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ABSTRACT

Aims: To simulate and construct a single phase, pure sine wave inverter using a high frequency
transformer.

Study Design: Experimental design through simulation studies using pulse width modulation and
proportional integral controller.

Place and Duration of Study: Department of Physics, Nasarawa State University Keffi, Nigeria,
between July 2021 and March 2022.

Methodology: Secondary data from Shenzhen EMPTEK EP1100 PRO manufacturer’'s datasheets
website was utilized for modelling and simulation of the inverter schematic using PSIM version
12.0.3 software. The system consists of DC source-Link, DC-DC converter, VS full bridge with
MOSFET driver, LCL filter, HF transformer, and PI controller. The circuit was constructed at a rated

power of 1kW and analysis of the inverter output was carried out over a range of steady state
loading conditions.

*Corresponding author: Email: samsonyusufu@yahoo.com;
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Results: A fairly good steady state dynamic response was obtained by the system with an output
voltage range of 220V to 224V, output current range of 5.02A to 5.51A; all recorded over a range
of loading conditions. The highest inverter efficiency was found to be 97.47% at a load of 0.036Q,
while the power delivered by the inverter at this load was 1049.18W. The lowest value of the
efficiency, which was 91.79%, occurred at the lowest load of 0.029Q, and the output power
delivered by the inverter at this load was 1172.53W.

Conclusion: The circuit combines the advantage of galvanic isolation and high conversion
efficiency which reduces harmonic disturbance resulting from non-linear circuit behavior. The
disadvantage of weaker load capacity and impact resistance is greatly improved using the PI
controller. It can serve as a good source of alternative power supply for domestic and commercial
users especially in Nigeria where the power supply is unstable and unreliable.

Keywords: High frequency; transformer based inverter; PV system; power simulation: construction;
proportional integral controller; DC to AC conversion.

1. INTRODUCTION

The world demand for electrical energy is
constantly increasing, especially in Nigeria where
the electricity supply is epileptic [1]. Conventional
energy resources are increasingly becoming
unpopular, and even gradually depleting.
Renewable or green energy is therefore being
developed at high speed, especially solar energy
[2]. One of the methods for harvesting solar
energy is using the photovoltaic (PV) modules. In
comparison to other kinds of renewable energy
systems, there is no moving part in a solar
system, which means that, the solar systems
may last for a long time with minimum
maintenance [3]. The general configuration of
stand-alone solar PV power system comprises of
PV panels array to collect/harvest the solar
energy and convert it to electricity, a charge
controller as a control unit, a battery as a storage
device for backup at night time or cloudy
weather, an inverter that converts the DC to AC,
and AC loads (i.e. household appliances, lamps
etc.) [4]. With the increasing popularity of solar
energy sources, the need for static inverters has
increased substantially [5]. Power electronics
provides the industries with effective methods to
save energy and improve performance, where
power semiconductor devices represent the
heart of modern power electronics which helps to
convert power from one form to another [6].
There are four basic conversion functions that
can normally be implemented, this includes AC
to AC, AC to DC, DC to AC and DC to DC [7]. An
inverter is one of the converter families which is
called DC to AC converter. It converts DC (direct
current) power to AC (alternating current) power
with symmetric AC output voltage at desired
magnitude and frequency. It is widely used in
industrial applications such as variable speed AC
motor drives, induction heating, standby power

supplies and uninterruptible power supplies [5].
The DC power input of inverter can be obtained
from the existing power supply network, a battery
source, photovoltaic source, wind energy, fuel
cell or other DC sources [8].

