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Wind turbine performance is a critical aspect of renewable energy systems, and this 

study focuses on optimizing it through innovative strategies. It also discussed the 

different parts of WECS, such as wind turbines, generators, and control systems, to 

enhance their performance and efficiency. The research delves into the integration of 

speed control and Maximum Power Point Tracking (MPPT) mechanisms using a 

sophisticated Three-Phase Interleaved Buck-Boost Converter. The converter's unique 

topology, involving a back-to-back connection, shows a pivotal part in shaping the 

performance of the wind turbine. Furthermore, the near-zero implementation in MPPT 

strives to minimize oscillations and enhance photovoltaic panel and wind turbine 

efficiency. This technique, as explored in various studies, aims to achieve stable, 

efficient power output by reducing perturbations, ensuring optimal energy capture, and 

improving overall system reliability. This study investigates the transformation before 

and after near-zero implementation in various contexts. It explores the impact on energy 

efficiency with near-zero properties, and the performance of buildings, providing 

insights into the substantial changes brought about by near-zero initiatives. Additionally, 

the implementation of MPPT is explored, demonstrating that adjusting delta values can 

lead to faster stabilization times. By changing the negative delta value to -0.0005, the 

system achieves stabilization at the target power of 19 kW within 0.2 seconds. These 

findings emphasize the versatility of the Three-Phase Interleaved Buck-Boost Converter 

in enhancing both speed control and MPPT for wind turbines. 
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1. Introduction  

Renewable energy sources for example 

wind energy are growing in the space due to 

rising prices, increasing demand for natural gas 

and limited supplies. Moreover renewable 

energy sources are becoming increasingly 

important as we strive to reduce carbon 

emissions and become more environmentally 

sustainable. Wind energy is one such source that 

has shown great potential in recent years [1]. In 

2022, the world's new wind energy installation 

capacity will be approximately 77.6 GW. 

Onshore wind still accounts for the largest share 

of wind energy, but offshore wind has increased 
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rapidly in recent years as shown in Figure 1. In 

2022, the world's cumulative wind energy 

installation capacity will be approximately 906 

GW. Onshore wind energy accounted for the 

majority of all wind energy installations that 

year, approximately 842 GW as shown in Figure 

2.  The world's largest wind energy market is 

China, with over 237 GW of wind energy 

installation capacity. China has a very large 

surface area, long coastline and great climate 

potential [2]. This includes 9% year-on-year 

growth. 2023 will be the year when new global 

capacity will exceed 100 GW for the first time, 

with GWEC Business Intelligence forecasting 

15% annual growth [3]. 

https://djes.info/index.php/djes
mailto:jiangwei@yzu.edu.cn
https://djes.info/index.php/djes/article/view/1249/version/1251
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Figure 1. Annual wind power capacity installed 

worldwide from 1998 to 2022 [1] 

 

 
Figure 2. Global cumulative wind energy installed 

capacity from 2001 to 2022 [2] 
 

Recent research has delved into 

comparative analyses of MPPT techniques, 

offering valuable insights into improving 

efficiency in wind production systems [4].  In 

this paper the focus of this scheme is to develop 

and implement a system for controlling the 

speed of a wind turbine to optimize its output 

power. To determine a turbine's characteristics, 

the strategy starts with a plot of the turbine's 

power output at various shaft speeds. This 

solution uses a stable synchronous generator to 

convert mechanical energy into electrical 

energy and study the power output outputP  of the 

wind turbine at different poles. The product of 

rotational speed rotational  and torque T

determines a wind turbine's output power [5]. 
 

output rotationalP T                                          (1) 

 

 
Figure 3. Flow chart of the perturbation and 

observation algorithm for wind turbine [7] 

 

Torque is a measure of the winding force 

that causes the shaft to rotate, and directly 

proportional to wind power on the blades. 

