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Abstract – In recent times development of economical & feasible eco-friendly renewable source powered power electronic 
converters have become more attractive in multiple areas such as automotive, house appliances and industrial applications etc., 
Bucking and boosting of voltage according to the requirement is also much needed. So, this work proposes a solar photovoltaic 
(SPV) powered single switch buck-boost converter for industrial applications which reduces implementation cost, minimal voltage 
and current stress across the capacitors and diodes and less switching power losses. The work structure comprises of solar PV source 
with modified perturbation and observation (P&O) algorithm based maximum power point tracker (MPPT), single switch buck-boost 
dc-dc converter, battery backup to store excess energy, three phase inverter with sinusoidal pulse width modulation (PWM) to find 
optimal switching angles for harmonic control and 3 phase (Φ) induction motor load. Along with the proposed single switch buck-
boost converter, an EMI input filter is included to investigate the harmonic reduction. It also uses the Fast Fourier Transform (FFT) 
analysis with the reduction of supply voltage harmonics generated by the 3Φ induction motor drive.The DC link is connected with 
the VSI (voltage source inverter) and then it is converted to AC to feed the AC load. The VSI is controlled with a new PWM based total 
harmonic distortion (THD) reduction method. MATLAB/SIMULINK platform is used for performance analysis. This work also presents 
a steady state analysis of a rectifier-inverter topology. Using the method caled linearization, the dynamic equations of the proposed 
system is obtained.; The proposed single switch buck-boost topology provides an output voltage and current of 363V, 45.5A DC from 
520V, 35A PV array. The proposed converter is employed to run a 3Φ induction motor with the rating of 440V, 15A AC. From the 
simulation results, it is found that the solar powered single switch buck-boost with MPPT is stable, efficient with minimal losses and 
less THD with better quality output. 

Keywords: Solar PV source, Modified P&O algorithm based MPPT, Single switch Buck-boost dc-dc converter, Total Harmonic 
Distortion, Steady state analysis, Matlab/Simulink

1.  INTRODUCTION

Recent years, Renewable energy source powered dc-dc 
converters have become the most appropriate sources 
for any kind of power generation because of its abun-
dant availability, less maintenance requirements, pollu-
tion free, and lower operational costs. Moreover, solar PV 
sources have got great attention over other energy sourc-
es. To increase the efficiency of the SPV system, MPPT al-
gorithm is much needed. Though there are many MPPT 

algorithms in the literature, P&O algorithm is the simplest 
one which works towards maximum power point using 
operating point irrespective of the atmospheric condi-
tions, aging, etc., Generally this method compares the SPV 
current (Ipv) and SPV voltage (Vpv), introduce delay then 
controls the values of Ipv and Vpv, resulting in less system 
response, fluctuation in finding MPP during steady state 
[1-3]. To overcome the issue mentioned, this work propos-
es a modified P&O algorithm that adjusts hysteresis band-
width & reference step size. It uses hysteresis band and 
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auto-tuning perturbation step method. Here, the MPPT 
controllers drive the proposed converter by changing the 
dc-dc converter duty cycle with variable steps. 

According to the authors, Islam et al [4] and Yasmin et al 
[5], DC/DC/AC converter topologies are mostly preferred 
in industries and manufacturing companies. In industrial 
systems, converters with DC-link and battery system, in-
verters are commonly preferred to provide better power 
quality, high voltage capability, lesser component stress 
and lower switching losses [6,7]. It is evident that the 
stepdown or/ step up converters are used in high power 
electronic systems for bucking or boosting purposes 
[8]. Khan et al., [9], Abdikarimuly et al., [10], and Pawar 
et al., [11] have modelled and simulated various types 
of buck-boost converters like fly back converter, SEPIC 
converter and cuk converter. However these converters 
easily stress the switches, high leakage inductance and 
less efficiency. Literature [12] also presents KY convert-
ers for buck and boost purpose.  As the topology uses 
four power switches and capacitors, in some operational 
modes, it is suddenly charged. It results a current stress 
on capacitors, switches and diodes which leads to imple-
mentation problems. In this work, the authors propose 
a novel buck-boost converter topology with a power 
switch and two capacitors in series. The proposed topol-
ogy can be operated in continuous conduction mode 
(CCM) with three different modes. One is ON mode and 
OFF. OFF mode has two working categories. It will not al-
low the parallel connected capacitors. The proposed to-
pology uses one power switch, it has the simple control 
scheme and reduced switching power losses. 

