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Abstract—A three-phase T-type converter topology proposes 

for wind turbine based on doubly fed induction generator 

(DFIG). The proposed converter consists of only twelve power 

switches without flying capacitors or any clamping diodes. The 

proposed system is implemented to grid side converter of wind 

turbine. Fuzzy logic controllers are more widely used in wind 

turbines compared to traditional control systems. Fuzzy logic PI 

controller has been applied to T-type and the conventional 

neutral-point clamped (NPC) converters control circuits. Total 

harmonic distortion (THD) value of current of presented system 

is measured as 1.76%. Also, DC-link voltage utilization can be 

maintained. Comparisons are conducted with T-type converter 

and a 3L-NPC) method under same operation conditions. The 

proposed scheme has been carried out to verify in simulation 

results.  

Index Terms— T-type converter topology, doubly fed induction 

generator, wind turbine.  

I. INTRODUCTION

N RECENT YEARS, wind turbines have gained

considerable importance among renewable energy sources.

The various types of generators are used in wind turbines such 

as doubly-fed induction generator (DFIG), squirrel-cage 

induction generator (SCIG), and permanent magnet 

synchronous generator (PMSG). DFIG is the most widely used 

of these generator types. DFIG cannot be connected directly to 

the grid system. The DFIG needs to the converters in order to 

connect to the grid system. [1, 2] The converter is made in 

various types. The two level three phase converters (traditional 

type) are used quite a lot in wind turbine. Traditional type 

converters have very simple structure and control system. On 

the other hand, the energy quality of traditional converters is 

low and they are not used for high voltage values. For this 

reason, multi-level converters have started to be applied for 

wind turbines in recent years [3]. 
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The high number of switches in multi-level inverter is a 

disadvantage. On another hand, multi-level converters have 

superior features compared to conventional converters. It can 

be used in applications that require high power and voltage. In 

addition to, it has a great advantage in terms of energy quality. 

Also, switching losses are low due to the fact that they operate 

at low switching frequency [4]. 

Three-level converter topologies are two types which name 

as Neutral-Point Clamped (3L-NPC) and T-type. 3L-NPC 

consists of 12 switching and 6 diodes. T-type consists of 12 

switching elements. At the same time, T-type are not required 

high voltage and current diodes. T-type has a simpler structure 

than 3L-NPC, it is cheap, and it produces energy quality [4-7]. 

In this study, a three-phase 3-level T-type converter is 

proposed for wind turbines based on DFIG. Fuzzy logic PI 

controller has been applied to the control system of the 

proposed converter. Fuzzy logic controllers obtain more 

effective results in complex systems compared to conventional 

control systems. THD values of current and voltage at the 

output of both converters systems have been measured under 

same operation conditions. The THD value of the proposed 

system is lower 3L-NPC converter. High harmonic causes 

distortions in the system and decreases efficiency. The 

proposed system are used less electronic components compared 

to 3L-NPC. Therefore, the proposed system reduces the 

switching losses and the cost of the system. The efficiency of 

proposed converter type has been proven by compared to 3L-

NPC converters. 

The organization of this paper is as given: dynamic model of 

the wind turbine is expressed in Sec. 2. Proposed model is 

expressed in Sec. 3. T-type converter is explained in Sec. 4. 

Then, simulation results are explained in Sec. 5. The 

conclusion is given in Sec. 6. 

II. DYNAMIC MODEL OF WIND TURBINE

The wind turbine system consists of a generator, blade, 

electronic converters, filter, and control system. A generator 

converts from a mechanical power to an electrical power. A 

wind turbines converts from wind power to electrical power. 

The electrical energy generated by a generator is not suitable 

for connecting directly to the electrical grid system. Therefore, 

converters are used to connect a wind turbine to electrical grid 

system. The converters regulate the generated voltage of the 

generator by means of control systems. 
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Fig. 1. Configuration with T-type converter of wind turbine based on DFIG. 

 

A. Wind Turbine 

Wind turbines; It can be defined as mechanical systems that 

convert kinetic energy present in the wind into mechanical 

energy. The wind turbine cannot capture all the wind energy. 

