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Abstract 
 

This paper investigates the enhancement in the performances of a three phase 
wound rotor induction motor by rotor capacitive reactance control using Fuzzy 
Logic Controller (FLC). The problem with the capacitive reactance control is 
the demand of high capacitance requirement and high torque ripples during 
motor operation. In the proposed control, dynamic capacitor is used for 
emulating the high rotor capacitance for control and eliminates the torque 
ripples significantly. The rotor circuit is employed with a three phase diode 
bridge with a dynamic capacitor which is controlled using (FLC). The 
dynamic capacitor is an H-bridge electronic switch with a fixed capacitor of 
low value in which the duty ratio is varied with the help of FLC to vary the 
capacitance value dynamically at different speed and loading conditions. The 
(FLC) has been designed to operate the rotor circuit closes to resonant. Under 
rotor resonant conditions, the performance parameters such as torque, power 
factor, efficiency and harmonics of the motor is analysed. The proposed 
method is simulated in MATLAB /Simulink environment. It is inferred from 
the results that the proposed fuzzy design improves the performances of the 
motor with reduction of torque ripples while compared with existing rotor 
resonant control schemes.  

 
Keywords: Wound rotor Induction motor, Dynamic capacitor, Rotor resonant 
control, three phase bridge rectifier, Fuzzy controller. 
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Introduction 
It is known from the literature and energy saving points that more than 60% of total 
electrical energy consumed worldwide is by Induction motors. Although Induction 
motors, specifically, squirrel cage types are widely used in electrical drives, wound 
rotor induction motor has some distinct applications like high torque, starting with 
high inertia loads, adjustable speed drives and soft starts. Hence the utility of wound 
rotor induction motor has also been increased on par with squirrel cage types of 
motors. In recent years, more attention has been given for efficiency and power factor 
improvement of these motors for significantly saving electrical energy. 
 Several methods have been proposed for performance improvement of wound 
rotor induction motor by rotor control. These can be distinctively classified as rotor 
resistance control and rotor impedance control.  
 In rotor resistance control, if equal resistances are included in each secondary 
phase of three phase induction motor, the speed, starting current and torque can be 
controlled. However speed decreases as the secondary resistances increases. At the 
same time, if the rotor circuit is added with additional resistances, the losses increases 
which in turn decrease the efficiency of the motor. There are number of chopper 
controlled rotor resistance control methods which have been presented and its 
performance were analysed in [1-5]. 
 In order to overcome the problem faced by rotor resistance control, instead of 
varying the rotor resistance alone, the rotor impedance variation and control have 
been proposed in the literature to control the speed, torque and performance of the 
motor in [6-11]. 
 A novel method for controlling the speed of wound rotor induction motor by 
operating such a motor close to its resonance have been introduced in [12]. In this 
method, the induction motor produces maximum torque when the rotor resistance is 
approximately equal to the slip times the rotor reactance. In order to get the resonant 
condition, a capacitive reactance has been introduced in the rotor circuit for cancelling 
the inductive reactance of the rotor circuit. Speed control of an induction motor is 
possible by having a resonant rotor circuit, which is adjusted according to the slip 
frequency. The main drawback of this method is high value of capacitance (order of 
Farad) required to operate the machine closes to rotor resonance conditions.  
 In order to overcome the problem faced in [12], a switched capacitor concept has 
been adopted for the secondary control of an induction motor to improve the 
efficiency, power factor and torque in [13]. It utilizes the concept of switched 
capacitor [14] which makes use of four thyristors as switches to form H-bridge circuit 
and a single capacitor in the middle of the H-Bridge and connected in each rotor 
phase. The complementary switch pairs are switched using a PWM strategy. This 
paper describes the improvement of various performance parameters and speed 
control of the wound rotor induction machine. This paper has suggested implementing 
a fuzzy control in the rotor circuit for enhancing the performances of the motor. 
 The Space vector mathematical model of a static leading VAR secondary 
impedance controlled induction machine is presented in [15]. This paper has also 
described the rotor copper losses and its control with external capacitve reactance as 
control parameter for efficieny optimization of the motor. 
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 The switched capacitor concept [14] has been adopted for the control of the phase 
difference between voltage and current in inductive circuits, using fuzzy logic control 
in [16] for improving the power factor of the circuit. The developed fuzzy model 
provides good results, even if the parameters of the circuit are unknown. This concept 
has been efficiently used in the proposed rotor resonant circuit.  
 In [17], The performance analysis of wound rotor induction motor with PI and 
Fuzzy has been discussed. In [18], the performance enhancement of induction motor 
with VSI fed dynamic capacitor controlled rotor circuit is presented.  
 This paper introduces a fuzzy controller in the rotor circuit for enhancing the 
performances of the motor. The proposed scheme focuses on operating the rotor 
circuit at unity power factor hence improving the motor power factor, efficiency and 
torque. The fuzzy model is established using Matlab/Simulink with rotor power factor 
(error) and change in rotor power factor (change in error) as inputs and duty ratio of 
the dynamic capacitor in the rotor control circuit as output. In the conventional rotor 
resonant control scheme [19], the torque ripples is high which is significantly reduced 
in the proposed FLC scheme. 
 
