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AHOTAIIA

JIMIITOMHHMI TPOEKT MEPIIOro OCBITHHOTO PiBHS «bakanaBp» 3a creniaabHICTIO
171 Enextponika, crnemiamizamiss Axmen Ecmar Moxamen Enwsmasznu AGoarsa.
Hamionaneuuii  TexHiuHuil yHiBepcuteT YKpaiHu «KuiBCbKHII MNOMITEXHIYHUMA
iHCTUTYT iMeHi Irops Cikopchkoro». MakynbTeT eNeKTPOHIKH, Kadeapa eTeKTPOHHUX
npuiaaiB 1 cucteM. Akanemiuna rpyna JIC-02 — K.: KIII im. Irops Cikopcrkoro, 2024,
44 ¢c., 11, __ Ta0mI.

Mertorw poboTtu € po3pobka iHBepropa 3 12 B mocrtiitHoro B 230 B 3miHHOTO
CTPYMY CHHYCOIJaJIbHOI HAIIPYTH.

Metoau ta obmamnHaHHs nociuimxkeHHs. IlocrtiliHa BuxinHa Hampyra Oartapei
MIEPETBOPIOETHCS HA 3MIHHY BUX1IHY HAMPYTY 1 MIIKIFOYAETHCS 10 MIKpOMEpexi uepes
¢binpTp. s KepyBaHHS CHCTEMOIO BHKOPHUCTAHO MOAYJIb JUIs TeHeparii
cunycoigansHoi [IIM.

PesynbpTaTt poOOTH Ta iX HOBU3HA. Y pe3yJbTaTl po3poOKH OyjiI0 OTPUMAHO
NEPETBOPIOBAY 3 CUHYCOiIaIbHOIO BUX1AHOO Harpyroo 230 B.

PexomMeHnarii 111010 BUKOPUCTAHHS pe3yJIbTaTiB poOoTH. [HBEpTOp MOXKe OyTH
BUKOPHUCTAHUMN JJI aBap1itHOTO KUBJICHHS MPH BIAKIIOUEHHI OCHOBHOTO >KHUBJICHHSI.

VY Maii0yTHbOMY PEKOMEHIY€ThCA AOAATH AATYUKU AJISl BUMIPIOBaHHS BX1JHOT
HaIpyTH, a TAKOK 301IBIITUTH BUX1IHY MOTYXHICTh 10 1 KBT abo Oinbie.

3HauYUMICTh pOOOTH Ta BUCHOBKHU. IHBEPTOpP € OJTHUM 3 HABaXKJIUBIIINX YAaCTUH
00J1aIHaHHS B CUCTEM1 COHSYHO1 €HEeprii.

[IpunyimieHHss MOA0 MOXJIMBHUX HANPSAMKIB PO3BUTKY a00 MPOJOBKEHHS
OPOBEJCHUX AOCTIIKEHb. Y MalOyTHhOMY PEKOMEHJOBAHO NOAATH AATYUKU IS
BUMIPIOBaHHS BX1IHOI HANpyTH, a TaKOXX 30UIBIIMTH BUXITHY MOTYXKHICTh A0 1 kBT
abo OinbIIe.

Kuro4oBi ciioBa: rapMOHIYHI CIIOTBOPEHHS, IIMPOTHO-IMITYJIbCHA MOJTYJISLIIS,
CHHYCOiJ]aJbHa MIUPOTHO-IMITYJIbCHA MOAYJIALIS, CyMapHi TapMOHIYHI CIIOTBOPEHHS,

nabopartopis.



ANNOTATION

The diploma project of first educational level "Bachelor" by specialty 171
Electronics, specialization Ahmed Esmat Mohamed Elshazly Aboagwa. National
Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute». Faculty
of Electronics, Department of Electronic Devices and Systems. Academic group DS-
02 - Kyiv: Igor Sikorsky Kyiv Polytechnic Institute, 2024, 44 p., ill., __tables.

The goal of the job is to DESIGN an inverter that will convert battery DC output to
AC power (230 volts to 12 volts) using a pure sine wave. This AC power will be
controlled by a module to produce SPWM.

We obtain a pure sine wave output of 230 volts as a result.

