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Abstract:

The paper develops a Fuzzy Sliding Mode Controller (FSMC) for improving the quality of power
delivered to the load through two boost inverters connected in series from a Solar PV system. It includes a
front end KY converter, which together with the capacitor offers a constant dc link voltage to the inverter. The
framework evolves a rule based principle for engaging the gain of the FSMC to derive the reference, in an
effort to modulate the pulse width modulation (PWM) pulses for the switches in both the inverters. The
performance evaluated using MATLAB based simulation brings out the relative merits of the controller in
terms of a lower total harmonic distortion (THD) and higher harmonic spread factor (HSF) for the output
voltage of the inverter. It further exhibits the ability to ensure equal sharing of voltage among the inverters
connected in series at the output and assuage to regulate the load voltage over the operating range. The
experimental readings obtained from a prototype validate the simulation results and allows the claim for the
use of the control strategy in similar practical systems.

Keywords: Series Boost Inverter, Fuzzy Proportional Integral (FPI), Fuzzy Sliding Mode Controller (FSMC), Total
Harmonic Distortion (THD), Harmonic Spread Factor (HSF).

Introduction:

The inverter converts a dc voltage into an
appropriate ac to support the connection of a
power network or a load. The single stage boost
inverter enables inverting and boosting or stepping
up simultaneously the input dc voltage and finds
widespread use in ac motor drives, uninterruptible
power supplies (UPS) and renewable energy
systems[1],

The boost type inverter referred to as the
differential boost inverters achieves the dc-ac
conversion through the differential connection of
two dc-dc bidirectional boost sub converters [2].
Although the output voltage of each sub converter
always remains positive, their ac components
undergo a phase shift of 180 degrees and thus a
sine wave with no dc offset may be provided to
the differential load.

The conversion with two boost inverters
connected in series offers a higher efficiency and
reduction in the power rating besides being able to
support high power applications [3]. The series
inverter system allows in realizing low current and
high voltage power supply, but however causes a
higher voltage ripple in the modules which may
degrade the output current. It inherits intrinsic
redundancy, provides ride through capability and
finds scope due to the limitation of power rating of
switching device [4].

The series connection of the inverters due
to the absence of high voltage devices and the use
of the interleaving techniques significantly
increase the equivalent frequency of the inductor
because of which the switching frequency can be
dramatically reduced and the efficiency further
improved [5].
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A large variety of configurations for the
boost inverter have been suggested that include
the H bridge inverter with step up transformer, Z
source, fly back and buck boost inverter among
others. However, the transformer or the inductor
has been seen to increase the size of the inverter
large because of the need for the heavy magnetic
cores to sustain the higher output power. Besides
the voltage stress of the switching device has been
found to increase in high power applications [6].

The Z source inverter has been presented
through a novel inverter topology with unique
features and widely used especially in the PV field.
It has been inherited with the ability to boost/buck
the voltage using the Z source capacitor voltage
and as a result increases the size and the weight of
the system [7].

A new single phase closed loop Push Pull
inverter, which provides both buck and boost
voltage gain irrespective of the turns ratio of the
transformer has been proposed. The turns ratio
has been used to select the optimum operation of
the inverter with regard to the degree of buck or
boost and implemented by introducing a Z
network between the dc source and the classical
push pull inverter. The Z network whenever
necessary has been engaged to boost up the
voltage by going through the shoot through states
and else operated in the normal PWM mode [8].

An interleaved buck converter, which
steps down the input voltage, has been analyzed
to explain in both the reduction of the output
current and the current ripple amplitude. It has
been seen to result in lowering the current stress
of the components and the size of the output
filter. The input voltages of the individual
converters have been divided by the series
connected capacitors and thus the step down ratio
extended to reduce the voltage stress of the
switches [9],
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The conventional inverter has been
integrated with the switched capacitors to offer a
higher gain and efficiency, reduction in the voltage
stress and improve the output voltage regulation.
However, it has been experienced to face
difficulties in relation to its control aspects [10].

A bidirectional buck boost inverter with
SPWM control and an H bridge unfolding circuit
has been explained as either a step down or step
up inverter along with the electrolytic capacitors
to lower the voltage rating. However, it has not
been facilitated to compensate for the current
harmonic distortion of a rectified load [11].

