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ABSTRACT 

 
This paper proposes an economic approach for the speed control of Induction motor using positive output 
super lift Luo converter circuit. In the conventional method, the input of the inverter is derived from buck, 
boost or buck-boost converter which has the limitations over the DC link voltage level, complexity of 
control circuit and cost involved in system design. The proposed method uses positive output super lift Luo 
converter at the front end which boosts up the DC link voltage level in a wide range. The speed control of 
the induction motor is attained by controlling the firing angle of positive output super lift Luo converter 
instead of Inverter which leads to prevention of motor terminals from Common mode voltage stress. Super-
lift Luo-converters are popular for high output voltage application over years. They have very high voltage 
transfer gains in geometric progression on stage-by-stage. The proposed system uses PI controller which is 
highly preferable for industrial applications. The simulation is conceded out by MATLAB/SIMULINK 
software. 
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1. INTRODUCTION  

 
Sensorless control of induction motor drives 

shows recent development for high performance 
industrial application [1]. Such control trims down 
cost of the drive, size, and maintenance 
requirements by holding good system reliability 
and robustness. However, parameter sensitivity, 
high computational effort, and stability at low and 
zero speeds can be the main shortcomings of 
sensorless control. Much recent research effort is 
focused on extending the operating region of 
sensorless drives near zero stator frequency [2], [3]. 
Several solutions for sensorless regulation of 
induction motor drives have been anticipated based 
on the machine elementary excitation model and 
methods on high frequency signal injection, as 
recapitulated recently [1]. Fundamental model-
based strategies use the instant values of stator 
voltages and currents to approximate the flux 
linkage and speed of the motor. Model reference 
adaptive system, Luenberger and Kalman-filter 
observers, sliding-mode observers, and artificial 
intelligence techniques have been suggested. Model 

reference adaptive system scheme offers simpler 
execution and require less calculational effort 
compared to other methods and are therefore the 
most popular tactics applied for sensorless control 
[3], [4].  
 However, the methods used in the 
literature [1] – [4] uses the feedback signal to 
control the gating pulses of Voltage Source Inverter 
(VSI), it results in complex control circuit design. 
In VSI both voltage and frequency at the output  are 
varied to achieve speed control under v/f control to 
maintain high torque capability at all frequencies. 
The ratio v/f is chosen corresponding to the rated 
voltage and frequency. In PWM inverters, 
amplitude of fundamental output voltage is directly 
proportional to the modulation index 'm' [5]. The 
modulation index value is varied to control the 
width of the gate pulse. 

DC-DC conversion technology has been 
developing very rapidly and DC-DC converters 
have been widely used in industrial applications 
such as dc motor drives, computer systems and 
communication equipments. The output voltage of 
pulse width modulation (PWM) based DC-DC 



Journal of Theoretical and Applied Information Technology 
 10

th
 June 2014. Vol. 64 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
268 

 

converters can be changed by changing the duty 
cycle. The positive output elementary super lift Luo 
converter is a new series of DC-DC converters 
possessing high-voltage transfer gain, high power 
density; high efficiency, reduced ripple voltage and 
current [6]. These converters are widely used in 
computer peripheral equipment, industrial 
applications and switch mode power supply, 
especially for high voltage-voltage projects [6]-[7]. 
Control for them needs to be studied for the future 
application of these good topologies. 

The super-lift technique considerably 
increases the voltage transfer gain stage by stage in 
geometric progression [8]-[9]. However, their 
circuits are complex. An approach, positive output 
elementary super lift Luo converters, that 
implements the output voltage increasing in 
geometric progression with a simple structured 
have been introduced. These converters also 
effectively enhance the voltage transfer gain in 
power-law terms [6]. 

Due to the time variations and switching 
nature of the power converters, their static and 
dynamic behavior becomes highly non-linear. The 
design of high performance control for them is a 
challenge for both the control engineering 
engineers and power electronics engineers. In 
general, a good control for DC-DC converters 
always ensures stability in arbitrary operating 
condition. Moreover, good response in terms of 
rejection of load variations, input voltage variations 
and even parameter uncertainties is also required 
for a typical control scheme. The static and 
dynamic characteristics of these converters have 
been well discussed in the literature [10]. 

The PI control technique offers several 
advantages compared to PID control methods and 
they are stability, even for large line and load 
variations, reduce the steady error, robustness, good 
dynamic response and simple implementation. 

In this paper, state-space model for 
Positive output elementary Super- lift Luo 
converter are derived at first. A PI control is 
designed to control the gate signal of Positive 
output elementary Super- lift Luo converter with 
the help of induction motor reference speed. The 
performance of the system with PI control for 
positive output elementary super lift Luo converter 
is studied in Matlab/Simulink. Details on operation, 
analysis, control strategy and simulation results for 
Positive output elementary super lift Luo converter 
- VSI controlled Induction motor are presented in 
the subsequent sections. 