For this reason, a mechanical power obtains from the wind 

turbine and is is given in Eq. 1 [8]. 
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Where, the swept area of the rotor blades depicts A, ρ 

represents the air density, the power conversion coefficient 

depicts Cp, the wind speed represents v. In this equation, if the 

swept area, air density and wind speed are taken as constant, 

aerodynamic power is obtained by the power factor of the 

wind turbine.  represents a ratio between an angular velocity 

of a wind turbine and a wind speed. This ratio is expressed as 

the type speed ratio and is given in Eq. 2 [8] 
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B. Mathematical model of DFIG 

The mathematical model of DFIG is explained to simulate 

the whole system which consists of the stator and rotor. 

Several losses of DFIG are neglected such as hysteresis, 

magnetic saturation, stator, and rotor core losses. This model 

is the most widely accepted mathematical model of DFIG [1, 

2]. 
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The flux components of rotor and stator are expressed by: 
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III. THE PROPOSED MODEL 

The proposed model for DFIG based on T-type converter 

is illustrated in Fig. 1. Proposed system consists of the wind 

turbine, power electronic converters, and controller. The rotor 

side converter consists of a three-phase full-wave uncontrolled 

rectifier. Grid side converter consists of T-type converter. Grid 

and rotor side converters are used to supply the electrical 

energy produced by the double feed induction generator to the 

grid. The 2-level converter has a simple operating principle. 

Total harmonic distortion (THD) value of conventional 

converter is higher than multi-level converters, while the 2-

level converter has a simple operating principle. Therefore, a 

three-phase T-type converter is built for the grid side converter 

of wind turbine system in this study. Grid and rotor side 

converters are used to supply the electrical energy generated by 

the double feed induction generator. The grid and rotor side 

controllers are designed to correct the electrical energy 

produced in the generator to meet the requirements of the load 

[9-19]. The three-phase T-type converter is given in Fig. 1. 

In this study, a rotor and grid side converters were used to 

connect the wind turbine to the grid. Rotor side converter 

consists of three phase uncontrolled rectifier circuit. Rotor side 

converter converts 3-phase AC voltages generated by the 

double fed induction generator into DC voltage. A grid side 

converter converts from DC voltage to 3-phase AC voltage 

and provides it to be connected to the network. In this study, 

NPC and T type 3-phase converter types are applied for grid 

side converter. Fuzzy logic PI controller has been applied to 

these two converters control circuits. Fuzzy logic PI controller 

is more widely used in wind turbines compared to traditional 

control systems. Conventional control systems do not give 

effective results in varying operating conditions because its 

parameters are fixed. In this study, fuzzy logic PI controller 

block diagram applied to the controller of grid side converter 

and is given in Fig 2.a. In Fig. 2.b., the fuzzy logic PI 

controller consists of an input and an output. The error of the 

current value is read as an analog input from an input value of 

a fuzzy logic controller. A fuzzification is the process of 

transforming this analog input into fuzzy sets with some 

degree of membership. The input sets of the fuzzy controller  
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(a) 

 

(b) 

Fig.3. Current commutation during switching transition a) positive output current b) negative output current [5,14,15]. 

are divided into seven sections consisting of triangular and 

trapezoid shaped curves. These seven variables are called 

Positive Small (PS), Positive Medium (PM), Positive Large 

(PB) Zero (Z), Negative Large (NB), Negative Medium (NM), 

and Negative Small (NS). In this study, the output sets of the 

fuzzy controller are divided into seven sections consisting of 

triangular and trapezoidal shaped curves. Defuzzification 

converts a fuzzy truth values to continuous output variable [2, 

10, 11, 12, 13]. The defuzzification is expressed by: 
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Where, μi(yi) depicts the membership function, m 

represents the output quantificational index, yi represents the 

output variable, y is the defuzzified output. [2, 10, 11]. 

 

 
a) 

 
b) 

Fig.2. a)The general block diagram of fuzzy PI control method. b) MFs of e, 
∆e , and ∆u [2, 10, 11]. 

IV. T-TYPE CONVERTER  

A three level T-type converter method is illustrated in Fig. 3. 

The switching states of T-type converter are illustrated in 

Table I [5, 14-19]. The switching states are the negative (N), 

neutral (0), and the positive (P) of dc-link voltage level. Three 

voltage levels of phase-neutral voltage are obtained by these 

switching states. The T-type method uses the same switch 

signals of the three-level NPC method modulation. A simple 

delay between switching on and off is applied to avoid a short 

circuit in a DC link [14-16].  