When the main power supply fails or we are inside somewhere without access to
electricity, we can utilize the inverter to provide emergency power.
We advise adding sensors in the future to check voltage and current, as well as to boost
the output power source to at least 3 kV.

One of the crucial pieces of solar system equipment is the inverter.
It is recommended that in the future, sensors for peek input voltage and also increase
output power.

Keywords: Solar panel system, DC to AC inverter, SPWM.



ABSTRACT

This project's DC-AC converter is capable of converting 12 DCV power into
230 ACV power, or generator current. Inverters are used in a wide range of applications
because small indirect sources like batteries, solar panels, or fuel cells are not converted
so that the equipment can be powered by electricity. One example is transferring
electrical energy from a battery to devices like a phone, TV, or laptop. Low voltage
direct current conversion method: high voltage direct current is converted to alternating
voltage by pulse width. After converting the low 12-volt DC to 230-volt AC, we first

step it up to 230 volts using a pure sine wave utilizing a 12-volt transformer.
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INTRODUCTION

An inverter is a device that uses electrical components to convert direct current
(DC) to alternating current (AC). It is also known as a power converter or rectifier.
Depending on the inverter model chosen, the AC lines' output changes. Unlike
rectifiers, which are large, cumbersome equipment that convert AC to DC, inverters
are multipurpose devices. An inverter's configuration affects its power output,
frequency, input, and output. It's important to understand that inverters use power from
a DC source rather than producing their own power. These gadgets might include only
electronic components or combine mechanical and electronic components, such as

gears that rotate. It's also crucial to note that inverters with variable format features.
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1. LITERATURE REVIEW OF INVERTER TECHNOLOGY

1.1 DC to AC Inverters Description
An inverter, also referred to as a DC-to-AC converter, is a device that transforms
direct current (DC) into alternating current (AC). AC power is the form of electricity
utilized in residential and commercial settings, whereas DC power is generated by
batteries and solar panels. These inverters play a crucial role in various fields, ranging
from standalone electrical devices to standalone power systems and sources of
renewable energy.

1.2 Introduction to the types of inverters

Various converters might not work together. The selection you make is based
on the specific use case and the energy needs of the devices you're dealing with.
Below is a summary of the most frequently used reflector types [3]:

1.2.1 Classification of inverters

Inverters come in various forms based on their power, power source, and the
type of load they handle. Here's an exhaustive list of inverter functions:

1. Square Wave Inverter.

This inverter generates an output voltage that is the square root of its input
voltage. These inverters are more prevalent than others because they are specifically
designed to produce sine waves. When a square wave is supplied to a device that
requires a sine wave, it could potentially be damaged, or there could be significant
loss. The cost of this inverter is relatively low, yet its use is uncommon. It is suitable
for basic tools and general-purpose engines.

2. Sine Wave Inverter.

Inverters come in various categories based on their power, power source, and
the type of load they handle. Here is an exhaustive list of inverter capabilities:

Based on the output features Square Wave Inverter.

The transformed voltage produces a sine wave output, providing us with an

exceptionally high output. This is the primary benefit of this inverter as most devices
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are designed to operate on sine waves. Therefore, this is an effective model that
ensures the device functions correctly.
Adjusted Sine Wave Converter

Constructing this inverter is more intricate than that of a square wave inverter,
yet less complicated than a complete sine wave inverter. The result produced by this
inverter is neither a complete sine wave nor a square wave. The result is identical to
that of a square wave. The result is not an exact sine wave, it appears more like a sine
wave.
In line with the origins of Inverters, here are two main categories:
1.Current Source Inverter (CSI)
In a Current Source Inverter, the power source is the current market. These inverters
are typically found in industrial settings that require high-quality power. However,
they are not widely used.
2. Voltage Source Inverter (VSI)
A Voltage Source Inverter, on the other hand, uses a voltage source as its input. This
inverter is favored across all sectors due to its superior efficiency, dependability, and
rapid operation. It is capable of initiating the engine without any power loss. (III) in
suitable for power type:

1. Mono-phase inverter
In most cases, residential and commercial buildings consume energy at the same level.
Mono-phase inverters are employed in such scenarios. Mono-phase inverters are
categorized into two phases [3].