A new cascaded dual buck inverter has
been brought out with the ability to be hard
switched while utilizing the benefits of power
MOSFETs at certain power levels. The voltage
balancing of the two split capacitors in the
topology has been necessitated to ensure the
elimination of harmonics without which it has
been seen to result in increased losses and
decreased efficiency [12].

Problem Formulation

The primary target owes to design a FSMC for
improving the quality of the output power from
two boost inverters connected in series. It
attempts to boost the voltage from the solar PV
through suitable duty cycle changes to the KY
converter. The formulation envisages deriving the
appropriate reference from the gain values of the
FSMC to modulate the PWM pulses and there from
enable the enhancement to the power quality
indices. The approach relates to investigating the
performance  both  using simulation and
experimental model with a view to establish the
merits of the control scheme.

Proposed Strategy

The methodology orients to extract an ac output
at the desired frequency and magnitude from a
Solar PV source through the schematic explained
using the Fig 1.
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Fig. 1 Schematic Block Diagram

A PV module built by connecting many
solar cells in series and parallel reflects the solar
source where in a single solar cell can be modeled
by utilizing a current source, a diode and two
resistors. It enables the PV power to transform
into electricity and may be estimated as the square
of the current multiplied by the resistance of the
circuit.

Unlike the traditional non isolated boost
converter, the KY inherits fast transient load
responses, similar to the behaviour of the buck
converter. Besides, it produces non pulsating
output current, thereby not only decreasing the
current stress on the output capacitor but also
reducing the output voltage ripple.

The circuit of the KY converter seen in the
Fig. 2 consists of two switches S: and S; and a
diode D for transferring energy to the capacitor Ce.
It also includes an inductor L and Output capacitor
C to ensure that the input voltage to the inverter
remains constant.

The operation of the KY converter
includes two modes where in the first mode, when
S1 turns ON, Sz turn OFF and the voltage across L
becomes equal to the sum of the input voltage
and the voltage across Cbo minus the output
voltage vo, thereby causing L to be magnetized. It
allows the energy available with C, to be
discharged and deliver power to the load. The
current flowing through C turns out to be equal to
the current i flowing through L minus the current
flowing through R.

solar

Sz

LY
/7

Fig. 2 Circuit Diagram of KY Converter
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The switch S1 turns OFF and Sz turns ON during the
second mode where in the voltage across L turns
out to be equal to the input voltage vi minus the
output voltage vo, thereby causing L to be
demagnetized. The current flowing through C
becomes equal to the current i flowing through L
minus the current flowing through R. Besides, in
this mode Cb abruptly charges to vi within a very
short time.
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Modeling

The circuit topology of a boost inverter depicted in
the Fig.3 inherits a structure based on a boost
inverter that generates ac uni-polar ac output
voltage and turns out to be higher than the input
voltage It comprises N bidirectional boost
converters connected in series with independent
solar sources, and a resistive load is across the
output.
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Fig. 3 Structure of Series Boost Inverter

The operation can be explained by considering the
two modes with Vin being the input dc voltage. The
circuit connects the inductances L1, L1z ... Lin and
L21, L2 ... Lan  in series with the semiconductor
switches Si11, S12... S1n, S21, S22 ... S2n, S31, S32 ... S3n

and Sai1, Sa2 ... San. The capacitors Ci1, C12 ... C1n and
C21, C22 ... Can connected across each boost inverter
facilitate to create an 180 degree phase shift for
the output voltage and R forms the load resistance
respectively.
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Fig. 4 Circuit diagram of Series Boost Inverter for Mode 1 Operation

Cunput valtage
of K converter

Culpud voltage:

af K converter

Oulput voitsge
af KY ponwertar

Fig. 5 Circuit diagram of Series Boost Inverter for Mode 2 Operation
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The operation in the first mode reflected using the
Fig. 4, enables the turning on of the switches Si,
S12 ....S1n, and Ssi, S3a.... S3n, turning off of the
switches S21, S22 ... Son @and Sa1, Saz ... San.While the
inductor Li1, Li2 ... Lin charges, the inductor Las,
L22... Lan discharges and charges the capacitor Ca,
C22...C2n.The capacitor Ci1, Ci2 ... Cin discharges to
support the requirements of the load resistor R.

