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Abstract

This paper presents a Novel Adaptive Neuro-Fuzzy Inference System (ANFIS) controller for PMSG based Wind Power Generation
system (WPGS). The ANFIS controller is employed for power and current limiting control of PMSG-WPGS under unbalance grid
voltage conditions. In this proposed scheme, Grid Side Converter (GSC) transmits power to the grid and determines how the Machine
Side Converter (MSC) controller regulates the electromagnetic power. In the meantime, it prevents the dc-link from over voltage by
converting the unbalanced power into rotor kinetic energy. The three-phase inverter currents should be kept within the converters' safest
operating range, and the GSC controller can also meet the grid reactive power whenever it needs. In addition, the GSC controller also
used to reduce swings in output power and dc bus voltage. In the controlling topology to regulate the DC link voltage, P1 controllers are
implemented. But employing P1 controllers speed response of the system is less and harmonic distortions are more. To control harmonic
distortions and to improve the response of the system a new topology ANFIS is employed in place of PIl. The performance of this
proposed system is evaluated using MATLAB/Simulink 2018a Software.
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Introduction

The two most important aspects to take into account while managing the existing power system are Wind Turbine Generators (WGS)
with regard to Fault Ride through (FRT) and power quality improvement at the grid interface. PMSG-based WGs will make the FRT
simple as they are completely decoupled from the grid and power converters [1-3].

The efficiency of these controllers in fulfilling FRT standards is periodically assessed. Grid malfunction results in decrease the grid
voltage, which in turn causes a decrease in grid power injection rate. It result an imbalance in the active power flow of the grid integration
and capture processes [4].

As wind power is increasingly incorporated into the grid, the dependability and stability of the electricity system are placed at risk. In
order to address this issue, grid operators have proposed grid codes to standardize the characteristics of the Wind Energy Conversion
System (WECS). The Low Voltage Ride through (LVRT) code, one of the codes, requires that the WECS stay connected and inject the
predicted reactive current to support the grid in the event of a grid fault. To achieve this reactive current and standard LV RT profile will
be used .While fault time, the WECS should supply reactive currents. Reactive currents should be given at double the proportion for
voltage sags lower than 50%. When there is a major fault and the voltage sags are more than 50%, 100% reactive currents are required

[5].

Set speed or a Variable speed can be chosen for every WT generator. For instance, Synchronous Generators (SGs) and Doubly-Fed
Induction Generators (DFIGs) are commonly used in Variable-Speed Wind Turbines (VSWTSs), although Squirrel Cage Induction
Generators (SCIGs) can be used in both Fixed-Speed and Variable-Speed Wind Turbines (VSWTSs). An overview of potential wind
generator systems is also given in addition to comparisons. Despite being simple, dependable and inexpensive. A fixed-speed SCIG-
based WECS. High mechanical stress, reactive power load on the power grid, severe power fluctuations, and severely constrained FRT
capabilities are some drawbacks of exclusively mechanical systems.
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The VSWT can optimize wind power at different wind speeds compared to FSWT, which reduces the mechanical stress on WT by
absorbing the changes in wind-power. In this way, the WT's variable-speed operation maximizes its aerodynamic efficiency by
producing more power than its fixed-speed operation does [6].

Now a days PMSG technology based on wind turbine are expanding significantly due to improvements in semiconductor switching
devices as well as greater dependability and efficiency. Many companies all over the world have lately begun producing 2MW wind
turbines based on PMSG.

This work investigates the ANFIS control strategy to regulate the active and reactive power provided into the grid through three-phase
voltage source inverter to improve power quality and boost performance under dynamic conditions. The reviewed system is modelled
and simulated in MATLAB/SIMULINK. Suggested control ensures that the dc bus voltage is constant without the aid of any external
devices and also three-phase peak currents are within safe ranges. Based on the degree of grid voltage sag, reactive power support is
provided to the power grid in the meantime. The output power and DC bus voltage can effectively reducedby Grid SideConverter (GSC).

Problem Statement

As renewable energy becomes more popular over non-renewable energy, the use of alternative power generation methods is growing.
Due to this growth, there are increasing complex and changing requirements for controlling those power producing systems. When
failures occurs due to imbalance in the grid, conventional regulating methods for these power production systems are unable to
demonstrate good controlling outcomes [7-11]. Despite the advantages provided by several controlling approaches in [12-14], certain
problems may include less efficient suppression of increased peak current and reactive power variations, over current, over voltage, etc.