Bridge Inverter
This kind of inverter is made up of two thyristors and two diodes, and the

connections are illustrated in the diagram below.
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LOAD

_}Z T ZX D1

Vo

Z T2 ZS D2
>

Fig 1.1 Half Bridge Inverter [3]

Complete Bridge Inverter

This inverter utilizes four thyristors and four diodes. The schematic of a single-

phase bridge 1s illustrated in the diagram below [3]

_/SZ T1

Z\ D1 _/SZ T3 ZN D3
o LOAD
T4 Z\ D4

_/SZ T2 Z\ D2

Fig. 1.2 Full Bridge Inverter [3]

Three-Phase Inverter

Three-phase inverters are employed in industrial applications and for this

purpose, we must utilize three-phase inverters. This particular inverter model

consists of six thyristors and six diodes.
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symbol is a square and the carrier symbol is a triangle symbol. The pulse gate is
created by comparing the input signal with the carrier signal. The frequency of the

output voltage is controlled by the frequency of the signal. If the amplitude of the

Z T1

PHASE A

Z T3 03 _}Z T5 ZND5

PHASEB  PHASEC

Z T4

Z 16 ZN D T2 ZSD2

Using different PWM methods
1. Simple Width Modulation (SPWM)

With this control technique, each part of the circuit has a pulse. The indicator

rml_:g .

-

3-0) Load

Fig. 1.3 Three Phase Inverter [3]

carrier signal is Ar and the amplitude of the carrier signal is Ac, then the variable can

be defined as Ar/Ac[3].The most important effect of this technique is the number of

connections.
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Figl.4 Simple Pulse Width Modulation (SPWM).

2. (MPWM) Pulse Width Modulation method affects the PWM signal. This
method uses multiple pulses instead of a single pulse for each phase of the output
voltage. A comparison gate is created by juxtaposing the signal with a carrier signal.
Regulation of the output signal is achieved by varying the frequency of the carrier

signal. An active function is used to control the output voltage.
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Number of pulses per half cycle = fc/(2*#10)[3].

Carrier Signal
A /
Ac Reference Signal
4 /
Ar
AYAEAYARAVIRAYA
T Tl M2a T 1 |
||2||||||/\f\f\/\ w
||||||||X\/vv\
T T Y T
AT sl
g1l I T 1 T 1|
2 m o wit
A
S4
0

Figl.5 Multiple Pulse Width Modulation (MPWM) [3]

3. (SPWM) Sinusoidal Pulse Width Modulation

This control technique is used in industrial applications. In both cases, the

direction is a square sign. But this time the signal is a sine wave. The gate switching

is done by comparing the sinusoidal signal with the triangular signal. The width of
each pulse varies according to the amplitude of the sine wave. The output voltage

corresponds to the signal frequency. The output voltage is a sine wave and can be

controlled by RMS voltage modulation. The process is shown in the figure as shown

below [3].
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Modulation (PWM) method, it is not possible to change the pulse width in different
modulation settings due to the inherent properties of the sine wave. Therefore, the

MSPWM method was developed. This method uses a carrier signal at the start and

Y '\r"c Va
— o
360
a)
S 'y
— N
T T T » F
0 80 180 270 360
b)
h
e O
1 1 — p (0F
0 90 180 2 360
c)
'l-",._-} ' vﬂ]

I
P

|°l U

d)

Figl.6 (SPWM) Sinusoidal Pulse Width Modulation [3].

Matched Sinusoidal Pulse Width Modulation (MSPWM) In the Pulse Width

end of each segment and follows a typical development natural pattern. A significant

advantage of this technique is its large main components, which minimizes power

consumption and reduces speed. The current is shown in the figure below [3].
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Carrier Signal

i \ /\ | g——

J

—— e S S S S

T
|

a 2a wi

Figl.7 Modified sinusoidal Pulse Width Modulation (MSPWM) [3]

1.3 The main power source of inverter
The inverter can be feed power by battery or solar system
1.3.1 Battery
Batteries are machines that store energy by converting chemical energy into
electrical energy and moving electrons from the cathode to the anode when the battery
is being discharged [13].
1.3.2 the types of battery
there is different type of battery:
1.lead-acid
2-nickal-cadmium
3.nickel-metal hydride
4.sodium sulfide
5.lithium ion

6. lithium polymer
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1.3.3 Battery configuration

The primary component of a typical battery structure is an electrochemical cell,
which is constructed using the oxidation and reduction are produced by the anode and
the cathode, respectively anode and cathode terminals of the cells inside the battery are
connected once the electrodes are implemented using conductive materials. In addition,
the material known as the electrolyte, in which the electrochemical cells are
submerged, permits the exchange of electrons between the cells during the chemical
reaction. Finally, to prevent short circuits, anode and cathode electrodes are separated
from the cell and from one another by separators, which are sheets made of porous and

insulating materials [14].