 
Rotor Capacitive Reactance Control Scheme  
Rotor resonance and impedance control schemes 
In [12], the rotor circuit is operated by resonating at slip frequency by adding external 
rotor capacitive reactance which cancels the rotor inductive reactance 

  r rL ceX X=  (1)  
 
 This method is effectively used for controlling the speed. This method has also 
shown improvement in power factor for about 5%. This technique has also proved 
large torque at starting and low speed conditions. The drawback of this method is 
large capacitance required to operate the rotor at resonant conditions and no control 
strategy has been adopted for speed - torque control and performance improvement. 
In order to overcome the large capacitance requirement, switched capacitor can be 
used in each phase of the rotor circuit as described in [13] and [14]. A fuzzy controller 
based rotor resonant control has been investigated for the performance enhancement 
WRIM in [18]. An adaptive fuzzy controller for improving the speed of induction 
motor is discussed in [20]. 
 
Dynamic Switched Capacitor circuit 
In [14], the paper describes the switched capacitor concept which is used to improve 
the power factor of the inductive circuit. It consists of placing an ac capacitor in the 
middle of an H bridge with bi-directional switches as shown in Fig.1 and Fig.2. The 
complementary switch pairs (S1, S4) and (S2, S3), respectively, are switched using 
pulses generated using DSP controller. During time interval, the switch pair (S1, S4) 
is ON the capacitor is charging and a serial RLC circuit is modelled.  
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 The relationship between the duty ratio and the desired rotor phase angle ߮ for the 
rotor circuit is deduced as given in (4.1) is derived as in [9] from the mathematical 
model for the circuit shown in Fig. 2. 

  ߮୰ ൌ tanିଵሺன୰୐୰
ୖ୰

െ ሺଶୢିଵሻమ

ன୰େ୰ୖ୰
ሻ   (5)  

 
 The rotor power factor can be expressed 

  cos ߮୰ ൌ ௉௥
ඥ௉௥మାொ௥మ  (6) 

 
 The value of the duty ratio is influenced not just by the desired phase angle, but 
also by the parameters of the circuit: rotor resistance Rr, inductance Lr, pulsation ωr 
and the external capacitor C. These considerations can be effectively rectified by the 
proposed fuzzy controller to control the duty ratio dynamically as a function of a 
desired phase angle and not necessary on the values of the circuit parameters. The 
fuzzy controller is designed for the following criterion 
  Duty ratio, d = minimizing f(ܿ߮ݏ݋୰ୣ,Δܿ߮ݏ݋୰ୣ) (7) 
 
 Where, 
 ߮୰ୣ- rotor phase angle (error) and  
 Δ߮୰ୣ- change in phase angle (change in error) 
 
 For the Fuzzy logic control, the first variable is the power factor (error- ܿݎ߮ݏ݋ כ
ሺ݇ሻ), and the estimated power factor ܿݎ߮ݏ݋ሺ݇ሻdifference: 
  ݁ሺ݇ሻ ൌ ݎ߮ݏ݋ܿ כ ሺ݇ሻ െ  ሺ݇ሻ  (8)ݎ߮ݏ݋ܿ
 