As said by the authors Dogga et al., [13] and Aly et al., 
[14], AC signal conversion from DC signal is done us-
ing an inverter with pulse width modulation technique 
(PWM). PWM signal generation is done with the com-
parison of a reference signal and a carrier signal. Sinu-
soidal or square wave signals are considered as refer-
ence signal. Saw tooth or a triangular wave signals are 
taken as carrier signal. PWM signals are generated by 
triggering the carrier signals by turning ON/OFF the in-
verter switches. This work uses a sinusoidal PWM tech-
nique which further reduces the switching losses [15]. 

Literature on steady state/ small signal analysis of SPV 
powered 3Φ induction motor have been published over 
the years. It was analysed by the authors [16] and [17]. 
Root locus technique and frequency dependent meth-
od was considered by them. Fallside et al., [18] have ana-
lyzed the stability of the proposed system. This method 
eliminates the effect of harmonics. The stability study of 
a induction motor based inverter and rectifier system 
have been analysed by the authors Lipo et al., [19]. This 
method eliminates stator voltage harmonics. It uses 
Nyquist stability criterion method. The relationship be-
tween voltage and current is considered for the analysis 
of stability and small signal modelling. Dc-dc converter 
connected with the inverter and 3Φ induction motor is 
considered and their stability is analysed by deriving the 
d-q voltage-flux-linkage. It has many advantages over 

previously discussed methods. Reduced variables are 
used in the steady state equations. The flux linkages are 
continuous in nature. It derives a transfer function is de-
rived from the ratio between input and output signals. 

The main disadvantages of power electronic loads 
are harmonics [20,21]. Voltages and currents present 
in the fundamental frequencies produce harmonics. A 
lot of literature dealt about the enhancement of power 
quality using various methods. According to the lit-
erature [22-24] there are several techniques which ad-
dresses the mitigation of harmonics. THD techniques 
are classified as passive, active, hybrid passive and ac-
tive filter etc., Pires et al., [25] found that the passive fil-
ter technique is suitable for asymmetrical system hav-
ing 10kV rating. The authors have used the optimiza-
tion technique named genetic algorithm (GA) and the 
Ls and Rs values are taken as objective function. Banaei 
et al., [26] and Van de Sype et al., [27] have presented a 
novel passive filter technique for THD reduction. They 
have followed series and shunt passive filter method 
where variable impedance controlled by the thyristor 
is used as shunt filter. The combination of shunt with 
series type passive filter is called hybrid filter. 

Low-voltage networks mostly prefer active harmonic 
filters due to the limitation posed on power converter 
rating. This method of harmonic elimination can be 
used in aircraft power system [28]. Active power filter 
with the asymmetrical inverter is introduced by the 
authors An, Le, and Dylan Dah-Chuan Lu [29]. In their 
findings, at high switching and line frequency is oper-
ate at line frequency one leg operated by the inverter 
legs. High frequency switching can be used to track the 
compensated current command. Number of research-
ers have worked to solve time delay problem with the 
help of neural network (NN) based active filters. p-q 
and id-iq theory can be controlled instantly with these 
control technique methods. Chakraborty et al., [30] and 
Akhil et al., [31] have analyzed p-q and id-iq techniques 
and also performed a comparative analysis between 
the techniques. Then they have concluded that better 
results are achieved by id-iq method. Filters installing 
methods are so versatile or unique in power electronics 
topologies. These disadvantages are rejected in switch-
ing methods. So this work tries to implement PWM 
based THD reduction technique.

