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ABSTRACT 
Conventional Direct Torque Control system faces the problems of high flux and torque ripples. The proposed system aims to make 

less torque ripple and to maintain constant frequency by introducing five level torque hysteresis controllers. The system is built on 

MATLAB and simulation result will be analysed to show the efficiency of the proposed technique. 
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INTRODUCTION 
 
 The self-excited induction generator driven by variable speed wind turbine, are so popular in isolated wind 
powered electric generation application because of their simple structure, robustness and they do not need any 
external power supply. Permanent magnet generator can also be used for wind energy application but increase of 
generated voltage is linear with speed, while in induction generators increase of voltage with speed around the 
rated voltage is less due to the saturation effect. 
 In isolated application induction generator operates in self-excited mode by connecting three phase 
capacitors or three phase converter. The DC link capacitor or converter provides the reactive power for the 
induction generator to generate the output voltage. There is continuous variation in the wind speed and to 
produce constant output voltage, there should be increase or decrease in the reactive power flow to the induction 
generator. By using DTC it can control the reactive power flow from the inverter.  
 DTC is one of the most commonly used method in variable frequency drives to control the torque of  
induction generator. This involves estimation of torque and flux, process of hysteresis controller, the switching 
strategy of the DTC using space vector modulation techniques. DTC performs very well even without speed 
sensor. In DTC, torque and flux are controlled independently by selecting the optimum voltage space vector for 
the entire switching period and the errors are maintained within the hysteresis band.  
 The main disadvantage of DTC is due to the presence of hysteresis band, the torque and flux ripples are 
high. This project is discussed to reduce the torque and flux ripple in direct torque and flux control of self-
excited induction generator control. Thus the output voltage is compared with the conventional wind turbine 
driven self-excited induction generator controlled by direct torque and flux control in MATLAB Simulink. 
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System description: 
 The Direct torque and flux control of Self excited induction generator for wind power application the 
system consists of SEIG, wind turbine with gear box, Voltage source converter(VSC) the AC side of the 
Voltage source converter connected to the SEIG for excitation and DC side of converter connected to the battery 
and shunt capacitor to store the energy. The wind velocity is not constant; by using the DTC controller maintain 
the frequency and magnitude.DTC strategy is used for generating gate pulses for the VSC. The line voltage is 
measured and transformed into direct and quadrature axis voltage. Using direct and quadrature axis voltage and 
current estimate the flux and torque. And position of stator flux is also estimated. Now the estimated torque and 
flux is compared with their respective reference value. Torque error is given to five level torque hysteresis 
controllers. Similarly flux error is given to two level flux hysteresis controllers. The output of the torque and 
flux hysteresis controller is given to lookup table along with the position of the stator flux to select the voltage 
vector. Then required voltage vector is selected. According to the voltage vector selected, the power switches of 
the VSC are switched on and off then the output voltage is maintained at a constant value irrespective of wind 
velocity variations and load condition. 
 

 
Fig. 1: Block Diagram. 
 
Modelling of SEIG: 
 The dynamic model of the induction machine in an arbitrary reference frame 
 

R s I s + =  vs (1)R r I r +   =  0                                                           (2)  

Ψ s = L s I s + L m I r                                                        (3) 
Ψ r = L r I r + L m I s                                                         (4) 

Te =  ψr * ψs                                                     (5) 

where, 
Rs, Rr= the stator and rotor resistances 
Ls and Lr= the self-inductances of stator and rotor 
Lm= the mutual inductance 
P = the number of poles 
σ = Leakage factor 
 
Modelling of voltage source converter: 
 The three phase Voltage source converter converts AC to DC and vice versa. It consists of six insulated 
gate bipolar transistors with anti-parallel diodes. The output voltage of VSC can be obtained using switching 
functions and DC voltage. The main function of VSC is to excite the SEIG is given through battery with a 
capacitor. The battery is used to charge the capacitor. 
The abc to dq transformation: 
The voltage in d-q coordinate system is given by, 
 

Vd = +  +           (6) 
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Vq =  +                                                          (7) 

The current in d-q coordinate system is given by, 
 

id =   +  +             (8) 

 
iq =  +             (9) 

Direct torque control scheme: 
 Estimation of stator flux in direct and quadrature axis, 
 
Ψds =   - Rs*i ds)                          (10) 

