
© 2024 JETIR March 2024, Volume 11, Issue 3                                                   www.jetir.org (ISSN-2349-5162) 

 

JETIR2403082 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a603 

 

TRACKING WIND TURBINE MAXIMUM POWER 

POINTS WITH INTEGRATED GENERATOR- 

RECTIFIER SYSTEMS 
1 S.Prakash, 2AG Ismail, 3P Venkateswarlu, 4M Jeevan Kumar,5N Kiran Kumar 

1,2,3,4,5Electrical and Electronics Engineering,  
1,2,3,4,5Gokula Krishna College of Engineering, Sullurupet, India 

 

ABSTRACT: One fast expanding form of renewable energy is offshore wind. In order to get a competitive levelized 

cost of electricity, offshore energy harvesting necessitates multimegawatt wind turbines in addition to high efficiency, 

high power density, and dependable power conversion equipment. A viable substitute for an electromechanical power 

conversion system is an integrated system that combines a multiport permanent magnet synchronous generator with 

one active and several passive rectifiers. Maximum power point tracking (MPPT) capability is necessary for the 

deployment of integrated systems in offshore wind energy, but it is difficult to achieve because of the abundance of 

uncontrolled passive rectifiers. Based on the discovery that the active-rectifier d-axis current may regulate the overall 

system output power, this research demonstrates the viability of MPPT. Opportunities for the integrated systems in 

offshore wind are created by the MPPT capabilities. 

Index Terms—AC–DC power conversion, dc power systems, maximum power point trackers (MPPT), power 

conversion, rectifiers, wind energy, wind energy generation. 

1. Introduction: 

Offshore wind is a newly developed renewable energy source with installed capacity that is growing quickly [2]– [5]. 

In an effort to achieve a competitive levelized cost of electricity, offshore wind turbines with power outputs greater 

than that of conventional land-based systems have recently been produced (LCOE). For instance, the power ratings 

of the Gamesa 10X [6], Haliade X [7], and Vestas V164 [8] range from 10 to 12 MW. It is difficult to develop high 

power density, effective, and dependable electromechanical power conversion systems for these turbines using 

traditional converter topologies. High switching losses and restricted power electronics switch voltage/current ratings 

are the main challenges [9]. The most widely used architectures are neutral-point-clamped converters and two-level 

pulse width modulation (PWM).The former has a simple construction and a straightforward control scheme [10]. 

The peak dc-side voltage and ac-side current are rated for each switch to process the multi     megawatt power, 

available power electronics equipment is coupled in parallel or series. Poor reliability is the result of these settings. 

Neutral-point-clamped architecture minimizes the voltage rating needs of each switch. The switches' unequal loss 

distribution causes early failure at the hot locations. To lower the power rating of each individual power converter, 

multiport generators have been proposed. A viable substitute is an integrated generator–rectifier system based on a 

permanent magnet synchronous generator (PMSG]. A multiport PMSG transforms the mechanical power on the 

turbine shaft into alternating current electrical power. For ac-dc conversion, each port is linked to either a passive or 

an active rectifier. A reasonably high- voltage dc bus is formed by serially connecting the rectifiers' dc outputs. Only 

a part of the total dc-bus voltage is supported by each rectifier. As a result, passive rectifiers handle 60% of the total 

power, which reduces conversion loss by 47% at rated working conditions. The smaller active -rectifier improves 
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the overall system power density and reliability. Maximum power point tracking (MPPT), which is essential in wind-

energy applications, is made possible by the capacity to manage the power flow. To achieve MPPT, a control 

framework based on a relationship between the total dc-bus power and the active-rectifier d-axis current is presented. 

 

 

Figure-1: A variable-speed wind turbine serves as the prime mover in the wind turbine power point tracking 

    

(a)                                          

                   (b)                  
 

 

Figure-2: (a) It shows the integrated generator-rectifier system's simplified equivalent circuit.  (b) A back EMF 

source connected in series with the generator inductance L and phase resistance R represents each phase of a three-

phase AC port. The active rectifier is a three-phase, two-level converter, and the passive rectifier is a six-pulse 

diode rectifier. 