In PV systems, inverters are used to convert DC
electricity generated from a solar panel or battery
to AC electricity, so as to either supply consumer
households or to connect directly to the utility
grid. This conversion can either be achieved by
transistors or by SCRs (silicon controlled
rectifiers) [9]. However, MOSFETs (Metal Oxide
Semiconductor Field Effect Transistor) and
IGBTs (Insulated Gate Bipolar Transistor) are
good candidates for the switches in DC to AC
conventional techniques [10]. For lower and
medium power outputs, transistorized inverters
are suitable, while for high power outputs, SCRs
are employed. In a conventional inverter,
transformer is used to match the inverter output
with the utility grid output. However, a
transformer can be bulky, very heavy and highly
inductive which hampers the overall power factor
correction in the inverter system [11]. Switched-
mode DC-to-AC inverters are used in a wide
range of applications where the objective is to
produce a sinusoidal AC output whose
magnitude and frequency can both be controlled.
The DC voltage is obtained by rectifying and
filtering the line voltage, most often by diode
rectifier circuits [12].

Several previous studies have developed various
models over the years. Hussein [13] simulated
the design of a 2-stage conversion online UPS
system based on a low frequency transformer.
Ehikhamenle and Okeke [14] developed a
2.5kVA low frequency inverter using a
Microcontroller Based Frequency counter with a
boost converter. Diouri et al. [15] proposed a



high-performance transformerless, single-phase
PV inverter in the standalone mode, using a
nonlinear back-stepping control. Combination of
fuzzy logic and proportional resonant (PR)
control to suppress leakage current in a
transformerless inverter for grid-connected PV
systems was proposed by Suresh et al. [16].
Muhanned [17] developed a transformerless
voltage source inverter (VSI) through H-Bridge
configuration and achieved the switching control
using microcontroller-based PWM. Khan et al.
[18] presented a comprehensive state-space
dynamic model of a future power distribution
system for plug-and-play interface of distributed
renewable energy resources and distributed
energy storage devices using multiple solid-state
transformers (SSTs). Khan et al. [19] proposed a
novel full-bridge inverter, using a single inductor
buck-boost converter and high frequency
transformer to obtain an isolated well-regulated
voltage output. Patel et al. [20] developed a high
frequency inverter using a HF transformer and
full-bridge rectifier scheme to obtain galvanic
isolation, as well as fast recovery rectification
between the input and output of the inverter.
Jiang et al. [21] employed a high frequency
transformer in integrating a Z-source network
concept into a two-stage DC-DC-AC topology.

Conventional low frequency transformer-based
inverters require the use of low frequency
isolation transformers to step up the converted
voltage to a value suitable for low, medium and
high voltage applications. However, the use of
low frequency transformer involves employing
the use of inductive components with heavy
current-carrying  capacities. This  imposes
additional load on the primary DC sources and
consequently, affects the overall system
efficiency with attendant cost implications [22].
Furthermore, the low frequency transformer-
based inverters requires special arrangements
for compatibility in grid-tied applications due to
their circuit complexity [23]. Modern power
electronic converters tend to use “more silicon
and less iron.” This leads to the pursuance of
compact designs with wide input voltage ranges
and improved overall efficiency such as the
transformerless inverters [24]. One of the main
drawbacks in transformerless single phase
photovoltaic inverter is to control leakage current
appearing between parasitic capacitor and
ground [25]. To overcome these problems, the
main objective of this study is to simulate and
construct a high frequency transformer inverter
for PV system applications. High frequency
transformers are generally employed to achieve
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galvanic isolation as well as higher efficiency for
majority of inverter applications [26]. A high
frequency transformer (HFT) designed using
SST-based power delivery architecture has
advantages in terms of smaller size and weight,
less harmonics, power density, scalability, and
owing to the use of solid state devices; reduces
the on-state resistance, thereby increasing the
overall efficiency of converters especially in
inverter applications [27]. A solid state
transformer (SST) is a power electronics-based
transformer with controllable communications
and remote-sensing capabilities, as well as ride-
through functionalities [18]. The use of a HFT-
based inverter will reduce the amount of heat
generated in the system, increase the overall
system efficiency and greatly reduce the system
cost. The advantages of the proposed high
frequency inverter over the low frequency
inverter of the same power in this study is light
weight, small size, small standby power, and
high efficiency. Even though the circuit is
relatively complex, the disadvantage of weaker
load capacity and impact resistance is greatly
improved using the proportional integral (PI)
controller. This in turn will make the realization of
a smart inverter with a relatively straightforward
process and precision-prone prediction
algorithms.