Ψqs =   - Rs* i qs)                    (11) 

The magnitude of stator flux, 
 
Ψs = ψds

2 + ψqs
2)                                                    (12) 

Stator flux angle is given by, 
 

θe(K) = tan-1            (13) 

Estimated torque, 
 
Te =  (ψdsI qs – ψqsI ds)                                         (14) 

A. flux and torque hysteresis comparator: 
 The command stator flux(ψs*) magnitudes are compared with the estimated flux(ψs) is flux error, the flux 
error is given by, 
∆ψs = ψs* - ψs           (15) 
 
        The flux hysteresis controller has two level ie) 1 and -1. If reference flux is greater than the estimated flux, 
flux should be increased that is ∆ψ should be selected as 1 otherwise flux should be decreased and select as -1 
for estimated flux is greater than reference flux. Here no changes in flux hysteresis controller level because in 
conventional direct torque controller itself the flux ripple is negligible. 
 

 

1 

0 

 
 
Fig. 2: Representation of two level flux hysteresis controller. 
 
 The command stator torque(Te*) magnitude are compared with the estimated torque(Te) is torque error, the 
torque error is given by, 
∆Te = Te* - Te                                                                                         (16) 
The proposed torque hysteresis controller has five level  ie) -2 -1 0 1 2.  
If a torque increase is required then ∆Te=2, 
If a torque small increased is required then ∆Te=1 
If a torque small decreased is required then ∆Te=-1 
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If a torque decrease is required then ∆Te=-2 
If no change in torque is required then ∆Te=0 
 

 
2 

1 

-2 

-1 

 
Fig. 3: Representation of five level torque hysteresis controller. 
 
B.voltage vector selection: 
 The output from the hysteresis comparator and stator flux position θe(k) is given to the lookup table it is the 
process of voltage vector selection. The angle difference each sector is 30o. There are twelve zero vectors V1-
V12 and two non-zero vectors V0 and V7. Each voltage vector represents the switching state V1(100), V2(110), 
V3(010), V4(011), V5(001), V6(101), V0(000), V7(111) are shown below in fig 4,The sector and hysteresis 
level choose the respective voltage. For example, the operation in sector 2, if flux is too highand torque is too 
low so vector V6 should be selected is shown in following table 
 

 

V1(100) 

V1(100) 

V2(110) 
V2(110) 

V3(010) 

V3(010) 

V4(001) 

V4(001) 

V5(011) 
V5(011) 

V6(101) 

V6(101) 

V0(000) 

V7(111) 

 
Fig. 4: Voltage sectors. 
 
Table 1: Voltage vector table 

 
 

 
RESULTS AND DISCUSSION 

 
 The result shows the simulation output of proposed five level torque hysteresis controller .The torque ripple 
is compared with the conventional DTC. The simulation undergone in MATLAB software and the output is 
verified for both five and three level hysteresis controller. 
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Fig. 5: Simulink model of DTC controller. 

 
Fig. 6: Simulink model of five level hysteresis controller. 
 
Simulation results: 
A) simulation output of five level torque hysteresis controller under no load condition: 
(i) line to line voltage: 

 

 
 
 The self-excited induction generator generates the output voltage Vout=600V.The line to line voltage is 
shown below, and torque ripple in five level torque hysteresis controllers is 0.02Nm is shown above 
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(ii) Torque: 

 
 
 The torque ripple in three level torque hysteresis controllers is 1.37Nm. By comparing both hysteresis level 
of DTC torque ripple is reduced effectively. 
 
B)simulation output of three level torque hysteresis controller: 
(i) torque: 
 

 
 
C) simulation output of five level torque hysteresis controller voltage under loaded condition: 
(i) line to line voltage: 
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ii) Torque: 

 
 Under loaded condition, the line voltage slightly reduced to 520V at t=0.8sec and in electromagnetic torque 
changes happen at t=0.8sec. 
 
Conclusion: 
 The torque ripple reduction in direct torque and flux control of induction generator for wind power 
application has been analysed for R load and it is observed that torque ripple has been reduced to 0.02Nm by 
using five level torque hysteresis controllers when compared to three level torque hysteresis. By analysing the 
simulation result, it is clearly explain that generator terminal voltage is maintained constant for variable wind 
speed and loading condition. 
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