DESIGN, CONSTRUCTION AND ANALYSIS OF A SINGLE
PHASE INVERTER

By
M. SADDAM HOSSAIN KHAN
MASHFIQUL ISLAM
MD. ISTIANATUR RAHMAN

Submitted to
The Department of Electrical and Electronic Engineering
Faculty of Science and Engineering

East West University

In partial fulfillment of the requirements for
The degree

Of
Bachelor of Science in Electrical & Electronics Engineering

(B.Sc. in EEE) il
P 16 JUN 201

by

Spring, 2011

nesis Supervisor: Chairperson:

Dr. Shahidul Islam Khan Dr. Anisul Haque



ABSTRACT

mzle phase inverter is designed and constructed to provide regulated output voltage at
The output power stage is designed in two methods first one is using four power
mamsiormers in H-bridge mode to the load through a transformer, and another one is two
A0S power transistors coupled to the load through a transformer. The output is a 50Hz
suare wave which is obtained by totem-pole driver operation of two transistors using 50 Hz
complementary trigger pulse stream for first method. And for the second method 50Hz square
=ve 1s obtained using a single PNP transistor. The inverter is constructed and presented. The
rcuit is tested and it is found that the waveforms obtained at different stages of the circuit
conform well to those obtained by computer simulation. The inverter circuit is found to be

=Ticient for applications in appliances.
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CHAPTER 1
INTRODUCTION

Introduction

== supply ac voltage at fixed voltage and frequency. However, there are many
wrocztons where variable voltage and frequency are required. Inverter is equipment that
== input dc voltage to variable frequency and variable amplitude ac voltage. One of the
woorznt application of inverter is variable speed ac drives, where input ac is made variable

m=geency and amplitude) by rectifier-inverter configuration.

sput voltage waveforms of ideal inverter should be sinusoidal and contain certain
¢s. For low and medium power applications, square wave or quasi square wave
sz may be acceptable; and for high power applications, low distorted sinusoidal

-ms are required.

» most inverter applications, it is necessary to be able to control both the output voltage and

=out frequency. The controllable voltage requirement may arise out of the need to

= regulation in the connected ac equipment or to maintain constant flux in ac motors
“wem 1 ovariable speed by variation of their supply frequency. If the dc input voltage is
== 202, then an inverter with a fixed ratio of dc input voltage may be satisfactory. If the
- moa voltage is not controllable, then the control of output voltage must be obtained by

= omz pulse width modulation.

~ome soplications of inverters are:
» ~and-by power supplies.
* =Zuction heating.
. zrable ac motor drives.
. ~nierruptable power supplies for computers.
. rcraft power supplies.
. sput of de transmission lines.
» Ax conditioning.

12



Hifferent types of Inverter

v ~ingle phase inverter
+ rree phase inverter

+ 7.y phase inverter

~iigh voltage inverter

“fulti-level inverter

.. »rding to source:
v oltage source inverter

s urrent source inverter

The Proposed Method

-« phase square wave is used as switching function to operate the proposed single
. swverter, Transistors are used as switches. The triggering of these switching devices is
i from two complement square waves and by a feedback loop from output to the
~ s produces closed loop control which maintains constant output voltage under

.- 0ad conditions.

.- 2vare implementation, we are proposing two methods.

- .2 1 the proposed inverter is an H-Bridge type where two N type MOSFETSs and two

=z =1OSFETs are used. 'The NMOS are used for negative switching and the PMOS are
- masttive switching which enables more efficiency and lesser voltage drop in the

Lo -5 during switching.

13



I Transformer

b Load Load J
:.::""-;—/'(r ‘1 ‘-’ -IE
i 0 3] Block Diagram for Method 1 Fig 1.3.2 Block Diagram for Me¢thod 2

----- - 1 2. the proposed inverter is basically a push-pull arrangement which is a full bridge

- oo~z here the negative switching is done using two N type MOSFETs and the positive
o uoormected directly to the transformer at the load. This enables to minimize the power

- - as there is no switching involved in the positive side.

~: vumrse of using these two methods is to fulfill our target of achieving maximum

. .7.. atthe output.

+ ~vope of the Project

—. .w2d. 1t is difficult to keep the output voltage constant. The scope and objective of this
. 10 maintain the constant output voltage at different loads and also to increase the
.- of the inverter i.e. get the maximum voltage at the output node with minimum loss

e senihing,

E |



= Iatroduction to the Chapters

znts of this project have been organized as follows:

e |

=1 oy

the principle of operation of a single phase half bridge inverter and a full bridge

=z s discussed. The modulation technique used and the computer simulated outputs of

=posed inverter are shown n discussed in this chapter as well.

==.2n, construction and analysis of the proposed inverter are discussed in Chapter 3.
wcuonal description of the two methods used, the PWM square wave generation using
“Z- and all the other devices and parts used in the construction is individually discussed

-napter. The details of design, construction and testing are also discussed.

=.nnique of improving the efficiency of the proposed inverter and the analysis of the
=2 is discussed in Chapter 4.

wreer 3 presents the conclusion, summary of the whole paper and the future improvements

< tor the proposed inverter.

15



CHAPTER 2
PRINCIPLE OF OPERATION AND
COMPUTER SIMULATION FOR
PROPOSED METHOD

Introduction

-hapter the principle of operation of a single-phase inverter is discussed. Both half and
-mdge inverter with mathematical analysis are discussed. Fourier series is used for

tical analysis. The input current of a single-phase inverter is also analyzed.

-

~~ Principle of Operation

~<rations of single phase half and full bridge inverters are discussed in the following

-1ons:

—~~! Operation of a Single Phase Half Bridge Inverter

*wnliple operation of a single-phase half bridge inverter can be explained with the help
= =ven figure. The inverter consists of two choppers. When only transistor Q; is turned
~ 2 me Ty /2, the instantaneous voltage across the load vois Vg/2. If only transistor Q; is
el on for atime Ty /2, -Vg/2 appears across the load. The logic circuit has to be designed
et 1 vy that Q & Q are not turned on at simultaneously. Figure 2.2.b shows the
“wweems for the output voltage and transistor currents with the resistive load. This inverter
“ss taree-wire de source, and when transistor Q; is off, its reverse voltage instead of

nverter is known as a half wave bridge inverter.