2. MATERIALS AND METHODS
2.1 Materials

The materials and their specification that were
used for the simulation and construction of a
1.5kVA pure sine wave, high frequency inverter
includes PSIM v12.0.3 Power Electronics Design
Software, E65-N27 Transformer Ferrite Core,
495-5498-ND Bobbin Coil, IR2010PBF-ND IC
Gate Driver, SG3525ANGOS-ND IC Regulator
Control, BER169-ND Thermal Pad (Heat Sink),
STP160N75F3 N-Channel MOSFET, STTH8RO06
Rectifier Diodes, and Fluke 87V Digital
Multimeter.

2.2 Methods

2.2.1 Simulation method

Secondary data on the designed circuit was
obtained from the Shenzhen EMPTEK EP1100
PRO manufacturer’s datasheets website. This
was then utilized in reconfiguring the design to
suit the scope of the current study. Various
stages of the circuit design were modeled and
simulated using power simulation (PSIM)



software version 12.0.3 for conformity to the
design criteria, as well as to consider device
configuration options for optimal circuit reliability
and performance. The block diagram of the
proposed inverter system is shown in Fig. 1. The
system consists of the DC source/DC-Link, the
DC-DC converter, the VS full bridge circuit along
with the MOSFET driver module, the LCL filter,
the HF transformer and the PI controller.

The application environment was launched and
the necessary circuit parameters and equations
were defined for various parts of the system
including output voltage, load current, power
handling efficiency, and total harmonic distortion.
These parameters were analyzed under various
steady state conditions, while relevant
expressions developed by Rashid [28] for the
subsystem parameters were used to optimize the
model characterization.

2.2.1.1 Inverter output voltage (V,,;)

The inverter Output Voltage ( V,, ) was
determined from the expression:

Vout = 2 (32) DVin (1)

Equation (1) was obtained from the voltage

. . N
source inverter transfer function, where (N—Z) =N
1

is the high frequency transformer turns ratio; D is
the DC-DC converter duty cycle (usually
specified) in the manufacturers’ datasheets; and
Vi, is the inverter input voltage which in essence
is the output from the boost stage.

2.2.1.2 Switching period (T)

The driver circuit switching period was
determined using the expression as defined by
Rashid [28] as:

1
r=< (2)
Where f = the switching frequency of the inverter
MOSFETSs.

2.2.1.3 Maximum duty cycle (D)

The maximum combined duty cycle (D) for
both half cycles in the DC-DC converter as
defined by Rashid [28] was determined as
follows:

__09ton
T

D ®)
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Where t,, is the conducting period for the
positive half cycle of each bank of MOSFETS in
the DC-DC converter.

2.2.1.4 Inverter input power (P;,)

The inverter input power (P;,,) was determined by
the expression as defined by Rashid [28] as:

PDu
PL‘n:Tt (4)

Where P,,; is the inverter rated power output
(usually specified), and n is the inverter
conversion efficiency, which can also be
determined from the expression as defined by
Eichhorn [29] as follows:

Pout (5)

PouttLosses

Efficiency =

2.2.1.5 Maximum average input current (I;,)

The maximum average input current in the
inverter (I,) was determined from Equation (6)
as defined by Rashid [28] as follows:

P.
. =-
in

Vin

(6)

2.216 Maximum MOSFET RMS
(IMOS_RMS)

current

The maximum RMS current (Iyes rus) for the
driver circuit MOSFETs was determined using
Equation (7) as defined by Rashid [28] as:

IMOS_RMS = Ipft\/5 (7)

Where I+, is the maximum equivalent flat topped

input current of the inverter which have been
defined by Rashid [28] as follows:

I
Ipft = % (8)
2.2.1.7 Minimum MOSFET breakdown voltage

(VMosBreakdown)

The minimum MOSFET breakdown voltage
( VMoSprearaown ) Was determined using the
equation defined by Rashid [28] as follows:

VMOSBreakdown =13x2x VConverterMAx ()]

Where (Veonvertery ) iS the converter maximum

allowed input voltage (usually specified in the
datasheets).
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Fig. 1. Block diagram representation of the proposed inverter

2.2.1.8 Transformer turns-ratio (N)

The high frequency transformer turns-ratio
(N =%) can be determined as suggested by
1

Rashid [28] from the expression:

_ N2 _ Vout

N (10)

N1 ZVConuerterMIN'D

Where (Veonvertery;y) 1S the converter minimum
allowed input voltage also specified in
datasheets.