Vol 44 No. 5
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and Sa1, Saz ... San. turn on and the switches Si1, S12
....S1n, and Ss3i1, S32.... S3n turn off. While the inductor
L21, L22 ... L2n charges, the inductor Lii, Lia... Lin
discharges and charges the capacitor Ci1, Ci2... Cin.
The capacitor Ca1, C22... Candischarges and provides

power to the load resistor R.

The state space model of series connected boost

inverter can be derived by applying Kirchhoff’s law
to the circuit shown in the Fig. 4, as seen in the
Egns. [1] through [4].

Similarly the theory in the second mode realized
using the Fig. 5, where the switches S21, S22 ... San

Hirg _ Vin — (1)
dt  Lig
Weig _ ZlLaa —(2)
dt C1a
Hizg _ Vin _ Ve2a (3)
dt  Lyg  Laa
Wea _ za _ VCia _ ﬁ____m)
dt Caa  RCag  RCag

The Eqgn. (5) gives the general state space equation
X = AX+ BU (5)

Where U110 00 Ve, Ve,,represent the state variables
a=1,2,3..n.
The state matrix of the system in the first mode may be expressed as in the Eqn. (6)

diy,
—1a 0 O 0 0 . 1
dt -1 |riL, 2
dll‘i 0 0 0 E i Lia
Ly

we [=] 2 | Vi (6)
Cia 0 0 0 VCl 2a
—_— Cia a

dt 1 1 1

- Cc

AVey, 0 o RCzq RCyq 2a 0

dt @

On applying Kirchhoff’s law to the inverter circuit in Fig. 5 gives the Eqns. (7) through (10)

dityg _ Vin _ VCia (7)
dt Lig  Lig
Weig _ Lia (8)
dt Cia
Yizg _ Vin (9)
dat Laq
Avcyg — Tl Veia . Yeaa —-(10)
dt C2a RC;q  RCaq

353



Vol 44 No. 5
May 2023

Journal of Harbin Engineering University
ISSN: 1006-7043

The state matrix of the system relating to the second mode can be written as in the Egn. (11)

diLla _
dt (U — 0 1
di, Lig lUia Tia
el L0000 ol |4
=|1 +17 |\ Vy - 11
AVeiq - 0 0 VC Laq n ( )
—1a cia O la
dt -1 -1 _ -1 . 0
Weag o RCzq RCzq 2a 0
dt @

Using the state space averaging technique, the final state matrix may be represented as in the Eqn. (12)

- -(1-D)

diLig 0 0 0

dt Lia i 1
dif,, 0 0 0 —b ; la Lig

dt _ L2a Laq + i | FA— (12)
ave, |~ | @=D)  -D 0 0 Vcla Lag| "0

dt Cia Cia e 21 VC 0
Weza -a=b) 2 g RC 2 0

2a 2a
dt L C2q Cq i

Control Algorthim

The function of the inverters mainly
involves a satisfactory delivery of power to ac
loads and the modulation strategy therefore plays
a crucial role in determining the performance of
the system. Apart from complying with the
the
parameters do play a

performance factors, issues relating to
modifying the control

significant role.

The terms relating to both the current
and voltage appear in the modeling equations,
which however may make it difficult to control the
output voltage for the boost inverter. Besides with
the PI controller the presence of zero dynamics
with respect to the output voltage may create
instability to the system. Therefore the choice of
introducing an intelligent controller together with
the traditional methods allows extracting better
results in terms of improving the quality of power
received by the load.

The
controller (FLC) relies on the fuzzy inference

philosophy of the fuzzy logic
mechanism and does not require a mathematical
model for controlling the system. The design of the
FLC orients to obtain the feedback control gain
from the inference rule base. The fuzzy sliding
the
remain

mode control systems design

that the
available for measurement and may be formulated

engages

assumption system states
as functions of the tracking error for the system
with the error and the derivative of the error as

inputs.

There exists a switching line along the
diagonal of the fuzzy logic rule table and the
control signal inherits opposite signs at the two
sides of the diagonal. When the system states lie
far away from the diagonal, it becomes big and
vice versa used with the sliding function as input
and the control force as output in the controller.
The fuzzy control rules for the error and change of
error can be referred in the Table. 1 and the
output may be obtained through the weighted
average of consequents.
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Table. 1Fuzzy Rule base

Change in Change in Error (Ae)
fuzzy AF
NB NM NS ZE PS PM PB
NB NB NB NB NB NM NS ZE
E
r NM NB NB NB NM NS ZE PS
r NS NB NB NM NS ZE PS PM
o
r ZE NB NM NS ZE PS PM PB
(e)
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB

The Fig. 6 represents the block diagram of the boost inverter with the introduction of the fuzzy sliding mode
controller (FSMC) for tuning the sliding surface. The terms Vref and Vo refer to the reference and the output
voltage respectively.