16
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TIPS

. .1 square {rms) output voltage can be found from

I Toj2vd

w. .- 1m20us voltage can be expressed in Fourier series as

- = .(ancos(nwt) + bnsin(nwt)) .......... (i1)

. ruarter-wave symmetry along the x-axis, both ag and a, are zero. We get b, as
/2, _4Vs
d(wt) + f = d( t) =— ... (iif)

,,_E
-72

...” . <% the instantaneous output voltage Vo as

B TF L '_%;Ssin(na)t)) .......... (iv)
=246 ...,
Fundamepml
current, iy,
< .

T,\‘—/'Iﬂ_/ .
5 o

— = % D, ‘IQz ‘ T T -t
- F \/“ ES i?_ ?_
| =0 2R
: [ 0 -t
1o To
=5 00 : Block Diagram of Half Bridge Fig: 2.2.1(b) Voltage Waveform

. ._~znt cannot change immediately with output voltage for an inductive load. When
#1% at TO/2, the load current begins to flow through D2 and the lower half of the
~+ii the current falls to zero. Similarly when Q2 turned off at TO the foad current
< through D1 and the upper half of the DC source until the current falls to zero.

- zre called feedback diodes. Energy is fed back to the DC source when these two



Fundamental
0 V # ln
current, 1, s

—_ — mTTUNG
/“< 2 AT
- A L N

S AN Dy 1 0 i Dyt 0 YD,

on on on on on

_lic) Voltage waveform Fig 2.1.1(d) Current Waveform

= inductive load each of the transistors conducts only for T0/2. Depending upon the

=~eiance of a conduction period of a transistor can vary from 90°-180°.

Operation of a Single Phase full Bridge Inverter

w—=oiple operation of a single-phase full bridge inverter can be explained with the help
o= 2.1a. A single-phase full bridge inverter consists of 4 choppers Q1 Q2 Q3 & Q4.
| & Q2 tumns on together, the output voltage remains Vs. If Q3 and Q4 turn on
weously —Vs appears at the output of the inverter. The logic circuit has to be designed

w1 owazy that QI, Q2 or Q3, Q4 are not turned on at a same time. The output current

~= for highly inductive load is shown in following figure.

* ¢ 4 }
O LT I L.
= ! VB . 1
- [
" | e
ks ! 0 . - S—— |
| |
- : ' :
e I | I
g o t i
2 T DD, 1Q; 0o !D; Dy 10y Qu
. o on on on
4 = Block Diagram of Full Bridge Fig 2.3(b) Current Waveform

= cwrput can be found from

l" " mmmancous voltage can be expressed in Fourier series as



- i—; sin (nwt) .......... (vi)

w2 1able shows the switching states for full bridge inverter

S:ate | Switch | _
Va0 Vb0 VO Component Conducting
State
|

S1and S2 ifi0>0

10 Vs/2 -Vs/2 Vs
D1 and D2 if 10<0.
D4 and D3 if i0>0.
2 01 -Vs/2 Vs/2 -Vs S4 and S3 ifi0<0
| S1 and D3 if i0>0.
11 Vs/2 Vs/2 0 D1 and S3 ifi0<0

D4 and S2 if i0>0.
- -Vs/2 -Vs/2 0
S4 and D2 if 10<0
- D4 and D3 if i0>0.
-Vs/2 -Vs/2 -Vs

D1 and D2 ifi10<0
Vs/2 -Vs/2 Vs

L 20z 2.2.2(a) Switching states of Full Bridge Inverter

mamestor sign Q is replaced with S.

- "



— 4% “ladulation Technique

. . :7. in simple terms, is the process of changing multiple properties of" a high-frequency
wwra. waveform (the carrier signal) with respect to a modulating signal. There are three key
.o~ »f a periodic waveform- amplitude, phase and frequency. All of these parameters can be
< = atth a low frequency signal in order to obtain the modulated signal. In most of the cases, the

_—= w271l is a high-frequency sinusoid waveform. However, a square wave pulse train is also a

ceome [(31

e gain can be varied following multiple techniques the most efficient method of which is to

. gain and output voltage and to incorporate pulse width modulation (PWM) control within

# =7 Pulse-width modulation (PWM) is used to control power which is then used as input to
2z2trical devices. Tuming the switch between supply and load on and off at a fast pace

"""" . = average value of voltage (and current) fed to the load, and this would not have been
w2 without the help of modern switches. The time length for which the switch is left on is

: &3 the magnitude of the power supply to the load. The PWM switching frequency has to be

o tzster to have an effect on the device that uses the power. Observations suggest switching have
= @~z several times a minute in an electric stove, 120 Hz in a lamp dimmer, from few kilohertz
~:s of kHz for a motor drive and well into the tens or hundreds of kHz in audic amplifiers

T LIEr power supplieS[ 1 4]-

¢ main advantages of PWM is that it brings down the power loss in the switching devices. In
"1 miode, it barely allows any flow of current and there is almost no voltage drop across the

- w7 it is on. This signifies that the power loss in insignificant as it results from the product of

== 2 current, both of which has near zero values in both on and off states. PWM is more than
¢ «ith digital controls because they can easily set the needed duty cycle (duty cycle being

- “nof 'on’ time to the regular interval or 'period' of time); low power succeeds a low duty

- = s required for another reason. That is for the adjustment of pulse width. Short
wir ¢ w2t of a leg for an inverter can be avoided. If duty cycle remains 50% for both of the

“werter leg may burn, due to short circuit. It is known that MOSFET takes a

e to switch ON or switch OFF. So a minimum interval period requires, which is

........... . .ting duty cycle.




|
—_— — - — S |

Fig 2.4{a) figure of 50% duty cvele that is harmful for transistor action.