Rotational speed, on the other hand, is the speed 

at which the shaft is rotating, and it is directly 

proportional to the wind speed. A diode bridge 

rectifies the AC signal to DC, which is then 

smoothed using a capacitor [6]. The next step is 

to use a three-phase interleaved buck-boost 

converter for speed control, which can regulate 

power output to match desired output power 

quickly. The reason for the use of interleaved 

Buck-Boost converters is that it has enhanced 

efficiency, power density, and dynamic 

response while minimizing ripples and 

improving heat transfer [7]. Furthermore, two 

controllers with optimized gain values are used 

in a Proportional-Integral (PI) loop to adjust the 

duty cycle of the converter, combining 

proportional and integral controls to minimize 

overshoot and provide a stable system. The 

input speed, measured by the shaft speed, is 

adjusted to match multiple input speeds, and the 

system is tested for performance [8]. The flow 

of power through in WECS the circuit is 

represented in Figure 4. Using perturbations and 

observations, the next challenge is to implement 

maximum power point tracking (MPPT).  
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Figure 4. Block Diagram Showing Flow of Power 

through WECS System [8] 

 

The goal of MPPT is to regulate wind 

turbine speed in order to sustain maximum 

power output. Different perturbation delta 

values are tested to fine-tune the system, and the 

wind turbine's speed is changed from 12 /m s to 

8 /m s  [9-10].  Figure 5 shows the schematic 

wind turbine system with a phase interleaved 

Buck-Boost converter and the MPPT algorithm 

control block diagram is shown in Figure 6. This 

scheme is relevant because optimizing wind 

energy production is essential in our transition 

to renewable energy sources. By controlling the 

wind turbine's speed, its power output can be 

maximized, thereby increasing its efficiency and 

reducing our reliance on non-renewable energy 

sources [11-12]. 

 

 

 
 

Figure 5. Wind Turbine System with three Phase 

Interleaved Buck-Boost Converter [11] 

 

 
 

Figure 6. Control Block Diagram for MPPT Algorithm 

[12] 

 

 

2. Literature review 

    This literature review on improving wind 

turbine stability and efficiency through speed 

control and maximum power point finding 

(MPPT) is a research project to optimize wind 

energy collectors. Researchers have focused on 

the role of the MPPT controller in driving wind 

energy harvesting systems at the maximum 

speed, equivalent to the optimum power at 

various wind speeds [12]. Effective speed 

control mechanisms are essential for adapting 

the turbine to varying wind speeds. Literature 

suggests that employing interleaved buck-boost 

converters enables precise regulation, 

mitigating the impact of wind fluctuations 

[13,14]. MPPT is vital for maximizing energy 

extraction. Studies highlight the significance of 

interleaved buck-boost converters in MPPT 

strategies, ensuring efficient power transfer 

from the wind to the electrical system [15,16]. 

The integration of speed control and MPPT with 

interleaved buck-boost converters offers a 

synergistic approach. This combination 

enhances the turbine's stability, efficiency, and 

overall performance, contributing to the 

advancement of wind energy systems [17]-[18]. 

In the context of wind turbine control, generator 

torque control plays a pivotal role in varying the 

rotor speed based on MPPT approaches for 

extracting maximum power from the wind [19]. 

The literature explores various MPPT 

algorithms and control strategies, including 

optimal torque control, tipspeed ratio control, 

and power signal-based control, discussing their 

efficacy in wind energy conversion systems 

[20]. In addition, the paper explores particular 

MPPT algorithms that dynamically modify 

generator control and rotor speed in order to 

continuously follow the wind and harvest its 

maximum power, offering insights into the 

intricate balance required for efficient energy 

extraction [21]. This paper shows advances such 

as changes in interference and analysis 

algorithms based on the trapezoidal law, which 

demonstrate new ways of tracking wind peaks 

in electronic systems [22]. Collectively, this 

literature review also provides a comprehensive 

understanding of the various MPPT techniques 

and control strategies employed to enhance 
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wind turbine stability and performance, 

contributing to the ongoing efforts in sustainable 

wind energy utilization [23]. 

3. Generators in wind energy conversion 

system 

WECS uses multiple generators. Squirrel 

cage asynchronous generators (SCIGs) can be 

considered as a low-cost, reliable, and 

convenient option for WECS [24]. As a 

component of Wind Energy Conversion 

Systems, a constant speed wind turbine with a 

squirrel cage induction generator (SCIG) runs at 

a constant rotor speed (WECS). Studies have 

explored reduced-order models for these 

generators, improving understanding and 

control of these systems as shown in Figure 7(a). 