Wrad E :}
Va

Fuzzy

Boost Inverter |1

g: tput

Boost Inverter L?*—‘ 1

Boost Inverter -n _J

Fig.6 Series Boost Inverter with FSMC

The control variable X may be expressed in the general form as in the Eqn. (13)

X1 vref - ﬁvo
d —_
X = XZ - (Vre‘];t Bvo) | (13)
X
3 fvref - ,81]0

where X1, X2, and Xs represent the voltage error, the voltage error dynamic (or the rate of change of voltage
error), and the integral of voltage error individually.

The Eqgns. (14) to (16) may be obtained from (13)
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Xy = Vyeg — BVo - (14)
A (15)
X, = —BE2 - (16)

dt

where Vo refers to the load voltage,
V.er - Reference voltage.
B - Sensed output voltage.

The rate of change of the output voltage may be expressed as in the Eqn. (17)

dvg _ [ 1 1 Vo

i
dt Cra cm] Lia  Reyq

------- (17)

The expression in the Eqn. (18) can be obtained from the Eqn. (7)

Vin—=V —
iy, = [—120dt - (18)

Lia

The control variable Xz in the Egn. (19) may be deduced by substituting the Eqn. (17) and Eqn.(18) in the Eqn.
(16)

= gl _r]VinVeay Yo ..
X = =B [cm cm]f . ot BRcm (19)
X3 = I(Vref - BV:)) dt ------- (20)
The control variable X in Eqn.(13) thus becomes
vref - ,Bvo
1 17 Vin—Veia — 7
Xboost = -B [a - a] f lea 40+ B RCZa """ (21)
fvref - .Bvo

where u =1- u refers to the inverse logic of u.

The time differentiation of the Eqn. (21) produces the state space description in the Eqns. (22), (23) and (24)

; d
Xy = — (Vrer — BV,) = X —(22)

X, = -B L_L]

C2a  Cia Lia

X3 = Uref — By, = X; —(24)

Vin—Vcya —

1
u-— EXZ -—-= (23)

The Eqgn. (22) through (24) may be expressed in the matrix form as in the Eqn. (25)

51 [0 1 0]x, 0

. _ 1 1 1Vin—V al r—

Xo| = |0 TVrey Of|%e|+ |8l - P - 9)
X3 1 0 013 0

where
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0 1 0 0
- -1 —|—p [ = L]Yin—Veia
A=|0 /RCZa 0 B = ﬁ Cza Cla] Lia
1 0 0 0

The overall sliding mode control law that generates the switching function can be written as in the Eqn. (26)
u=1whenS>0
=0whenS<0----—-- (26)

where S relates to the instantaneous state variable trajectory and described as in the Eqgn. (27)

S = (a Xy + az Xy + a3X;3) = 1T X - (27)

where J'= [a, a,, @3 | and @y, @, , a3 represent cycle in the form of a pulse to the switches in both
the control parameters termed as sliding the inverters.

coefficients. The equivalent control signal Ueq.

which reflects the smooth capacity of the discrete Equating S = JTAX+ATB U ¢q = O yield the equivalent
input function u, defined as utilizing the invariance control function in the Eqn.(28), which on being
conditions by setting the time differentiation of simplified through the Eqns. (29) to (31) gives the
the Eqn. (27) as S = 0. The equivalent control final form as in the Eqn. (32)

function enables the determination of the duty

Weq=-[JTB] TITAX —-v (28)

—J"B = a [-p [ = - ] "2%2] - (29)

C2a Cia Lia

JTAX = as(Vrer = BVo) = B (@0 = 7) [ = 5 ftne + e (@1 = 7) —(30)

RCz3/ LC2q  C1a RCza

—BV.)— _“_2);_;- BV_O( _ “2)
@3(Vre—BVo) B(“l RCza [cm Cla] L1aTRC 4\ * 17 RCpa
o [ﬁ[ 11 ]Vin—VCm]
2|Plczq C1al Lia

Upqg =

C2a Cia

Ueq = [/3[ 11 ] in Vcla [a3( rer = BVo) = ﬁ(__ RCZa) o ]iha + lf:;a (Z_;_ RClza)] —(32)

az C2a  Cia
Lia

where the control variable "t eq may be a continuous function and vary between 0 < U eq< 1 as an inequality
constraint, which on being substituted in the Egn. (32) gives rise to the Eqn.(33).

