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     Abstract: 
              Nowadays Offshore wind is a rapidly growing renewable energy resource. Offshore wind is the one that blows from 

land towards the sea. Harvesting offshore energy requires multi megawatt wind turbines and high efficiency, high power density, 

and reliable power conversion systems to achieve a competitive Levelized Cost Of Electricity (LCOE). So AC-to-DC power 

conversion is essential in many emerging high-power applications, including electrified transportation and wind-power 

generation. Collecting electrical energy through a DC form allows the prime mover, such as a wind turbine or a gas turbine, to 

operate at variable speeds, enabling Maximum Power Point Tracking (MPPT) leading to improved thermal efficiency. Creating 

ac-to-dc conversion systems at megawatt power levels that exceed conventional solutions in terms of efficiency, reliability, and 

compactness has been my target. An integrated system utilizing one active and multiple passive rectifiers with a multiport 

permanent magnet synchronous generator is a promising alternative for an electromechanical power conversion system. 

Deployment of the integrated systems in offshore wind energy requires maximum power point tracking (MPPT) capability, 

which is challenging due to the presence of numerous uncontrolled passive rectifiers. This article shows feasibility of MPPT 

based on a finding that the active-rectifier d-axis current can control the total system output power. The MPPT capability opens 

up opportunities for the integrated systems in offshore wind applications.  

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

rectifiers, wind energy, wind energy generation. 

 

     I. Introduction  

        As a result of increasing environmental concern, more and more electricity is generated from renewable sources. Renewable 

energy can contribute to securing energy supplies and smoothen the transition to a fossil free energy. At present renewable 

energy provides 19% of electricity generation worldwide. Wind power is one of the most competitive renewable energy 

technologies and, in developed countries with good wind resources, onshore wind is often competitive with fossil fuel-fired 

generation.  

         Wind power generation has experienced a tremendous growth in the past decade, and has been recognized as an 

environmental friendly and economically competitive means of electric power generation. The size of wind turbines and wind 

farms are increasing quickly; a large amount of wind power is integrated into the power system. A huge penetration of wind 

energy in a power system may cause important problems due to the random nature of the wind and the characteristics of the 

wind generators. In large wind farms connected to the transmission network (110 kV – 220 kV) the main technical constraint to 

take into account is the power system transient stability that could be lost. Another major technical issue to be considered is the 

voltage instability and voltage collapse problem. The aim of this research is to evaluate the impact of strategically placed WTGs 

on power system stability with respect to the variation in load and occurrence of contingencies. This chapter explains the energy 

conversion from wind, control of wind turbine, operating characteristics of wind turbine, types of WTGs, power electronic 

converters in WECS and the impact of WTGs on performance of power system [11]-[13]. The objectives of this research work 

are explained in detail. Further it also includes in an outline of the dissertation.  

                Wind power is one of the fastest growing sources of electricity generation with an annual growth rate of 20% over the 

past ten years. The vast majority of wind turbines today installed use one of three main types of electromechanical shunt system: 

a squirrel cage induction generator, a two-feed induction generator, and a direct synchronous alternator. Often they are directly 

connected to the transmission network and will sooner or later replace traditional power plants. These wind farms are expected 

to meet very high technical requirements, such as conducting frequency and voltage control, regulating active and reactive 

power, and providing rapid responses during transient and dynamic situations in the electrical system. This chapter reviews 
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recent publications on dynamic wind turbine models, wind turbine electronic power converters, and the impact of wind turbines 

on power system performance. 

                  Today, a variety of wind turbine technologies are used. Typical wind turbines use a blade and a rotating shaft 

assembly to extract power from the wind, a gear train to increase shaft speed in a slowly rotating rotor at the high speeds needed 

to drive the generator, and an induction generator, energy conversion device. Induction machines are popular with generating 

units due to their asynchronous nature, it is difficult to maintain a constant synchronous speed to use a synchronous generator 

because transformers are used to regulate the real power output and reaction of the turbine. 

A wind farm generally consists of a large number of individual wind turbines connected to an internal electrical grid. In the near 

future, wind turbines may begin to influence the behaviour of electric power systems by interacting with synchronous generators 

(CSGs) and conventional loads. To study the impact of wind farms on electrical system dynamics, an important requirement is 

the development of appropriate wind farm models to represent the dynamics of many individual wind turbines. 

