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ABSTRACT

The electrical power appliances which convert se
frequency to another frequency level is known
frequency converter. This research proposed a 1
design method to achiexke 80 kHz high frequenc
converter. In this design, the circuits have bexae
which contains stedown transformer, inverter circt
using MOSFETs, CD 4047IC and s-up
transformer. Single phase source is used as aesi
Therefore, the rectificatiors used to convert the A
source to DC source and to supply the 12V by u
voltage regulator. Inverter is used to convert [X
AC. Circuit simulation was done by using Prot
software.

Keywords: Analog RC oscillation, MOSFET high
frequency switching, single phase frequency
converter, full bridge power rectification, high
frequency transformation

l. INTRODUCTION

The research focuses to design single phase
frequency appliance, which necessary to pro
electrical power to suit various appliancesd in
environments where dissimilar frequencies
mandatory[1].Solid state power or frequel
converters are used for converting 50Hz utilitye
power to high frequency power. Many var
applications like switching mode power suppl
melting maching radar, and communicatic
equipment and so on. Major issue of using mel
machine can operate at high frequency instea
conventional 50Hz which is to make equipm
smaller, lighter and efficient [3].In this reseay
50Hz frequency is converted 89kHz output withou
changing line voltage for melting machine. |
40471C is used to generate required oscillation

desired frequency by Anlag RC oscillation methoc
By changing the values of resistor and capa
inputs of CD4047IC is applied tobtain 80 kHz
frequency. To get alternating voltage, p
transformer (centre tapped transformer) must
controlled by switching devices. There are tt
different forms of AC output generated: square w.
modified sine wave, and pure sine wave. The «©
wave type is the simplest method. Besideis best
suited to lowsensitivity applications such as lighti
and heating [9]A modified sine wave can damage
devices like: laser printers, laptop computer, pc
tools, digital clocks and medical equipme

The output of voltage regulator, DC regulated g
is supplied to the inverter. Output of inverterlasv
voltage hene centre tapped transformer is usel
step up the voltage up to 220 V. This voltage isd
to drive the load. In Figurel.shows the block diag
of the model.
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Figure.l. Block Diagram of the Purposed Mc

|I. DESIGN SELECTION AND IMPLEMENTATION

The design circuit contains s-down transformation
and rectification for frequency oscillation, [

regulations, RC oscillations for desired frequeriag,
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to AC inversion and stepp transformation voltag
level. Stepdown Transformer, Rectification, Volta
Regulator, RC oscillator and MOSFET switch
inverter are main components of the proposed

A. Step-down Transfor mer

A transformer is a device that transforms voltagée
current level to another without chang is power
rating and frequency. In this proposed conve
system 220/24V stegewn transformer is selected
transform high voltage into low voltage level
implementation.

B. Rectification

Rectification is a process of converting alterng
currentor voltage into direct current or voltage, wh
converts bidirectional voltage to unidirectiol
voltage. They are classified as uncontrolled

controlled rectifiers by switching characteris
Uncontrolled rectifier makes use of pov
semiconductor dece while controlled rectifier make
use SCR, GTO, MOSFET, thyristor. They are |
wave and full wave rectification into two group
uncontrolled rectification [6].Full bridge rectifition
is used for efficiency purpose.

C Voltage Regulator

A voltage regulator is an integrated circuit (IC) tt
provides a constant fixed output voltage regardds:
a change in the load or input voltage. The redi
DC power supply is regulated to 12V using volt
regulator LM 7812 and it is used to provide -up
transformer. And LM 7805 IC has been usec
supply 5V oscillation generator IC CMOS CD40
This IC has a builtn protection from the high currer
In voltage regulator, the capacitors have been us
order to minimize the voltage fluctuations in -
circuit and maintain the constant voltage across
input as well as output of the circuit.

1) 12V Regulation
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Figure.2 Structure of 12V Power Sup

The turn ratio of stegown transformer in this desi¢
is equal to 9 from eq (1). Then, it is utilized

calculate parameter primary inductancep) and
secondary inductance, dL respectively. AC i
converted to DC by using bridge rectifier circi
Next, capacitor can be calculated from eq (3). Ifin
it is reduced to 12V (Mc) with 7812 regulator. TF
voltage is to supply stepp transforme

a=Np _ Vo (1)
NS VS
V L
S - CP x S (2)
Vip Lp
4
10 “ x|
c = dc (3)
048V 4.