This work is organized as follows. The first section 
deals about the view of the previous work done. Sec-
ond section has block diagram, system description 
and results discussion of the proposed single switch 
buck-topology, stability analysis and THD reduction 
techniques. In third section simulation results and effi-
ciency is discussed. Finally, the findings, disadvantages 
and the future works of the works are highlighted.

2. BLOCK DIAGRAM OF THE PROPOSED SYSTEM  

Fig. 1. presents the pictorial representation of the 
proposed work. It consists of solar PV power generat-
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ing unit, MPPT controller algorithm, single switch buck-
boost converter, 3Φ VSI, sinusoidal PWM controller and 
AC load. SPV system uses a MPPT controller algorithm 
to track maximum power output. Here modified P&O 
algorithm based MPPT controller is used.

Fig. 1. Block diagram of three phase inverter based 
Solar PV powered single switch Buck-Boost converter

It utilizes a main inverter circuit to connect dc link 
to the induction motor. By controlling the switching 
period of the PWM controller, the inverter using IGBT, 
reduce harmonics, increase reliability, reduce the com-
plexity, low switching stress power and less cost. 

2.1. TOPOLOGY OF THE PROPOSED SYSTEM 

The topology of three phase inverter based SPV pow-
ered single switch buck-boost converter with reduced 
THD for industrial applications is presented in Fig.2. It 
consists of SPV source voltage, single switch buck-boost, 
battery backup, three phase VSI and 3Φ induction motor. 

Fig. 2. Topology of the proposed system

2.2. MODELLING OF SOLAR PV SOURCE 

SPV system and the single switch buck-boost con-
verter is connected together. Fig.3. presents the equiv-
alent circuit of a SPV cell. The Eq. (1) gives the I-V char-
acteristics of a solar cell,

(1)

Where, k is the Boltzman constant (1.3806 x 10-23 
J/K), Is is the Incident sunlight current, q is the electron 
charge (1.602 x 10-19 C), T is the Temperature of the p-n 
junction, a is diode ideality constant and Id is Shock-
ley diode equation. If the availability of SPV power is 

Fig. 3. Solar cell equivalent circuit

SPV system use modified P&O algorithm to track the 
maximum power obtained from the panel. Gate pulses 
obtained from the modified algorithms are used as a 
switching pulses for single switch buck-boost convert-
er. 900 W/m2 of insolation, 520V, 35A, 18.2kW is taken 
for simulation purposes. 

The outcome from the simulation SPV voltage, cur-
rent and power is presented in Fig. 4a, 4b and 4c. From 
the simulation outcome, it is observed that the ob-
tained total solar power is 18.2 kW.

Fig. 4a. Solar voltage

Fig. 4b. Solar current

lesser/greater than the required dc power, then short-
age/ excess energy charges/ discharges the energy 
storage system respectively. An dc voltage is inverted 
as ac voltage using three phase VSI. It is used to drive 
an 3Φinduction motor load torque of 57.3N-m.

Fig. 4c. Solar power
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Modeling of modified P&O algorithm is discussed 
here. Pictorial representation of the modified P&O is 
in Fig. 4d. In modified P&O tracking small perturbation 
is given for the duty cycle modification. This process is 
repeated till the maximum power is tracked. Till the sys-
tem finds the steady state and maximum peak point, 
the algorithm oscillates around.

Fig. 4d. Flow chart for modified P &O algorithm

2.3. MODELLING OF 3Φ INDUCTION MACHINE

The electrical and mechanical equations of 3Φ induc-
tion machine drive system is expressed as follows, 

(2)

Where, rr – rotor resistance, rs – stator resistance, ρ is 
the operator d/dt, ωs and ωr are the base electrical and 
rotor angular velocity,

(3)

Where, P - number of poles, J - Inertia of the rotor (kg-
m2) and TL, Te is the load torque and electrical torque of 
the induction motor.