0< Ueq = 1- [[B[ 11 Vm VC1a] [as ( ref 'BVO) B( ay B RCza) é Cia] iLla + lf(‘:/:a (Z_; B Rgza)]] <1l--

C2a Cla

- (33)

] Vin—

Multiplying the inequality function in the Eqn. (33) by [/3 _——— C“‘] gives the Eqn. (34)

C2a  Cia
Vin—Vc a 1 17. \Y% a 1
0 < Ueq-|f [ - — ] e “]——3(Vref BVo)+ﬁ( ) [ i - B (2 - )
C2a  Cia Lia a;  RCa/ lcq  Cig @  RCza \az  RCpzy
Vm—Vcla

Lt —(34)

C2a  Cia 1a
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The equivalent control function in the Eqn. (27) may be related to the duty ratio control d, where 0 < d = -
ramp

<1 asinthe Egn. (35) and there from arrives at the expression for the control signal V. and ramp signal Viamp in
the Eqgns. (36) and (39). The Eqgns. (37) and (38) refer to the constants in the Eqn. (36)

R oriaton e
CZa Cl(l 1a

= O =) + 8 (2 - ) [~ e e (- )
(35)

Vc = Vramp_KpZ(vref - Bvo) + Kpl [iLla [L - L] - Vo ] T (36)

C2a  Cia RCza

= () )

2

Ky = B (2= —=) -~ (38)

ay RC3y,

Vm Vcla .

Cza C1a] Lia ~(39)

ramp =p [

Simulation Results: frequency Fs= 50 kHz and the load resistance

allowed to vary upto 1kW. It operates from a
performance of the two boost inverters connected system of series connected solar panels supported
in series at the output through simulation on the through a dc-dc based KY converter and the
MATLAB/ Simulink platform. The identically rated Tables. 2 and 3 include their respective
inverters comprise elements that include Lia = L2a
=10mH, capacitance Cia = C2a = 95uF, switching

The procedure involves evaluating the

specifications.

Table .2 Solar Specifications

PV Module PV Array
Number of cells in a 72 Voltage at MPP, Vmpp =Vpv 166.5V
modules
Open circuits voltage 22.32V Power at MPP, Pmpp = Ppv 2250w
Short circuit current 14.50A Current at MPP, Impp = lpv 13.5A
Voltage at MPP, Vi 18.50V No. of Series Modules Ns Vamp/Vim=9
Current at MPP, In 13.52A No. of Parallel Modules Np Imp /Im=1
Table. 3
Specification of KY Converter
Description Parameter Nominal Voltage
Input Voltage Vi 72.36
Desired Output Voltage Vo 100
Capacitor C 100uF
Inductor L 15uH
Switching frequency fs 50KHz




Journal of Harbin Engineering University
ISSN: 1006-7043

The total open circuit voltage of the solar being
rated for 72 Volts finds the output voltage of the
KY to be 100V and enables an output of 115 Volts
at the output of the each inverter to provide 230
Volts to the load.

It maintains a constant dc link voltage
through duty cycle changes to the KY converter, in
addition to its attempts to lower the ripple in the

Vol 44 No. 5

May 2023

voltage. The introduction of the fuzzy tuned SMC
enables equal sharing of the voltage between the
two series connected inverters and regulates the
load voltage across the operating range. The FSMC
encompasses with it measures to improve the
quality of the power delivered to the load through
a reduction in the THD and an increase in the HSF
of the output voltage over the range of operating
loads.

w

m KY ® BucK-Boost ™ Boost

o~

w
|

Voltage Ripple
N

[EnY
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o
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200 400

600 800 1000
Load

Fig 7: Voltage Ripple of the Converter

a) Input Voltage

b) Output Volatge for Inverter 1
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c) Output Voltage for Inverter 2
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d) Total Output Volatge

S A

e)Output Current

Fig. 8 Steady State and Regulatory response for FSMC

The bar diagram in the Fig.7 depicts the
ripple in the dc link voltage expressed in
percentage as a function of the different values of
the operating loads. It brings out that the KY
converter enjoys a lower ripple than the
conventional boost converter owing to the filtering

presence of two inductors and capacitors in the KY
converter.