1.3.4 Principal attributes of the battery

The following is a description of a generic battery's key features the energy is the
quantity of energy.

The electrochemical reaction's storage capacity, expressed in Wh, is determined by
multiplying the maximum deliverable current by the output voltage . Furthermore, the
maximum deliverable current is the total AH that a battery is able to provide to the load

[15][16].

1.3.5 Systems with adaptable batteries

The use of batteries as a source of renewable energy and energy storage has become
more widespread.

Consequently, strategies that make use of adaptable batteries are becoming more
popular. A unique dual iterative Q-learning technique is employed in to solve control

issues that arise in smart home situations and to manage batteries optimally [17].
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1.3.6 Models of Electric Batteries [18]-[28]
1. Model of internal resistance

2. The RC model

3. Model Thevenin

4. Model PNGV
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2. SYSTEM DESCRIPTION AND HARDWARE IMPLEMENTATION

2.1. Main Block Diagram

The status of the developed system is shown in Fig. 2.1.

MAIN INPUT

RECTIFIER
CIRCUIT
INVERTER
CIRCUIT
LOAD
OUTPUT

Fig. 2.1: Block Diagram of Protection System

BATTERY
SOURCE

2.2. Circuit Design

The electrical circuit of the developed system is shown on the fig. 3.2.

RS- V-]
0= @ s = @ N

S500W pure sin wave inverter EGS002

Fig. 2.2: Circuit Diagram of single-phase inverter System
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2.3. Principle of operation of the circuit

DC Power Supply: The inverter system is connected to a DC power supply (12V).

This DC voltage is the input to the inverter and serves as the power source to produce

the AC output. The EGS002 chip monitors the DC voltage and protects the inverter

components from damage in overvoltage and undervoltage conditions. The EGS002

chip contains a microcontroller that controls the entire operation of the inverter. The

EGSO002 generates the necessary control signals to produce a pure sine wave output

and a high-frequency PWM signal. AC Output: The inverter ultimately outputs a pure

sine wave AC voltage that can power a variety of AC devices.

2.4. Hardware Components

Below is a table of the electronic circuit components

Table2.1
SN PARTS DESCRIPTION
1 |EGS002 MODULE
2 |IRF3205 MOSFET
3 |7805 REGELATOR
4 17812 REGELATOR
5 |8050S TRANSISTOR
6 |0-12/240V TRANSFORMER
7 |4.70HM RESISTOR
8 |I0KOHM
9 |3.3KOHM
10 |2.2KOHM
11 |I00KOHM
12 |INTC 10K
13 |IN4148 ZENER
14 |DIOD BRIDGE
15 |VR1I0KOHM
16 |2.2UF
17 |0.01UF
18 |1U/50V
19 |SWITCH
20 |PCB BOARD
Ank
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21 |FANI12V
22 |LED RED

2.4.1. EGS002 Module description

EGS002 is a dedicated driver board for single sine wave inverters. It uses ASIC
EG8010 as the control chip and IR2110S as the control chip. The driver board integrates
voltage function, thermal protection, LED indicator and fan control. The jumper has
50/60 Hz AC output, easy startup and dead time. EGS002 is an improved version of
EGS001 and is compatible with EGS001 interior. EGS002 also integrates anti-
interference logic to improve anti-interference ability, and integrates an LCD display to

facilitate users to use the built-in display function of the chip [4].