A few other approaches similar to grid faults [15-16] were developed over time, but there will always be practical problems. For instance
[17] had to create a data table using offline methods, which seemed quite difficult, and helping to raise the voltage of a DC bus. The
work of earlier researcher resulted in the suggests[18—-20] for reducing the effects of high voltages, but the cost became the main problem
in those regulating approaches due to the growing extrinsic devices. These issues were resolved by [21-23], but the controlling was not
effective due to asymmetrical defects.

Objectives of the work

The list of following is to target the main goals:

. To model the grid effectively PMSG based on wind turbine is required.
. Using ANN and FUZZY to create an improved ANFIS controller.
. To manage current and power problems that may arise in case of an imbalanced grid voltage occur in the system.

Conventional Method

The use of power generators powered by RE- Renewable Energy can significantly reduce emissions of greenhouse gases including CO2,
CH4, and others [24]. This RE adoption could have a number of advantages, such as zero pollution emissions, significantly lower
building costs, increased use of generated power, etc. [25]. This has led to more research being done on these advances, as shown by
[26] and [27].

Particularly, wind energy could be effectively used to generate electricity by relaying on SCIG- Squirrel Cage Induction Generator,
PMSG- Permanent Magnet Synchronous Generators, DFIG- Doubly Fed Induction Generator, etc. to integrate any of them in the utility
grid of these generators [28] depending on the need. The problems with those generators increasingly get worse with time due to the
wider variety of generators [29-32]. In the literature, numerous works like have been suggested to deal with a variety of power and
related concerns. However, there is a need to address the generator problems that arise in unbalanced grid voltage scenarios, which
demands the use of cutting-edge controllers.

I1 SYSTEM DESCRIPTION
The model of wind power system based on PMSG mainly consists of five parts: GSC, PMSG, MSC, grid, and wind turbine. It can be
shown in FIGURE 1.
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Wind Turbine Modeling

The mechanical power of wind turbine can be obtained by capturing wind, which can be expressed as follows
P = 3TpR?C, (B, )v® )

Herep = Density of air (Kg/m®:

R = Radius of blade (m),

B = Pitch angle,

A = Tip-speed ratio,

v = Speed of wind (m/s),

Wind energy utilization coefficient denoted as C,, is calculated by the following formula:

(C, = 0.58(1164,, — 0.48 — 5)e~?14m
! 1 = 1 00035
™M T 1400088  B3+1 (2

l ) = Rem

v

Where the mechanical angular velocity is denoted by w,, .
The expression for calculating the mechanical torque experienced by the wind turbine is given below:

Pm

fy = 22 = 2o, 6,0V @

PMSG Modeling

The two-phase rotating d-q coordinate system's voltage equation for the PMSG can be written as

Lgq Lsd —Rglsq + welgglsqg + Ugq
dt a°sq (4)
dl
qu diq = _Rslsq — Welsglsqg — weth + Usq

Where
U,,= Direct axis voltage
USg= Quadrawre aXis voltage
Isq = Direct axis current
Is;=Quadrature axis current
Rs - Stator Resistance (Q2)
Lsq = Stator inductance on d-axis (mH)
Lsq =Stator inductance on g-axis (mH)
Y = Permanent magnet chain
om= Electrical angular speed
The PMSG electromagnetic torque is expressed as
T, = 1.5n,[(Lsa — Lsg)lsalsq + ¥lsq] (5)
According to [5], the mechanical characteristics of the system that employs the dynamic one-mass model are as follows:

T =] %2 + By + T, 6)
Here J = Transmission system's moment of inertia
B = Transmission system's self-damping coefficient
Grid Modeling

Since there is no circulation path of zero sequence component in three-phase three-wire system, zero sequence component is not be
considered. Using the DSC (Delayed Signal Cancellation) approach, the three-phase unbalanced voltages can be separated into positive
sequence and negative sequence voltage parts. The imbalanced voltages could be expressed as
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, Ut sin(wt +68%) + U™ sin(wt + 07)
[UyaUgpUye] =|  U*sin(120° + 8+) + U~ sin(wt + 120° + 67) )
U*sin(wt + 120° + 6%) + U~ sin(wt — 120° + 67)

HereU* = Voltage amplitude of positive sequence element
6% = Initial phase of the positive sequence element

U~ = Voltage amplitude of negative sequence element

6~ = Initial phase of the negative sequence element

w = Grid voltage's angle frequency

By using Clark transformation three-phase voltages can be converted into stationary coordinate system, Which can be expressed as

1 — l — l Uga_ + —
Uga] _2 2 2 Ugs|= [U ga T U gﬁ] ®)
Ussl 3] 0 ? - ‘/2—5 e Utgp+ U gp

[U*ga] [ Utsin(wt +67%) ]
HU"gﬁ I _|=U*cos(wt +67%)
lu_gaJ | U-sin(wt +67)

U gp U~ cos(wt +67) |

(©)

Where U* , U* g5 and U™ g, U™ 45 represent, respectively, the positive and negative sequence voltage elements.

