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This paper presents a new modified direct torque control of doubly fed 
induction motor using fuzzy logic controller, which new fuzzy logic controller 
is used instead the classic integral proportional (IP or PI) controller. The 
validity of the proposed control algorithm is verified by simulation studies on 
a 0.8kW DFIM system, which many parameters performances have been 
studied. The proposed fuzzy logic controller has shown better performances 
compared to the conventional PI controller overcoming their limitations and 
its implementation complexity. 
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1. Introduction 

*Today, a great part of electrical energy is 
converted into mechanical energy using electrical 
motors. Among several types of motors, the doubly 
fed induction machine (DFIM) received a great 
attention as one of the most attractive solutions in 
both applications motor and generator. The DFIM 
has been selected for different applications such as: 
generator for renewable energy and motor for 
variable speed application, railway traction, marine 
propulsion, and hydroelectric power stations 
(Zemmit et al., 2016; Salloum, 2007). 

Doubly-fed electric machine has many benefits 
over a conventional induction machine. Firstly, DFIM 
can operate in great range of speed variation around 
the synchronous speed. Secondly, DFIM parameters 
can be controlled easily (power flow, power factor). 
Thirdly, the cost of the converter is low when 
compared with other variable speed solutions 
because only a fraction of the mechanical power, 
typically 25-30%, is fed to the grid through the 
converter, the rest being fed to grid directly from the 
stator. These advantages have encouraged numerous 
researchers to develop and improve it continuously. 
As consequence, DFIM control has known a great 
consideration and many control techniques have 
been proposed and validated experimentally, which 
the field oriented control (FOC) techniques have 
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been developed firstly. However, it highly dependent 
on the parameters of the induction machine and 
constant gains PI controllers may become unable to 
provide the required control performance. Hence, PI 
controller limitations and its complexity of 
implementation are the most drawbacks (Lekhchine 
et al., 2015; Biain and Vidal, 2008). Direct torque 
control (DTC) introduced in 1980s (Takahashi and 
Ohmori, 1989) has provided more performances 
which an appropriate voltage vector is selected 
based on stator flux and torque information; then the 
direct self-control (DSC) method proposed by 
Depenbrock (1988) demonstrated better steady-
state and transient torque control conditions rather 
than FOC techniques. 

Many modifications and improvements have been 
introduced to direct control techniques to reduce 
torque ripple (Flach et al., 1997) and achieved 
constant switching frequency such as direct mean 
torque control (DMTC) (Boulouiha et al., 2015) 
direct torque control using artificial neural network 
(DTC-ANN). In addition, many intelligent control 
strategies have been proposed such as adaptive 
fuzzy vector controller (AFVC), fuzzy logic control 
(FLC) (Bouafia et al., 2009; Lai and Lin, 2003) sliding 
mode control (SMC) (Medjber et al., 2016) back 
stepping control, Fuzzy-SVM, etc. 

In this paper, to reduce the dip in the speed, new 
fuzzy controller for DTC of doubly fed induction 
machine DFIM has been developed. Modelling of 
DFIM and details of proposed control strategy has 
been presented. The performances in terms of 
torque, speed tracking and accuracy have been 
demonstrated using 0.8kW DFIM. 
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2. Doubly fed induction machine model 

The state-all-flux DFIM dynamic model expressed 
in (,) axes rotational reference frame is given by 
the following equations (Eqs. 1 and 2): 

 

{
  
 

  
 𝑉𝑠𝛼 = 𝑅𝑠𝐼𝑠𝛼 +

𝑑

𝑑𝑡
Φ𝑠𝛼

𝑉𝑠𝛽 = 𝑅𝑠𝐼𝑠𝛽 +
𝑑

𝑑𝑡
Φ𝑠𝛽

𝑉𝑟𝛼 = 𝑅𝑟𝐼𝑟𝛼 +
𝑑

𝑑𝑡
Φ𝑟𝛼 +𝜔Φ𝑟𝛽

𝑉𝑟𝛽 = 𝑅𝑟𝐼𝑟𝛽 +
𝑑

𝑑𝑡
Φ𝑟𝛽 + 𝜔Φ𝑟𝛼

                  (1) 

{
 

 
Φ𝑠𝛼 = 𝐼𝑠𝐼𝑠𝛼 +𝑀𝐼𝑟𝛼
Φ𝑠𝛽 = 𝐼𝑠𝐼𝑠𝛽 + 𝑀𝐼𝑟𝛽
Φ𝑟𝛼 = 𝐼𝑟𝐼𝑟𝛼 + 𝑀𝐼𝑠𝛼
Φ𝑟𝛽 = 𝐼𝑟𝐼𝑟𝛽 + 𝑀𝐼𝑠𝛽

                   (2) 