Doubly-fed asynchronous generators (DFIG) 

are also preferred for WECS because they are 

very efficient when used with transformers. 

Their only problem is that they need a 

multistage gearbox, and they also need 

excitations [25]. 

A constant speed wind turbine with a 

Doubly Fed Induction Generator (DFIG) is an 

asynchronous generator that uses two sets of 

windings the stator and the rotor to generate 

electrical output. The DFIG allows for better 

control of the electrical output, optimizing 

energy capture and ensuring stability. It operates 

over a wider range of wind speeds, ensuring 

optimal energy capture.  

 

 
Figure 7. (a) A squirrel cage induction generator 

coupled with a constant speed wind turbine (SCIG), (b) a 

wind turbine with an incremental speed and a doubly fed 

induction generator (DFIG), and (c) A wind turbine with 

a permanent magnet synchronous generator and variable 

speed direct drive (PMSG) [28]. 

 

 

 
Figure 8. Analysis model of PMSG [29] 

 

Additionally, it offers better fault ride-

through capability, allowing it to stay on the grid 

even if there is a network disturbance as shown 

in Figure 7(b). Finally, the permanent magnet 

synchronous generator (PMSG) attracts 

researchers due to its better performance and 

reliability, better efficiency, and better fault 

ride-through (FRT) potential [26-27]. Reviews 

of WECS generators are given in [28-30]. As 

shown in Figure 7(c), Wind energy is converted 

into electricity using a permanent magnet 

synchronous generator (PMSG) and a variable 

speed direct drive wind turbine. This system 

uses a direct-drive configuration and a PMSG, 

reducing weight and complexity. The PMSG 

uses permanent magnets for a magnetic field, 

maximizing energy capture. Power electronics 

control generator speed and voltage output, as 

shown in Figure 8 these parts collectively form 

the PMSG, a synchronous generator known for 

its efficiency in wind energy conversion          

[31-32]. 
 

4. Modeling Wind Energy Conversion 

Systems (WECS). 

Wind turbine generator (WTG) has climate 

change wind turbine, stable synchronous 

generator for power conversion with an 

uncontrolled three-phase rectifier. Learn about 

(AC/DC) power conversion. 

4.1 Modeling of the wind turbine (WT) 

A wind turbine (WT) is a device that 

converts wind energy into mechanical energy. 

The output power of a wind turbine is given by 

[33]: 

2 31
( , )

2
turbine p wP C R V                     (2) 
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Figure 9. (WT) Relationship between output power and 

different level of wind speed [33] 

where  is the tip speed ratio,  is the pitch 

angle, ( , )pC    is the power coefficient, wV  is 

the wind speed,   is the air density, and R  is 

the radius of the (WT).   is set to 0 in this work. 

The following defines the tip speed ratio: 

turbine

w

R

V



                             (3) 

where turbine  is the angular speed of the 

rotor (WT). The output power (WT) curves of 

wind turbines under different wind speeds are 

shown in Figure 9. 

4.2 Permanent Magnet Synchronous Generator 

(PMSG) Modeling 

Because of their affordability and ease of 

use, these generator types are frequently utilized 

in small-scale generators (SWTG). The (PMSG) 

mathematical model is provided by [34]. 

q

q s q q e d d e m

di
v R i L L i

dt
                 (4) 

d
d s d d e q q

di
v R i L L i

dt
                      (5) 

where sR  is the stator winding resistance; 

the direct axis and quadratic axis stator 

inductances are denoted by dL  and qL , 

respectively. di and qi the current of the direct 

axis and quadratic axis respectively, The 

generator's amplitude and angular speed are 

represented by the variables e  and m  flux 

connection, respectively. One way to define 

electromagnetic torque is as follows: 

 
3

2
em d q q d q m

P
T L L i i i 

         
         (6) 

where P represents the number of poles. The 

following expression (7) illustrates the link 

between mechanical angular speed turbine  and 

electrical angular speed e : 

2e turbine

P
                                      (7) 

4.3 Modeling of three-phase uncontrolled 

rectifier 

A PMSG with a three-phase diode rectifier 

is depicted in Figure 10.  The PMSG stator 

inductance is sL , and the stator resistance is sR . 