 The second variable is the error variation, i.e. 
  Δ݁ሺ݇ሻ ൌ ݁ሺ݇ሻ െ ݁ሺ݇ െ 1ሻ  (9) 
 
 The control variable is the value of the ratio between incremental time command 
and the switching period:  

i.e. duty ratio: dൌ Δ୲౥౤ሺ୏ሻ
୘

ൌ ୲౥౤ሺ୏ሻି୲౥౤ሺ୏ିଵሻ
୘

  (10) 
 
 The triangular Membership functions are associated with each label as shown in 
the Fig. 5. (a)-(c). The linguistic labels are divided into seven groups: NB-negative 
big, NM- negative medium, NS-negative small, ZE-zero,PS-positive small, PM-
positive medium, PB-positive big. Each of the inputs and output contains membership 
functions with all seven linguistics. The mapping of the fuzzy inputs into the required 
output is derived with the help of a rule base as given in Table 1. The defuzzification 
of output membership is done by centroid method for obtaining an accurate value of 
duty ratio. 
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Figure 5: Triangular Membership functions 
 

Table 1: Set of fuzzy rules for proposed Fuzzy controller 
 

PF Error / Change in PF error NB NM NS ZE PS PM PB 
NB PB PB PB PB PB PS PS 
NM PM PM PM PM PS PS PS 
NS PS PS PS PS PS PS PS 
ZE ZE ZE ZE ZE ZE ZE ZE 
PS NS NS NS NS NS NS NS 
PM NS NS NM NM NM NM NM 
PB NB NB NB NB NB NB NB 
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Simulation Results and Discussions 
A three phase wound rotor machine with rating and parameters shown in Table 2 is 
used for simulation. The machine is initially simulated with rotor short circuit for 
different loading conditions. Finally the rotor circuit is simulated with a dynamic 
capacitor which consists of H-bridge switch with a 100µF capacitor. This capacitance 
value is too small compared with operating the rotor with fixed capacitor. In this 
attempt, the duty ratio is controlled for varying the rotor capacitance using fuzzy 
controller. The performance parameters such as torque, power factor and efficiency 
are found and plotted for no load and full load as shown in the figures Fig.6 to 8 
respectively. Fuzzy controller tunes the required duty ratio for H-Bridge switches in 
order for operating the rotor at resonant conditions and maintain unity power factor.  

 
 

 
 

Figure 6: Efficiency vs Speed at full load torque 
 

 
 

Figure 7: Speed – Torque characteristics at full load torque 
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Figure 8: Power factor vs Speed at full load torque 
 
 

Table 2: Rating and parameter of wound Induction motor 
 

Rating of the motor 2.2 KW, 415V, 50Hz, 4 Poles 
Stator resistance Rs in ohms 5.66 
Rotor resistance Rr in ohms 2.22 
Mutual inductance Lm in Hendry  0.291 
Stator and rotor inductance Ls= Lr in Hendry 0.0127 
Rated load torque TL in Nm 12 

 
 
Conclusion 
The proposed rotor resonant using fuzzy controller has been successfully simulated at 
different loading conditions in the Matlab/Simulink environment to improve the 
power factor and efficiency and torque of the wound rotor induction motor. The 
performance of the motor is analysed different load conditions. The proposed fuzzy 
control maintains the motor to operate closes to 0.9 power factor during steady state 
operations. Even at low speed region, the power factor is relatively more than the 
rotor short circuited. This is fairly high compared with the results shown in [19] and 
ripples are minimum. At standstill and low speeds, the torque is high and this high 
torque can be shifted and operated at any position of speed range. This typical torque 
characteristic could be an advantage in traction applications in control and breaking 
modes. The simulation presented has also shown that the rotor resonant with fuzzy 
control system will be more efficient. Further work should include hardware 
implementation of Fuzzy control strategy for validity of the results. 
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