core magnetoresistance, and considering the coupled

leakage coefficient of the fan rotor K, the torque of the fan rotation speed control is obtained as:

H, - M SSinO[l+ y+ jy(L+2x)e” (15)
4ruR
M
Mol =5 o= —sinO\1+ 2y + 257 +4° + 4y e (16)

Calculate the stator d axis current, a certain initial state of the voltage signal between (0 ~ 4,095V ),

the fan in {; moments of the current error is reduced, through the above analysis, the fan rotation speed

regulation control parameter model.

2.2.3.  PID control algorithm. PID control algorithms are best suited when there is not an efficient way
to measure system parameters, or when there is no understanding of the control system and the object
being controlled.PID controllers mainly control the object being controlled through the proportional,
integral, and differential terms in concert with a calculation based on the system error [297. The basic
principle of PID is shown in Fig. 1, where the controller consists of a proportional, an integral, and a
differential.

—> Ratio

) W y()
—»{  Points G(s) >

—p Differential

Fig. 1. Block diagram of pid basic principle

In the figure, r(t) is the input given value, e(t) is the system error signal, G(s) is the controlled
object, y(t) is the actual output value, and the proportional, integral and differential coefficients are set

to K,, K; and K; respectively.
The action law of the PID controller is:

de(t)

u(t) =K e(t)+|<j e(r)dr +K, (17)

The mathematical model of the PID controller is often written in the process control literature as:

de(t)
je( Jdr+T, = J (18)

ut) =K, {e(t)jt

where T,

is the integral time constant, T, =K I K;; T, is the differential time constant, T, =K,/ K,-
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The PID parameters are mainly adjusted K, T,, Ty of these three parameters, so that the performance

of the control system to achieve the actual production of the required control requirements.

In industrial control, PID parameter tuning is usually done to maintain the stability of the closed-loop
system, to quickly track the change of the given value, and the overshoot is small. In a variety of
disturbances and system environmental parameters change, the output should be able to stabilize in the
vicinity of the given value, the fluctuation is as small as possible [307. However, the PID control algorithm
can not take into account the dynamic performance of the system and steady-state accuracy, should be in
the main process requirements to meet the premise, and then to take into account other performance
requirements.

2.3.  Design of PID optimization control algorithm for wind turbine speed regulation

This paper proposes an optimization algorithm for fan rotation speed regulation based on PID optimal
control, and designs a three-layer forward PID neural network to improve the control performance of fan
speed regulation. The PID variable structure network is divided into an input layer, an implicit layer, and
an output layer. The PID neural network controller neurons represent the fan's rotation speed regulation
control input nodes, and the training vector pattern for fan speed control regulation is:

X(t) = (% (), %, (©), -+, %4 (1))’ (19)

In the PID neural control system, O'i(goa,(ba) in the implicit layer represents the potential
characteristics of the forward neuron PID control network, and the distance between the input vector
X(t) and the weight vector @; connected to the output node of wind turbine speed regulation is
calculated as:

k-1

d,=> (xO-0,0) j=01N-1 (20)

i=0

where o, :(a)o,a)l’i---,a)k_llj) , denotes the utilization weight of the PID controller neuron | for

maximum wind energy.
w(t+1) =w,. (1) +a<cr )[x(t) -, (t)] (21)

where je ( j*, NEJ.* (t)), the PID neural network control is used to obtain the transmission coefficient of

the fan unit as:
U, =—sgn(M, ) p(t)sgn(s) (22)

Through the PID variable structure control, the low-speed shaft of the fan connects the rotor axis with
the gearbox to stimulate the operation of the aerodynamic gate for speed regulation, and the transfer
function of the fan speed regulation PID control system is obtained to be defined as:

Y(s) G,(5)G,(s)e™
R(S) 1+G,(s)Gy(s)

(23)

where: Y(S) - fan output control parameters; R(S) - input control parameters; e ™

- fuzzy control

compensation parameters. A new training vector pattern X(t) =(X,(t), X (t), -, kal(t))T is input to the

network, and the learning objective function of the fuzzy PID neural network is obtained as:
-M g

M pJpg +2(Jpy + Mo L7 ) (Mg + 3, 1 R?)

A=

(24)
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Mp?gL+2MogL (Mg +J, / R?)