 
 

2. MATHEMATICAL MODELLING OF  

       THREE PHASE INDUCTION MOTOR 

 
The mathematical model of the plant is 

highly required to design any type of controller for 
the purpose of process control. The mathematical 
modeling of induction motor and the power circuit 
of 3-φ voltage source inverter which feeds the 
induction motor is shown in the Figure 1. 

 
Figure 1: Power circuit of induction motor 

 

The equivalent circuit used for obtaining 
the mathematical model of the induction motor is 
shown in the Figure 2. 
  

 
(a) d-axis 

 
(b) q-axis 

Figure 2: Equivalent circuit of induction motor 

in d-q frame 

The documentation part of induction 
motor model is done by using a rotating (d, q) field 
reference (without saturation) concept. Then an 
induction motor model is used to forecast the 
voltage required to drive the flux and torque to the 
demanded values within a fixed time period. This 



Journal of Theoretical and Applied Information Technology 
 10

th
 June 2014. Vol. 64 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
269 

 

calculated voltage is then synthesized using the 
space vector modulation: 
 

V1d = R1i1d + 
�

��
 λ1d – ωdλ1q   (1)  

 

V1q=R1i1q+ 
�

��
�1q – �d�1d   (2) 

 

V2d=R2i2d + 
�

��
�2d  - �d�2q  (3) 

 

V2q=R2i2q + 
�

��
�2q  - �d�2d   (4) 

 

V
1d 

and V
1q

, V
2d 

and V
2q 

are the direct axes and 

quadrature axes stator and rotor voltages. For 
justification, the stator side parameters are used 
with suffix 1 and rotor side parameters are used 
with suffix 2. The flux linkages to the currents are 
given by the Eq. (5): 
 

���
�λ��λ��λ��λ����

�	 = M���
�i��i��i��i�����

	
 (5) 

 

Where M = �L� 0 L� 00 L� 0 L�L� 0 L� 00 L� 0 L� � 
 
The electrical part of an induction motor can thus 
be described, by combining the above equations we 
get Eq. (6): 
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 (6) 

 
where, A is given by: 
 

A = �a�� a�� a�� a�
a�� a�� a�� a�
a�� a�� a�� a�
a
� a
� a
� a

�  (7) 

 
and 
 

  a�� = L�R� 		a�� = ω�L�� �	ω�L�L� 		a�� = �L�R� 		a�
 = �L�L�	�ω� �	ω�� 		a�� = ��ω�L�� � ω�L�L�� 		a�� = L�R� 		a�� = L�L�	�ω� �	ω�� 		a�
 = �L�R� 		a�� = �L�R� 		a�� = L�L�	�ω� �	ω�� 		a�� = L�R� 		a�
 = ω�L�� �	ω�L�L� 		a
� = �L�L��ω� �ω�� 		a
� = �L�R� 		a
� = ��ω�L�� � ω�L�L�� 		a

 = L�R� 
 
The instantaneous torque produced is given by: 
 

Tem = 
�

�
(λ2qi2d – λ2di2q)  (8)  

 
The electromagnetic torque expressed in terms of 
inductances is given by: 
 

em �

�
Lm�i1q 2d�i1q 2q   (9) 

 
The mechanical part of the motor is modeled by the 
equation: 
�

��
ωMech  = 

���
	��
���

  

 = 

�

�
	��������
	�������
	��

���
   (10) 

 

3. POSITIVE OUTPUT ELEMENTARY  

        SUPER-LIFT LUO CONVERTER 

 
For the function of optimize the stability 

of positive output elementary super lift Luo 
converter dynamics, while ensuring correct 
operation in any working condition, a PI control is 
a more practicable approach. 

The PI control has been presented as a 
good substitute to the control of switching power 
converters [11]. The main benefit of PI control 
scheme is its insusceptibility to plant/system 
parameter variation that leads to invariant dynamics 
and static response in the ideal case. 

The Positive output Super-lift converter 
has several sub-series such as Main series, 
Additional series, Enhanced series, Re-enhanced 
series and Multiple-enhanced series. The 
elementary circuit from Main series is adopted for 
the proposed system. 
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Figure 3 shows the positive output 
elementary super lift Luo converter. It consist of dc 
supply voltage Vi, capacitors C1and C2 , inductor 
L1, power switch (n-channel MOSFET) S, 
freewheeling diodes D1and D2and load resistance 
R. 

 
Figure 3: The positive output elementary super lift Luo 

converter 

The principle of the sliding mode 
controller is to make the capacitor voltages VC1and 
VC2 follow as faithfully as possible capacitor 
voltage references. It is assumed that all the 
components are ideal and also the positive output 
elementary super lift Luo converter operates in a 
continuous conduction mode. Figure 4 shows the 
mode of operation during switch S is on. 

 

 
Figure 4: Mode of operation during Switch ON 

 
Figure 5 shows the mode of operation 

during switch S is off.  

 
Figure 5: Mode of operation during Switch 

OFF 
 

In Fig. 4 when the switch S is closed, 
voltage across capacitor C1is charged to Vi. The 
current iL1flowing through inductor L1 increases 

with voltage Vi. In Fig. 5 when the switch S is 
closed, decreases with voltage (Vo - 2 Vi).  

