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482 Focus

nergy harvesting is the process of capturing small energy from naturally-occurring
energy sources and storing them for later use, Energy harvesting electronic

modules are used in power sensing and control circuitry. The paper, “Designing
an Ultra-Low Voltage Energy Harvesting Circuit Using Piezoelectric Materials”, by
Parveen Kumari and Sunita Malik, deals with the designing of an ultra-low voltage energy
harvesting circuit. The circuit consists of a bridge rectifier, supercapacitor as energy
storage device, battery, switch-mode DC-DC converter and a vibrating piezoelectric
clement. The proposed circuit consumes very little power and is especially suitable for
the environments where ambient harvested power is too low.

Semiconductor materials that have ferromagnetism and semiconductor properties are
called magnetic semiconductors. By doping the semiconducting material with low
concentration of Transition Metals (TMs), Diluted Magnetic Semiconductors (DMS) are
obtained. Nanoscale devices can be built using diluted magnetic semiconductors. In the
paper, “A Review of Transition Metal-Doped In,O,-Based Diluted Magnetic
Semiconductors”, the authors, Rana Mukherji, Vishal Mathur, Arvind Samariya and Manishita
Mukherji, present a review of the performance of various TMs doped in Indium Oxide
(In,0,).

The paper, “Design and Implementation of a 5 k VA Inverter”, by Johnson Adegbenga
Ajiboye, Chukwuka Anene, Mary Adebola Ajiboye and Abraham U Usman, deals with
the design and construction of a 5 kVA Pulse Width Modulated (PWM) Metal Oxide
Semiconductor Field Effect Transistor (MOSFET)-based inverter, which works on the
principle of PWM. The inverter converts DC supply of the battery into AC power supply
and can be used for domestic purpose.

Model Predictive Control (MPC) is an advanced control, in which process dynamic
models are obtained by system identification technique. MPC can predict the future events
and take control actions accordingly based on a large amount of calculations. Various
alternatives have been introduced in order to reduce complex calculations like Generalized
Predictive Control (GPC), explicit MPC and Finite Control Set MPC (FCS-MPC). The
paper, “Model Predictive Control of 3@, 15-Level Inverter”, by R Vijayakumarand Alamelu
Nachiappan, describes the implementation of FCS-MPC in power inverter loads. The
simulation results show that the proposed control method is very effective for control of

power inverters.
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Mesosphere Stratosphere Troposphere (MST) radaris us?d to explore the atmospher;,
dynamics up to a height of about 100 km by means of. a high power VHF backscatter
The MST radar system is set up in National Atmospheric Research Laboratory (N ARL)
at Gadanki near Tirupathi in India and is used to study winds, waves and turbulence i the
troposphere, stratosphere and mesosphere. In the paper, “Calibration of the Beam Pojpy,
Accuracy of an Antenna Array Using the Celestial Radio Source”, by Madhu G ¢ and
Jhansi J. a method to calibrate the beam pointing accuracy of the MST Radar-phageq
antenna array is presented. The antenna beam pointing error, which is the difference
between actual beam pointing direction and the desired direction, occurs due to variationg
in temperature and ageing of the RF hardware. The celestial radio sources can be
successfully used to calibrate the beam pointing accuracy of the phased antenna array,

MSR Murty
Consulting Editor
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Design and Implementation
of a 5 kVA Inverter

Johnson Adegbenga Ajiboye!, Chukwuk

.o aA
Mary Adebola Ajiboye® and Apy aham nen

ez‘
U Usman‘

. - d construction of a 5 kVA Pulse Wimm
describes the design an ' ulteg
The paper 1 Oxide Semiconductor Field Effect Transistor (MOSFET)-baseq inverter
g]:mﬁ:ktz on the principle of PWM. The .inverter .uses IC SGB{ 524 and a pair of
relve MOSFETs to drive the load. The design _and 1mpflementat1on Starts with the
Tw eh;ﬁsu ly. Component selection was made with the aid of electronics data book,
ﬂgh mfcllje t.he design and calculations very easy. One- main feature of this }'ﬂverter
is the monitoring section, and the battery-charging segtlon connected to the inverter
circuit. The inverter converts DC supply of the battery 1nt9 }‘\C power supply required
by most electrical appliances/equipment when the AC main 1s not available; and when
the AC main is available, the supply goes to the AC main sensor, the rel_ays and battery
charging section of the inverter. This inverter can be usec-l for domestl.c purp(.)se’ and
it is not recommended for industrial purpose where high current is required for
application, such as starting a heavy-duty motor.