The phase a current voltage of the PMSG is 

determined by [35]. 

sin( )an mV V t                             (8) 

where mV  is the voltage level's maximum 

value. As demonstrated below, the generator's 

voltage and current determine the DC voltage 

and current output. 

3 3 3 6
dc m m effV V P

 
                     (9) 

6
dc aI I


                                          (10) 

where m eff   is the flux linkages' amplitude 

(Wb). aI  is the generator's output current (phase 

a), while dcV  and dcI  are the rectifier's average 

output voltage and current. 

 

Figure 10. Three phase diode rectifier with PMSG 
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4.4 Modeling of three-phase interleaved buck-

boost converter 

When the input current stops, inductors are 

employed to store energy because they recover 

quickly and the stored current is not phase-

locked. Design of inductors and application of 

extra control ZVRT soft switching, inductor 

power outage, system volume, device switching 

loss, etc. It significantly affects the way the 

system performs. In order ensure that the 

inductor ripple current ( )Lp pI   is small, the 

inductor rating in a step-down converter is often 

selected to be large enough; In order to optimize 

output load current and decrease output ripple 

voltage, this is done [36]. The discontinuous 

mode can be connected to "light loads" in the 

case of high inductance values. Every design 

factor must be considered in order to maximize 

the inductor's performance. In general, the line 

between continuous mode (DCM) and 

continuous mode (CCM) can be used to 

determine the minimum inductance. 

Expressions from (11) to (15) can be used to 

explain the relationship between the inductor's 

peak current peakI , minimum current minI , and 

root mean square (rms) current rmsI . The 

switching period sT , load current (Id), load 

power P , and inductor current ripple I are all 

included in this relationship [36]. 

0 01

2

in
s

in

V V V
I T

L V


                           (11) 

load

o

P
I

V
                                          (12) 

peak loadI I I                                           (13) 

min loadI I I                                          (14) 

2
2

3
rms load

I
I I


                                   (15) 

It is forced to be zero for the inductance 

value.  minI  is the value of this inductance allows 

the converter to operate in the CCM and DCM 

range. 

2

0( )1

2

in o
crit s

in

V V V
L T

P V


                                           (16) 

(1 )

2

s
crit

R D T
L

 
                                  (17) 

The inductor design must be optimized to 

meet the zero voltage switching condition and 

minimum switching frequency. Light loads will 

be affected by the non-continuous mode at large 

inductance values. Then the discontinuous 

conduction depends on the critical resistance

critR . 

2

(1 )
crit

s

L
R

D T



                                        (18) 

4.5 Proportional Integral Controller Modeling 

The system block diagram shown in Figure 

11 is the basis for the controller developed for 

this technique. The current loops for the d and q 

axis are controlled by the same control loop. The 

conversion between di  and dv  is given by [37]. 

,

,

( ) 1 1

( ) 1

d q

d q s e

I s

V s R T s



                            (19) 

Where the stator time constant is 
,d q

e

s

L
T

R
  

 

Figure 11. The proportional integral controller is defined 

as [37] 

  (1 )
pi

i

kk
C s s

s k
                                   (20) 

The open loop compensation approach 

establishes the following PI controller 

parameters: 

2

,

s
i

d q

R
k

L
                                           (21) 
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,d q i

p

s

L k
k

R
                                          (22) 

The d,q-axis voltage reference *

qv and 
*

dv  

are created by adding the controller output and 

balancing time, resulting in a three-phase 

sinusoidal reference voltage. Thus, by 

separating the d and q voltages, the stator d and 

q currents are controlled. PWM is used to create 

a variable for power conversion. PI controllers 

are often used to control power output in 

maximum power point tracking (MPPT) wind 

turbines. However, PI controllers have 

robustness challenges in different environments. 

The challenges in Table 1 are summarized as 

follows: 

Table 1: Robustness Challenges associated with PI 

controller [38-39]. 

Robustness Issue Explanation 

Environmental 

Variations 

Wind turbine systems operate in 

dynamic environments. Variations in 

wind direction and speed can have an 

impact on system performance and 

result in less than ideal power 

extraction. 