U

o — e~

' —
T —
.

Dead time

- - 2.%3b) figure of less than 50% duty cvele that is efficient for transistor action.




=monly used techniques are [16]:
» Single-pulse-width modulation
« Multiple-pulse-width modulation

= Sinusoidal pulse-width modulation

» \odified sinusoidal pulse-width modulation
» Phase displacement control
« Hysteresis (Bang-bang) pulse-width modulation

+ Space Vector pulse-width modulation

ching functions for the analysis and implementation of the inverter are brought about by a

c = pulse modulation. The single-pulse-width modulation technique is discussed on the later part

~mzzle pulse width modulation

cating signals are generated by comparing a rectangular reference signal of amplitude
h a triangular carrier wave of amplitude Ac. The frequency of the carrier wave
=—nes the fundamental frequency of the output voltage. By varying Ar from 0 to Ac, the
1dth “6°can be varied from 0 to 180. The ratio of Ar to Ac is the control variable and

nz2 as the modulation index [15].

Zulation index,
M= Ar/Ac........... (vii)

=== output can be found from

Vo=[22m [UTO/?

(n=8)/2 Vs? d(ot)]”

ala]



7.1 series of the output voltage of Fig: 3.1 may be described as[17],

=¥om135,..ansin(nwt) + Y7 135 bncos (nwt) volt.... (ix)

—in=

Losln fon sin( nwt) d (o

L (82
T T Mn-8)/2

0

sin(nwt) d(et) =4Vs/nasin (n8/2) .......... (x)

Carrier Signal

Relarance Slgnal

Ac\
A, <

% 5 5 : :'

N | | : ."

B I S SN S Y

el 2 7 :’i?z 2 _277 : E 2

o Vo ‘ | - .

Ve o I ny

‘. —{‘ 1 + . N

T.6 g K600 ar B
z 2 3 2 2 T

St

Fig 2.4.1 Single Pulse Width Medulation|19]




= Yx __l'on Vs cos(nwt) d(ot)

(n+8)/2 .
=IVyz (1:[—5).)//2 cos(nwt) d()=0....... (xi)

suation 3.1 becomes,

a0

=Y m-135,.. 2Vs/nm sin (n§/2) sin(n wt) volts .......... (xi)

“cse curves it may be seen that as ‘6° is decreased, the harmonic content of the output
woc waveform increases until, when the amplitude of the fundamental component has
—=2uced to 20% of its maximum value, the amplitude of the three harmonics illustrated

=~ nearly equal to that of the fundamental[17].

I T I I I T | I I
el-m—r—F——r_— e, e, ——_——_—— o w=1
c9— -
08— —
—
271
o6 -
— 5.S p— ]
0.4 t— i
=3
03— —
0.2 — w = 56—
w =7
o.1 — —
1 1 | - L | |
o 20 40 60 BO 100 120 140 160 180

Fig 2.4.2 Harmonic contents of Single Pulse Width Modulation[19]




~.7 iomputer Simulations

- * . Introduction

.+ szction, the proposed method for single phase full bridge inverter has been simulated
~: =z software ORCAD. ORCAD is electronic design automation software. It is usually

construct electronic schematics and diagrams for simulation purpose. Using this
~ =z, the simulation of the whole inverter circuit with load and without load has been

o 7hat the values of designed parameter can be obtained for hardware implementation.

- 72 Simulated Qutputs
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Wt voltage of a single phase full bridge inverter with highly inductive load for 20%

s ovcle

e T b SALORCAL SiaSSiid 2 - Seassratuse: ¥,

Fig 2.5.2(¢)

Sememie distortion for 20% duty cycle

Fig 2.5.2(d)
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wput voltage of a single phase full bridge inverter with highly inductive load for 30%

am cycle

- wr=onic distortion for 30% duty cycle
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s'put current of a single phase full bridge inverter with highly inductive load
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ztic diagram of single phase full bridge inverter in no load condition

s,

' | 1
sipe O Ik ‘

a

Fig 2.5.2(i)

wraze of a single phase full bridge inverter in no load condition

Fig 2.5.2(})
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Zizgram of single phase full bridge inverter in no load condition
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Fig 2.5.2(i

o weltage of a single phase full bridge inverter in no load condition

Fig 2.5.2(j
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Fig 2.5.2(k)

matic diagram of single phase full bridge inverter with transformer and inductive
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“=mary side output voltage of single phase full bridge inverter with inductive load

Fig 2.5.2(m)

r method 2

“waematic diagram of single phase full bridge inverter with transformer and inductive
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“mar: side output voltage of single phase inverter with inductive load

Fig 2.5.2(0)

smaaic distortion for 20% duty cycle:

Summary

~ninciple of operation of a single phase inverter and computer analysis of output voltage
aout current (with load and without load) for both the two methods is discussed and
n this chapter. The output voltage will contain only fundamental frequency if all

=~ harmonics are filtered out.

~coretical analysis is demonstrated by the computer analysis and the computer simulated

are analogous to the actual input, output waveforms.
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CHAPTER 3
DESIGN, CONSTRUCTION AND
ANALYSIS

Introduction

~is chapter, the implementation of the proposed method for single phase full bridge
-rter has been discussed. A proper design gives an accurate result. There are many
-zhing devices available to switch on and off in a particular circuit. The important task is

-nhoose suitable devices considering data like power loss, power rating, efficiency etc.