2.2.1.9 Maximum average output current (I,,;)
The inverter maximum average output current

was determined from Equation (11) defined by
Rashid [28] as follows:

P
[, =-"2xP.F.
out 17
out

11)

2.2.2 Construction method

The components were first assembled on a
breadboard for small signal analysis before the
actual fabrication on a printed circuit board
(PCB). Various checks were carried out using
digital multimeter, virtual and handheld
oscilloscopes, while the components were
mounted on the breadboard without soldered
connections. These checks were carried out to
ensure conformity with expected steady state
responses and to minimize component defects
during final mounting on printed circuit board.
The PCB was produced following the PSIM
design details. Final surface mounting was done
with the boost stage, driver stage and PWM all
mounted on the same board.

2.2.3 Testing method

The final prototype was assembled temporarily
on a breadboard and tested for conformity with
the design specifications, before final mounting
on printed circuit board and encasement. DC
power supply was used to provide the DC
source, which was tested for both voltage and
current as the output was varied from 0 to 28Vdc.
Both converter and inverter outputs were
measured for both on-load and off-load steady
state responses. Readings were observed on
digital multimeter as well as signal waveforms on
handheld oscilloscope.

3. RESULTS
3.1 Data Specification

The data specifications for the DC-DC converter
section, the driver/switching/modulation section
and the high frequency transformer of the
inverter are presented in Tables 1 to 3.

Table 1. Inverter design specifications

Specification Value

Nominal Voltage Input 180Vvdc

Output Voltage 220Vrms (+0.5%)
at 50 Hz

Max Output Power (P,,;) 1.11kVA

Switching Frequency 100 kHz

Target Efficiency (n) 99%

Table 1 presents data for the inverter main
parameters. The inverter nominal input voltage is
the voltage sensed by the inverter driver circuit,
mainly consisting of the SG3525A Pulse Width
Modulator. The output voltage which is a pure



sinusoidal component with frequency 50Hz
without any harmonics is measured at the filter
stage and fed to the load. The maximum output
power is the apparent power or the expected
power handling capacity of the inverter at
minimum loading (the actual power, which is
rated in kilowatts, is dependent on the load
current). While, the inverter switching frequency
refers to the switching intervals between the 2
MOSFET banks, which is controlled by the
SG3525A Pulse Width Modulator Control Circuit.
Table 2 presents the DC-DC converter's main
specified parameters. The nominal voltage input
(Vin) is the voltage from the DC source (battery
bank) to the converter input. The value of this
voltage fluctuates between the maximum value
(Vin_max) @and minimum value (Vin_ min) depending
on the converter mode (buck mode or boost
mode). The nominal output power refers to the
power required to facilitate the conversion
process at 99% efficiency. While, the target
efficiency is the expected efficiency given the
output power of the converter. Table 3 presents
the transformer’s main specification. The high
frequency transformer nominal input voltage is
the same as the output from the inverter filter
circuit. The transformer switching frequency is
the maximum frequency that the transformer can
withstand from the inverter driver circuit. The
window utilization factor (K.) is a factor which
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takes into account the fact that; not all
transformer core magnetic path would be fully
utilized by the set up magnetic flux (both primary
and secondary) linkage. This is used for derating
the transformer (i.e. specifying its use for a rating
slightly less than its full rated capability).

