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Abstract

Aim: This research is focused on obtaining the maximum power by controlling the speed of the wind
turbine. Materials and methods: Innovative Tip speed ratio and PO algorithm are implemented for
obtaining maximum power from the wind turbines. Result: By controlling the wind speed (1.
9087rad/sec) we obtained maximum power output (200kW) from the wind turbine to increase its
efficiency level. Conclusion: Tip speed ratio method (200kW) provides better power output compared
to PO algorithm (192kW) for the selected data set.

Key-words: Innovative Tip Speed Ratio, PO Algorithm, Wind Turbine, Efficiency, Output Power,
Artificial Intelligence.

1. Introduction

Wind energy availability is increasing in renewable energy sectors in day to day life. Energy
is playing a vital role for countries' economic (Assareh and Biglari 2015) growth. It offers several
advantages like less environmental impact and inexhaustible source (Ananth and Kumar 2016). The
main aim of this research is to limit the speed of the wind turbine by using tip speed ratio method to
obtain maximum power output. It can be implemented in rural areas.

In the last 5 years, more than 60 papers have been published on varying wind speed of
turbines and extracting maximum power. The author improves the efficiency of MPPT-TSR using

maximum power point tracking method to obtain maximum power from wind turbines (Ghiasi et al.
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2021). Optimum values of TSR are different for every wind turbine system, so it can be implemented
in MPPT controllers for future designs to obtain maximum efficiency ((Bilal and Liu 2018). The
authors implemented aerofoil profiles which directly capture the ratio of wind power to improve the
power performance of vertical axis wind turbine systems with the goal to achieve high power
efficiency. (Ma et al. 2018). Tip speed ratio method is implemented to increase the production
function of wind turbines ((Posa 2020). The authors maximized the output power generation of wind
turbines by changing the speed of wind using MPPT methods. (Samokhvalov et al. 2020). Based on
overall analysis, MPPT-TSR based wind speed control provides better results to get maximum power
from wind turbines (Ghiasi et al. 2021).

Previously our team has a rich experience in working on various research projects across
multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. R.
Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu,
Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019;
Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al.
2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the
growing trend in this area motivated us to pursue this project.

Control of wind turbines ensures the optimum performance, safe and stable by optimizing the
wind output power. Many conventional methods have been implemented for controlling the wind
turbine such as pitch, yaw, and rotational speed control. The existing methods have not extracted the
maximum power from wind turbines efficiently and economically. In addition to that, limiting the
wind speed has not been considered previously using tip speed ratio method to obtain maximum
power from wind turbines. Hence tip speed ratio method has been taken to limit the wind speed to
extract maximum power. In this paper, a comparison of two efficient wind speed control methods,

TSR and PO have been implemented and analyzed.

2. Materials and Methods

This study was conducted in a power electronics lab at Saveetha School of Engineering. In
this study, two numbers of groups are selected for comparing the process and their results. in each
group,7 sets of samples and 14 sample tests have been carried out. (g power setting parameters
statistical test-difference between two independent means, a-0. 05, power-0. 80, effect size-0. 5, mean

tsr- 0. 76, mean po - 0. 21, sd-0. 029). Two methods were implemented namely Tip speed ratio and
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PO algorithm to limit the wind speed for obtaining maximum power. The system is simulated using

MATLAB® Simulink model version 2019a (P., C., and T. 2018).

Tip Speed Ratio Method

In this method, continuous feedback is taken from the wind generator and is compared with
reference value (tip speed value). If any deviations the controller will take the corrective action. It
optimizes the tip speed ratio value to regulate the speed of the wind turbine in order to obtain
maximum energy from it. (Ochieng, Manyonge, and Oduor 2014). The block diagram of tip speed
ratio method depicts in Fig. 1.

Fig. 1 - Block Diagram of Tip Speed Ratio
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PO algorithm is the conventional control strategy which is used to regulate the turbine speed
to optimise the power. The PO technique is predicated on shifting the wind speed by a step-size and
monitoring the modification within the extracted power until the slope of (P — ) curve becomes zero
(Ali et al. 2020). The block diagram of PO algorithm based wind turbine control is shown in Fig. 2.

Fig. 2 - Block Diagram of PO Algorithm
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For testing the proposed system the Matlab© Simulink (2019a) software has been used and

the results are determined with different wind speeds. The results are validated by changing the wind

speed of the wind turbine to obtain maximum output power. The obtained results for various wind

speeds have been tabulated and its output power is calculated for both the method and is tabulated in

Table 1.

Table 1 - Comparison of tip speed ratio and po algorithm of power output as (200kW) and (192kW)

TIP SPEED RATIO PO ALGORITHM

Speed (Rad/Sec) | Maximum power (KW) | Speed (Rad/Sec) | Maximum power (KW)
1. 7593 155 1. 7593 144

1.7216 159 1.7216 150

1. 7467 172 1. 7467 165

1. 8216 180 1. 8216 177

1.8721 190 1.8721 182

1.8921 196 1.8921 190

1. 9087 200 1. 9087 192

Statistical Analysis

SPSS software is used for statistical analysis of TSR and PO algorithm based methods. The

independent variable is wind turbine speed and the dependent variable is efficiency. Two independent

group analysis tests are carried out to calculate the efficiency of the wind turbine for both methods.

3. Results
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Table-1 results show that the control of wind turbines by using the TSR (200 kW) provides

better output power than PO (192kW). Fig. 3 shows the comparison of output power and wind speed

for TSR and PO methods. From Fig. 3 the black lines represent the wind output power of TSR and

the red line represents the wind output power of PO. This ensures that the output power of wind

turbine values are better using the TSR method.