.2 Functional Description of the Inverter

MAIN 12-VOLT

BATTERY SUPPLY
SQUARE S POWER STEP-UP OUTPUT
WAVE LN | outpuT|_ | STEP-C
GENFRATOR — STAGE STAGE TRANSFORMER 1|>
z
FEED BACK |,
STAGE %
Fig 3.2(a) Block diagram of the inverter
*or method 1

- main motive is to supply a 12 volts dc input and obtained a 220 volts Ac output across
- ‘0ad. For that, H-bridge method has been followed. The 12 volts has been supplied from a

«==ry which supplies constant 12 volts dc. At first, SOHz pulse has been generated using
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SG3524 pulse generator .SG3524 is an anti-square wave generator which has two outputs.
180 degree shifted pulse can be obtained from two different outputs. Then, those pulses of
amplitude 12 volts were given to the gate of the MOSFETs which were used as switches.
Two NMOS and two PMOS have been used for the switching purpose. The PMOS has been
used in the high side switching or during positive switching and the NMOS has been used in
‘he low side switching or during negative switching. The MOSFETs here conduct in pairs. As
ane NMOS and one PMOS conduct as a pairs so we have two pairs here. The gate of each
nair has been shorted. Now the generated output pulse from two outputs of the square wave
zenerator has been given to two pairs for conduction. When positive pulse appears at the gate
 the MOSFETs, they turn ON and during the appearance of negative pulse they remain

FF. While positive pulse from one output appears to the gate of one pair, they turn ON but
=1 the same time the other pair remains OFF because negative pulse from another output
opears at the gate of other pair as anti-square wave has been generated from two outputs.
>(3524 has been designed in such a way that it generates the pulses with dead time

-zlculation. So, there is no chance for the MOSFETs of same leg turning ON simultaneously.




-z conduction of the H Bridge MOSFETs produces a 12V ac voltage at the output. The 12V
. voltage is fed into a step-up transformer to get a 220V ac voltage at the output of the
_sformer. A snubber circuit has been used in between the H-bridge and transformer
~nection. Due to several factors, the ac voltage at the input of the transformer does not
.~ .4n a constant 12V. Due to this variation, the voltage at the output of the transformer
.25 as well. Thus to overcome this voltage variation, a feedback circuit is used from the

.Tat to the input of the pulse generator i.e. S(G3524.

-« feedback is such that an opto-coupler (4N35) is connected from the transformer output to
- aput pin (Vee) of the pulse generator SG3524. The purpose of the opto-coupler is to
.2¢ the pulse generator from the 220V high output stage as well as detect any variation in

. utput.

- .r method 2

. 5G3524 generates a 50Hz pulse which is to be supplied to the MOSFETs. The pulse
=5 out of two output pins of the 8G3524, one 180dcg shifted from the other.

.23 method, we have used only two N type MOSFETs for switching at the negative side.
- rusitive voltage is directly supplied to the centre pin of the transformer connected at the
- While a positive pulse comes to the gate of one MOSFET, a negative pulse arrives at
. .z¢ of the other MOSFET tuming it OFF. For this reason, the two MOSFETSs cannot be

:>the same time. The circuit diagram is given below,
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Fig 3.2(¢) Schematic diagram of the inverter in method 2

* .3 configuration, a MOSFET protection circuit, a Snubber Circuit and a filter circuit is

Filter
- circuit

LOSFET Snubber

prstection L~ circuit
circuit . 4o\
3 \
- s
1 : F
]I 1
é« |
1 !

Fig: 3.2(d) Schematic Diagram of MOS Protection, Filter and Snubber circuit
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~:fore the pulse arrives at the MOSFET gate, it passes through a filter circuit where the
«-1th of the arriving pulse is reduced in order momentarily tum the MOSFET ON and OFF

-igh enables smooth conduction.

~Ten the MOSFET turns ON, a negative 12 volt appears across one coil of the transformer.

- a result of the voltage, a back emf is produced at the transformer coil which opposes the
x:7ua) polarity of the appearing voltage. To minimize the effect of this back emf, the Snubber
. zuir is used. The Snubber circuit comprises of a diode and a resistor connected in parallel
==& a capacitor connected in series with them. It is connecied in such a way that when

- sitive emf is gencrated the diode is forward biased and the charge goes through it and gets

- ad in the capacitor. When the MOSFET is OFF, the capacitor discharges and neutralizes

. hack emf,

uther stage is need for this operation, which is MOSFET protection circuit. This circuit is
-sically used to protect the MOSFET form abnormal voltage. The circuit contains an NPN
- =s1stor; the collector of the transistor is connected to the gate of the MOSFET switch. A
:zricitor and a resistor are connected in parallel in the base of the transistor. Five diodes are
- -:ided and connected in series with the parallel combination of capacitor and resistor.
-~ <her diode is connected between the drain of the switch and the edge of the cascaded
“Zz3. When abnormal voltage appears the diode that connected between drain and cascaded
-~ remains forward bias. And let the current flow the cascaded diodes. All the diodes are
- ==z that provides 0.6V drop across it, so maximum 3V drop can be occurred here. If the
.~ rmal voltage is lower than 3V this series combination will never tums ON, and if it is
=27 nan 3V all diodes activates and charges the capacitor, which stores this voltage. If the

- =zl is significant NPN transistor remains ON and by force it OFFs the NMOS switch.

2~ discussion on the designing criteria of power MOSFET is done in a sub-section in this

.- <alled “power MOSFET choosing”. This section highlights how a better power

w# === [ can be designed, which does not necd any protection circuit during operation.