Table 2. DC-DC converter design
specifications

Specification Value
Nominal Voltage Input (Vi) 12V
Maximum Voltage Input (Vinmax) 28V
Minimum Voltage Input (Vin-min) 75V
Nominal Power Output (Poy) 1.3 kW
Nominal Output Voltage (Vou) 180 Vg
Target Efficiency (n) 99.3 %
Switching Frequency (f) 30 kHz

3.2 Simulation Results

Simulation of the pure sine wave inverter
was done in two stages: implementation
and testing of the inverter along with the
DC-DC converter, and implementation and
testing of the high frequency transformer. The
DC-DC converter simulation was realized using
the converter wizard (Model Advisor) and the
output parameters were obtained as shown in
Fig. 2.

Converter Model Advisor
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Fig. 2. Implementation of the DC-DC converter model



Table 3. High frequency transformer design
specifications

Specification Value
Nominal Voltage Input (Vi,) 220V
Switching Frequency (f) 30 kHz
Efficiency (n) 98 %
Regulation (a) 0.05 %
Maximum Operating Flux 0.05T
Density (Bp)
Window Utilization (K,) 0.3
Temperature Rise (T,) 30 degrees
Celsius
Power Factor 0.95

The output parameters of the modeled converter
is shown on the model advisor parameter
windows. The simulated minimum input voltage;
which is 12.04 Volts (DC) equals the simulation
controlled value of the input voltage, as well as
the maximum value. This is because the battery
source is maintained highly stable by the PI
controller; modeled by the optocoupler. The
converter simulated output voltage is 183 Volts
(DC) with a ripple of 0.5%. The simulated
minimum output current is 5.98 Amps, whereas
the simulated maximum output current is 6.98
Amps, while the simulation controller maintains
the value at 6.10 Amps. The entire converter
system losses are determined based on the
different input/output power balances for each
respective component as sensed by the PI
controller (digital compensator). A
comprehensive analysis of the converter system
losses is illustrated in Fig. 3 alongside the
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percentage contribution of each component to
the overall converter losses. The efficiency of the
converter was then determined using equation
(5). The switching frequency is maintained at
30kHz.

The inverter driver stage drain voltage was
tested at approximately 205 V,, and was passed
through the LC filter at the output of the inverter.
The schematic of the simulated inverter circuit is
shown in Fig. 4. It consists of battery source, dc-
link modeled by the 2 parallel capacitors, full
bridge inverter section consisting of 8 MOSFET
switches, load modeled by 120-ohm impedance,
and PI controller modeled by the optocoupler C;
which combines 2 voltage markers to be
processed by the PI controller.

One voltage marker is labeled V., and is a
sinusoidal signal. While, the other one is a saw
tooth signal labeled V,,;. The 2 voltage markers
are used to get the information on the inverter
output voltage during every switching instant.
This information is used to trace the plot of the
inverter output voltage. The comparator C
compares the reference and triangular (saw
tooth) voltage signals in order to adjust the
modulation index during pulse width modulation
(PWM), which in turn, controls the driver circuit
switching periods and duty cycles accordingly.
The simulation steady state parameters are
shown in the form of data preview dashboard in
Fig. 5, while Fig. 6 shows the modeled PI
controller.
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Fig. 3. DC-DC converter losses analysis and efficiency calculation
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3.3 Circuit Construction

A prototype of the inverter was initially built on a
breadboard as illustrated by the detailed circuit
diagram in Fig. 7, before final transfer to a
printed circuit board (Fig. 8). A suitable connector
CON1 was provided on the PCB (Fig. 8(a)) to
connect the MOSFET banks and the transformer
externally. MOSFETs were mounted on heat-
sinks using mica spacers as the insulators
between them. The high frequency transformer
winding on the secondary side (HV) consists of
22 bundles of 3 turns around the bobbin.
Secondary side was wound first to accommodate
the thick wires for the centre tap primary
windings. Subsequently, the primary was wound
along with centre tap wires terminated at the
bobbin. In order to reduce the air gaps, a zip tie
was used through the bobbin, thereby, clasping
the two E-cores as much as possible. The 12V
supply terminal was connected directly to the
centre tap of the primary winding of the high
frequency transformer, which is able to carry up
to a maximum current of more than 50 amperes
with 1000 Watts (£15%), although, -current
depends on the load applied. There is no need to
add a switch in the high-current path to make the
inverter turn ON and OFF. The inverter can be
switched ON and OFF by low-current switch S1.
The single-side PCB for the sine wave inverter
circuit is shown in Fig. 8(a), while its component
layout is shown in Fig. 8(b).