* : duitn | e el
- ‘mE v ] Lo
T Tﬁi b2 W - e o . ).
.Ef SJ/ 2 :E 1o —E.Sg I B i__ Qe 2 e > o = a1 e
AHEE: = .L] B =19 —1.J
: 111, = pra e = g
- - P IR - -
— o o IR
= @n:.‘. & J = |_“.-' IIIII =
Bt _ =l
EG8010.IR21101F 3% 1075 8% ) m}
WREN L (PR ) .1
www EGmicro.com -
Fig. 2.3: EGS002 Sinusoid Inverter Driver Board Schematic [4]
EGSO002 Front View is shown on fig. 2.4:
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Fig. 2.4 EGS0002 Driver Board Pin Definition [4]

Pin Description:

PinOut Namel/O Output Current Feedback/Descriptions

1 IFB I Pin voltage exceeding 0.5V triggers overcurrent protection

2 GND GND Ground

3 ILO O  Right H-bridge Low side MOSFET gate driver output

4 GND GND Ground

5 VSI O  Right H-bridge high-side gate driver return path

6 I1HO O Right H-bridge High side MOSFET gate driver output

7 GND GND Ground

8 2LO O Left H-bridge Low side MOSFET gate driver output

9 VS2 O Left H-bridge high-side gate driver return path

10 2HO O Left H-bridge High side MOSFET gate driver output

11 GND GND Ground

12 +12V  +12V +12V Input DC voltage input, can be between 10V-15V.

13 GND GND Ground

14 +5V  +5V +5V DC supply

Anic
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15 VFB 1 AC output voltage feedback to regulate the output voltage
16 TFB 1 Temperature monitored with overtempt protection at 4.3V pin

voltage
17 FANCTR 0] Temperature-controlled fan. FANCTR turns the fan on 45°C

and off 40°C [4]

SRR e SN 1.681

TEST3 21K l\_, i n&iﬁ
TEST4 0.1uF I J\/ﬂ/\'\‘ /\/ \f\/V\

Prdil) =26 . 88m=s Freail) =56 . 8a4z
CH1= Z.88u | H 2 i s 1 P Time 5.088ms G258 .0ns

Fig. 2.5: EGS002 SPWMRC filter circuit
with Output waveform of TEST2 and TEST3 [4]

2.4.2 IRF2305 Power MOSFET Description
International Rectifier’s advanced HEXFET® Power MOSFETSs utilize
processing technology to achieve extremely high resistance on any silicon surface. This
advantage, combined with the device’s high speed and HEXFET Power MOSFET
design, provides designers with a reliable and trustworthy device that can be used in a

wide range of applications [5].
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min.| Typ. |Max. | Units Conditions
Visr)DsS Drain-to-Source Breakdown Voltage 5 | — | — V | Vas =0V, Ip = 250pA
AVEripss/ATy | Breakdown Voltage Temp. Coefficient | — |0.057 | — | V/°C | Reference to 25°C, Ip = TmA
Ros(on) Static Drain-to-Source On-Resistance | — | — | 80 | mQ | Vgs=10V,Ip =62A @
Vas(th) Gate Threshold Voltage 20 | — | 40 V | Vpg = Vagsg, Ip = 250pA
O Forward Transconductance 4 | — | — S | Vpg =25V, Ip = 62A®
loss Drain-to-Source Leakage Current —1—15 pA Vs = 55V, Ves = OV
— | — | 250 Vps = 44V, Vgs = 0V, T; = 150°C

i Gate-to-Source Forward Leakage — | — | 100 - Vas = 20V

Gate-to-Source Reverse Leakage —_— | — |-100 Vgs =-20V
Qg Total Gate Charge — | — | 146 Io = 62A
Qgs Gate-to-Source Charge — | — | 35 nC | Vps =44V
Qg Gate-to-Drain ("Miller”) Charge —_— | — | 54 Vas = 10V, See Fig. 6 and 13
ta(on) Turn-On Delay Time _— | 14 | — Vpp = 28V
t Rise Time — | 101 | — . o = 62A
oo Turn-Off Delay Time — | 50 | — Rg =450
ts Fall Time — | 65 | — Vs = 10V, See Fig. 10 @
Lo Internal Drain Inductance — | 45 | — Evcwac le.ad. ;

nH 6mm (0.25in.) @

Ls Internal Source Inductance — | 75| — :2:131:::%? Al cartae 1
Ciss Input Capacitance — | 3247 | — Vgs =0V
Cosa Output Capacitance — | 781 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 211 |— | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ — [1050© 264®| mJ | loc=62A L =138=H

Fig. 2.9 IRF2305 Characteristics [5]

VDSS = 55V

RDS(on) =8.0mQ

Ip = 110A®

B T Wy Y P p—

W e e

TO-220AB

Fig. 2.10 IRF2305 MOSFET Pinout [5]

IMH.