A2:MPJP6+2(JP9+MPL2)<MR+JR/RZ) (29)
(Jpp +MpL?)/R+M,L
= 2 2 (26)
M Jpg +2(Jpy + Mo L?) (Mg + 3 1 R?)
R+L
- TEM, -2(Mg+ 3, /R?) -
© M J+2(Jpg + ML) (Mg + 3, /R)
5 _ D/2R
3 2
JP€+5R(MRR+JR/R) (28)

In the above equation, >0, B>0, Jp indicates that the fan rotation speed regulation control
determines the upper bound under the maximum power tracking operation state, the input layer to the
implied layer weights are @; (i =1,2;j]=12, 3), and the optimal weights of the PID neural network a):

are satisfied:
@ *o,+w, o, +w, o, - p(t) =e(p,,0,) <& (29)

The weighting coefficients of the three-layer forward neuron PID variable structure network are
obtained through the above processing, and the steady state characteristics of the rotational speed
regulator of the wind turbine motor unit vary with the change of the operating point, and the commutation
relation is given in Eq:

dav + AV _4 E (80)
dt T T

In the formula, the voltage output difference of the fan under the optimized rotation speed is AV, E
is the output scale factor of the PID fuzzy controller, and A is the mutual inductance polarization length.
Through the above design, the interference of" strong coupling magnetic loss in the control of fan rotor
blade is effectively suppressed, and the control performance of fan rotation speed regulation output is
improved.

3. Simulation experiment and result analysis
3.1.  Data sources and parameterization

3.1.1.  Data sources. The experimental data came from 100 sets of sample data automatically generated
by Fluent software, as shown in Table 1.

Table 1. Sample size

Serial number

Co volume fraction /%

CO; volume fraction /%

CH., volume score /%

Wind speed /(m-s!)

1 0.004 0.005 0.8 9.0
2 0.002 0.00% 0.7 8.7
3 0.003 0.003 0.6 8.4
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3.1.2.  Parameter setting. The experiment sets the basic parameters of the conventional PID controller:
learning rate of 0.01, target error of 0.001, and number of iterations of 500.

The delay time of the PID neural network controller is set to 10s, and the end-state value of the
simulation is 430, KF') =0.001, and the scaling factors of AKp, AK,, and AK, are 0.001 and 0.010,

respectively.

3.2.  Validation of the effect of PID neural network controller

In Simulink software, according to the deviation of the required air volume and current air volume
predicted by the neural network and its rate of change, the rotational speed of the working fan is controlled
by using the PID neural network controller and the PID controller, respectively, and the results are shown
in Fig. 2.

As can be seen from the figure, both control methods can quickly make the fan speed reach a stable state.
Compared with the traditional PID controller, the proposed PID neural network controller controls the
fan speed to a steady state faster, and after a delay of 10s, the fan speed reaches a steady state, and the
amount of overshooting decreases by about 22%. This shows that the fan speed can be regulated more
quickly with the PID neural network controller, which has good adaptive ability and exhibits good dynamic
performance.

800

700 - e

—o— PID controller
/ — 11— PID neural network controller

Demand speed/m s™!
—_ N (O8] N wn N
e o e} S e o
< () o e o o
| | 1 | 1 |

)

0 20 40 60 80 100 120 140
Sample number

Fig. 2. Controller effect comparison

In order to verify the superiority of the proposed PID neural network controller, based on Simulink
software, the control effect of the designed fuzzy PID controller, the improved particle swarm optimization
algorithm-optimized PID controller (PSO-PID) and the improved genetic algorithm-optimized PID
control (GA-PID) on the wind turbine rotational speed is analyzed, and the results are shown in Figure 3.

As can be seen from the figure, compared with PSO-PID controller and GA-PID controller, the proposed
PID neural network controller has a better control eftect on the fan speed, which can quickly control the
fan speed to reach a steady state, and almost no overshooting phenomenon; while the other controllers
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under the control of the fan speed to reach a steady state for a longer period of time, and all of them
appeared to be overshooting phenomenon. This shows that the PID neural network controller has a certain
degree of superiority for fan speed control, which can improve the precision of fan speed control and
shorten the time of fan speed control.
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Actual demand speed(m/s")

Fig. 3. Comparison of control effects of different controllers

In order to further verity the superiority of the proposed PID neural network controller for fan speed
control in Simulink and Fluent software, based on the deviation of the demanded air volume and the
current air volume predicted by the neural network and its rate of change, the experiments were conducted
to compare the control effects of the PID neural network controller, the PSO-PID controller and the GA-
PID control on the speed of the fan, and the results are shown in Figure 4.

As can be seen from the figure, compared with PSO-PID controller and GA-PID controller, PID neural
network controller has better control performance, can quickly adjust the fan speed in real time according
to the volume fraction of harmful gases, and then real-time increase or decrease in air volume, can quickly
maintain the volume fraction of harmful gases to the safe range, and has the advantages of good control
effect, smooth speed regulation, small overshooting amount. This shows that the designed PID neural
network controller has certain superiority in the simulation environment.
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Fig. 4. Joint simulation results of different controllers in simulink and fluent

Ezxample Stmulation Verification

(b) Air volume change curve over time

Simulation verification in wind turbine pitch system. Fig. 5 shows the normal turbulent wind seed

provided with a wind speed of 12m/s. Simulation experiments are carried out in matlab environment using
anemometer, PID neural network controller for fan speed respectively. Simulation experiments are carried
out using traditional PID algorithm, PID neural network controller for fan pitch angle.
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Fig. 5. Turbulent wind seeds with a wind speed of 12 m/s