The output voltage (Vo) of Positive Output 
Super-lift Luo converter is  

 

Vo = 
�
�

�
�
 Vi   (11) 

 
Here, δ is the duty cycle and the range of it 

is 0 < δ < 2 and δ ≠ 1.  
The VSI used in the proposed system 

operates under 180° mode and the firing angle of it 
will not be disturbed because the scalar control of 
induction motor needs change in supply voltage 
instead frequency. 

The r.m.s. value of the line output voltage 
of VSI is 

 
VL = 0.8165VS   (12) 

 
 In the projected system, VS 

(source voltage of VSI) is the output voltage of 
Positive Output Elementary Super-lift Luo 
converter Vo. Therefore, 

 

VL = 0.8165( 
�
�

�
�
 )Vi    (13) 

 
The line voltage supply for the three phase 
induction motor and the corresponding input 
voltage utilized at DC/DC converter end with 
respect to the duty cycle is tabulated and is shown 
in Table 1.  
 
Table 1:  Source and Load Voltage of Proposed System 

Duty Cycle δ Input DC Voltage 
Output AC line 

Voltage 
0.9 46.76 V 420 V 

0.8 85.73 V 420 V 

0.7 119.62 V 420 V 

0.6 146.96 V 420 V 

0.5 171.46 V 420 V 

 

4. PI CONTROLLER DESIGN FOR THE  

       PROPOSED SYSTEM  

  
The PI control is designed to ensure the specifying 
desired nominal operating point for Positive output 
elementary super lift Luo converter, then regulating 
Positive output elementary super lift Luo converter, 
so that it stays very closer to the nominal operating 
point in the case of sudden disturbances, set point 
variations, noise, modeling errors and components 
variations. The PI control settings proportional gain 
(Kp) and integral time (Ti) are designed using 
Zeigler – Nichols tuning method [12]-[13] by 
applying the step test to obtain S – shaped curve of 
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step response of Positive output elementary super 
lift Luo converter and delay time L = 0.005s and 
time constant T = 0.052s has been characterized. 
 Ziegler and Nichols suggested to set the 
values of Kp = 9.36 and Ti = 0.016s. 

5. SIMULATION 

 The validation of proposed system 
performance has been done using 
MATLAB/Simulink package with the parameter 
listed in Table-2. 

Table 2 : Parameters of Proposed System 

Parameter Rating 
Source Voltage 60V, DC 

C1 20µF 

C2 1000µF 

L1 0.5mH 

Inverter Switches IGBT 

Induction Motor 
5HP, (430V-460V) AC, 

60Hz, 1750RPM 

 
The MATLAB/Simulink model for the proposed 
Positive output Super-lift luo converter is shown in 
Figure 6. The simulink model for Positive output 
Super-lift luo converter shows the simplicity in the 
design and the number of switches used is only one. 
Figure 7 shows the Input and Output Voltage of 
Positive output Super-lift Luo Converter. From the 
simulation result, it is very clear that for the given 
60V DC, the proposed Positive output Super-lift 
Luo Converter produces the output voltage of 430V 
DC which shows that to drive a three phase 
Induction motor a minimum source can be utilized. 

 
Figure 6: Simulink model of Positive output Super-lift 

Luo Converter 

 

 
 

 
Figure 7: Input and Output Voltage of Positive Output 

Super-lift Luo Converter 

 

The stator current of three phase induction 
motor is depicted in Figure 8. It can be seen that the 
high inrush current to the motor terminal has been 
vanished out within 0.5 seconds which adds one 
more advantage for the proposed system.  
 

 
Figure 8: Stator Current of Three phase Induction Motor 

 

The line voltage at the stator terminals of 
three phase induction motor is shown in Figure 9. 
Highly eliminated voltage stress which is the root 
cause of bearing current is very clear from Figure 9 
and it adds the major advantage on the proposed 
system. 

 

 
Figure 9: Line Voltage at stator terminals Three phase 

Induction Motor 
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Figure 10 and Figure 11 shows the speed 
response and the electromagnetic torque of three 
phase induction motor. The reference speed 
assigned to the three phase induction motor is 500 
rpm. The motor speed has been regulated within a 
second. 

 

Figure 9: Speed Response of Three phase Induction 

Motor 

 
Figure 10: Electromagnetic Torque 

 

6.  CONCLUSION 

 
The positive output elementary super lift 

Luo converter performs the voltage conversion 
from positive source voltage to positive load 
voltage. Due to the time variations and switching 
nature of the power converters, their dynamic 
behavior of the three phase induction motor 
becomes highly non-linear. This paper has 
successfully demonstrated the simple system design 
and suitability of PI controlled positive output 
elementary super lift Luo converter for speed 
regulation system of three phase induction motor. 
The result shows that with minimum DC voltage 
source, it is possible to drive three phase induction 
motor and also it is suggested to implement any soft 
computing techniques for the gate control of 
positive output elementary super lift Luo converter. 
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