Following are the active and reactive power outputs according to instantaneous power theory.

o))< [ujﬁ ' Ugil 5] (10)

111 PROPOSED ANFIS-BASED CONTROLLER

Use of ANFIS control instead of conventional PI controller can be an effective way to solve the problem of system parameters change.
Hence, a good control performance can be achieved. Therefore, application of ANFIS controller on the PMSG converter controller
system is proposed in this paper. The ANFIS controller has advantages of robust,simple,and easy to be modified.

To create the innovative controller, an ANFIS-Adaptive Neuro-Fuzzy Inference System on Takagi-Sugeno fuzzy inference system
and artificial neural network technology. Because it incorporates both of these ideas, it has the ability to combine the benefits of neural
networks and fuzzy logic in a single framework and perform effectively by managing both current and power even in the case of an
imbalanced grid voltage.

Inference system is based on a set of fuzzy IF-THEN  rules that can learn and approximatively represent non-linear functions. The
IF-THEN-ELSE rule and the use of linguistic concepts make fuzzy rule bases easy to comprehend. Fuzzy logic, unlike neural networks,
cannot learn on its own. Neural networks can learn from data. Understanding the knowledge that neural networks have collected has
proved difficult.

The ANFIS neural network methodology is a data-driven strategy. A clustered training set of numerical samples forms the basis of the
ANFIS synthesis technique.

In this study ANFIS is trained from the input and output data generated from proportional andintegral controllers (g-axis current
controller and d-axis current controller). The inputs to ANFIS are the error and error changer. The output of ANFIS are reference stator
voltages and that are used as input signals for the space vector block to control of Grid Side converter.

Imput Output
mambership Mormalization membership Cutput
Input function Rule function

xy

Figure 2. ANFIS structure
JETIR2302280 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ c602



http://www.jetir.org/

© 2023 JETIR February 2023, Volume 10, Issue 2 www.jetir.org (ISSN-2349-5162)

Parameters Value
Rated Capacity[MW] 1.5
Air density p [kg/m’] 1.225
Wind wheel radius R [m] 31
Maximum wind energy utilization coefficient Cp . 0.476
Rated wind speed v, [m/s] 12
Pole logarithm of PMSG 102
Magnitude of permanent magnet flux of rotor [Wb] 1.25
Stator resistance R, [€2] 0.001
Stator inductance on d-axis L, [mH] 0.835
Stator inductance on g-axis L, [mH] 0.835
Rated grid voltage U[V] 690
Bus voltage U, [V] 1800
DC side filter resistance R, [Q] 0.001
DC side filter inductor L [mH] 6
DC side filter capacitorC [F] 22
Line impedance Z [Q] 1+0.01
Switching frequency £, [kHz] 10
Sampling period T, [ps] 100

Table 1. System Parameters

IV SIMULATION & RESULTS

Many simulation analysis and results using the MAT-LAB/SIMULINK to evaluate the control performance of the system are presented
in this section.

Simulation results by deploying PI controller
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Figure 3(a). The 3 phase unbalanced voltage with

395,90°, 5632 — 30°,5632 — 150° under case 1
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Figure 3(b). The 3 phase unbalanced voltage with
395286°, 5402 — 28°,5882 — 148° under case 2
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Figure 4. Depiction of Uniform speed of Wind

Figures 3a, 3b and 4 above illustrate three-phase unbalanced voltages and wind speed under 30% of voltage sag for the duration of
0.3to 0.5 seconds. PI controller is used to maintain wind speed under this scenario.
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Figure 5. Investigations of performance of Control imparted

by PI Controller for case 1

Figure 5 above displays the outcomes of case 1's control strategies. Voltage sag effects are not properly taken into account during the
control scheme design. Because of this, utilizing a P1 controller causes significant variations in both the output power and dc bus voltage.
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Figure 6. Investigations of performance of Control imparted by