-~ methods were constructed and afler experimentation it was observed that method 1
#. ~ - complexity during high side switching. Besides, in method 2 there was no high side
- . "< so internal switching loss was comparatively less in method 2 than that of method
~ —hod 2 was a beiter option in terms of efficiency as well as in terms of complexity.
. ~al hardware has been constructed following to method 2 and the design part will be

mlinzly.
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Functional Description of parameters in Internal Blocks

]
Ak

1 SG3524 Square wave Generator

§G3524 ... D, N, OR NS PACKAGE

(TOP VIEW)
IN- [} 1 ~ 16{] REF OUT
IN+ [} 2 15{] Vero
oscouTl]s  #]l EMIT2
CURR LiM+ [] 4 13[] coL2
CURR LIM- [} 5 12]] COL 1
RT [} 6 1] EMIT1
cT{l7 10[] SHUTDOWN
GND [] 8 9|] comp

Fig 3.3.1(a) Top view of SG3524

. S(3524 incorporate all the functions required in the construction of a regulating power
“'v. inverter, or switching regulator on a single chip. They also can be used as the control
~ 7 ent for high-power-output applications. The SG3524 were designed for switching
. —.ztors of polarity, transformer-coupled de-to-de converters, transformer less voltage
-.ers, and polarity-converter applications employing fixed-frequency, pulse-width
_:lation (PWM) techniques. The complementary output allows either single-ended or
-—-pull application. Each device includes an on chip regulator, error amplifier,
-r4mmable oscillator, pulse-steering flip-flop, two uncommitted pass transistors, a high-

comparator, and current-limiting and shutdown circuitry |1].
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“w=ctional block Diagram:

16 Reference 18
V - —y - —— —  ——— . & SN REF DUT
cc t Regulator
h Veot
— - ® - |
Vref { ‘/_12 COL1
2 R ] T ﬁ A3 EMITH
Vret T : coL2
T - i .D)' ’\/
ST
Rt 8 S h ' *-—«1; EMIT2
7 Cscliiator oS OS8C ouT
(o3) v
Vret Mmoo
IN- 1 =
-
N+ 2 le i Comparator
g Il ™ i
COMP — * ~— Error Amplifier
1
4 Vief |
CURR LIM+ 22— = i
CURR LIM- 2——]- |
T 1
10 N
$=TDOWN —— M\ — e
1k 5 A
nes |
GND !
I

Fig 3.3.1(b) Functional Block Diagram of SG3524

“=aciple of operation

“I<isa 16 pin IC. It has an internal triangular wave generator, which is generated by pin
n 6 is basically a timing resistor (RT), which operates on a fixed frequency. Pin 7 is

=z capacitor (CT), RT establishes a constant charging current for CT. This produces a
« =amp at CT, which is fed to the comparator, providing linear control of the output pulse
1 (width) by the error amplifier. SG3524 contains a 5V voltage regulator[1]. Pin 15 is

“s Vcc is applied a 5V regulated output appears at pin 16. The internal reference
o= is divided externally by a resistor ladder network to provide a reference within the
—on-mode range of the error amplifier or an external reference can be used. The output is
== by a second resistor divider network and the error signal is amplified. SG3524

=75 two built-in transistors [2].

~ and 13 are the collectors of the transistors and pin 11 and 14 are the emitters. The
-7 the transistors are internally connected to two 3 input NOR gates. One leg of each of

~put NOR gates are connected to the complimentary outputs of a T flip flop. Another
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pin of each of the NOR gates are connected to comparator outputs, and another one is
connected to an oscillator. Pin 4 and pin 5 are used to limit the current and protect agamst
over load and over current. If no external reference is provided then the amplifier uses an
internal reference. If the reference current crosses a particular limit, the SG3524 gets shut
down automatically. Pin 10 is the shut down pin which is nothing but a common emitter NPN
transistor. If the pin remains high the transistor is ON and shuts down the IC. And if low

signal arrives at the pin, the output gets signal [2].

Pin 1 and pin 2 are the inputs of a P controller where pin 1 is a reference input and pin 2 is a

szadback input. And the output of the P controller is pin 9.

~ signal from CT is compared with the rcference voltage to produce a pulse. The signal at the

;omparator output remains high, until the CT voltage is greater than the reference voltage,

herwise it remains zero.

A A A — Ramp respanse from CT
£ /

a1 ok BZ0N| QI0N | Q20N

Fig 3.3.1{c) Ramp Response

2324 is designed in such a way that two transistors remain ON in two different periods,
~:-h makes an anti phase square output. The transistor gets ON if a high pulse arrives and a

. .zre wave at the output is obtained. One advantage of using SG3524 is the duty cycle of

- 2ulput can be varied.

A

" 3.2 Introduction to Power MOSFET

- ~ver MOSFET (metal oxide semiconductor field-effect transistor) is a specific type of

~FET designed to handle significant power levels[5].

.iin advantages are[5]:
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L high commutation speed
ii.

good efficiency at low voltages.

iil. easy to drive (as it shares with the IGBT an isolated gate).

e power MOSFET is the most widely used low-voltage (i.e. less than 200 V) switch. It can

~= found in most power supplies, DC to DC converters, and low voltage motor controllers[5].

D

G

S
Fig3.3.2(b): Power MOSFET symbol

123.3.2(a): Power MOSFET

== :I-F:-S oo +
/e Saturation Region

Ereaxdawn
(mosfet "ON"}

4

/ Vas = Yoo

Cut-aff Ragion
(mosfat "OFF")
|~

Vas =0

Fig 3.3.2(¢c): IV characteristics of power MOSFET]6].

=v power devices has two kinds of breakdown states:

primary breakdown

secondary breakdown.

~mary breakdown usually causes:
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1. Over current
2. Over voltage

High temperature

142

- v above mentioned problems, power MOSFET is preferable due to its average current
~ing. Power MOSFETs have no reverse bias junction, which means it enables over current
-watection or other way it can be said that it can take momentary or peak current. But

ZOSFET is a voltage dependent device so its gate should be sealed [5].

"OSFET does not have the secondary breakdown property because it does not have the
-=verse bias junction. As MOSFET has positive temperature coefficient so its temperature is
-portional to the resistivity. As a result it will provide an automatic current spreading. Only
.~ction based devices have the secondary breakdown property. As MOSFET is a junction

¢ device it can be used in parallel [5].