Keywords: MOSFET, PWM, AC, DC, Control Unit, Oscillator, Transformer, Rectifier, Inverter

Introduction

The erratic nature of power supply is a thing of major concern to all Nigerians. The cost
of acquiring a generator set and the need to supplement the irregular voltage supply by

the Electricity Distribution Companies of Nigeria make it essential for the constructionof
DC/AC power inverter.

An inverter is a device which converts the DC supply of the battery into AC power

supply required by most of the clectrical/electronic equipment, The process through which
Fhe inverter converts DC power supply to AC power supply is called inversion. This

INVErsion process is the reverse of the rectifier process, where the AC is converted int0
DC power supply.

——F-_—-_..—-
1
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{ tho past Pulse Width h'lm!nlnliuu (PWND techniquos were employed in voltage and
QTR SONICE inverter only, .-\\'a‘nlnl\ll‘il,\: ofsell-eommuted devices, sueh us powor lrun.:ﬂ.-atnr
Metal Oxide Semiconduetor Field Effeet Transistor (MOSEET), Insulated Gate Ilipnlm:
.n.unsiguw(l(in‘l‘) and Gate Turn=0 U Thyristor (GTO), have made pulse width modulated
AC to DC convortor popular in many applications, The steady state and dynamie
lwrl‘umuuwe of inverters, AC fn DC converters and DC and AC drives aro significantly
dependent on the PWM techniques (Dubey and Kasarabada, 1993), '

PWM of @ signal or power source involves the modulation or'its duty cyele to either
convey information overy communication channel or control the imount of power sent to
load (Rizzoni, 2000).

Genenally, inevery home, office and industry, eleetrical/electronic devices are installed
for use. These devices require electrical power for their operation and most of these
devices when nat supplied with the required quality power supply are at risk of being
damaged.

ln Nigeria, the standard clectrical/electronic equipments work on 220V/S0HZ AC
powersupply. This power supply should not contain spikes, noise, ete, which could lead to
damage of the equipment.

With this DC to AC power inverter, people now have an alternative to power supply
when there is an outage, thereby reducing the effect ol'irregularities in power supply by
the National Power body—Electricity Distribution Company of Nigeria.

This device (Inverter) will be of immense importance (o rural dwellers and serve as a
substitute to power supply and big generating plants, ln terms of cost, size and reliability,
the device stands the test of time and is relatively portable and cheap compared to other
means of power generation,

Primarily, the inverter converts DC power to AC power at a desirable output voltage,
current and frequency, The conversion may be achieved with such devices like the 1Cs,
MOSFETS, capacitors, resistors, diodes and bipolar or unipolar transistors when properly
arranged and combined (Nwokoye and Ezeonu, 2003).

Based on this definition and the availability of AC power, the importance of an inverter
and the need for o constant source of AC power in Aftica and many other developing
nations cannot be overemphasized. In most ot these countries, AC power is very erratic.
In Nigeria, for example, there is always an incessant supply of clectricity.

The DC voltage can be obtained from solar power and DC batteries. Thus, on the
basis of inversion, this work shall reveal how DC powerto AC power (that is converted)
may be used to power fluorescent tube, television set, radio, printer, computer and also

tor general purpose.