 

the electromagnetic torque is given by (Eq. 3): 
 

𝐶𝑒𝑚 =
3𝑝𝑀

2𝐿𝑠
(Φ𝑠𝛼𝐼𝑟𝛽 − Φ𝑠𝛽𝐼𝑟𝛼)                    (3) 

3. Direct torque control of DFIM  

DTC is an advanced control method involving 
direct control of the electromagnetic torque and the 
flux developed in the double feed induction machine. 
The heart of the control system in the DTC is the flux 
and torque hysteresis controllers and an optimal 
switching state logic block. An appropriate DFIM 
model is essential for the correct estimation of the 
electromagnetic torque and stator flux. The 
estimation of these quantities is carried out by 
measurements of the DFIM currents, flux linkages 

and the DC voltage. The estimated values of the 
motor torque and flux are inputs to the two 
hysteresis controllers wherein, a comparison 
between the estimated and the actual values of the 
quantities is performed (Naveen et al., 2013). 

Direct torque control is based on the flux 
orientation, using the instantaneous values of 
voltage vector. An inverter provides eight voltage 
vectors, among which two are zeros. These vectors 
are errors as well as the stator flux vector chosen 
from a switching table according to the flux and 
torque position. In this technique, we don’t need the 
rotor position in order to choose the voltage vector. 
This particularity defines the DTC as an adapted 
control technique of AC machines and is inherently a 
motion sensorless control method (Biain and Vidal, 
2008). As shown in Fig. 1, the position vectors and 
status of the flux and torque, the stator flux is 
divided into six sectors. There are also 8 voltage 
vectors which correspond to possible inverter states. 
The flux estimator can be obtained by (Eq. 4): 

 

∅𝑠̅̅ ̅(𝑡) = ∫ (𝑉𝑠̅
𝑡

0
−𝑅𝑠𝐼𝑠̅)𝑑𝑡                                              (4) 

 
The stator flux Øsref and the torque Cemref are 

compared with respective estimated values, and 
errors are processed through hysteresis-band 
controllers. The digital outputs from the hysteresis 
comparators along with the sector number are 
shown in Table 1. The correct voltage vector is then 
selected. The corresponding switch position for the 
inverter, to achieve the selected voltage vector is 
shown in Table 2. 

 
Table 1: Switching table for voltage vectors 

Flux Couple 𝑁 = 1 𝑁 = 2 𝑁 = 3 𝑁 = 4 𝑁 = 5 𝑁 = 6 Corrector 
 Ccpl=1 𝑉3  𝑉4 𝑉5  𝑉6  𝑉1  𝑉2  

2 levels 
Cflx=0 Ccpl=0 𝑉4 𝑉5  𝑉6  𝑉1  𝑉2  𝑉3  

 Ccpl=-1 𝑉5  𝑉6  𝑉1  𝑉2  𝑉3  𝑉4 3 levels 
 Ccpl=1 𝑉2  𝑉3  𝑉4  𝑉5  𝑉6  𝑉1  

2 levels 
Cflx=1 Ccpl=0 𝑉1  𝑉2  𝑉3  𝑉4 𝑉5  𝑉6  

 Ccpl=-1 𝑉6  𝑉1  𝑉2  𝑉3  𝑉4 𝑉5  3 levels 
 

Table 2: Switch positions and their voltage vectors 
7V 6V 5V 4V 3V 2V 1V 0V  

1 1 0 0 0 1 1 0 aS 
1 0 0 1 1 1 0 0 bS 
1 1 1 1 0 0 0 0 cS 

 

The choice of the zero vectors (V0, V7) produces a 
smaller torque and flux variations compared with 
the active vectors. Then, the zero vectors are not 
really needed to keep the torque and flux controlled. 
However, it is used to reduce the torque and flux 
ripples at steady state operation. For almost every 
application of DTC, it is advantageous if the torque 
and flux ripples are minimized as much as possible 
(Pura and Iwanski, 2014). 

4. Fuzzy speed controller 

In order to eliminate the speed static error, while 
keeping the stability of system, the motor speed can 
be controlled indirectly by controlling the torque 
with a fuzzy controller. The Fuzzy Logic is based on 

the theory of fuzzy sets developed by Zadeh 
(Holakooie et al., 2016; Ouledali et al., 2015). The 
proposed fuzzy controller has two inputs and one 
output as described in Fig. 2. 