“ower MOSFET choosing

-wver MOSFET is popular for use in switch-mode power supplies, power MOSFETs have
- 2rating frequencies that are continuously being increased to reduce device size and increase
- wer density [19]. But it results a high di/dt, that make the negative effect stronger from
- _-asitic inductance, and causes high-voltage spikes between the power MOSFET drain and
wree during device turn-off. The spike is even worse during power up because of the empty
* .x capacitors and the inductance on the transformer primary side being so low it almast

.. _ils the leakage inductance [ 19].

vadays robust design of power MOSFETs lets them resist of certain stress levels that
- ct:nate the need for expensive protection circuits, if designers carefully analyze

.Tlurmance parameters.

:lanche-mode analysis and junction-temperature estimation are two practical and effective
.ods for choosing the optimal power MOSFET for switching power applications.
--ing to apply these methods will, at the same time, give designers insight into the

:ate balance between cost and reliability [19].
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ivalanche-mode analysis

= real applications, overvoltage conditions can be classified into two different groups. One
-ondition is when the power MOSFET's drain-source voltage exceeds the absolute maximum
~=cified, but lower than the device's breakdown voltage. Device then suitability can be

=termined through junction temperature analysis.

2 second condition results when the device breaks down and goes into avalanche mode.
_anng this stage drain-source voltage is clamped to its effective breakdown voltage and the

-zrtent is commutated through a parasitic anti-parallel diode.

nen breakdown occurs, device feasibility in any application is easy to determine using three

miple parameters [19]. Those parameters are given as following:
* The peak current through the power MOSFET during avalanche (Is).
* The junction temperature (T}) at the start of the unclamped inductive switching (UIS) pulse.
* The time the power MOSFET remains in avalanche (tav).

~esigner can check the UIS capability of the device by plotting Ias and tay on a graph for a

—ven starting Tj. The plot is given below:

< |

£ |

o ‘ Starting T, = 25°C

=

=]

o

2 10

(6]

<

) |

3 | Starting T, = 150°C

< |

e
o I 1 S A A 1| |
0.01 0.1 1 10 100

t,, Time in Avalanche (ms)

Fig 3.3.2(d) Avalanche mode Curve
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-.y: In a power MOSFET's unclamped-inductive-switching (UIS) safe-operating-arca (SOA)
--aph, the safe operating area is below "Starting T; = 150°C" line while the area above the
starting Ty = 150°C" line is beyond the devices rating. The area between the two lines

“:3uires special considerations {19].

“ere are three critical areas that known as the UIS safe operating area (SOA) are shown i

-2 above figure:

~ elow and to the left of the maximum junction temperature (150°C) line.

~ above and to the right of the 25°C line.

T zetween the two lines.

~rzas 1 and 2 are easy to determine: either the device is within the UIS SOA rating t}:. -
~:vond the rating (2). When the plot falls into area 3, it is necessary to calculate the junciien

:mperature of the power MOSFE| at the start of the UIS pulse to determine applicabifits.

=15 graph can also be applied to repetitive pulses through a superposition technigue, whers:=

» I8 pulse is evaluated separately, as if it were a single pulse. Usually, the last puise = 2
-=:es of power pulses occurs at the highest junction temperature and, thus, represenis =z
arst stress. If the power MOSFET is within the UIS rating for the last pulse, it 1s cemi:

~zun the UIS ratings for previous pulses which occurred at lower junction temsperaiimz:

“stimating T,

- ver MOSFETs breakdowns rarely. If the drain-source voltage exceeds the absoliue

~_simum rating it occurs. The drain-source breakdown voltage (BVpss) of a power
SSFET has a positive temperature co-efficient, so as temperature rises, a higher voltage is

- .uired to cause breakdown [19].

--ording to the Fairchild data FQA11N90C 900-V MOSFET (MOSFET package} has z
perature coefficient of 1.02 V/°C, so at 120°C its BVpgs reaches about 990 V. In many

~=: 3. the ambient temperature during MOSFET operation is over 25°C and the power [oss




causes the junction temperature of the power MOSFET to rise above the ambient

remperature.

In a real breakdown condition, the drain current reaches a much higher level and the
breakdown voltage is even higher than the above value. For practical purposes, breakdown
voltage in real applications is calculated at 1.3 times the rated low-current breakdown voltage

19].

cven though the abnormal voltage spike did not cause a device breakdown, the junction
“2mperature of the power MOSFET should be kept below the specified maximum junction

“omperaturc to ensure reliability. The steady state junction temperature can be expressed as:
;= PpReyc+ T¢

~nere Ty is the junction temperature, Te the case temperature, P the power dissipated in the
unction, and Rpje the steady-state thermal resistance between the junction and case of the

AOSFET.

- our proposed methods, the power MOSFETSs that have been used are:

1. IRF Z44 N Channel MOSFET
2. IR¥ 9520 P Channel MOSFI-T

>.3.2.1 IRF Z44 N Channei MOSFET

“F Z44 1s an advanced power MOSFET. It can handle current up to SOA and drain to source

liage up to 60V. IRFZ44 have the following features:

e Avalanched rugged technology.

e Rugged gate oxide technology.

e Low input capacitance

e Improved gate charge.

e Extended safe operating area.
e High operating temperature.

o Low leakage current: 1 (uA (MAX) at Vpg =60V.
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Fir 3.3.2.1{a): IV characteristics

33.2.2 IRF9520 P channel MOSFET

.ammel on resistance of 0.6Q[4].

- F9520 has the following features:

Lower channel on resistance Rpgiony = 0.020Q2.

Fig 3.3.2.1(b): Transfer characteristics

~ipolar switching transistors which require high speed and low gate drive power. It can

:ndle current up to 6A and drain to source voltage up to 100V. It requires a minimum

Designed, tested, and guarantecd to withstand a specified level of encrgy in the

breakdown avalanche mode of operation.
Single Pulse Avalanche Energy Rated.

Nanosecond Switching Speeds.

SOA is Power Dissipation Limited.

Linear Transfer Characteristics.