Design and Implementation of a § KVA lnverter L



System Overview |
This paper presents the theory, design, analysis and construction of an inverter thy¢ Conver
s

212V DC to 220 VAC at a frequency of 50 Hz. Design is the-application of science o
technology to the realization of a physical objectto performsspecific functions wit, Oy

economy and efficiency.
In this paper, many components Were used to achieve the design objective, Bich

component has a function different from the other, and highly dependent on the others for
the desired results. Some of the components used in this design for its proper Operatiop

include:
«  The integrated circuit — SG3524
«  The Seven Segment Display
*  The Transformer
*  The Rectifier
»  The Capacitor

*  The Relay
*  The Resistor
*  The Diode

*  The Transistor
* The MOSFET

The Integrated Circuit — SG3524

$h§;?£§4 1:113 series OffP“_’M eircuits used to offer improved performance when used
adjusted togil%t:f; iho Switching power supplies. The on-chip + 5.1 V referenc s
reference voltage elin‘linaeti;? iy comm@'m‘)de range of the error amplifier includes the
units to be synchronized tog external resistors. A sync input to the oscillator allows multiple
circuitry with only an exte anle’fte_mal Syste.m clock. These devices also feature built-in
both the soft-start circuitry mz; t;tlmun g capacitor required. A shutdown terminal controls
the PWM latch with ulsfcll he Output stages, providing instantaneous turn offthrough .
commands. These ﬁmcI:ion shutdown, and soft-start recycle with longer shutdown
the outputs offangd the Soﬂ-s tal'e also C?ntrollled by an under voltage lockout which keeps
lockout circuitry includes 5 tart capacitor discharged for subnormal input voltages. This

> @PProximately 500 mV of hysteresis for free operation. Another
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The Seven-Segment Display

Figure 2 shows a common display tormat composed of seven elements or segments,
Energizing certain combinations ol these segments can cause each of the 10 decimal
digits to be displayed. To produce a l-segment, bands b and ¢ ave energized: to produce
a 2-segment, bands a, b, g, ¢ and d are energized,

Figure 2: Sev on-\c;,nwut Ilisplm Fov nmt Hllm\ lm, .-\nmu,,vuwm
of ‘w;,uwuls

+Vee
Q T -
f
f
b % . . .
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cenvep-sepment display consists of Light-Emitting Diodey (LI
¢ of seven-5cg gegment is an LED that emits light whey l|lc|'(;|
node arrangement requires the driving c|,-c“;:

. Jow-level voltage in order to activate a given .:s'cgnwnl. When a 1,ow Iy
to provide a oW it inout, the LED 8 urned ON; and there is current through it Therg
applied to 2 scgnltil,‘:[:z:ldc :lrrullgt:l]lcllt, which requires a HIGH at cach segment input o
'S;Jhlo -};g ::,l::: :t;:;,mcnls can still be in Liquid Crystal Display (LCD) form (Sedry and

it, The ¢ !

Kenneth, 1991; and Theraja and Theraja, 2003).

One common Lyp

arranged, a8 shown 1n

Figure 2. Lach
‘igure 3¢ n i
current through it. In Figure 2, the comni¢ )

The Transformer |
rmer works on AC signals. It cannot work on DC signals, as a DC signal doeg

A transfo . : ‘ 35 8.1
not generate mutual inductance. A transformer consists of two coils, which are woung

cach on laminated core. Itis made up of primary and secondary sides respectively. There

are two types of coils:
« Primary coil; and
+ Secondary coil.

The coil to which the AC supply is applied is called the primary coil/winding. The coil
in which EMF is induced and the output is taken is called secondary coil/winding. The
secondary coil can have one or more windings.

In the transformer, electric energy is transferred from one circuit to another circuit.
During this transfer, the current and the voltage can be changed, that is, they can be
increased or reduced (Theraja and Theraja, 2003).