A proper gate driver was provided to switch at
the required frequency and also maintain the
duty cycle needed. The SG3525A Pulse Width
Modulator Control Circuit was chosen in this
study for several reasons. First, it provides a
wide range of switching frequency (100 Hz to
100 kHz). Secondly, it has a built in soft-start
circuitry to ensure no fast buildup charges.
Thirdly, dead-time is simply arranged by
connecting a single resistor between the CT and
Discharge pins.

The driver was used in voltage mode control as
the input voltage is not a constrained source and
will vary. Voltage mode is also advantageous in
applications where high power is needed; such
as in this instance. Also, in practice, the leakage
inductance from the high frequency transformer
causes significant over-voltages across the
transistor and thus; the breakdown voltage of
these devices should be higher than twice the
input voltage. The STP160N75F3 N-Channel
Power MOSFET’s were selected for the DC-DC
converter design. These MOSFET'’s provide an
ultra-low on-resistance and can handle up to 75
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Volts with 120 Amps at 25°C. These switches
provide extremely fast switching and can be
operated normally up to 175°C. Fig. 9 shows the
top view of the constructed device in a casing
fabricated at Samanja Electronics Ltd, Kano
using computer-aided auto-routing and
differential pair routing.

3.4 Casing and Packaging

The casing is made of a BS 4607 heat-treated
polyvinyl chloride (PVC) junction box; measuring
254mm x 165mm x 63mm as shown by the
isometric representation in Fig. 10. The PCB is
placed in the middle of the PVC casing and
secured using adhesive binding compound to
secure the base of the PCB and the inside
bottom of the casing. The cooling fan and DC
input connectors are mounted on a tapered
aluminium plate, which in turn is secured to the
rear-side of the casing, while providing additional
cover to the opening provided for proper
positioning of the DC input connectors as well as
the cooling fan. The top of the casing is provided
also by a heat-treated PVC material, which is
secured in place by four 4%mm screws.
Convenient openings located directly across the
2 heat-sinks on either sides of the casing provide
heat escape and ventilation for the circuit within.
External connection to the battery terminals is
provided via two 10-Amp crocodile clips. An AC
outlet and a power switch are provided at the
front-end of the casing directly opposite the
cooling fan and DC input terminals. Also, two
indicator lights are provided with; one to serve as
power ON indicator (colored green) and the other
to serve as fault indicator (colored red). The
complete packaged device on load (Table fan,
mobile phone and laptop) is shown in Fig. 11.

3.5 Testing

Various tests were carried out to capture various
steady state responses of the system. The
components were first tested on the breadboard
to avoid any imposed signals resulting from
temperature changes, electromagnetic
interference  and unwanted readings from
adjacent connections that may be energized. The
DC input source was taken from a variable DC
supply with a range of 0 - 35Vdc (5Amps). A
variable RLC load with impedance of 0 — 120
ohms was provided. During the initial test carried
out on the DC-DC buck-boost converter, the
variable DC input was varied from 0 to 30 volts to
determine the output of the DC-DC buck-boost
converter and the results are presented in
Table 4.
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Fig. 11. Constructed device on load

Table 4. Steady state DC-DC boost converter loading test results

Load (Q) Vin (V) Iin (A) Vout (V) Iout (A) D (%)
0.037 12.04 5.23 182.10 5.98 0.5
0.036 12.04 5.30 182.50 6.10 0.5
0.033 12.04 5.48 183.00 6.38 0.5
0.029 12.04 5.80 183.01 6.98 0.5
Table 5. Steady state inverter loading test results
Load (Q) Vin (V) Iin (A) Vout (V) Vout (V) Iout (A) Pout (W) n (%)
(No-Load) (On-Load)