Ank

N9 nokvm
—

[Tinrinc | /lara

DP.DS-02 -07 000 EN

Ank

26




2.4.3 8050S Transistor Description

NPN General Purpose Transistors [6]

TO-92

)

.EMITTER
. BASE
. COLLECTOR

123

Fig. 2.11: 8050S Transistor Pinout [6]

2.4.4 1N4007 Diode Description

The 1N4007 is a general-purpose rectifier diode. They are commonly
manufactured for use as rectifiers in the power supply section of electronic devices to
convert AC voltage to DC voltage and other filters. They can also be used in general

applications where a general-purpose diode is needed. [7]

Features: -

* Low forward voltage and High surge current carrying capability

%

Fig.2.12: IN4007 Diode [7]
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2.4.5 NTC Thermistor 10k

Features of the NTC Thermistor [8]

include: A wide resistance range

Good price

A painted disc thermistor

A tin-colored copper tip

Has area of 5.0 mm;

Provides high accuracy and a B constant in resistance;

The product does not contain lead.

Fig. 2.13: NTC10K [8]

2.4.6 Battery main power source

Batteries are available in all shapes and sizes and provide power for a variety of

applications. There are general purpose batteries and special types of batteries designed

for specific tasks. Let's start with the two most important features of this battery; The
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first is the battery voltage, in this case 12 volts. This is usually the maximum power
the battery can provide. The second is the capacity of the battery in ampere hours (Ah);
for this particular battery it is 12 Ah. This means that the battery can provide 12 Amps
for 1 hour if the discharge rate of the battery is specified as 1 C (Capacity 100% Amps)

[9].

POUWER fi/ly s GM/E:

L PS12380 B

E
MOD 0 Amp.Hr.

12 Volit 38.

Ea rporation
- Powt":'so"'cg\o. !

L
(UL RS

Fig. 2.14 battery 12v
2.4.7 Transformer

A transformer is a device that increases or decreases voltage using
electromagnetic induction. They are used to distribute electricity and separate lines

[10]. Here the equation:

VP _ NP
VS NS
Were:

Vp is for primary coil and Vs for secondary coil

Np and N its turns
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Fig.2.15: transformer with primary and secondary coil [10]
Calculating the transformer equation [10]:

Here for primary coil

d(BpAp)
Vp = Np——
p P— ¢
And secondary coil
d(BsAs)
Vs =Ns——
dt

Bp is the magnetic flux
2.4.8 Resistor

Simple two-terminal electrical devices are used to limit or control the flow of

electric current in electrical circuits.

The main function of a resistor is to reduce current and reduce voltage anywhere

in the circuit [11].

The picture below shows the resistor symbol and real component.
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T

Symbol Resistor

Fig.2.16 Resistor

Here the equation of resistor:

Were:
R is resistor
V is voltage

I is current.

And the picture below is showing the calculation by color code.

4 Bands
[ 4 7K 10%
g NG
S Bands
I 68K, 5%

6 Bands l | I I
l—G::[I ‘\.\.I ]5 SOK, 0. 1%

e il

st 2nd 3rd 0.01 10%
Dxgit Dagit Digit 0.1 5%

=<3 =<1 <X 1Sppm
= - - 2Sppm
Te mpel—r sure
Coefficient
Multphier
S S o

Fig.2.16 Resistor color code [12]
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2.5 Sections of the inverter circuit
The picture below shows a section of the circuit for controlling temperature and
cooling, where there is a temperature sensor and a fan that operates when the

temperature of the High Bridge MOSFET increases.

Fig. 2.6: EGS002 Temperature detection circuit

The picture below shows a section of the circuit for the high bridge MOSFET

and its connection to the module.

16 | s i
15 | v — ?::
14 [+s5v— 4
13 |ove b_—h' ﬂ:'}* ——1:}04
12 My p— R10 T
1 oo —) &
10 071 .T:‘,':'."o"trc'
8|20
7 |GND »——h» J '
6 1HO = T ?l;,:"u
(v HE
fod !
4o _h" oy H——{’:E(
30— R14
2 |GND >—‘it :]"“
1|8

Fig. 2.7 EGS002 HI-Bridge MOSFET inverter
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The picture below shows a section of the circuit for the feedback circuit and its

connection to the module.