There is no direct electrical connection between the primary and the secondary coil in
gtransfomler (Gupta, 2008). When AC current flows in the primary coil, there is change
n the magnetic flux generated in the primary coil with induced EMF which is transferred
to the secondary coil. The voltage generated in the secondary coil depends on the ratio

b _ , . |
czitlw een the number of turns in the pr imary coil and number of turns in the secondary

’ l {lonShlp bethen v S 1 tl ¢
1 1 1 Olt ¥ flllrl]\ lll l

4

L.
N2

k. d
2 I, (D)

where

V\ is the input voltage to the primary;

v
218 the output voltage from the sccondary;

N i : i o
118 the number of (urng In the primary cojl:

»

010
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v is the number of turns in the sccondary coil;
1S
FA R
] is the current in the primary coil; and
L |
1 is the current in the secondary coil

In an ideal transformer, there is no losg

and the efficiency is 100%;
< not casy to obtain. Figure 3 shows
1. 4 ~t

but in reality, this
an ideal transformer circuit,

= Figure 3: Ideal Transformer Circyjt
o hh b
% A
_ [ =
Vi - a
s N1 N2 V2 8
§_ AC T 8
A 4 =
gy Primary coll Secondary cofl =
The Rectifier

Afier stepping down the AC mains supply using a step.-dm.m transformer, the stepped-
down AC supply is converted into DC by the rectifier circuit.

Three most common types of rectifier circuits are:

* Half wave rectifier;

* Full wave rectifier; and

* Full wave bridge rectifier -
The one used in the design of this work is full wave bridge rectifier.

5s the secondary winding in a special
In this rectifier, four diodes are connected across the swonc.laryF.\ ﬁmd :
n this rectifie i e i Rigiies 4 dnd 5.
arrangement of di(,)dcs called ‘bridge arrangement’, as shown in Fig
angem ]

rindi int A is
ignal in the secondary winding, poin
;5 sols AC signal in the secot : wrent
' 5 half cycle of input . ased and the curren
_I-) uabg e r?(.)sn.ltct' c Ti:is makes diodes D, and Dy hmwrd-br;q;:wm point C to B
?105“1\;? o’ f:—!,d des t D through D,, D to C through lmlul anc
OWs from point A to poin o AT
through D,. During this time, D, and D, r | in the secondary winding, point B is
4 'signal inthe s » :

' s negative half cycle of input AC sig orward biased and the current
I.Jun"g the Iwi’d"w.hd“.;:l):iq makes diode D, and D, forw uu.: hm;;:.mn ety
it is negative, This make: ' through load anc

Zusltwc.: and A.lh nLgallV‘jn{ D through D, D to C lhmubh"ht ttl :'I[l‘hcmjzl and Theraja,
o “rom D 4 ’pul- ) and D, remain reverse biasec

through D,. During this time, D, : 4

2003; ang Nwokoye and Ezeonu, 2005).

——
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- ——
Figure 4: Bridge Rectifier Showing Direction of Current lq‘h,h
in First Half Circle

e
—— ]

I

v

Direction of
— > Current flow in
v first half cycle

4
\Q.—-P‘-—-P

Input '
Signal l .

Z e
AC 1 Qutput
Mains /\ Signal
AL — — 1.—__—4=-ﬂ4-'
Figure 5: Bridge Rectifier Showing Direction of Current Flow
in Second Half Circle
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f Itis nptcd that‘fo‘r both half cycles of AC, direction of current through the load is same
rom point I‘)‘lo 5 59 the bridge rectifier rectifies full AC wave and produces DC output
from the AC input using the full secondary winding.

Other components are explained in methodology.
Methodology
The block diag “the i
e block diagram of the 5kVA power inverter is shown in Figure 6. This is t'ullnwcd by

explanation of individual t : e
locks, design consi i ‘ — y different
: : sideratio wion calculation for thedt
components used. ion and design calculatior

e

38 i
The IUP Journal of Electrical & Electronics Engineering, Vol 1X, N 4, 2018



V

/” . .
Figure 6: Functional Block Diagram of the 5 kVA Power Inverter

//’_
; Current Step-
S Oscillator —» . - p-up
Battery(s) Driver Transformer
L » Control Unit p»| Output
AC Power
Supply

Design Specifications
The design specifications of the inverter are summarized as:
+ Output power 5 kVA;
+ Output waveform = Modified sine wave,
* Output frequency = 50 Hz;
«  Output voltage = 220 V AC; and
* Charging type = Constant voltage.
The capacity of an inverter is a function of:

* The type and number of power MOSFETs used; and

* The size and capacity of the power transformer used.