Nonlinear 

Characteristics 

Wind turbine dynamics exhibit 

nonlinearities. PI controllers may 

struggle to adapt to these nonlinear 

characteristics, resulting in less 

effective MPPT under certain 

conditions. 

Modelling 

Inaccuracies  

Inaccurate modeling of the wind 

turbine system can lead to 

discrepancies between the controller's 

expectations and the actual system 

response, impacting robustness. 

Parameter 

Sensitivity 

PI controllers are sensitive to 

parameter variations. Small changes in 

turbine or environmental parameters 

may lead to inadequate MPPT 

performance. 

   

 

4.6 Battery bank modeling 

Different battery modeling models were 

proposed in [33]. In this study, linear models 

were used as battery models. Models have ideal 

batteries with open voltage 
o

E and balanced 

voltage, and an equivalent series resistance, sR , 

The battery's terminal voltage is denoted by 

battV . By monitoring the open circuit and the 

charge of a completely charged battery, terminal 

voltage can be determined. The battery's linear 

structure is depicted in Figure 12. The formula 

for battery terminal voltage ( battV ) can be 

expressed as this [33]. 

battery o SeriesV E I R                            (23) 

where
o

E  is the open circuit voltage of the 

battery and the current flowing through the 

battery., and SeriesR  is the series resistance of the 

battery. 

 

Figure 12. Basic schematic of the battery linear model 

5. Implementing speed control with a three-

phase interleaved buck-boost converter  

The power output of a wind turbine can be 

determined by measuring the torque and 

rotational speed of the shaft. The system can be 

designed to vary the amount of air entering the 

turbine and see how the power output changes 

as wind speed increases or decreases. Optimum 

performance can be determined by collecting 

data on the relationship between shaft speed and 

power output at different speeds [40]. This 

information can be used to improve the turbine's 

efficiency and maximize electricity generation. 

To implement speed control, a three-phase 

interleaved buck-boost converter is developed.  

 
Figure 13. Equivalent circuit of three phase interleaved 

buck-boost converter [41] 
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This highly efficient DC-DC converter can 

handle high power levels and is suitable for 

power electronics applications like wind turbine 

power output tracking systems. By controlling 

the duty cycle, the converter can adjust the 

output voltage or current and regulate the power 

output to match the desired output power. The 

equivalent interleaved circuit as shown in Figure 

13, reduces current and voltage stress on each 

switch, resulting in lower switching losses and 

higher efficiency. Using a three-phase 

interleaved buck-boost converter in a wind 

turbine power output tracking system can 

improve efficiency, reliability, and precise 

control of the turbine's output power [41]. The 

following can be used to represent the 

relationship between the input and output 

voltages: 

1

1
dc bU U

D



                                         (24) 

6. MPPT technique for wind energy 

conversion system 

3.1 Perturbation and Observation Algorithm for 

Wind Turbine 

In addition, the circuit is to have a three-

phase diode bridge, used at the input. This 

ensures that only one diode phase is on at a time, 

making it so that the most positive voltage is 

input at any given time. A permanent magnet 

synchronous generator is to be inputted into the 

three-phase rectifier. Once the circuit has been 

developed, the proper gain value for the circuit 

that allows for the generator speed to be tracked 

is to be found. This is done by trying different 

values for gain until a plot is seen where the 

measured speed stabilizes to the reference 

speed. Negative gain is to be used because there 

is an inverse relationship between speed and 

current. For example, if the reference speed is 

higher than the measured speed, the power 

pulled will be decreased as well as the current so 

that the speed can be increased. After this gain 

value has been found, the system must be used 

to verify the speed control for multiple input 

speeds. Maximum PowerPoint Tracking is 

implemented using Perturbation and 

Observation [42]. To implement MPPT, the 

schematic needs the following updates: change 

from constant reference speed input to 

simplified C-block on PSIM with the inputs 

speed and power and change from constant 

torque input to wind turbine input with a speed 

of 12m/s. 

A Simplified C-block is used to program the 

logic for MPPT. Two two-layer nested 

conditional statements will be used to emulate a 

MUX-like system when it comes to changes in 

reference speed. Taking current power output 

and current speed as input, the MPPT will 

compare those against the previous power 

output and previous speed. With these 

comparisons, the system can deduce change in 

power (denoted as ( ) ( 1)P n P n  ) and change 

in speed (denoted as ( ) ( 1)n n   ) in       

Figure 3. 