A= =y
L
5

TE:J
\
‘ l\ I\':'*;w
i I
L=
Fig. 2.8 EGS002 Feedback
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3. INVERTER PROTOTYPE AND TESTS

3.1. Circuit Prototype

The picture shown below shows the implementation of the inverter circuit using

simple tools by adding the necessary electronic elements to a printed electronic board.

Fig. 3.1: Circuit prototype
3.2 Tests and Results

The testing process begins by supplying the electronic circuit with a direct
current source, whether from a battery or power supply. And The picture shown
below shows the power input source, which is 12 volts, as shown on the display

screen.

Fig. 3.2 power supply source

Ank

DP.DS-02 -07 000 EN

3MH

34

Ank NO A0KVM [Tinrinc | /lara




The picture shown below shows the flow of 12 volts of direct current into the circuit

and it begins to work.

Fig. 3.3 Input supply of 12 V

The image shown below shows the appearance of the pure sine wave of the circuit

on the oscilloscope.

™ Trig'd 81 Aug
Save Image

File Format
Png

GWINSTEK 18k pts 288kSa s

Ink Saver
On  Off

LE]

Pk-Pk 63.6U Anp 1itud|
[ Qe itu File Utilities

[@Max 31.6U Pk-Pk 63.6U
ﬂﬂnplltude 62.8V
1av \[ Sns (§) B.888s Il ﬂ I

0 =
Save Save Save Recall Recall Edit
Image YWaveform Setup Waveform Setup File Label

Fig. 3.4 Output waveform of the inverter

voltmeter.

The picture shown below shows the circuit output and its value of 230 volts on the
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Fig. 3.5 Inverter output voltage
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CONCLUSIONS AND RECOMMENDATIONS

The main goal of our project work is to convert 12 DC to 230 AC at 50 Hz with
pure sine wave. We hope that by achieving this success, we will be able to use this
experience in our daily equipment by using the input as a photovoltaic energy source
at low cost. The system can be modified to operate at a higher power, say 1 kilowatt,
and some sensors and Icd graphic screen can be added to measure volts and amperes.

And also, we can connect this system with electrical circuit under name ATS
and when the main power of for example house disconnect the inverter will start auto
and keep power on important device such as router telephone and led lamp and when
the main power return back again the system will disconnect the inverter. We can also

connect them to the solar panels and batteries, which provide continuous power.
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APPENDIX A

%!
Z

PARTS DESCRIPTION

QUANTITY

EGS002 MODULE

1

IRF3205 MOSFET

7805 REGULATOR

7812 REGULATOR

8050S TRANSISTOR

0-12/240V TRANSFORMER

4.7T0HM RESISTOR

10KOHM

O |0 (||| K~ Wl |~

3.3KOHM

—_
)

2.2KOHM

[S=,
[

100KOHM

—_
\9]

NTC 10K

—_
W

IN4148 ZENER

[
N

DIOD BRIDGE

—_
()}

VR10KOHM

—_
(@)

2.2UF

—_
~

0.01UF

—_
o0

1U/50V

—_
\O

SWITCH

[\
)

PCB BOARD

(\o)
[

FAN12V

N
[\

LED RED

e e e e T e O e O e O e O T O T O O N T e S S Y S O A S B S = O I AN

IMH

Ank

N2 noxym [Tinrinc | /lara

DP.DS-02 -07 000 EN

Ank

47




APPENDIX B

SUMMARY
“Single Phase Inverter”

The diploma project of first educational level "Bachelor”" by specialty 171
Electronics, specialization Ahmed Esmat Mohamed Elshazly Aboagwa. National
Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute». Faculty
of Electronics, Department of Electronic Devices and Systems. Academic group DS-
02 - Kyiv: Igor Sikorsky Kyiv Polytechnic Institute, 2024. 44 p., Il1., tables.

Keywords: Pulse Width Modulation (PWM), Sine Pulse Width Modulation
(SPWM), Total Harmonic Distortion (THD), DC converter AC.

Summary of the project:

An electronic device or circuit that converts DC to AC is called a power
inverter.