Therefore, in this paper, a 5 kVA transformer was designed and matched with the

appropriate number of MOSFETs.

Power Supply Unit
The control unit takes power from a 5 V regulator (7805), while the oscillator stage is
powered directly from the battery. To monitor the power from the Power Distribution
Company, a step-down transformer 220/12 V was used and rectified using bridge rectifier.
A filtering capacitor was applied and the output was connected to one of the analog

nputs of the microcontroller.

—
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Control Unit

For the control unit, the ATMega8 microcontroller serves as the central processing device

which monitors inputs such as voltage level of battery and Power Distribution Comp“n}:
input current/voltage level. This unit has five (5) relays connected to it viaa current driver
[C. ULN2003 which can drive up to 500 mA current. The ULN2003 drives the relays
according to the decision taken by the microcontroller. Figure 7 is a schematic diagram of

the control unit.

Figure 7: Schematic Diagram of the Control Unit

L
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U1 — ey
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PDATOXCK T = = [y
- FOSTY | — ea -
] AREF . ——
] avoe POTANE [—a it =
Bl TRy

Oscillator Unit

In this stage, the DC energy from the battery is converted to AC energy of a specified
frequency. .lt 1s an electronic source of AC or voltage having sine, square and saw tooth
or pulse width. In particular, this design is a Pulse Width Modulated, MOSFET-based

inverter. As ‘Rectifier’ means conversion from AC to DC, ‘Inverter’ is the name givento
DC to AC conversion. |

T.he oscillator used in this design was PWM regulator control (SG3524) which was
modified to sine wave using BC557 transistors.

The maj'or functional unit of the IC (SG3524) i the oscillator circuitry. The oscillating
frequency is varied through the resistor and capacitor connected to pin 6 and pin 7

.respecu.vely. The output of oscillator is pin 3 which is a single-ended pulse-fed directly
into a flip-flop.

. 40 .
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The flip-flop divides the smglc-cmlcd mftpul Into two and fed 1o NOR pate, then 1o
{ansistors each attached to a NOR gs‘llc atping 12, 11, 13 and 14, Pin 14 and 11 of cach
stor is used as the two outputs of the oscillator used for push pul) application and fed
nsistor is fed 1o the preamplifier
are connected to pin 15 and tied to the
circuit diagram of the oscillator,

transi ) ki ‘
o the BC557 transistor. The output of the BC557 try

circuit using the TIP42 transistors, Pin 12 and 13
supply voltage of the battery. Figure 8 shows the

——

——

Figure 8: Circuit Diagram of the Ogcillator
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Frequency Configuration of the Oscillator

The oscillator, SG3524 requires external synchronization for the designer tlo \;art'y :ll::
pulse duration derived and consequently the frequency. The formula to calculate

oscillator frequency is given as:

-1 )
RC

o .3
T = RIC.I‘

= Resi : C.= itance; R
where F ig Frequency in Hertz; 7= Time constant; R, = Resistance; C, Capacitan ;
is chosen to be 100 kQ; and C, also chosen to be 200 nF.

Therefore, 7= 100 x 10° x 200 x 107
T'=0.02s.

However, frequency F= 1/T

F=1/0.02=50 Hz

—————
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Current Driver Unit | |
MOSFETs arc metallic oxide gemiconductors, in which the gate is completsly st

from the channel by & thin layer of silicon oxide. T'hig pertnits operation with gate B011Fy
0 i i £) g i { ;
or gate channel voltage above and below zero. Figure 9 shows the citcult configuation of

the MOSFET.
_-_-——__——-—_'_________‘M-_._&__-hr'__ e
Figure 9: Circnit Configuration of the MOSFET
»—-——‘"—-_"'—___._”—__-—_—._ kit e -
a 4 4 'f'l!"*f.-'if'ﬂuu'
o2 o1
‘ ] wEIH
Toprezmplificr R writ Y ___j 4
Leid ] FEII}NF
1 a Lol sl
& 05 A
Toprezmplifier RA BFIY 1t PRY Y o AP
e A A
VA ;

This configuration consists of an array of MOSFETs connected in parallel, The
MOSFET used in this design has its path number ag IRF150 and the following, data sheet

parameters:

« Current rating =39 A;

» Voltage rating = 100 V;

» Power factor (pF) = 0.88; and

« Power rating =190 W

The required number of MOSFETS per channel for a 5 k VA inverter is thus obtained:

P = VA cos0 w(4)
where cos0 = pF; and P = actual or real power of the inverter.