Wind turbine models should be developed so that they can be integrated into power system simulation programs. (Slootweg JG 

et al 2003) [12] Presented a general model of wind speed, rotor and rotor speed controller, generator/transformer, tilt angle 

controller, voltage controller and protection system used to represent all types of variable speed wind turbines in dynamic power 

simulation systems. In addition, it has been experimentally proven that in a variable-speed wind turbine, the shaft properties are 

not reflected in the connection to the grid due to the separation effect of electronic transducers. 

Dynamic models of wind farms with fixed speed WTGs are presented in various literatures. A typical fixed speed SCIG employs 

a capacitor bank arrangement. Some authors have modelled fixed speed SCIGs with control strategies also. (Mihet-Popa L et al 

2004) presented a fixed speed SCIG model which uses an alternative control strategy, where the rotational speed is the controlled 

variable and it is tested during normal operation and transient grid fault events. (Wei Qiao et al 2007) explained a detailed model 

and three reduced order equivalent model of fixed speed SCIG and explained about how to choose an appropriate wind farm 

model for power system dynamic and transient studies. 

A simple ESO based DC-link voltage control strategy was proposed for three-phase AC/DC converter by (J. Lu, S. Golestan et 

at 2018). With the proposed control strategy, additional sensors for improving system dynamic response under disturbance was 

avoided, which was suitable for “plug and play” for expanding the UPS modules and micro-grid. The proposed ESO-based DC-

link voltage controller can achieve the same effect in mitigating the DC-link voltage variation with sensor-based feedforward 

control but has a better effect in reducing settling time. The robustness of the controller was examined in the experiment as well. 

DFIGs have started to influence the behaviour of electrical power systems. Detailed DFIG models to study the impact of wind 

turbines on electrical power system behaviour are needed. (Slootweg J G et al 2001) simulated a DFIG model equipped with 

rotor speed, pitch angle and terminal voltage controllers. 

The dynamic behaviour of wind turbines is completely different from that of wind turbines. Therefore, the dynamic performance 

of power systems is expected to change as conventional generation is replaced by an increasing number of wind turbines. The 

dynamic interactions of transformer control, pitch control, and wind turbine models are analysed by (Ian A Hiskens 2012) and 

governed by the interactions between the continuous dynamics of state variables and discrete boundary-related events. It is 

suggested to switch the hysteresis to eliminate the inertia caused by the interactions. The dynamic characteristics of these wind 

turbines which are important from a grid perspective are dominated by the response of the controllers that regulate the active 

power, pitch angle and terminal voltage. 

II. MPPT FOR WIND TURBINE USING INTEGRATED GENERATOR RECTIFIER SYSTEM 

Offshore wind is an emerging renewable energy resource with rapidly increasing installed capacity [2]–[5]. Recently, offshore 

wind turbines exceeding the common land-based power output have been developed to target a competitive Levelized Cost of 

Electricity (LCOE). Development of high-power-density, efficient, and reliable electro-mechanical power conversion systems 

for these turbines based on conventional converter topologies is challenging. The major obstacles are limited power-electronics-

switch voltage/current ratings and high switching losses [9]. Two-level PWM and neutral point-clamped converters are the most 

commonly used architectures. The former has a simple construction and a straightforward control scheme [10]–[12]. Each switch 

is rated for the peak ac-side current and dc-side voltage. Available power electronics devices are connected in series and/or in 

parallel to process the multi-megawatt power. These configurations lead to poor reliability [13]. Neutral-point-clamped topology 

reduces the voltage rating requirements of each switch [14]–[16]. Loss distribution is uneven across the switches, leading to 

early failure at the hot spots. Multi-port generators have been proposed to reduce the power rating of the individual power 

converters [17]–[19]. All these architectures rely solely on an active rectifier for ac to dc conversion.  

A permanent magnet synchronous generator (PMSG)-based integrated generator-rectifier system, as shown in Figure 3.1(a), is 

a promising alternative [20], [21]. The mechanical power on the turbine shaft is converted to ac electrical power by a multi-port 

PMSG. Each port is connected to either a passive or an active rectifier for ac-to-dc conversion. The dc outputs of the rectifiers 

are serially connected to form a relatively high voltage dc bus. Each rectifier supports only a portion of the total dc-bus voltage. 

Consequently, 60% of the total power is processed on passive rectifiers, leading to a 47% reduction in conversion loss at the 

rated operating condition. The overall system power density and reliability improve because of the active-rectifier size reduction. 