0.037 182.10 5.98 230.00 220.0 5.02 1049.180 96.35%
0.036 182.50 6.10 230.00 221.20 5.07 1065.406  95.7%
0.033 183.00 6.38 230.00 223.90 5.35 1137.967 97.47%
0.029 183.01 6.98 230.00 224.0 5.51 1172.528 91.79%

Table 4 presents the result obtained during the
converter steady state loading test. Vi, is the
input DC voltage from the battery source, which
is maintained steady in order to determine the
most accurate estimate of the output voltage, as
well as help to indicate the dynamic and the
steady state response of the DC-DC converter. [,
is the input current, which although driven by the
DC input voltage, is heavily influenced by the
load. Vo« and Iy are the output voltage and
output current respectively which serve as the
inverter DC-link-fed input. D is the duty cycle,
which is an influencing factor of the DC-DC
converter switching ON-time (as seen from
equation 3) and is usually specified in the
datasheet. A final steady state loading test was
conducted to observe the inverter output voltage
stability over a range of loads and the result is
presented in Table 5.

Table 5 presents the result obtained during the
inverter steady state loading test. Vy, is the input
DC voltage, which is essentially the voltage from
the DC-DC converter output, while I, is the input
current also from the DC-DC converter system
output. Vy (no-load) is the output voltage
recorded with the inverter system connected to
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No load, while V,, (on-load) is the recorded
steady state voltage with the inverter connected
to various loads. The output current I, is the
current output as the load is varied. Py is the
inverter output power which is essentially
obtained using equation (11).

Thus, at the highest value of the load (0.037Q),
considering Table 5, the output power is given

by:

Pout = Vout X Iout X Power Factor (P.F) =
220 x 5.02 x 0.95(see Table 3 for P.F.)

P, = 1088.958 x 0.95 = 1049.18W

And the efficiency at this power is obtained by
using equation (4) as follows:

Efficiency (n) = % x 100(%)

1049.18
1088.958

Efficiency (n) = x 100(%) = 96.35%

Now, at the lowest load condition (0.029Q),
considering Table 5, the output power is given

by:



Pout = Vour X Ioue X Power Factor (P.F) =
224 x 5.51 x 0.95 = 1172.528W

And the efficiency at this power is obtained by
using equation (4) as follows:
Py

T % 100(%)

Efficiency (n) =

1172.524
1277.409

Efficiency (n) = %x 100(%) = 91.79%
Note: Equation (6) is used to obtain the power
input (P;y) to the inverter.

4. DISCUSSION

The efficiency of an inverter indicates how much
DC power is converted to AC power. Sine wave
inverters rated at 90% efficiency and above are
ranked highly efficient, while lower quality
modified sine wave inverters are considered less
efficient at 75-85% rated efficiency. Some of the
power is lost as heat, while some stand-by power
is consumed for keeping the inverter in powered
mode [30]. This ranking is adopted by the two
foremost global regulatory standards for inverter
efficiency; European Union Weighted Efficiency
and California Energy Commission Weighted
Efficiency.