The configuration model of the proposed single 
switch buck-boost converter is shown in Fig. (5a). It has 
one power switch (S), three capacitors (C1, C2 & C3), two 
inductors (L1 & L2) and two diodes (D1 & D2). 

Various modes of operation of the proposed convert-
er is given in Fig. (5b). It has three modes of operation.

When the switch S is in ON position, it is Mode-1. OFF 
position of the switch has two modes named Mode-2 and 
Mode-3. With the capacitors named C2 and C3 in the to-
pology, dc load is connected. This makes the dc output 
voltage as two times D/ (1-D) that of the input voltage.

Fig. 5a. Topology of the single switch buck-boost 
converter 

a. Mode 1: Switch S - ON condition 

Fig. (6a). shows the Mode-1 operation (S is ON). 
Switch S is conducting which turns off the diodes D1 
and D2. So D1 and D2 are in reverse biased. Then induc-
tor L1 is magnetized through the solar PV source. Ca-
pacitors C1 and C3 are used to magnetize/charge the In-
ductor L2. Capacitors C2 and C3 feeds the load or energy 
deposited in the capacitors C2 and C3 are demagnetized 
through the load. In Fig. (6a), Applying KVL to the loops 
following equations are obtained.

Fig. 5b. Modes of operation

=

(4)
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Fig. 6a. Mode-1 S- ON

(5)

(6)

(7)

By applying KCL to the circuit, the current flows 
through the capacitors are obtained

(8)

(9)

(10)

(11)

b. Mode 2: Switch S - OFF condition. 

Fig. 6b shows the Mode-2 operation. Switch S is in 
non-conducting condition which turns on the diode 
D1 and diode D2 is still in off position. It makes the di-
ode D1 in biased forward mode and D2 in reverse biased 
condition. In this mode, capacitors C1 is demagnetizing 
the inductors L1 and L2. It also charges the capacitor C3.

Fig. 6b. Mode- 2 S-OFF

(12)

(13)

(14)

By applying KCL to the circuit, the current flows 
through the capacitors are obtained

 Energy that are stored already in the capacitor C2 
is discharged through the load. This mode continues 
till the charge in capacitor C1 is equal to capacitor C2. 
This avoids the current spikes through capacitors and 
diodes. In Fig. 6b, Applying KVL to the loops following 
equations are obtained.

(15)

(16)

(17)

(18)
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c. Mode 3: Switch S is still in OFF condition. 

Fig. (6c). shows the Mode-position. Switch S is in non-
conducting mode and the charge remaining in capaci-
tor C1 is equal to C2. It turns on the diodes D1 and D2. 
So D1 & D2 are in forward biased. In this mode, induc-
tor L1 is demagnetized through C1 and C2. Inductor L2 
charges the capacitor C3. Energy that are stored already 
in the capacitor C2 is discharged via dc load.

Fig. 6c. Mode- 2 S-OFF

(19)

(20)

(21)

The proposed single switch buck-boost converter is 
assumed to be CCM mode. Let us assume the switch 
S1 is in the ON position individually for the time period 
d1TS & d2TS. Switch S1 is in OFF position for the time 
period (1- d1) TS & (1- d2) TS. In this case d1 and d2 
are taken as the duty cycle and TS is considered as the 
switching duration. Here the capacitor voltages (VC1 

and VC2) are equal and the average inductor current 
(IL2) is same as the output current. The inductor time 
constant is stated as,

(22)

By applying volt-sec balance equation on inductor L1

(23)

By solving this equation,

(24)

Volt-sec balance equation is applied on inductor L2,

(25)
By solving this equation,

(26)

By applying ampere-sec balance equation on capaci-
tor C1,

(27)

Ampere-sec balance equation is applied on capaci-
tor C2,

(28)

By solving these equations,

(29)

The proposed system is operated at CCM operation. 
So the average voltage of the proposed system is cal-
culated as follows,

(30)

During transient period, the inductor voltgae and 
current, capacitor voltage and current and dc voltage 
and current may vary due to time. For any dc-dc con-
verter having commutating capacitance, inductance 
and with no phase delay is,

(31)

(32)

(33)

Substituting the equation (33) in (31),

(34)
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Where, Vq
G - q component of the dc voltage and ωg - 

system frequency, d- duty cycle of modulation.