TABLE I. Switching States [5, 14, 15, 16] 

State Q1 Q2 Q3 Q4 

P 1 1 0 0 

0 0 1 1 0 

N 0 0 1 1 

 

The current flows towards the AC terminal when the output 

voltage is positive. As seen in Fig. 3. a. [5, 14-16], the current 

flows from VDC (+) via A1 to output terminal when A1 
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switches on. A simple delay between switching on and off is 

applied to avoid a short circuit in a DC link. A simple delay 

time is 1ms and all switches are off during this time. The 

current commutates to the inner switches A2/D3 when A1 is 

switched off. The current flows from N via D3 and A2 to 

output terminal. [15, 16]. 

The current flows towards the VDC (-) when the output 

voltage is negative. As seen in Fig. 3. b. [5, 14-16], the current 

flows from output terminal to VDC (-) via A4 when A4 switches 

on. A simple delay between switching on and off is applied to 

avoid a short circuit in a DC link. A simple delay time is 1ms 

and all switches are off during this time. The current 

commutates to the inner switches A3/D2 when A4 is switched 

off. The current flows from output terminal via A3 and D2 to 

N. [15, 16]. 

A 3L-NPC phase leg consists of 10 semiconductors which 

are 2 two diodes, 4 IGBTs, and 4 antiparallel free-wheeling 

diodes, while T-type phase leg composed of 8 semiconductors. 

The difference between NPC and T-type method is not only 

the number of power electronics. To achieve the same current 

THD value as 3L topology, switching frequency is reduced, 

resulting in reduced switching power losses [15, 16]. 

V. SIMULATION RESULTS  

Both the proposed and NPC systems are implemented to the 

wind turbine which has the same power and control structures. 

The presented system is built-in Matlab / Simulink. Simulation 

parameters are applied to simulation time 2µs and active 

power of wind turbine are 9MW. The switching signals 

required for the semiconductors are generated with priority in 

the Simulink study. The switching signals of a phase leg are 

illustrated in Fig. 4. T-type topology uses same switching 

signals of three-level NPC topology. The switching signals are 

obtained by comparing the reference sinusoidal wave with the 

triangular carriers. Also, switching signals are derived by 

means of control systems. 

 

Fig.4. A phase leg switching signals 

A phase of grid side converter output is given in Fig. 5. Blue 

line illustrates no filter of an output phase to phase voltage in 

Fig.5. Red line illustrates the filter of an output phase to phase 

voltage. 

 Fig.5. Filter and non-filter of output voltages of the converter 

Output voltages of grid side converter are given in Fig. 6. 

The output voltage values are 1 p.u. The output currents of 

grid side converter are given in Fig. 7. The output current 

values are 1 p.u. The simulation tests are realized to confirm 

the dynamic performance of proposed system. From the 

current graph in Fig. 8, it is observed that there is no high level 

of disturbance effect on the signal. The THD value of current 

of proposed system is 1.76%. Also, this value is below the 5% 

limit specified in the IEEE 1547 standard. 

 

Fig.6. Three phase output voltages of the T-type converter 

 

 

Fig.7. Three phase output currents of the T-type converter 
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a) 

 

b) 

 

c) 

 

d) 

 
e) 

Fig.8. FFT analysis of load current and phase voltage a) signal of current b) 
THD value of voltage of T-type c) THD value of current of T-type d) THD 

value of voltage of 3L-NPC e) THD value of current of 3L-NPC 

 

Active power of presented system is illustrated in Fig. 9. The 

values of active power are 9 MW. A voltage (Vdc) of 

presented system is given in Fig. 10. The value of Vdc is 1150 

V. The simulation tests are realized to confirm the dynamic 

performance of proposed system. 

 
Fig.9. Active Power 

 
Fig.10. DC link voltage 

VI. CONCLUSION 

A three-phase T-type converter topology is presented for 

wind turbine based on DFIG. The proposed converter system 
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is implemented to grid side converter of wind turbine. Fuzzy 

logic PI controller is applied in the control systems of both 

converters. THD values of the output voltage and current of 

the system are measured under same operation conditions. In 

addition to, DC link and active power values of the system are 

measured. The DC link voltage value is kept constant at 1150 

V. The THD value of the current of the system presented is 

measured as 1.76%. Also, this value is below the 5% limit 

specified in the IEEE 1547 standard. The proposed system are 

used less electronic components compared to 3L-NPC. 

Therefore, the proposed system decreases the switching losses 

and the cost of presented system. The efficiency of proposed 

converter type has been proven by compared to 3L-NPC 

converters. 
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