II. POWER-FLOW CONTROL INTEGRATED GENERATOR-RECTIFIER SYSTEM: 

The power-flow control framework for the suggested integrated generator-rectifier system is developed in this 

section. It is expected that a stiff dc interface is linked to the system's DC output. This   presumption   holds true   

for   grids used   for both ac and   dc collecting [9]. The interface in the ac scenario is a grid-side converter-

regulated intermediate dc bus. In the case of the DC, a converter at the DC-Grid Substation controls the DC 

voltage. The generator speed-dependent voltage source, expressed as Vp, in series with the commutation reactance, 

expressed as Xp, represents the overall output of the passive rectifiers. 

A. Minimization of Passive-Rectifier Voltage-Ripple: 

A PMSG with k three-phase ac ports would power passive rectifiers without the need for output filter capacitors if it 

had (k − 1) ports. Each passive rectifier's dc-output voltage ripple has a peak every π3 radians Voltage ripple 

percentage, which is the ratio of peak-to-peak ripple to average value, is minimized when the dc outputs are connected 

serially and appropriately phase-shifted. For instance, the ripple percentage of two passive rectifiers with π 6 phase 

shifting is 3% as opposed to 14% without phase shifting. For a system with (k − 1) passive rectifiers, a phase shift of 

3π (k−1) radians often reduces the voltage ripple. The voltage ripple % decreases when the number of ac ports is 

increased. 

𝑉𝑝𝑎𝑠𝑠𝑖𝑣𝑒 =
3 

𝜋
(𝑘 − 1)√3𝐸(𝜔) − (𝑘 − 1)(

3

𝜋
𝜔𝐿 + 2𝑅)𝐼𝑑𝑐           (1) 
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Figure-3: Example output voltage waveforms from the integrated system in Fig. 1 with each ac port generating 1.1 

kV peak line-to-neutral voltage at 20 Hz electrical frequency. (a) DC output voltage of one passive rectifier. (b) 

DC output voltage of two passive rectifiers connected in series with/without phase shifting between the 

corresponding ac ports. (c) Ratio between the voltage Vp peak-to-peak ripple and the average value is reduced as 

the number of passive ports is increased. 

Where L and R are the synchronous inductance and per-phase equivalent series resistance of each ac port, 

respectively [28]. The back EMF E(ω) is electrical-frequency-dependent. 

 

                   𝐸(𝜔)
𝜔

2𝜋𝑓𝑜
 𝐸𝑂                                                                                         (2)                                                             

 

Where each ac port's rated electrical frequency (f0) and rated line-to-neutral peak back electromagnetic field (EMF) 

are denoted by E0 and f0, respectively. 

 

B. Implementing the Active Rectifier for Power-Flow Control: 

 The next stage is to determine the relationship between the dc-bus power and the ac-side current of the active 

rectifier. The power balance between the ac and dc sides results in when the conversion losses in the active rectifier 

are neglected. 

 

                       
3

2 
𝐸(𝜔)𝐼𝑠𝑑 −

3

2
 𝐼𝑠𝑑

2 𝑅 = 𝑉𝑎𝐼𝑑𝑐                                   (3) 

 

Figure. 4. The active-rectifier d-axis current determines the power extracted from the combined generator–rectifier 

system at each generator speed. 
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                                             𝐿
𝑑𝐼𝑠𝑑

𝑑𝑡
= −𝑅𝐼𝑠𝑑 + 𝜔𝐿𝐼𝑠𝑞 𝐸 − 𝑉𝑟𝑑                              (5) 

                                         

                                       𝐿
𝑑𝐼𝑠𝑞

𝑑𝑡
= −𝑅𝐼𝑠𝑞 − 𝜔𝐿𝐼𝑠𝑑 − 𝑉𝑟𝑑                                (6) 

 

 

 

 

Figure-5: (a) Diagram showing a wind turbine with three blades. (b) The typical wind-turbine power coefficient 

plotted against the tip-speed ratio 

                                𝐼𝑠𝑑 =  𝐾𝑝𝑝(𝑃∗
𝑑𝑐 − 𝑃𝑑𝑐) + 𝐾𝑖𝑝 ∫(𝑃∗

𝑑𝑐 − 𝑃𝑑𝑐)𝑑𝑡                  (7) 

 

 where the proportional and integral benefits are denoted by Kpp and Kip, respectively. 

 

   

A. Integrated Generator-Rectifier System for MMPT:          

 

The maximum power point of the wind turbine is tracked using the suggested power-control architecture. MPPT 

occurs if the amount of electricity drawn at each generator speed equals the curve of maximum power  with R blade 

= 164 m, running at 12 m/s rated wind speed and 1.15 kg/m3 air density. The wind turbine's mechanical power curves 

at different wind speeds are plotted using dotted lines in Figure 6. By joining the peak values of each mechanical 

power curve, the maximum power curve is created. 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 6 : Shows the 10 MW wind turbine's mechanical power curves and maximum power curve. 