However, power-flow control in the integrated generator rectifier system is challenging due to the presence of numerous passive 

rectifiers. The key contribution of this paper is to prove that a controllable total dc bus power flow can be achieved despite 

having a series string of uncontrolled passive rectifiers. The ability to control the power flow enables maximum power point 

tracking (MPPT), which is vital in wind energy applications [10]. A control framework is proposed based on a relationship 

between the active rectifier d-axis current and the total dc bus power to achieve MPPT. Additionally, filter capacitors at the 

passive-rectifier outputs are eliminated. The dc-bus voltage ripple is minimized by shifting the corresponding phases of different 

ac ports feeding the passive rectifiers. MPPT control, along with removal of the bulky filter capacitors, make the integrated 

generator-rectifier system promising to reduce the offshore-wind LCOE. 
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Figure 2.1 (a) Wind turbine power-point tracking architecture. b) Ac port, Passive Rectifier and Active Rectifier 

        The prime mover is a variable-speed wind turbine. The turbine shares a common shaft with the multi-port PMSG. Ac power 

is converted to dc by an integrated generator-rectifier system. The dc output is connected to a stiff dc interface. The integrated 

generator-rectifier system performs maximum power-point tracking to extract the turbine maximum power. Each phase of a 

three-phase ac port is modelled by a back EMF source in series with generator inductance L and phase resistance R. The passive 

rectifier is a six-pulse diode rectifier, and the active rectifier is a three-phase two-level converter.   

Power Flow Control for the Integrated Generator-Rectifier System  

        This section develops the power-flow control framework for the proposed integrated generator-rectifier system. The system 

dc output is assumed to be connected to a stiff dc interface. This assumption is valid for both ac and dc collection grids [9]. For 

the ac case, the interface is an intermediate dc bus that is regulated by a grid-side converter. For the dc case, the dc voltage is 

controlled by a converter at the dc-grid substation. 

 
Figure 2.2 Simplified equivalent circuit of the integrated generator-rectifier system. 

III.MODELING OF MAXIMUM POWER POINT TRACKING FOR WIND TURBINE GENERATORS  
Today, a variety of wind turbine technologies are used. Typical wind turbines use a blade and a rotating shaft assembly to extract 

power from the wind, a gear train to increase shaft speed in a slowly rotating rotor at the high speeds needed to drive the 

generator, and an induction generator. Induction machines are popular with generating units due to their asynchronous nature, it 

is difficult to maintain a constant synchronous speed to use a synchronous generator because transformers are used to regulate 

the real power output and reaction of the turbine. 

A wind farm generally consists of a large number of individual wind turbines connected to an internal electrical grid. In the near 

future, wind turbines may begin to influence the behaviour of electric power systems by interacting with synchronous generators 

(CSGs) and conventional loads. To study the impact of wind farms on electrical system dynamics, an important requirement is 

the development of appropriate wind farm models to represent the dynamics of many individual wind turbines. 

In many Countries, there is a tendency towards increasing the amount of electricity generated from wind turbines. Hence, wind 

turbines will start to replace the output of conventional generators. As a result, it may begin to affect the overall behaviour of 

the power system. Hence the impact of wind power on the dynamics of power system should be investigated. This chapter 

develops mathematical models suitable for analysing the impact of variable speed wind turbine (VSWT) on the dynamics of 

power systems. The variable speed WTGs commonly used are geared drive DFIG, direct drive EESG and PMSGs. 

MATLAB/Simulink is used to simulate the developed models and the simulation results obtained under different operating 

conditions are presented. 

Variable Speed Wind Turbine with Direct Drive Synchronous Generators  

In direct drive synchronous generators, rotor and generator shafts are mounted to the same shaft without gear-box. The 

synchronous generator is designed with more number of poles for low speed operation. Synchronous generators [19] are suitable 

for high capacities. Higher speed operation create no problems other than difficulties in manufacturing of synchronous generators 

with large capacities. It can be utilized independently. The output voltage of the synchronous generator terminals can be 

regulated. The power factor of the front and rear phases and the reactive power can be controlled. No impact is generated during 

paralleling connection to the network. 

It can either be an EESG or a PMSG. For a large DDSG, with a diameter of several meters, the air-gap should not exceed few 

milli-meter, to avoid excessive magnetization requirements. Direct drive generator has a large diameter to produce higher torque 

because the torque is proportional to the square of air gap diameter. 

Absence of gearbox consequently decrease the operation and maintenance cost. Moreover, direct drive systems are more reliable 

and operate for a relatively longer time with fewer problems due to the reduced complexity. In order to produce electricity at the 
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desired frequency in low rotational speeds; the pole number of the generators in direct drive systems is high. Hence, the 

generators used in these systems are bigger, heavier and more expensive. 