Therefore,

P=5000x%0.88=4400 W

The total number of MOSFET is given by:

Number of MOSFETS = Actual power of the design/Power rating of the MOSFET:

That is, 4400/190 = 23,16,

Hence, 24 MOSFETs were used., wi
OSFETs were used, with 12 op eaely parallel channel boosting the current

to drive the transformer.
I

2010
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The Step-up Transformer

A iransformer is a static (stationary) device by which electric power in one circuit is

sformed into electric power of the same frequency in another circuit, ¢ can step
trantep down the voltage in a circuit in respon
ors

econdary winding, but with a corresponding
s

up
S¢ to ratio of the coil at the primary and

decrease or increase in current,
The physical basis of a transformer is mutual induction be
common magnetic flux generated, corresponding to the in
ihe transformer used at the output stage was designed to
the input of 12 V AC signal at the MOSFET end.

tween two circuits linked by
put power to the transformer.
be able to realize 220 V from

This step-up center tapped transformer, steps up 12 V AC from the output of the

inverter unit to the desired 220 V AC. Figure 10 shows the complete circuit diagram of
the 5 k VA inverter (inverting unit).

Figure 10: Complete Circuit Diagram of the 5 k VA Inverter (Inverting Unit)

w
I3

Packaging

- i ials like wood, plastic
The durability of the material to be used in the packaging, ;n::)t?;:we easy dissipation
Ormetal could be used but for this work, metal sheet was use )

ofheat to the environment.

A ircuiti rt of the design. The
gain, caution was taken to avoid short-cnrcmt‘mg of -an.)i t[;lae il
POrtabil't; f th kage was taken into consideration to limi
Ity of the pac

; t of the device.
and to ease the burden associated with the movemen
————
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. Withe pﬂL‘kllgC was also COHSI(ICfC(] to h(.‘.lp ].n temperature Controg] of
b NN \ ‘ 1‘ ) : '
The \tl\lll.lilll‘ﬂ\t\\‘l of the components in the constructusm are .heat eiibent
v device sinee mos \ d 5 k VA invert .
e \ll“ wire 11 shows a picture of the neatly package v ger des ln'
s, g »

I

s e— ‘__h-_"_-———.l“ig“l't‘ ll: Illctl“'l\ Or Pﬂ(!ka[.‘.cd S k \IA lnvcrter

____-—_-‘-"‘---..‘

Conclusion
The instability of power supply in the country calls for an alternative power suppl}" tobe
used as an emergency. This work has met the objective and purpose for which 1t was
designed and constructed. It could be used in homes, offices and industries to serve asan
alternative power supply because of the following advantages:

* Low maintenance cost;

* Nomoving parts;

* Nonoise pollution:

* Easyinstallation; and

* Noenvironmental pollution

B Bl I‘ - o ‘ = 1 ‘ i
- Ih‘n:s't\urku‘mldalsuhcuscdhynumy other electrical/electronic appliances, P rorees
1t1s within the limit o foperation,

Recommendation; Ope of the limitations of this project is that the 12 V DC batter}}"
‘hac!&up cannotwithstand a large 1ogg applied on it for g ‘lons: ;criod. The overload u:ut‘i}t
1S ""L‘St‘ft‘fi When the load on the inverter s lavger than the :kleqi"ncd capacity. Henee N
4 more reliable and stable powey SUPPLy, it is recommended that a larger battery ack’?
should be provided to enable this work ‘\\-ithsmnd Im‘a;r loﬁds fora lo;g period

__H__
The 1Up Joumy) of’ Blee
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