Where, CP=coupling factor
C =capacitor

2) 5V Regulation
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Figure.3Complete structure of 12V to 5V Pow
Supply
LM 7812 regulator output, 12V has to be choppe
5V for frequency generator IC. Finally, it is reeudk
to 5V with LM 7805 regulatot

D .Inverter

An inverter is an electrical circuit capable ofrtung

DC power to AC power, while at the same ti
regulating the voltage, current and frequency &
signal. Inverters are constructed with various sees
electronic and electrical compons such as
MOSFET, IGBT, transistors (FET, JFET),-stable
multi vibrators etc. There are different types

MOSFET available but this inverter is designed
using IRFZ44N channel type of MOSFET.IRFZ4
is power MOSFET which handles high frequenc
voltage and current. Mhannel is more efficiency th:
p-channel .Tre MOSFET has been used turning

and off at 80 kHz frequency as source to drive
output of two MOSFET is connected in parallel te

input of transformer.

[1l. METHODOLOGY
The CD4047IC is capable of operating in either
monos table or as tablmode. In a table mode, it
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requires an external capacitor (between pins 13}
and an external resistor (between pins 2 and

determine the output frequency in th¢ table mode.

As table operation is enable by a high level or

level at the as tdb input. The output frequent
depends on the timing components.CD 4047IC
low power CMOS IC that can operate between

15volts DC.

iy
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ASTABLE

Ql—r
-TRIGGER Q

+TRIGGER Ji
C
RC = |

RETRIGGER  CTC [—
EXTRESET RTC
CD4047BCM | R1

Figure.4. Pin Configuration of CD 4047

G SN N (53
=

The circuit diagram in Figure (4) is the typi

application of the CD @47IC in the & table mode.

The timing elements are capacitor and resistor ;
.By a combination of pins 8, 9 and 12 are conne
into ground, output pulse will be available frorng
10 and 11.

T =4.4RC, (4)
1 0227
T R,C,

A frequency (f) adjustment control has been pro#
by R;. There is no theoretical limitation on the val
of either R or C. To ensure frequency stabili
however, G must be greater than the st
capacitances associated with the circuit desigth Ry
should be much larger than the CMOS 'on' resist
with which it is in series.
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Figure.5. Circuit Diagram of Frequency Conve

If 28k resistor and 100pF capac are used, 80 kHz
frequency will be achieved. Then; and G can be

made by adjustments and measure the result wit

oscilloscope. When using a value of 100pF f; and

28kQ for Ry the theoretical frequency is 81.16 kit

however in simulation resed with a frequency of 8

kHz approximately. The desired frequency is va

by the value of Rand G as shown in Table

TABLE |

Frequency adjustment by;

28k 80.40u | 94.51kHz
26.6k 11.41u | 87.64kHz
25.2k 11.83u | 84.5kHz
23.8k 12.45u. | 80.32kHz
22.4k 13.10u: | 76.33kHz

21k 13.98u: | 71.53kHz
19.6k 14.72 u | 67.93kHz

IV.  DESIGN CALCULATION

C. Design Calculation of Transfor mer
Flux density 1.2 Tesla is assunr

The e.m.f per turn,

E; = 1.24/kVA (5)
Area of core, A = —A (6)
I 4.44fB,T,
P
LV winding current]_ = £ (7)
S
Conductor size, a= _caren (8)
currentdensity
Number of turns= turn per volts x volts (9)
Volume of conductor= Area lengtt (20)
Weight = density x volum (11)
Output power = secondary powel
Input power R =1.1xR (12)
Primary power = Input powe
Vb x Ip =B (13)
| = Pin
P Vv
p
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Total losses = copper losses + iron losses

p

xp.f
ourxp x100%
P +total losses
out

Efficiency = (15)

A transformer is a device that transforms voltagée
current level from one AC system to another. Iriéi
Il, frequency conversion of transformer has b
designed. For frequency 50 Hz step dc
transformer, output voltage 24 V and high efficig
85 % @n be used in inverter design as well as ba
charger. With the aid of rectifier, the output agée
could be set and use to supply DC load. But, ag)
load is required 80 kHio reduce the effective cro
section of the conductor, loss and <So, frequency
80 kHz is used for step up transform-.