 

 Consider the operation with a 12 m/s wind speed. The graph is divided into two parts by the vertical line that crosses 

the point where the mechanical power curve and the maximum power curve connect. The generator's input 

mechanical power is greater than its output electrical power in the gray area. 
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SIMULATION RESULTS 

A. Control of Power-Flow: 

 

 
           

           Figure 7: Simulation model based on a three-port PMSG with integrated power electronics used to illustrate 

the drive-train operation at different generator speeds. 

 

When the q-axis current is instructed to remain at zero, the current waveforms corresponding to various active-

rectifier d-axis current reference values are displayed in the upper plot. Following the d-axis current is the dc-bus 

current.The bottom plot of Fig. 9(b) shows how the dc-bus power varies in proportion to the dc-bus current. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. (a) (Top plot) Active-rectifier d-axis and q-axis currents track the reference command, presented by the 

dotted lines. The dc-bus current varies accordingly by changing the d-axis current, leading to a change in the dc-

bus power (bottom plot). (b) Relationship between dc-bus power and active-rectifier d-axis current acquired from 

the simulation model (recorded by the markers) matches the theoretical analysis [plotted by the lines using (6)]. 
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Figure 9: Waveforms indicating the MPPT functionality of the system. (a) The turbine speed (solid-blue line) 

successfully tracks the ideal speed to provide maximum power at each wind speed. (b) The mechanical power of the 

turbine and DC-bus power in contrast to time, To attain MPPT, (c) d-axis and q-axis currents. 

   

           B. MPPT  Illustration:  

 

The implementation of the suggested combined generator–rectifier system to accomplish MPPT is demonstrated 

using the simulation model shown in Fig. 9(a). The generator's reference speed is the wind turbine's rotating speed, 

ωm. Dynamics. 

                                                       

                                                      𝐽𝜔𝑚
𝑑𝜔𝑚

𝑑𝑡
= 𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒 − 𝑃𝑑𝑐            (8) 

 

where J is the wind-turbine moment of inertia, chosen to be 28.7 × 106 kg · m2. To reduce the simulation run time, 

this value was selected to be 50 times lower than a representative value for a 10 MW turbine.  

 

  

Figure 10: Power, phase-A current, and phase-Aback EMF of the generator at various operating speeds for the passive 

and active rectifiers. (a) At the rated generator speed, sinusoidal and phase-shifted back electromagnetic fields. (b) 

Phase-A currents that correspond. (c) Dividing the PMSG input power between the ac ports that supply power (d) 

Reverse EMFs at the lowest operational speed, which is equivalent to 55% of the maximum speed. (e) Phase-A 

currents in line with the lowest possible speed. (f) Active and passive rectifiers are powered by power sharing between 

the ac ports at the slowest possible operating speed. 

 

C. PMSG Power Quality and Torque Ripple Assessment: 

 

This section determines the generator torque ripple and quantifies the effects of the distorted ac currents caused by 

the diode-bridge operation on the overall PMSG power quality. Fig. 11(b) displays the phase-A currents of the three 

ac ports at the 10-MW rated power drawn by the dc- bus. As would be predicted, the currents corresponding to the 

diode bridges are non-sinusoidal. As seen in Fig. 11(c), the instantaneous power output of each back EMF 
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Figure 11:  The total PMSG power's ripple factor is always less than 2.5% and gets smaller as output power rises. 

The ripple factor is 0.4% at the rated condition. Operating the generator at its lowest speed is thought to the ripple 

factor variation as a function of the generator input power should be examined next. The frequency and amplitude of 

the back EMF are related to the speed of the generator. 

 

V. CONCLUSION                                  

 

The MPPT approach for an integrated generator-rectifier system is presented in this article. Through modeling and 

experimentation, an analytical link is constructed and validated between the active-rectifier d-axis current and the dc-

bus power. Cascading control architecture is suggested for real-world application. A PI power controller makes up 

the outer loop, while feed- forward terms PI current controllers make up the interior loop. It has been possible to get 

a satisfactory power tracking performance. By managing the dc-bus power, the power flow control makes the wind 

turbine MPPT possible. Opportunities for combined generator-rectifier systems in wind energy applications are 

created by this capacity. 
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