The Fig. 8 relates to the regulated dc link
voltage, the output voltage of the two inverters,
the regulated load voltage and the output current
corresponding to a load power of 1kW using FSMC.

359



Journal of Harbin Engineering University
ISSN: 1006-7043

The plots exhibit the ability of the FSMC strategy
to ensure equal sharing of the voltage among the
two inverters and regulate the load voltage across
the operating range.

The fuzzy tuned SMC further allows
rejection of the load disturbance in the sense on
being subjected to a sudden increase in load by 10
percent at 0.5 seconds respectively, though the
output current raises correspondingly, the load
voltage remains regulated.

Fundamental (30Hz) = 292, THD= 2 84%

T T T T | T T T I

Mag (% of Fundamental)

w40
Frequency (Hz)

Fig 9: Voltage THD in FSMC

50 60 70 80 %0 100

Fundamental (50rz) = 09063, THD= 276'%
[ I I I I

Mag (26 of Fundamental)

]
Frequency (Hz)

S 60 T %

Mag (% of Fundamental)

Fig. 11 Current THD in FSMC
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The THD measured the FFT
spectrum for the load voltage and the inverter

using

current at the same operating point in the Figs 9
through 12 reflect the benefits of the FSMC in
terms of a lower THD than the FPI controller. The
bar chart in the Figs. 13 and 14 compare the
output voltage and the input current THD obtained
using the FSMC and FPI controllers for the range of
operating loads and further claim the merits of the
FSMC over the FPI controller. Similarly the values
of the HSF drawn for the load voltage using the bar
diagram in the Fig.15 across the operating range
justify the use of the FSMC.

Fundamental (50Hz) = 2316, THD= 3.10%

Mag (% of Fundamental)

T T T T T T T ]

100 200 300 400 500

Frequency (Hz)
Fig 10: Voltage THD in FPI

600 700 800 90 1000

Fundamental (30Hz) = 5.636, THO=361%

Frequency (Hz)
Fig. 12 Current THD in FPI
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Hardware Implementation:

The methodology involves the use of an
Atmega processor to generate the PWM pulses for
the MOSFET switches in accordance with the
design of the control strategy. The ATmega
belongs to a class of single
chip microcontroller created by Atmel in the mega
AVR(AIf  and Vegard's RISC
(later Microchip Technology acquired Atmega in
2016).

processor) family

The Atmel ATmega8 combines an 8 bit
RISC CPU with In System Self Programmable Flash
on a monolithic chip to be a powerful
microcontroller that provides a highly flexible and
cost effective solution for many embedded control
applications. It allows to be supported with a full
suite of program and system development tools,
including C compilers, macro assemblers, program
simulators, and evaluation kits. It includes an 8 KB

Program memory (Flash Memory) for storing the
programming code and permanent settings.
Besides it comes with an EEPROM memory of 512
bytes and aRAM memory of 1KB for being
refreshed on restarting. A power up timer, a
watchdog timer, Brown out Detection, In Circuit
Serial Programming and five sleep modes form
part of the other features in the processor. .

The device manufactured using Atmel’s
high density non volatile memory technology
enables the Flash Program memory to be
reprogrammed In System through an SPI serial
interface using either a conventional non volatile
memory programmer or by an On chip boot
program running on the AVR core. The boot
program can use any interface to download the
application program in the Application Flash
memory.
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Fig 16 Prototype

The exercise extends to study the battery charger with the KY converter and deliver
performance of the control schemes using an power to the resistive load. The Fig. 17 outlines
experimental prototype seen in the Fig.16 with the flow schematic involving the generation of
similar ratings as that used in simulation. It appropriate firing pulses for the MOSFET switches
operates from the solar source controlled using a in the two inverters.