TABLE I
Frequency Conversion in Transforr
Parameter Step-down Step-up
Transformer Transformer
100VA,12/220V,
f=80kHz

115VA,220/24V,
f=50Hz

Current Ip:O.6A Ip:9.2A
IS:4.79A Is:O.45A
2 2
Area of core A=0.001451m | A =0.000069r
2 2
Conductor | 53 —0.26mm a =3.06mn
Size p 2 P 2
a=2.08mm a=0.15mn
Number of Np:570 turns Np:3turns
turns N_=60turns N_=50turn:
-5 3 -6 3
Volume  of| \/=4 914x10m | V=4.7x1( m
conductor
Weight W= 440 grams | W= 24gram
Total losses 16.235W 2.2799W
Efficiency 85% 97%
D. Calculation of Power Control Circuit

For bridge rectifier circuit,

=3254V
2V

Vaug = 0;"‘6‘9 (18)
=20.175V

For Figure 2, 220 V to 24V AC st-down

transformers can be used because the calct
secondary voltage is 20.715

Choosec,= 2200uF, I, =1A

Tx14e

CapacitorC, = x (29)
r(pp)
Vigp = 454V
V( )
_ _r(pp
Vdc—vo(max) 2 (20)
=30.27V

In this circuit, capacitor C= 2200uF is used and
selected to give suitable value for regulated pc
supply. Since the operational DC current for con
circuit can be less than the desired output curtée
standard 2200u F capacitor is chosen for;. It is

also used to be more gbthe storage capaci

E. Calculation of MOSFET Switching L osses

In this system, for power MOSFET IRFZ44N driv
consideration for power losses has two sourcesy
are the orstate loss, the cstate loss, the turn-on
switching loss and the tuioff switching loss. The
required values can be obtained from the datasife
IRFZ44N.

Internal resistance of MOSFET ps = 22112, Drain
to source current, pl = 49A, Leakage -current,
Ibss = 250 YA, Rise time,, = 75nS, Fall time,st=
40nS from datasheet [7].

The switching frequency f = 16 kI

FJ
Input voltage = 220 V, 50 Hz , AC sou Output current, JUF%‘& (22)
The secondary voltage of transformes ms)= 24 V —0.435A
The desired output currenpcl= 0.5 A _ P
The diode cutn voltage is assumed to be = 0.7 V. Drain current =g =i (22)
(0.7V for Si and 0.3 for Ge) P
n=85% , P = —out (23)
n
Vs(max) :\/5 Vs(rms) (16) =117.64W
=33.94V _
pl=9.8
1
Vo (max) :Vs(max)—zvr (17) T= ? (24)
@ IJTSRD | Available Online @ww.ijtsrd.con | Volume — 2 | Issue — 6 | S@pt 201¢ Page: 663



International Journal of Trend in Scientific Res#aand Development (IJTSRD) ISSN: 2-6470

=62.5usec
Assume d =50% = 0.5

T=ton+tge +ir +1
625x107° =ty + Lof + 75NS +40NnS
(M=t —tg)

ton = lost .2 usec

The onstate loss can be calculated by follow
equation,

2
1D xR xt
P = DS(o) _ on (25)
on T
=1.05W

The onstate power loss of MOSFET is 1.05

From the datasheetp¥= 55 V and psc = 250 UuA.
The offstate loss can be calculated by follow
equation,

toff

Poft = Vpsmax | pss X

- (26)

=0.0068W
The offstate power loss of MOSFET is 0.0068

V. OPERATION OF THE FREQUENCY CONVERTER

The circuit diagram of frequency converter using
4047I1C and MOSFET IRFZ44N. In this circuit, *
power supply is connected to the pin 4, 5 and

them, the pin 4 an8 are complement astable of
IC. Remaining pins are grounded. Next, 101
capacitor is connected between the pin 1 and
variable resistor 28k is connected between pin 2 ¢
3 to generate the output frequency of the IC.

output frequency pin 10 dnll are connected to t
MOSFET through resistorand R which to preven
to the load of the MOSFET .The current is mad
flow positive half of the primary coil of transfoen
through Q this is done when the pin 10 becomes |
and negative half isahe by opposite current flo
through Q the primary coil of transformer, this

done when pin 11 is high. By switching the t
MOSFET current is generated AC [5].