P1 Controller for case 2

Figure 6 above shows the control results of several control strategies for the second example. Figure 6 illustrates the control results
obtained by using the control technique (a). The output current reaches a high value by exceeding the typical value at the time of the
grid voltage sag, whereas the output power fluctuations are clearly quite large. Figure 6 shows the control outcomes of the control
technique (b). The peak value of the inverter current is greater than the usual operating value despite being lower than that of the control
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scheme, and the peak value of the dc bus voltage is unusually high. Additionally, there are still variations in reactive power. The
suggested control schema's control results are clearly displayed. The output power fluctuations are eliminated, and the maximum output

current is significantly reduced.
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Figure 7. Investigation of control effect with wind speed step

Change with regards to two fault iterations by PI controller

Figure 7 shows the control outcomes under 2 faults in the unique grid of the asymmetrical nature in order to demonstrate the system'’s
capacity to react dynamically to variations in wind speed. The power of the system also changes from 0.8 MW to 1.5 MW and also wind
speed changes from 10 m/s to 12 m/s in 0.7 seconds. Inversely, the DC bus voltage is always steady, and the bus voltage variation range
during the transient process is not more than 0.05%. Additionally, it is important to take the system variables quickly and respond to

step changes in wind speed when utilizing a PI controller.
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Figure 8. 3-Phase Voltage in the Grid with regards to
two fault iterations by PI controller

Figure 8 shows the control outcomes for favorable grid assistance using the suggested control strategy for imbalanced grid voltage. The
voltage of the PCC for example is also shown in the figure. Take phase a voltage as an example. Figure 8(b) presents the voltage of
PCC in case b, the phase a voltage increased from 395 V to 403 V. Which is used to facilitate the grid voltage restores. It is verified that
the control strategy can support the power grid according to sag degree of unbalanced voltage, which is contribute to raise the voltage.
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Figure 9. Investigation of control effect during the change of inductance
with regards to two fault iterations by PI controller

The above figure 9 shows results for control scheme of voltage of dc link, reactive and active power, and three phase currents when
inductance changes by using PI controller.
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Figure 11. Depiction of Uniform speed of Wind

The figure 10 and 11 show three-phase unbalanced voltages and wind speed under 30% of voltage sag during the period from 0.3 to
0.5sec, the wind speed is constant during this condition by using ANFIS controller.
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Figure 12. Analysis of performance of Control imparted for case 1

The above figure 12 shows control results using control schemes under case 1. The control scheme design does not fully account for the
impact of voltage sag. As a result, there are large fluctuations in both the output power and dc bus voltage by using ANFIS controller
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Figure 13. Investigations of performance of Control imparted
by ANFIS Controller for case 2

The above figure 13 shows results for control scheme of voltage of dc link, reactive and active power, and three phase currents when
inductance changes by using ANFIS controller.
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Figure 14. Investigation of control effect with wind speed step change
with regards to two fault iterations by ANFIS controller

The control outcomes under 2 faults in the separate asymmetrical grid are shown in figure 14 to demonstrate the system's capacity to
react dynamically to variations in wind speed. The power of the system increases from 0.8 MW to 1.5 MW as the wind speed increases
from 10 m/s to 12 m/s in 0.7 seconds. Contrarily, the dc bus voltage is always steady, and the bus voltage variation range during the
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transient process is no more than 0.05%. Furthermore, it is important to take into account the system variables' ability to quickly settle
and respond to step changes in wind speed while utilising the ANFIS controller.

Investigation of 3-Phase Voltage in the Grid
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Figure 15. Investigation of 3-Phase Voltage in the Grid with regards
to two fault iterations by ANFIS controller

The control outcomes of friendly grid support using the suggested control strategy are shown in FIGURE 8 for unbalanced grid voltage

which have been shown in the above figure 15.
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Figure 16. Investigation of control effect during the change of inductance with regards to
two fault iterations by ANFIS controller

The above figure 16 shows results for control scheme of voltage of dc link, reactive and active power, and three phase currents when

inductance changes by using ANFIS controller.
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V CONCLUSION

In order to improve operation performance under unbalanced grid voltage, this study introduces a new ANFIS controller for power and
current limiting control of wind turbine based on PMSG. The proposed ANFIS controller ensures that the dc bus voltage is steady
without the need of any external devices and also three-phase peak currents are within acceptable limits. According to the degree of grid
voltage sag, reactive power support is given for the electrical grid in the meantime. The entire proposed scheme is implemented in
MATLAB/SIMULINK 2018a software. Comparing the simulation results with the other two control strategies under the two different
grid faults has proven the effectiveness and superiority of proposed ANFIS
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