Neglecting the harmonics in the VSI source with sin-
triangle pulse width modulation, voltages in the rotat-
ing reference frame become,

(35)

(36)

The power balance equation is,

(37)

(38)

(39)

The above equations are the dynamic equations of 
DC system.

d. Design equations of the proposed converter

The parameter value of the components inductor 
and capacitor is calculated as follows, 

(40)

(41)

(42)

(43)

(44)

From the above equations (40) to (44), the simulation 
parameters are calculated and the circuit is simulated. 
Let the duty cycle D=0.74, input voltage Vin= 520V, in-
put current Iin=35A and frequency f= 20kHz

Table.1. Simulation parameters

Components Values

L1 400 μH

L2 84.16 μH

C1 0.01 μF

C2 0.01 μF

C3 0.01 μF

Input 520V, 35A

Switching frequency 20kHz

Backup power can be compensated load demand 
when needed.

2.5. REDUCTION OF THD IN 3PHASE INVERTER 
 TOPOLOGY

Fig. 7. Presents the proper layout of three phase 
VSI. It has six controlled semiconductor switches. By 
controlling the switching pattern, the output ac volt-
age and line currents can be obtained as pure sinusoi-
dal. Instead of using installing active/ passive filters. 
Some of the harmonics are eliminated using switch-
ing pattern techniques. PWM is a different switching 
technique which gives versatile results by varying 
modulation ratio and index and switching frequency. 
Here increasing the switching frequency can reduce 
the current harmonics which further increases the 
switching losses. THD is very much useful in finding 
the harmonics order presented in the voltage or cur-
rent waveforms. It helps in observing the quality of 
non-sinusoidal wave. THD is the division between all 
harmonic components RMS value and the fundamen-
tal component RMS. 

(45)

Where, Vn_rms is the nth harmonic RMS voltage and 
Vfund_rms is the RMS voltage of the fundamental frequency.

Fig. 7. Three phase inverter 
with 3Φ induction motor

In this work, the steady state analysis of the proposed 
system have been performed. Linearization of systems 
about an operating point with nonlinear differential 
equations are taken. The small signal model of linear-
ization of mechanical equation of induction motor is 
given by,

(46)
Here 0 denotes the steady state quantities at an op-

erating point. The fundamental form of the linear dif-
ferential equation is

Where, A=E-1 F, B=E-1 B' F, ΔX and ΔU are state and 
control variables. A is the state matrix of the proposed 
system.

(47)
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(48)

(49)

Linear combination of state and control variables 
form output vector of the system,

(50)

In induction motor electromagnetic torque Te and 
rotor velocity ωr are considered as output.

Where,

(51)

(52)

Where,

With the state and output equations, the transfer 
function of the system is written as,

(53)

The steady state curents are given as,

(54)

Table 2 show the induction motor specifications.

Parameters Values
Power 18kW

Voltage 440V
Speed 1820rpm

Stator and rotor resistance 0.214Ω and 0.22 Ω
Xls and Xlr 9e-3H and 9e-3H

Mutual inductance 0.0114H
Inertia(J) 0.102Kg/m2

Table. 2. Simulation parameters of induction motor

3. DISCUSSION ON SIMULATION RESULTS

To analyze the proposed single switch buck-boost to-
pology based 3Φ induction motor, a detailed MATLAB/
SIMULINK is carried out in R2013a version. The dc link 
voltage is set at 360V and the dc link current at 45A.  
Fig. 8a and 8b shows the current and voltage across the 
dc load.  It is noted that the voltage across topology is 
measured as 363V and the current through the topol-
ogy is measured as 45.5A.