The MPPT is then to be tested with multiple 

delta values that change how much the speed is 

being perturbed each iteration [43]. The MPPT 

method is represented by the flow chart diagram 

in Figure 3. Different perturbation delta values 

are to be tested for the speed (corresponding to 

“Decrease ref ” or “Increase ref ” in the flow 

chart diagram) 

 

7. Methodology  

7.1     Speed control implementation 

Once the shaft speeds were found for the 

wind turbine, the next step is to implement 

speed control into the three-phase Buck-Boost 

converter as described above. The schematic in 

Figure 14 is developed and used for the 

simulations for speed control implementation, 

with only the gain on the speed control PI being 

adjusted [44].  
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Figure 14. Schematic for speed control implementation 

 

Figure 15. Schematic for speed control implementation with changed reference speed and torque 

 
Figure 16. Schematic for MPPT implementation 
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Figure 17. Schematic for MPPT verification with changing input speed from 12m/s to 8m/s 

 

7.2 Speed control implementation with changed 

reference speed and torque 

To verify these results, the speed control 

was tested for a new torque of 150 and a 

reference speed of 250 rad/sec. The schematic is 

shown in Figure 15. 

7.3   MPPT implementation 

Once the speed control is implemented, the 

next step is implementing maximum power 

point tracking. The constant input is changed to 

a simplified C-block and the constant torque 

input is changed to a wind turbine. For this step, 

a wind speed of 12m/s is used for the wind 

turbine as shown in Figure 16. Once the code 

was implemented in the C block as described 

above, the delta values that adjust how much the 

system is perturbed, need to be adjusted [45]. 

7.4 MPPT verification with changing input 

speed from 12m/s to 8m/s  

The next step is to test the MPPT when 

changing the wind speed from 12m/s to 8m/s. 

First, the MPPT that is use in the previous step 

is test with the new step input. The PSIM 

schematic is changed to have a step input that 

changes the speed from 12m/s to 8m/s rather 

than the constant speed input [46]. The 

schematic for this update circuit is shown in 

Figure 17. 

8. Simulation results and discussion  

The first gain used is -0.4 which produced 

the plot in Figure 18. The speed stabilizes, but a 

system that stabilizes quicker than ~0.6 seconds, 

as seen here, would be ideal. The reference 

speed is 190 rad/sec and the input torque is 200 

Nm. The gain is changed from -0.4 to -0.9 to 

increase the stabilization time. As seen in Figure 

18 and Figure 19, the overshoot increased, but 

the second and subsequent peaks were reduced 

by about 25W and the total stabilization time 

was about 0.4s less. As seen in Figure 20, the 

speed does stabilize, but not as quickly as for the 

previous input. There are some MPPT 

approaches compared and analyzed is shows in 

Table 3. 

The plot in Figure 21 illustrates the result 

from using a delta value of 0.005. The power 

does not stabilize at the expected value of 19kW 

at all within 0.1s, so a new delta value was tried. 

It is also seen that the reference speed diverges, 

meaning the issue is likely with our code, rather 

than with our gain [47].  The negative delta 

value (corresponding to decreasing speed) is 

changed from 0.005 to -0.0005 and the positive 

delta value (corresponding to increasing speed) 

is kept at 0.005. The results from this simulation 

are displayed in Figure 22, which is initially run 

at 0.1s, so the running time would not take too 

long, but an improvement is already visible in 

that the power does not decrease to 0W. The plot 

in Figure 23 shows the same simulation run for 
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0.2s showing that these delta values do allow the 

system to stabilize at the goal power of 19kW. 

Aiming for a quicker stabilization time, more 

simulations were run. Figure 24 shows the 

results for the next delta values used (Negative 

Delta: -0.00005, Positive Delta: 0.005).  