The particular gadget being utilized often determines the AC output.
Conventional electronic devices that convert alternating current are known as
rectifier converters [9].

The circuit or device's design determines the input voltage, output voltage
and frequency, and overall power consumption. Power is supplied by a DC power
supply rather than the inverter.

Electrical energy conversion is also possible, as is the combination of
electrical circuitry and mechanical phenomena like gears turning. When converting,
variable format eliminates the need for moving parts.

Transformers are mostly employed in electrical systems that have large
current and voltage levels. An oscillator is a circuit that does the same thing to an
electronic signal, normally at extremely low voltage and frequency. Rectifiers are
lines that perform additional tasks, like changing AC current into DC [9]. An inverter
or circuit often needs a steady DC power source that can deliver enough current to
meet system needs. the input voltage up to the inverter's intended use and design. As

examples, consider:
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12 V DC for users and users who are converting lead-acid standard battery
items to 12 V or power.

For household systems, 24, 36, and 48 V DC are typical values.

200-400 V DC, in the case of solar radiation energy.

When the vehicle's electric battery powers the system, the voltage drops to
300 to 450 V DC [9].

Thousands of volts, the inverter is part of the high voltage DC transmission
system. Depending on the design, a square wave, sine wave, pulsed sine wave,
modulated sine wave, or near-sine pulse width modulated (PWM) can all be
produced by an inverter. Semi-square and square inverters are the most common
forms. Total harmonic distortion is one metric used to assess a sine wave's quality
(THD). At the customer's point of connection, less than 3% THD in the wave shape
is required by technical specifications for commercial electricity distribution
systems. Less than 5% is recommended by IEEE Standard 519.

THD for systems utilizing a grid connection.

One of the most basic waveforms that an inverter design may provide, it is
ideal for low-sensitivity uses like heating and lighting. Square waves are generally
not recommended for use with delicate electronic devices and can cause a "hum"
sound when linked to audio equipment. 48% THD sine wave is equal to 50% of the
square wave. A sine wave inverter is a power converter that generates an AC wave
with many steps in a sinusoidal pattern [9].

Manufacturers frequently refer to the inverter as a "positive sine wave
inverter" in order to emphasize how its substantial distortion is the result of a
modified sine wave design (three steps). Good sine plus (three-step) inverters are
almost never produced by consumer-grade inverters that are promoted as "pure sine
wave inverters." But since most electronics are efficient output devices, this is not
significant for them [9]. Sine wave power is favored when inverter power sources
take the place of conventional line power since many power items are made to
function best with sine wave AC power. A sine wave produced by conventional

electrical equipment often has small aberrations, but occasionally has large
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distortions. For the same sort of power usage, a sine wave inverter with more than
three steps in the output voltage is more complex and costly than one with just three
or four stages. A computer or other device with a switching mode power supply
(SMPS) runs on one. When an AC motor is directly powered by non-sinusoidal
power instead of sinusoidal power, it could generate more heat, exhibit different
speed characteristics, or make more noise that can be heard [9]. Generally speaking,
the inverter device's AC output frequency is 50 or 60 hertz, which is the same as the
line frequency. The driving design is an exception, as speed variations enable rapid
steering response.

Furthermore, if the circuit or device's output needs to be more linear—that is,
boosted—the frequency can be too high to allow for a seamless transition [9].

Even when the load that an inverter is carrying varies, its AC voltage is
controlled to remain constant with the mains voltage, which is typically 120 or 240
VAC at the distribution level. As a result, the inverter can frequently employ
additional devices.

Selectable or fixed variable output from the power supply is possible with
some inverters [9]. The general power of power converters is measured in watts or
kilowatts. This refers to the power that the inverter drives will get and, in turn, the
power that DC power will be needed for. little, well-liked consumer and business
Not every inverter application involves a power source; occasionally, the circuit or
device is monitored using the washer's frequency or frequency.

A battery-powered inverter's working duration is determined by the battery's
capacity and the quantity of power the inverter draws over time. Downtime will
reduce when the inverter is used by more devices. In order to increase the inverter's
running time, more batteries can be added [9]. The necessary voltage may be present
in electricity; specifically, it may be produced by alternating current devices that

have been built or adjusted to provide direct current at the appropriate voltage [9].
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