For allowing variable speed operation, the synchronous generator must be connected to the grid through a frequency converter. 

Figure 4.1 shows the principal arrangement of a direct drive synchronous generator. 

 
Figure 3.1 Direct drive synchronous generator 

The major components in frequency converters are diode rectifier, dc link and pulse-width modulated inverter. The generator is 

connected to an intermediate DC-circuit by a diode rectifier. The grid-side connection is realized by a self-commutated PWM 

converter that imposes a pulse-width modulated voltage to the AC-terminal. The PWM converter is connected to the network 

through a filter, symbolized by the L-C circuit. The level of harmonics in the voltage at the connection point is extremely low. 

Direct Drive EESG  

The block diagram representation of the variable speed direct drive EESG is shown in Figure 3.2. The system includes a fixed-

pitch, stall regulated wind turbine, an EESG and a controllable power electronics system, which consists of a six-diode rectifier 

and three phase VSC with d-q current control. 

 
Figure 3.2 Block diagram representation of the Variable Speed Direct Drive EESG 

High pole count in EESGs increases the field ampere turns. So existing ampere turns yield an increase of excitation losses. With 

increased pole count in PMSGs, due to lower flux per pole, the danger of demagnetization decreases; hence smaller magnets 

and hence reduced costs are possible for high pole count machines. 

Direct Drive PMSG  

The block diagram representation of the variable speed direct drive PMSG [14] is shown in Figure 3.3.The system consists of a 

pitch wind turbine, PMSG, a passive rectifier, a MPPT controlled dc-to-dc boost converter and an adaptive hysteresis band 

current controlled VSC. 

 
Figure 3.3 Block diagram representation of the Variable Speed Direct Drive PMSG 

The excitation losses which occur in direct drive electrically excited synchronous generator are eliminated here due to the usage 

of permanent magnets [16]. This leads to increase in efficiency and reduces the thermal problems on the rotor side. Thus they 

are more efficient than CSGs. The design of the permanent magnet circuit has to take into account the demagnetization limit, 

which may be reached by high stator current loading (over load condition ) which causes opposing stator field on rotor trailing 

magnet edge. With increased pole count due to lower flux per pole, the danger of demagnetization decreases, hence smaller 

magnets and thus results in reduced cost for high pole count machines. Further no brushes and slip rings are necessary, which 

reduces maintenance costs.  

The main advantages of direct drive PMSG [14] are the full decoupling between the RSC and GSC. In fact, in case of grid 

disturbances, the GSC is controlled so that it can support the voltage recovery by supplying reactive power and at the same time 

it ensures the grid stability. No significant mechanical stress (torque or speed) occurs due to their high dynamic compared to 

electrical dynamics (O B K Hasnaoui et al 2006). The direct drive PMSG is able to ride through the balanced voltage grid fault 
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by reducing active power and supplying the maximum possible reactive power to maintain the current constant until clearance 

of the voltage fault. Due to decoupling between RSC and GSC, the dynamic behaviour of the generator is slightly affected in 

presence of grid fault, this disturbance creates a slight increase in speed of the generator. 

PMSGs have several advantages over EESGs. They are:  

1. Higher power to weight ratio 

2. Improvement in efficiency 

3. High energy and light weight 

4. No additional power supply for the field excitation 

5. Higher reliability without slip rings. 

PMSGs are still considerably more expensive and require more advanced rectifiers because they won’t allow for reactive power 

or voltage control. PMSGs with light weight and low cost are most suitable for applications in WECS. 

IV.RESULTS  

Power-Flow Control 

A three-port PMSG is modelled by three voltage sources in series with resistance and inductance. The frequency and amplitude 

of the voltage sources are dependent on an external reference-speed signal. Parameters of each port follow the values given in 

Section 3.4. Port-1 and -2 are connected to three-phase diode rectifiers. The phase-A voltages (and also Phase-B and -C) of these 

two ports are shifted by 
𝜋

6
 electrical radian from each other to minimize the voltage ripple on the passive rectifiers’ dc output. 

Port-3 powers an insulated-gate bipolar transistor (IGBT)-based active rectifier that switches at 2 kHz. The rectifier outputs are 

serially connected to form the dc bus. The dc-bus voltage is maintained at 5.7 kV to represent the grid interface. 

Also, a variable speed direct drive PMSG with passive rectifier, MPPT controlled dc-to-dc boost converter and adaptive 

hysteresis band current controlled VSC to maintain constant dc link voltage is simulated. A step and search MPPT control 

strategy which senses the VDC alone and controls the same is utilized. This MPPT control strategy maintained the DC link 

voltage constant under variable wind speeds. The adaptive hysteresis band current controller adjusts the hysteresis bandwidth, 

according to the measured line current of the grid connected inverter. This technique maintained the DC link voltage constant 

under transient grid currents.   