 

 
Fig. 1: Vectors and Status of the flux and torque 

 
Where e is the error, expressed by Eq. 5 and de is 

derived from the error approximated by Eq. 6 with T 
the sampling period. The output of the regulator is 
given by Eq. 7. 
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Fig. 2: Structure of the fuzzy controller 

 
 

𝑒(𝑘) = 𝜔∗(𝑘) − 𝜔(𝑘 − 1)                    (5) 
𝑑𝑒 =

𝑒(𝑘)−(𝑒(𝑘−1)

𝑇
                     (6) 

𝐶𝑟𝑒𝑓(𝑘) = 𝐶𝑟𝑒𝑓(𝑘 − 1) + ∆𝑢(𝑘)                                               (7) 
 

The fuzzy controller is composed of three blocks: 
fuzzification, rule bases, and de-fuzzification. Fig. 3a 
shows the membership function of input signals (e, 
de); while Fig. 3b shows the membership functions 
of output signal 

 

 
(a) 

 
(b) 

Fig. 3: The membership function 

 
There are 7 fuzzy subsets for each input variable, 

which gives 7* 7 = 49 possible rules. The rules base 
is shown in Table 3. Fig. 4 shows the corresponding 
control surface of the proposed FLC controller. 

 
Table 3: Rules base 

e 
de 

NG NM NP ZE PP PM PG 

NG NG NG NGM NM NMP NP ZE 
NM NG NGM NM NGM NP ZE PP 
NP NGM NM NMP NP ZE PP PMP 
ZE NM NMP NP ZE PP PMP PM 
PP NMP NP ZE PP PMP PM PMG 
PM NP ZE PP PMP PM PMG PG 
PP ZE PP PMP PM PMG PG PG 

 

 
Fig. 4: FLC control surface 

The proposed FLC speed controller is shown in 
Fig. 5. The weights are determined by training 
algorithm. 

 
Fig. 5: The fuzzy logic speed controller 

 

The proposed DTC-FLC scheme including both 
Fuzzy logic speed controller is illustrated in the Fig. 
6. 

 
Fig. 6: DTC-FLC scheme 

5. Simulation results 

To demonstrate the efficiency of the proposed 
DTC-FLC strategy, simulations results have been 
carried out using 0.8kW DFIM with the following 
parameters (Zemmit and Messalti, 2016), which 
many performance parameters have been studied: 

 
Pn = 0.8 kW; Un= 220/380 V; F=50 Hz; I= 3.8/2.2 A 
Vr= 3×120 V; 4.1 A; Ω =1420 tr/min; Rs = 11.98 Ω; 
Rr = 0.904 Ω; Ls = 0.414 H; Lr = 0.0556 H; M = 0.126 H;P = 2; 
J = 0.01 kg.m2; f = 0.001 

 
The developed DTC-FLC-DFIM Simulink model is 

presented in Fig. 7.  
The simulation results obtained with no load as 

starting up condition and connecting the nominal 
load as normal operating condition are presented in 
following figures. Figs. 8 and 9 illustrate the speed 
and electromagnetic torque respectively; while Fig. 8 
shows the corresponding flux. 

From Fig. 8, we can see that at starting up with no 
load or in case of nominal load, the DTC-FLC 
controller reaches its speed reference rapidly 
without overshoot. So the excellent dynamic 
performance of torque and flux control is evident. 

From Fig. 9, it is clear that the electromagnetic 
torque obtained by proposed DTC-FLC show better 
performances characterized by less response time 
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and low overshoot. The stator flux circle is shown in 
Fig. 10. Fig. 11 shows the static phase current issued 

by DTC-FLC of DFIM. 

 

 
Fig. 7: The developed Simulink model of hybrid Direct Torque Control-Fuzzy logic controller (DTC-FLC) applied on DFIM 

 

 
Fig. 8: DTC-FLC under speed variation 

 
From Figs. 8, 9, 10, and 11, the control 

performances are very satisfactory. The dynamics of 
continuation is not affected during the variation of 
the load torque. The rejection of disturbance is very 
efficient. We notice for speed a fast starting without 
an overshoot and static error. The stator flux vector 
locations figure describes the stator flux vector 
trajectory which is circular. 

6. Conclusion 

A new hybrid direct torque control strategy-fuzzy 
logic controller (DTC-FLC) for DFIM has been 
proposed and investigated in this paper. Modelling of 
DFIM and proposed DTC-FLC strategy including the 
development fuzzy logic controller (structure, 
function, rules) has been discussed in detail. 
Simulation results demonstrate the effectiveness and 
the robustness of the proposed DTC-FLC. In addition, 

in most of the previously published paper DTC 
applications on DFIM uses PI or IP in speed control 
loop, however their limitations and their complexity 
of implementation are the most drawbacks. Thus, 
using the proposed DTC-FLC, previous mentioned 
drawbacks will be disappeared. 

 

 
Fig. 9: DTC-FLC under variable load 
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Fig. 10: Stator flux circle 

 

 

 
Fig. 11: Stator current of DFIM using DTC-FLC 
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