START
MEASURE OF

V(K) AND I(K)

N

CALCULATE POWER
P(K)=V(K) * 1(K)

P

NO

NO .| COMPLEMENT
SLOPE SIGN

YES

D(K)=D(K-1)*SLOPE

<
<

UPDATE P(K-1)
YES
| NO

Fig 17 Flow Chart

362



Journal of Harbin Engineering University
ISSN: 1006-7043

The Table 4 compares the results of the FPI
and FSMC for various values of load power to bring
out that the superiority of the FSMC. The Fig 18
through 21 showcases the pulses to the switches
in the inverter, the output voltage, the load

STOP (MR oo T e A

v

5 18,@1

Vol 44 No. 5
May 2023

and the THD
corresponding to an operating point of 1 kW
reflects the benefits of the inverter and the
efficiency of the control algorithm.

current voltage spectrum
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Table 4
Performance Comparisons

Load Output Output Voltage for| Output Voltage fo Total Output Output Load Voltage
in  Voltage of K Inverter 1 (V) Inverter 2 (V) Voltage (v) Current (A) THD
wattg converter|
(V) Hard Hard Hard Hard Hard
FSMQC FPI Ware | FSM{ FPI Warq¢ FSMC | FPI ware| FSM(Q FPI | ware | FSM{ FPl |ware
200 | 100.2 115.1| 115.7| 117 115.] 115.7] 117 | 230.2 | 231.4 234 | 0.86| 0.86| 0.9 | 1.34| 1.35| 1.42
400 | 100.1 115.0] 115.6| 116 115.( 115.6| 116 | 230.1 | 231.2] 232 | 1.73| 1.73| 1.8 1.36| 1.37| 1.46
600 | 100.0 114.9| 115.2| 115 114.y 115.2| 115| 229.8 | 230.4{ 230 | 2.61| 2.60| 2.7 | 1.38| 1.39| 1.48
800 | 99.9 114.8) 114.9| 115 114.) 114.9] 115| 229.6 | 229.8 230 | 3.48| 3.47| 3.5 | 1.39| 1.40| 1.52
1000| 99.7 114.7| 114.8| 114 114.] 114.8| 114 | 229.4 | 229.6| 228 | 4.35| 4.36| 4.4 | 1.41| 1.43| 1.58
Conclusion: Single-Stage, = Buck-Boost  Inverters for
Photovoltaic Applications” Journal of Energies,
A FSMC based methodology suitable for Volume 13, 1675-1689, year- 2020.
solar boost inverters has been developed to [2] Kodeeswara kumaran G, P.Parthiban
enable uniform sharing of output voltage among “Application of Delta Modulation Strategy to
the inverters connected in series in addition to SeriesConnected Inverters” IEEE Transactions
regulating its load voltage. The design of the fuzzy on Industry Applications, year-2019.
based controllers have been elicited to derive [3] Efe Isa Tezde, M. Muhsin Demir, Fatih Gurel,
appropriate reference signals for generating the H. lbrahim Okumus, Hakan Kahveci, “Two-
PWM pulses to the switches in the inverters which Stage Power Converter Design And Control For
in turn facilitates to realize a better quality of Renewable Energy Systems” IEEE Transactions
power delivered to the load. The simulation results on Circuits And Systems, year -2018.
have been portrayed to justify the choice of the KY [4] Moe Moe Lwin “High-Performance Double
converter through its ability to reduce the voltage Boost Dc-Dc Converter Based On Fuzzy Logic
ripple and maintain a constant voltage to the Controller”: An International Journal of
inverters. The close comparison of the Mechatronics and Applications (Mechatroj),
experimental and simulation readings have been Vol. 2, No.1, year- 2018.
fostered to allow the use of the series connection [5] Qingyun Huang, Member, IEEE, Alex Q.
of the inverters with a view to reduce the voltage Huang, Fellow, IEEE, Ruiyang Yu, Member,
stress for the switches in practice. The outcomes IEEE, Pengkun Liu, Student Member, IEEE, and
have been illustrated to guarantee the merits for Wensong Yu, Member, IEEE “ High-Efficiency
the FSMC and claim the use of the control scheme and High-Density Single-Phase Dual-Mode
in similar applications. Cascaded Buck-Boost Multilevel Transformer
less PV Inverter with GaN AC Switches” IEEE
Acknowledgments: Transactions on Power Electronics volume 6
The authors thank the authorities of the No 4, year-2018.
DST for providing the facilities through the FIST [6] Yang Du, and Dylan Dah-Chuan Lu “Analysis of

program in the Energy Conversion Lab of the
Department of Electrical Engineering at Annamalai
University to accomplish this piece of work.
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