The negative delta was decreased to remove 

the steep drop at around 50ms. As seen in the 

result, this did not work and the system did not 

stabilize at all in the given time and diverged 

from the intended value of 19kW. The reference 

speed is incorrect here as well and consistently 

increasing. Following this, the decision was to 

have the negative delta (absolute value) 

decrease from 0.0005 and increase from 

0.00005 to find a midway point. Using these 

new values (Negative Delta: -0.0002, Positive 

Delta: 0.005) the results shown in Figure 25 are 

found, where it is seen that the power stabilizes 

at 19kW and takes about 0.3s.  

This is an increase from the stabilization 

time in a previous result, so the previous result 

was retested to verify that it was the most 

efficient. The results in Figure 26 show the 

retested results (Negative Delta: -0.0005, 

Positive Delta: 0.005) with the system 

stabilizing correctly at 19kW in about 0.15s. 

This resulted in the decision to keep these delta 

values for this stage and begin the next stage of 

changing the speed from 12m/s to 8m/s. This 

resulted in the plot in Figure 27 where the power 

oscillates greatly around the goal speed of 

5.6kW. This is not ideal because the aim is to 

have a system with fewer oscillations at the goal 

power.  

    
Figure 18. Speed control results for Gain = -0.4 

Figure 19. Speed control results for Gain = -0.9 

Figure 20. Speed control results for Gain = -0.9 for New 

Input Speed and Torque 

 

Figure 21. Output power results for delta = 0.005 

 

Figure 22. Output power results for negative delta: -

0.0005, Positive Delta: 0.005 
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Figure 23. Output power results for negative 

delta: -0.0005, positive delta: 0.005 (same as 

above, but run for more time to show longer term 

results) 

 
Figure 24. Output power and speed results for negative 

delta: -0.00005, positive delta: 0.005 

The speed is still being track relatively well, 

although the speed changed many times as 

shown in Figure 28.  The delta values were 

adjusted to attempt to get rid of the oscillations 

in power. The negative delta value was changed 

to -0.0002, so the decrease would not be as 

drastic, and the result is displayed in Figure 29. 

The speed shows one step and then settles at 

around 130 rad/sec as expected from earlier 

simulations for turbine characteristics in Figure 

30. 

 

Figure 25. Output power and speed results for negative 

delta: -0.0002, positive delta: 0.005 

 

Figure 26. Output power and speed results for negative 

delta: -0.0005, positive delta: 0.005 

 

Figure 27. Power output with negative delta: -0.0005, 

positive delta: 0.005 
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Figure 28. Measured speed and reference speed 

with negative delta: -0.0005, positive delta: 0.005 

 

Figure 29. Power and speed output with negative 

delta: -0.0002, positive delta: 0.005 

 

Figure 30. Measured speed and reference speed 

with negative delta: -0.0002, positive delta: 0.005 

 

Figure 31. Measured speed and reference speed 

with negative delta: -0.0002, positive delta: 0.005 

(with Near-Zero Implementation) 

 
Figure 32. Power output with negative delta: -0.0002, 

positive elta: 0.0065 (with Near-Zero Implementation) 

 

Figure 33. Measured speed and reference speed 

with negative delta: -0.0002, positive delta: 

0.0065 (with Near-Zero Implementation) 

9. Near zero implementation in Maximum 

Power Point Tracking (MPPT)  

New-zero implementation technique is a 

type of maximum power measurement (MPPT) 

algorithm for wind turbines. It is based on the 

idea that the ideal tip speed ratio (TSR) of a 

wind turbine is nearly constant and can be 

estimated by measuring the wind speed and 

turbine speed. This algorithm adjusts the duty 

cycle of the three-phase interleaved buck-boost 

converter to control the turbine speed and match 

the TSR effectively. This technique can improve 

the power extraction and efficiency of the wind 

turbine under different wind conditions. In the 

simplified C-block logic for MPPT, a smart 

feature is added. In the previous logic, if a 

change in power is equal to 0, no delta changes 

would be made. Now with the new smart logic, 

if the change in power is a value small enough, 

the MPPT will consider that to be 0 (Appendix 

31 CODE, Line 29). This is done to minimize 

pulsing at the peak power level. The “small 

enough” value chosen was 0.02 (Appendix 

CODE, Line 24). For the MPPT system to make 

positive and negative delta changes, the absolute 

value of the change in power must be greater 

than 0.02. 
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It is also observed that the power output 

approaches peak power faster than before. 