High Input Impedance.

V. Wad

RF9520 P channel MOSFET is an advanced power MOSFET. It is designed for high power

AR



)
"

I, DITAIM CURRENT (A]

" e — -
D Vgg = -9V
.&. VGS =-BY
s i
:| E ] Vg =7V |
! !
PULSE DLRATION = 80us
-4 |—f-—- DUTY CYCLE = 0.5% MAX.
| | ¥pg = -6V
2| |
Vgg =5V
[ Vog =4V
0 L i
q -10 20 -30 -40 -50
Vps, DRAIN TO SOURCE VOLTAGE (V}

Fig 3.3.2.2(a): IV characteristics{3]
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Fig 3.3.2.2(b): Transfer characteristics[4]

3.3 Driver circuit

-~ the MOSFETs that have been used for switching are power MOSFETS, the driver circuits

2ve been chosen in such a way that they can drive those power MOSFETs with ease.

“ywer-MOSFET gate driver

~er-MOSFET gate driver is a power amplifier that produces a high current gate drive for a

wer MOSFET from a low power input of a controller 1C. It is required when a PWM

—iroller cannot provide the output current required driving the gate capacitance a power

. SFET. Gate drivers may be implemented as dedicated ICs, discrete transistors, or

~sformers. Partitioning the gate-drive function off the PWM controller allows the

—roller to run ¢ooler and be more stable. It is done by eliminating the high peak currents

- zeat dissipation needed to drive a power MOSFET at very high frequencies [8].
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Fig: 3.3.3(a) Power MOSFET gate driver

~g 3.3.2.8: Equivalent circuit showing components that have greatest effect on switching.

A simplified model including the parasitic components that influence high-speed switching,
2ate-to-source capacitance (CGS), the gate-to-drain capacitance (CGD), and drain-to-source
. 1pacitance (CDS) is shown in the figure above. Values of the source inductance (LS) and
srain inductance (LD) depend on the MOSFET s package. The other parasitic component is
<@, the resistance associated with the gate signal distribution within the MOSFET that

ziTects switching times [9].

.+ important attribute for the gate driver is its ability to provide sufficient drive current to
- .ickly pass through the Miller Plateau Region of the power-MOSFET’s switching transition.
~filler Plateau Region: In the gate charge characteristics curve a flat horizontal portion is
~served which the so called Miller Plateau Region). When the device switches, the gate
- tage is actually clamped to the plateau voltage and stays there until sufficient charge has
~zen added or removed for the device to switch. It is useful in estimating the driving
-;ulrenients, because it tells that the voltage of the plateau and the required charge to switch

~: device. Thus the actual gate drive resistor can be calculated, for a given switching time

.

~his region occurs when the transistor is being driven on or off, and the voltage across its

;.e-to-drain parasitic capacitor (CGD) is being charged or discharged by the gate driver.

- zure 2 plots total gate charge as a function of the gate-drive voltage of a power MOSFET.
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Fig 3.3.3(b) Gate Charge vs Vgs of a Power MOSFET][10]

river circuit is also required because the Power MOSFET switches in their non conducting
ndition are subject to a spurious turn-on if the drain source voltage changes abruptly. These
tage variations usually occur in a very noisy environment. These spurious transitions are
‘bject to both external circuit conditions and to parasitic elements of the MOSFET power
tch itself. While an unwanted transition of the MOSFET from on-state to off-state may be
aging to the performance of the overall power system, a spurious transition from off-state

n-state is frequently very severely damaging to the MOSFET power switch itself and in

Qu:, Tetol Gate Charge [n]

13

a0

4
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-raln instances may cause its immediate destruction[7].




3.3.4 Optocoupler (4N35)

Optocoupler is basically an electronics device that isolates a particular side of the circuit from
high or rapidly changing voltage side. Electronic equipment and signal and power
transmission lines can be subjected to voltage surges induced by lightning, electrostatic
discharge, radio frequency transmissions, switching pulses (spikes) and perturbations in
power supply. In our proposed method, the 4N35 model has been used for the feed back

stage.

" 3
EN

>

4

Fig 3.3.4(a) Optocoupler

An optocoupler contains a LED and a phototransistor, a barrier is provided between LED and
phototransistor so that the transistor and the LED can be isolated. LED and the transistor are
separated so that light may travel across a barrier but not the electrical current. When an
zlectrical signal is applied to the input of the optocoupler, its LED lights, and its light sensor
then activates, this light emission turns ON the phototransistor and a corresponding electrical

signal is generated at the output.

With a photodiode as the detector, the output current is proportional to the amount of incident
zht supplied by the emitter. The diode can be used in a photovoltaic mode or a

~hotoconductive mode.

1 photovoltaic mode, the diode acts like a current source in parallel with a forward-biased
ziode. The output current and voltage are dependent on the load impedance and light

alensity.

7 photoconductive mode, the diode is connected to a supply voltage, and the magnitude of

1e current conducted is directly proportional to the intensity of light.
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nlike a transforrner, the optecoupler allows for DC coupling and generally provides

onificant protection from serious overvoltage conditions in one circuit affecting the other.

4 Design Criteria

ne specification of the inverter is given below:

Ywer output 60 Watt
utput voltage 220 Volt A.C
put voltage 12 Volt D.C
equency 50 Hertz

4.1 Design of the Driver Stage

4.1.1 Driver circuit for N channel MOSFET

or method 1

» construct the driver circuit for N channel MOSFET, one 4148 diode, two PNP and one
PN transistors have been used. To bias the MOSFET properly, R3 and R1 have been placed
scries which means a large portion of the supply voltage has been given at the gate of the
OSFET. This is because it is known that, with increment of gate to source voltage, drain to
urce voltage will be lower which means the drop across the MOSFET will be minimum. A
tficiently large resistance R2 has been connected from the collector to base of PNP-1 to
ndle large current. R4 has been used at the collector of PNP-1 to give the maximum

“ltage at the gate of the MOSFET {7].
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Fig 3.4.1.1(a) Schematic Diagram of N Channel MOSEET Driver for method 1

While the positive pulse appears the NPN turns ON which eventually turns ON the PNP- 1.
As PNP-1 is turned ON, the power supply voltage appears at the gate of the MOSFET and
turns it ON. The NPN transistor remains Ot ¥ while negative pulse appears. As a result the
PNP-1 gets out of biasing condition. As the collector of the PNP-1 is connected to ground
through a resistance so a negative voltage from ground appears at the gate of MOSFET which

turns it OFF.