VI.  SIMULATION RESULT OF SINGLE PHASE

CONVERTER

Proteus is a powerful tool used to simtL and power
electronics circuit designs. Proteus has largebdat
of configurable power component models along \
existing models from various semiconduc
manufacturers. The powerful Proteus simula

enables the evaluation of different power cits of
different ratings at an early design stage. Modei:
IGBT (or) MOSFET switches, elec-mechanical
components, different active and passive compon
and switching controllers can be used to eval
power electronics systems accura

Figure6. Simulation of Frequency Converter us
Proteus Softwal

VIlI. CONCLUSION

In this research, the proposed design is desctibe
method of high frequency converter. Des
procedures were calculated and performe
simulation was done byroteu. The presented circuit
is the sample of 80 kHz frequency converter.
target of this paper is frequency conversion fi
50Hz to 80 kHz; 220V.AC system is not direc
converted low frequency to high frequency.
MOSFET switching devices are directlriven by the
switching pulses of CD404C to convert high
frequency 80 kHz. The output waveform of freque
converter will generate is approximately squareav
This method produces a much more similar
waveform than that of others. Most of the el«cal
appliances are designed for the 80 kHz square °
like melting machine, radar in electrical pov
system. Finally, the basic demands defined by
operator have also been addressed, such as eqi
smaller, lighter, high efficiently and long lifme.

ACKNOWLEDGMENT

Firstly, the author would like to acknowled
particular thanks to Dr. Nyunt Soe, Rector

permitting to attend the Master program at P
Technological University. Much gratitude is owed
Principal of Pyay Technological University, for |
kind permision to carry out this research. The aui
is deeply thankful to her supervisor, Dr. Soe W
Professor, Head of Electrical Power Engineer
Pyay Technological University, for his helpful afwd

@ IJTSRD | Available Online @ww.ijtsrd.con | Volume — 2 | Issue — 6 | S@pt 201t

Page: 664



International Journal of Trend in Scientific Res#aand Development (IJTSRD) ISSN: 2-6470

providing guidelines, valuable advice, and ideas
dewlop the research. And, the author is de
grateful to her teacher Daw Win Moet Moet Ht\
Assistant Lecturer, Department of Electrical Po
Engineering, Pyay Technical University, for |
valuable instructions. Finally, | would like to tiia
my parentsfriends and colleague for supporting
me.

REFERENCES

1. Akshata A. Supekar, P.M. Kurulkar, K rathod,
“Design and  Simulation of Power Conditioni
System (PCS) for Defence Applications,” ™
IEEE INDICON 1720 Dec.2015, New Delh
India.

2. Bettina Rubino; LuigiAbbatelli;  Giusepp
Catalisano; Simone Buonomo; “1200V ¢
MOSFET and N- off SiC JFEperformance and
driving in high powerigh frequency powe
converter; Nurnberg, PCIM 2013

3. Reyad Abdel-Fadil, Ahmacid, Mazen Adde
Salam; “Electrical Dstribution Power Systems
Modern Civil Aircrafts,” 2 International

Conference on Energy Systems and Technolc
18-21 Feb. 2013, Cairo, Egy

4. Marty Brown, 2011,Power supply Cookbook,"™
Edition printed by Butterwor-Heinemann Book
Company, Inc.

5. IC CD 4047IC Datasheet acquired from Ha
Semiconductor SCHS044— Revised September
2003.

6. Power Electronics handbook by P. S.
Bimbhra.

7. IRFZ44N  MOSFET Datasheet acquired fr
SiHF Z44N Vishay siliconi»

8. A Mamun A, M Elahi, M Quamruzzaman,
Tomal,

9. Design and Implementation of Single Ph
Inverter

https://en.wikipedia.org/wiki/Power_inver

10. S. J. Robert, Synchronous Rectification in -
Performance Power Converter Design, Tex:
Instruments, www.ti.con

@ IJTSRD | Available Online @ww.ijtsrd.con | Volume — 2 | Issue — 6 | S@pt 201¢ Page: 665