 
Figure 4.1 Simulink Design of Proposed Model 

This is the simulation model that is simulated to get the appropriate results from our given input values. 
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Figure 4.2 Waveform of 3phase PQ 
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The Figure 4.2 gives the overall power quality of the system. According to the power quality we can determine the performance 

of the system. Through this one can find the flow of power in the system is stable. Here the X-axis is taken as time in seconds 

whereas Y-axis is taken as Voltage Vabc and current Iabc. 

 

 
Time(s) 

Figure 4.3 Wave Form of DC-bus Power and the Turbine Mechanical Power versus Time. 

The above graph shows the relation between Dc-bus power, Mechanical power and Time. 

Here the Y-axis is Mechanical power (MW) and Dc-bus power Pdc and X-axis is Time in seconds. The mechanical power is 

generated through wind turbine and is converted to electrical energy through generator. The Dc-bus voltage is the power that 

flows through transmission lines. From the above graph the MPPT of the wind turbine can be determined. 

 

 
Time(s) 

Figure 4.4 Wave Form of GRID_VOLTAGE 

The above Figure 4.4 shows the voltage or current that is transmitted to the grid or substation. Her the Y-axis refers to Grid 

Voltage (V) and X-axis Refers to Time (S). 

  

 
Time(s) 

Figure 4.5 Wave Form of DC_ Vout 

The above Figure shows the total output voltage that is obtained after the overall simulation process. Here X-axis is Time in 

seconds and y-axis is DC output voltage. 
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4.2 Simulink Design of Wind generation 

 

 
Figure 4.6 Simulink design of wind turbine 

 The above Figure 4.6 shows the design of wind turbine generation. It contains controllers, wind turbine 

model, mass drive train and permanent magnet synchronous generator. This is the simulation that is used for wind generation. 

 
Time(s) 

Figure 4.7 Wave Form of Generator Terminal 2 

 

 The above Figure 4.7 shows the Torque vs Time characteristics. Here X-axis is Time in seconds and Y-

axis is Torque which is measured in meters per seconds. The higher the torque required to start a motor the more power it draws 

at the start. 
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Time(s) 

Figure 4.8 Scopes of Wind Generation 

 The above scope shows the output of various parts of wind generation. The first graph shows the relation 

between phase-A back EMF in Y-axis and Time(s) in X- axis. The second graph shows the relation between Rotor speed Wm 

in Y-axis and Time in X-axis. The third graph shows the relation between pitch angle in Y-axis and Time in X-axis. The fourth 

graph shows relation between Electrical Torque in Y-axis and Time in X-axis. The fifth graph shows relation between Motor 

Torque and Time in Y-axis and X-axis respectively. 
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Time(s) 

Figure 4.9 Scopes of Generator terminal 

 The above scope shows the results of the generator terminal. The above graph relation between rotor 

speed in Y-axis and time in X-axis. The next shows relation between voltage Vab in Y-axis and Time in X-axis. The next shows 

the relation between Vab in Y-axis and Time in X-axis. The next shows the relation between line voltage in Y-axis and Time in 

X-axis. The next shows the relation between line voltage in Y-axis and Time in X-axis. The next graph shows the relation 

between power in Y-axis and Time in X-axis. 

V.Conclusion 

This project presents an MPPT methodology for an integrated generator–rectifier system. An analytical relationship between the 

dc-bus power and the active-rectifier d-axis current is established and validated using MATLAB simulation. A cascaded control 

architecture is proposed for practical implementation. The inner loop comprises PI current controllers with feed-forward terms, 

while the outer loop is a PI power controller. The satisfactory power tracking performance has been accomplished. The power 

flow control enables the wind turbine MPPT through controlling the dc-bus power. This capability opens up opportunities for 

the integrated generator–rectifier systems in wind energy applications. 

VI.Future Scope  

The present work can be extended in the following directions:  

1. Fuzzy adaptive control for VSC Fuzzy adaptive control can be applied in the VSC of variable speed direct drive WTGs.  

2. Evaluating the impact on small signal stability. The impact of fixed and variable speed WTGs on small signal stability 

analysis can be evaluated.  

3. Usage of matrix converters, AC-AC matrix converter capable of multilevel switching can be applied in the variable speed 

direct drive WTGs. 
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