Figure 6 shows the mechanical anemometer and PID neural network controller control fan speed
comparison results. From the figure, it can be seen that in the rated wind speed above 12m/s wind speed
role, in the PID neural network controller role than mechanical anemometer role to be smooth, fluctuation
is small, control effect is good, can be better stabilized in the rated speed near.
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Fig. 6. Comparison of the control fan rotation speed

500

Figure 7 shows the results of the comparison of the paddle pitch angle between the traditional PID and
PID neural network controllers. From the figure, it can be seen that the paddle pitch angle controlled by
the traditional PID algorithm is delayed and inaccurate compared to the change of 12m/s wind speed,
while the paddle pitch angle controlled by the PID neural network controller can follow the change of the
turbulent wind seed with a wind speed of 12m/s in Fig. 5 very well and quickly.
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Fig. 7. The algorithm controls the slurry pitch Angle contrast
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The simulation results proved the eftectiveness of the PID neural network controller for the
measurement of wind speed and pitch angle than the traditional measurement method, and its algorithm

1s valid.
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8.8.2.  Optimized PID vibration control results for wind turbine blades. In order to compare the
effectiveness of the PID neural network controller, the results of the wind turbine blade swing
displacement, torsion angle and trailing edge flap part angle curves of the traditional PID controller, GA-
PID controller and PID neural network control are shown in Fig. 8. (Because the trailing edge flap angle
can not be controlled at all in the range of -30°~30° during the traditional PID control and the angle is to
be large Many can not be stabilized, in order to obviously compare the results of the unoptimized control
with the results of the optimized control, in the graph of the trailing edge flap angle will not be put into its
corresponding S curve).

The figure shows that when the conventional PID control is applied to the wind turbine blade model,
the waving displacement and torsion angle are controlled but with large fluctuations, while the S angle
is not stabilized. The swing displacement, torsion angle and angle S are all stabilized at t=7s during the
GA-PID control after the system parameter identification of the fan blade model using the recursive least
squares method with the forgetting factor; while the swing displacement and torsion angle are stabilized
within a very short period of time during the PID neural network control using PID neural network
optimization of the forgetting factor A4 and then using the recursive least squares method with forgetting
factor for the fan blade model after the parameter identification. Torsion angle reach a steady state in a
very short time, and the /S angle also reaches a steady state at t=1s.
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Fig. 8. Comparison of the lower part angles of the fan blade under different circumstances

The specific values of swing displacement, torsion angle and peak trailing edge flap angle and root mean

square value of swing displacement of wind turbine blades are shown in Table 2. Comparison of the peak

values of swing displacement, torsion angle and trailing edge flap angle and the root mean square value
of swing displacement of the fan blade shows that the PID neural network controller has the best control
effect, followed by GA-PID control, and the traditional PID control which has a poorer control situation.

It is concluded that when vibration control of fan blades is carried out, it is very necessary to consider the

time-varying nature of the system, and the use of PID neural network controller for speed optimization

of the working fan can significantly improve the effect of vibration control of fan blades.

Table 2. Root mean square value of the fan blade

o . Torsion Angle | Tail rim Brandished the displacement
Performance indicator Wave shift h/m
6 /rad p/e° of the square root
Traditional pid control 0.026 -0.68 46.56 0.0233
GA-PID control -0.2146 0.28 30.26 0.0039
PID neural network controller -0.015 -0.05 14.12 0.0013
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4, Conclusion

A PID neural network adaptive optimization control algorithm is proposed based on the traditional PID
controller to derive the optimization objective function of fan rotation speed regulation. The BP neural
network controller is used to predict the required airflow of the working fan, and then the deviation of the
required airflow from the current airflow and its rate of change are calculated. The results show that
compared with the traditional PID control, this method can regulate the fan airflow more quickly, the
overshooting amount is reduced by about 22%, and it has a good adaptive ability, which meets the demand
of fan speed control. Then the three control systems are compared in terms of performance, which proves
that the BP neural network control can adjust the fan speed in real time according to the gas volume
fraction, and then increase or decrease the airflow in real time, which has the advantages of good control
effect, smooth speed regulation, and small overshooting amount.

In this paper, the BP neural network control algorithm is adopted on the basis of the fan system model
for the measurement of fan wind speed and the control of wind turbine variable pitch. Simulation results
show that compared with the traditional PID control, the BP neural network control algorithm proposed
in this paper has the advantages of" high estimation accuracy, fast convergence speed and stable convergence,
which verifies the effectiveness of the algorithm. Secondly, in the control experiment of the fan blade, the
swing displacement, torsion angle and chattering of the blade can basically be well controlled, and the
stability is high and robust. This shows that the optimization is effective, and the designed BP neural
network control algorithm control has achieved considerable control effect.
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