Table 2 represents the Independent t test analysis using the SPSS system. T-test has been

performed for tip speed ratio and PO algorithm by varying the wind speed between 100 to 3000

(rpm). TSR has a mean value of 1. 82 which is better than PO algorithm (Mean value: 0. 96). The
maximum power extracted from wind turbines using TSR is 181. 14 (kW) and PO is 175. 29 (kW).
The standard deviation of TSR is 0. 029 and PO is 0. 008. From the above discussions TSR based

wind turbine control provides better results than PO.

Table 2 - T-test Comparison of TSR and PO

Group Statistics

Group | N | Mean | Std. Deviation | Std. Error Mean
Speed 1 711.82 . 076 . 029

2 7 .96 . 021 . 008
Maximum power 1 7 |181.14 ] 33.078 12. 502

2 7 | 175.29 | 18. 328 6. 927

Table 3 - Independent sample T-test t is performed for the two groups for significance and standard error determination. P
value is less than 0. 05 and it is considered to be statistically significant.

Levene's Test
for Equality of

t-test for Equality of Means

Variances
Sig. Std. 95% Confidence
c si t df (2- I\D/Iiil?enre Error Interval of the
g tailed Differe | Difference
nce
) nce Lower | upper
Equal 15 28
variances : 0. 002 : 12 .000 |.857 0.030 0.792 0.921
257 853
assumed
Speed
Equal 28
variances not 855 6.883 | .000 |.857 0.030 0. 786 0. 927
assumed
Equal
variances 1.623 | 0.227 | .410 12 .689 | 5.857 14.293 | -25. 285 | 36. 999
Maximu assumed
m power | Equal
variances not . 410 9.367 | .691 | 5.857 14.293 | -26.284 | 37.998
assumed
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Table 3 depicts Independent samples test. There is a significant difference in output power
between the two groups (TSR and PO) since p<0. 05 speed (t value is 28. 858 and mean difference is
0. 857) and maximum power (t value 0. 410 and mean difference 5. 857).

Figure 4 shows the bar chart comparison of TSR and PO algorithm methods. TSR(=200kW)
produces better output power than PO (=192kW).

Fig. 4 - Comparison of TSR and PO algorithms in terms of mean speed and output power. The mean output power of TSR
is better than PO algorithm and the SD of TSR is slightly better than PO. X Axis: TSR Vs PO methods Y Axis: Mean
output power of detection £ 1 SD.
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4. Discussions

In this paper TSR and PO methods are implemented to limit the wind speed for obtaining
maximum output power. These two methods are used to limit the wind speed of wind turbines. Two
methods were implemented in the MATLAB®© simulink model and the results were compared. From
the obtained results TSR (200 kW) based method produces better output power than PO (192 kW)
based wind turbine control method.

The aim of wind turbine control is to provide safe, stable, efficient and economical
performance in wind power production. Various methodologies are used in the literature to control
the wind turbine like pitch, yaw, tip speed ratio, MPPT, PO algorithm and rotational speed control
(Menezes, Araujo, and da Silva 2018). Based on the existing literature, the comparative analysis of

TSR and PO methods have been carried out and it is found that TSR produces better output power
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than PO (Ali et al. 2020). TSR and PO based methods were carried out and its performance was
analyzed based on wind speed and output power which ensures that TSR (1. 3MW) provides better
results than PO (1. 2 MW). (Guruambeth and Ramabadran 2016). The comparative analysis of
various methods is carried out under varying wind speeds (above and below) and its performance is
analysed based on output power. It is found that TSR (188kW) provides better results than other
existing methods (Apata and Oyedokun 2020). The authors have compared the fluctuations of wind
turbines using TSR and OT methods. From the results TSR provides less fluctuations optimal values
(9. 5) than OT (12. 4) (Hur and Leithead 2017). During the particular time range of (380-500 s) the
wind speed by the TSR method gave less variation than MPPT method (Bianchi, de Battista, and
Mantz 2006). Comparing the power improvement performance of wind turbines using TSR and OT
has been discussed in ((Song et al. 2017). TSR increased output power about 42. 7% which is better
than 35. 5% obtained by OT method.

Tip speed ratio method produces slightly oscillation than PO in the wind turbine which
reduces the stability of the system (TSR=0. 6780 p. u & PO=0. 7210 p. u). PO algorithm is not
optimal for extracting maximum power from large-scale wind turbines with a large inertia. Whereas
the PSF (2. 3MW) based control provides maximum power extraction than PO (1. 4AMW) method for
large scale wind turbines (Apata and Oyedokun 2020).

From the existing literature survey, only few articles ensure that the OT and PSF methods
provide better performance than TSR and PO. Compared to the other conventional methods, the wind
turbine control by TSR method almost requires no additional cost and therefore receives intense
attention in recent years. Also provides maximum output power from the wind turbine by limiting the
wind speed. So we can infer that TSR can be used to control the wind turbine for extracting
maximum power.

Our institution is passionate about high quality evidence based research and has excelled in
various fields (Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019;
Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018;
Ramadurai et al. 2019). We hope this study adds to this rich legacy.

This simulation study was only validated with a 400W wind turbine simulation model.
Implementation of proposed TSR and PO with various rated wind turbines would be helpful to
understand the capability and limitation of the proposed control method. For an economic reason, the
TSR method tracks an optimal speed reference calculated by estimated variables from the non-
standard extended Kalman filter (EKF) based wind estimation algorithm which causes stability issues
in the system.
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The future study of this present research is to develop a new technology for measuring wind
information by an advanced sensing device, such as lidar, whereas the other is to use the estimated

controller for wind speed measurement.

5. Conclusion

Based on the obtained results the TSR provides better output power (200KW) compared to the
PO (192KW).
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