Fig. 8a. Voltage across DC load

Fig. 8b. Current through DC load

Fig. 9a and 9b presents the ac output voltage and 
current of three phase inverter respectively. From the 
graph, it is noted that 440V of output voltage and 15A 
of output current is observed.

Fig. 9a. AC output voltage

Fig. 9b. AC output current

Fig. 10 shows the results of gate pulse generation pro-
cess in three phase inverter circuit. Here, two sine waves 
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are joined to generate the reference signal. Switching 
loss of the inverter can be eliminated by using three 
times frequency of the sine wave compared to other. It 
cancels the harmonics by utilizing the dc supply more. 
It also shows the switching pulses of inverter switches.

Fig.10. Gate pulse generation of inverter switches

Fig.11 and 12 shows the motor speed and Te (electro-
magnetic torque).

Fig. 11. Motor speed

Fig. 12. Electromagnetic torque (Te)

The obtained transfer function mentioned in equa-
tion (53) is done using MATLAB/SIMULINK, R2013a ver-
sion with the same simulation values for investigating 
its stability. By using LQG controller, it performs many 
attempts for the designed closed loop model. The time 
domain and frequency domain responses of the sys-
tem are observed. The step and impulse response is 
shown in Fig. 13 a and 13 b. From the step response fig-
ure, zero overshoot, no peak and no transients is seen 
in the closed loop. Impulse response figure shows 1.01 
peak response with zero overshoot. The settling time 
is 0.3 sec. Fig. 14 a and 14 b shows the frequency re-
sponse of the system. 

The main condition for the stable system in root locus 
is that the placement of the poles and zeros should be 

on the left hand side. It can be able to provide response 
characteristics of the system. From the obtained result 
of the proposed system with LQG synthesis controller, 
it is shown that the system is stable with the gain and 
phase margins of -0.0202 dB, 0.0374 rad/sec and 0.737 
deg, 47.7 rad/sec respectively.

Fig. 13a. Step response

Fig. 13 b. Impulse response

Fig. 14 a. Frequency response- Bode plot

Then performance analysis is carried out depending 
on the value of THD %. Deviation in the THD is read by 
changing the frequency and modulation index of the 
carrier signal. The obtained THD values of output cur-
rent and voltage is shown in Fig.15 a and 15 b in which 
we got the THD values of 5.43% and 7.14% respectively. 
Efficiency of the proposed converter is the total output 
voltage divided by the input voltage. It is obtained as 
[(363*45.5)/ (520*35)]*100= 90.5%.

Volume 14, Number 4, 2023
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Fig. 14 b. Frequency response- Pole-Zero plot

Fig. 15 a. THD of AC Output voltage

Fig. 15 b. THD of AC output current

4. CONCLUSION

Solar PV powered single switch buck-boost convert-
er is simulated with reduced cost, minimal voltage and 
current stress across the capacitors and diodes, less 

switching power losses and increased efficiency. In this 
work solar PV source with modified P & O algorithm 
based MPPT, single switch buck-boost dc-dc converter, 
battery backup to store excess energy, three phase in-
verter with sinusoidal PWM to find optimal switching 
angles for harmonic control and 3Φ induction motor 
load is used. Reduction of THD is applied to the line to 
line voltage and current of the inverter and observed 
the voltage and current THD of 5.43% and 7.14% re-
spectively. Performance analysis of the topology pro-
posed is done using MATLAB/SIMULINK 2013a plat-
form. The proposed single switch buck-boost converter 
has produced an output voltage and current of 363V, 
45.5A DC from 520V, 35A PV array. The designed con-
verter is then connected with a three phase VSI with 
440V, 15A AC. The obtained efficiency is 90.5%. Here 
small signal steady state analysis is performed for the 
proposed system. In the extension of this work several 
new strategies in the MPPT algorithms like Ant colony, 
firefly etc., can be preferred. Recent control algorithms 
for VSI can be used. Fault analysis of 3Φ induction mo-
tor can be performed.   
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