High frequency inverters are usually more
efficient than low-frequency variants. However,
the range of values for the inverter efficiency in
the current study ranges between 91.79% and
97.47%, which exceeds the global minimum
average of 90%. This finding is in line with the
findings of Guo et al. [31], who worked on the
implementation of a single-phase six-switch
current source inverter using one-dimensional
space vector pulse width modulation (SVPWM)
and obtained 92.8% efficiency. Also in line with
that of Kerekes et al. [32] who obtained a
conversion efficiency of 96% in their study on
high-efficiency single-phase transformerless PV
inverter topology based on the H-Bridge, with a
new AC bypass circuit consisting of a diode
rectifier and a switch with clamping to the DC
midpoint. Also similar to the findings of
Chakraborty and Razak [33] who obtained 97.1%
in their work on the design of a transformerless
grid-tied inverter (GTI) using dual-stage switch
mode boost converter, a dual-stage switch mode
buck converter, an H-bridge inverter, and a T-
LCL (T-shaped inductor-capacitor-inductor low
pass filter) immittance conversion circuit. On the
other hand, findings of this study is not in line
with the findings of Umesh et al. [34] who carried
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out the Design and Simulation of Single Phase
Photovoltaic Inverter using Simulink; and
obtained 80% conversion efficiency. The
difference could be attributed to the absence of a
DC-DC converter system in their design, while
the current study fully exploited the advantages
of DC-DC converter conditioning at the expense
of simplicity. Also not in line with that of
Babarinde et al. [35], who carried out the Design
and Construction of 1kVA Inverter using a low
frequency transformer; and obtained an
efficiency of 85%. The use of low frequency
transformer; even though an efficient means of
providing galvanic isolation, dissipates a large
amount of power as heat in the transformer core
and windings, which in turn greatly reduces the
efficiency of the inverter. The current study used
a high frequency transformer for galvanic
isolation, and hence the dissimilarity in results of
the two studies.

Through the use of high frequency transformer,
the current study was able to achieve an
efficiency of up to 97%, while providing galvanic
isolation as well as fairly good harmonic
mitigation as can be seen from Table 5 where
the voltage output while the inverter was loaded
remained fairly constant. None of the reviewed
literature achieved this as those studies with
higher frequencies traded off galvanic isolation
by using transformerless topologies, while other
studies such as that of Babarinde et al. [35] used
low frequency transformers and achieved good
galvanic isolation, but traded off higher
conversion efficiency.

5. CONCLUSION

An inverter converts the DC electricity from
sources such as batteries or fuel cells to AC
electricity. The electricity can be at any required
voltage. In particular, it can operate AC
equipment designed for mains operation or
rectified to produce DC at any desired voltage.
The input voltage, output voltage, frequency, and
overall power handling depend on the design of
the specific device or circuitry. The inverter does
not produce any power; the power is provided by
the DC source. A power inverter can be entirely
electronic or may be a combination of
mechanical effects (such as a rotary apparatus)
and electronic circuitry. Static inverters do not
use moving parts in the conversion process.
Power inverters are primarily used in electrical
power applications where high currents and
voltages are present. This study carried out
simulation of an inverter circuit designed for



single phase photovoltaic (PV) system
applications. The circuit simulation was carried
out using Power Electronic Simulation Software
(PSIM) version 12.0.3, while the switching was
provided using high-power MOSFETs and the
sinewave was realized using pulse width
modulation (PWM). The rated output power of
the inverter was 1.0kW at 95% efficiency. A
boost converter scheme was used to accomplish
initial voltage conditioning in the system, while an
inductor-capacitor-inductor  (LCL) filter was
employed for harmonic mitigation. Galvanic
isolation was provided using high-frequency
transformer with suitable transformation ratio.
Steady state analysis was performed using only
output waveforms from the simulation studies.
The project met the expectations in most cases,
however, in certain loads the efficiency was
greater than the efficiency at both the highest
and lowest loads and no particular factor was
identified to which this could be attributed. The
system was able to provide a regulated voltage
output to an AC load at all power levels. The
inverter has the advantages of light weight, small
size, small standby power, and high efficiency.
Even though the circuit is relatively complex, the
disadvantage of weak load capacity and impact
resistance is greatly improved using the
proportional integral (PI) controller. As such, it
can serve as a source of alternative power
supply for domestic and commercial users,
especially in Nigeria where the power supply is
unstable, not regular in pattern, unpredictable,
and better still unreliable. It is recommended
among other things that active temperature
protection be included for all semiconductor
switches, while a suggestion for future studies is
for the design and inclusion of a smart battery
monitoring algorithm with overcharging and
undercharging control capabilities. In addition, a
better AC load regulation and protection scheme
can be added, using PID control as well as
Implementation of a 5-level PWM for better THD
performance at the output. Also the overall
efficiency of the system can be improved by
using exotic converter types such as, resonant
converters with synchronous rectification at the
boost stage.
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