Continuing to optimize the MPPT system, 

additional delta changes were made. The goal is 

to remove the second power spike and allow the 

system to reach peak power and become stable 

in less time, with this extra feature, it is observed 

that power at the peak is smoother with smaller 

ripples as shown in Figure 32 than the larger 

ripples observed before as shown in Figure 29. 

It also measured speed and reference speed with 

Near-Zero Implementation and successfully met 

the reference speed as shown in Figure 33. 

10. Comparisons analysis  

10.1 Implementing the smart system (Near-Zero 

Implementation) [48-49] 

10.1.1 Faster peak power approach  

a) Previously, it took approximately 0.3 

seconds to reach peak power as shown in 

Figure 29. 

b) Now, it takes approximately only 0.06 

seconds to reach peak power as shown in 

Figure 31. 

10.1.2 Less power spikes 

a) Previously, two large power spikes were 

observed as shown in Figure 29. 

b) Now, one large power spike is observed 

as shown in Figure 31. 

10.1.3 Less peak power rippling 

a) Previously, peak power had larger and 

more jagged/sharp ripples as shown in 

Figure 29. 

b) Now, peak power has smaller and 

smoother ripples as shown in Figure 31. 

The optimization aims to smoothen the 

power ramp-up enough to be considered 

"removed." The comparison of before and after 

near zero implementation with same delta 

values optimized delta values are shows in 

Table 2 and Table 4.  

Table 2: Before and after near zero implementation with same delta values 

Delta approach 
Before Near Zero 

Implementation 
With Near Zero 

Implementation 
Positive Delta Value 0.005 0.005 
Negative Delta Value -0.0002 -0.0002 
Peak Power Approach  0.3 0.22 

Peak Power Rippling Larger and more 

jagged ripples 

Smaller and 

smoother ripples 

Table 3: Dynamic performance of evaluated MPPT approaches compared and analyzed. [50] 

 

 

 

 

MPPT  

techniques Complexity 
Sensed 

parameters 
Converges 

speed 

Settling 

time 

(sec) 

Efficiency (%) 

P&O with 

Interleaved Buck-

Boost Converter 

Moderate 
Voltage and 

current 
Fast 0.356 96.8 

      

P & O with Buck 

converter  
Low Voltage Moderate 0.365 95.3 

P & O with Sync 

Buck converter 
Low Voltage Moderate 0.376 96.5 

INC with Buck 

converter 
Moderate 

Voltage and 

current 
Fast 0.361 95.4 
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Table 4: Before and after near zero implementation with optimized delta values 

Delta approach 
Before Near Zero 

Implementation 
With Near Zero 

Implementation 
Positive Delta Value 0.005 0.0065 
Negative Delta Value -0.0002 -0.0002 
Peak Power Approach  0.3 0.06 

Number of Power Spikes 2 1 

Peak Power Rippling Larger and more 

jagged ripples 

Smaller and smoother 

ripples 

 

11. Conclusions  

A wind turbine has been successfully 

implemented with speed control and maximum 

power point tracking (MPPT) using a three-

phase interleaved buck-boost converter and a 

permanent magnet synchronous generator. The 

system is tested at various input speeds and 

perturbation delta values to optimize 

performance. Results showed that a gain value 

of -0.9 reduced the stabilization time to 0.4 

seconds and reduced subsequent peaks by 25W. 

The system can be optimized to reduce 

stabilization time while maintaining stable 

output. For MPPT implementation, an initial 

delta value of 0.005 did not allow the system to 

stabilize at the expected power of 19 kW within 

0.1 seconds. However, by changing the negative 

delta value to -0.0005, the system was able to 

stabilize at the goal power of 19 kW within 0.2 

seconds. By combining these approaches, we 

have achieved a synergistic effect, leading to 

improved stability and performance of wind 

turbines. These findings hold promising 

implications for the renewable energy sector, 

offering a pathway to harnessing wind power 

more reliably and efficiently. By implementing 

the proposed techniques, wind energy can 

become a more reliable and viable source of 

renewable energy, further contributing to the 

global efforts towards a sustainable and low-

carbon future. 
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