During the ON state time of MOSFET, a capacitance is formed due to the applied positive
voltage to the gate which holds the voltage across it. At high frequency the MOSFET
switches rapidly. Immediate after the positive pulse, when negative pulse appears the
MOSFET does not turn OFF Instantly due to that capacitive effect which can be harmful for
the device. To avoid that capacitive effect a PNP -2 transistor is used. This transistor is
connected between the gate of the MOSFET and the ground. The base of PNP-2 is shorted to
“he collector of PNP-1. When the negative pulse appears immediate after the positive pulse,
71e PNP-2 gets ON and the storage charge that formed due the capacitance across the gate

z2ts discharge instantly [7].
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For method 2

For construction of the driver circuit for this method, two PNP and one NPN transistors have
been used. RS is chosen in such a way that during floating point, the negative through the RS
resistance turns the PNP ON and thus negative pulse reaches at the gate of the MOSFET

which eventually turns it OFF.
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Fiz 3.4.1.1(b) Schematic Diagram for N Channel MOSFET Driver for method 2

While positive pulse appears the diode gets forward biased and the pulses makes its way to
the gate of MOSFET and turn it ON. Immediate after that stage during floating point, the
~cgative through the R3 reaches at the base of PNP which turns it ON and thus a negative
~ulse appears at the MOSFET gate and turns it OFF.

3.4.1.2 Drivercircuit for P channel MOSFET

2 construct the driver circuit for P channel MOSFET, a 12 volts zener diode and an NMOS
- needed. Actually, the NMOS controls the operation of PMOS here. R6 has been chosen in
:zch a way to bias the NMOS properly. R7& and R8 has been connected in series. R7 usually
- small value than R8 so that the NMOS can easily drive the PMOS. The zener diode has
~een placed in between supply voltage and gate of PMOS. It actually holds the 12 volt across

- and maintains this voltage during supply voltage variation [12].

-:¢ principal application of the p-channel, enhancement mode POWER MOSFET is in
~itching power (or voltage) to grounded (ground return) loads. To drive the FET properly,

"2 gate voltage must be referenced to its source. For enhancement-mode MOSFETs, this



gate potential is of the same polarity as the MOSFET’s drain voltage. To tum on, the n-
channel MOSFET requires a positive gate-source voltage, whereas the p-channel MOSFET
requires a negative gate-source potential. During switching, a MOSFET’s source voltage
must remain fixed, as any variation will modulate the gate and thus adversely affect

performance. The circuit diagram is given below:

; H pMos
— e
1 bl
L .
RT <1k
il | =
R ll_l
- T
> L= NMOS LOAD
t

Fig 3.4.1.2{a) P Channel MOSFET Driver for method 1

From the above figure it is seen that the source of the NMOS is connected to the ground and
the drain is conmected to the gate of PMOS through a resistance. A resistance is connected
from gate of the NMOS to ground. As the positive pulse occurs at the gate of NMOS it gets
ON. For which a negative voltage appears to the gate of PMOS and turn it ON. When the
negafive pulse appears to the gate of NMOS it remains OFF, so the supply voltage comes
across the gate of PMOS for which it remains OFF {12].

As method 2 has been selected for final hardware construction so the design of the driver

stage is shown below in the figure:
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Fig 3.4.1.2(b) Schematic diagram of driver and power output stage
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3.4.2 Design of the 50 Hz Antiphase Square wave Generator

The oscillator control frequency of the SG3524 and is programmed by RT and CT as shown

in the figure:

Ay

Ll
e
—y
_—
&

- |
8 1l = = ]
o + - TUUL
i} 7 1[0
3 s J
0.1y vor T’\f\-ﬂt—'n 1" k

5 Sk
=

!

| e
| M 3 14
wi= 4 10k 02 1
2 o | e 1
nodet 12V =
= | . =
i ]
Loty 100k l 5 L L
Im” 1 1k %2.2&: = 10k
== 1 —AM l

WA—F]
2
A
2
—

POT,

1
—3 % a7k é Taz
il

Fig 3.4.2(a) Schematic diagram of the frequency generator stage

Practical values of CT range from 0.001uF to 0.1uF. Practical values of RT range from 1.8k
to 100k. This results in a frequency range from 130 Hz to 722 kHz.

As our motive is to supply a constant 50 Hz frequency from the pulse generator to the gate of
the MOSFET for switching purpose, so we have chosen the value of RT and CT in such a
way so that the frequency remains 50 Hz. The 50Hz generation process is described as

following:

The collectors of two transistors are connected with Vcc. The 180 degree phase shifted
outputs are taken from two emitters of the transistors. It is said in previous that a reference
voltage is generated as power supply is concerned. Pin 7 and 6 generates the triangular wave
signal. In pin 6 a resistor 56k is connected in series with a 5k variable POT. A stable S0Hz

frequency can be obtained varying this POT. Pin 1 is used for adjusting duty cycle. A



resistance network is built in pin 1 as shown is the figure, two parallel capacitances are used
in order to hold the terminal voltage. The supply voltage is divided in such a way that the
maximum drop comes across the POT. Varying the POT duty cycle of the wave can be
adjusted. Pin 9 is the output of comparator. The output of the comparator is connected to pin
16 with a resistance divider. Pin 16 is a reference voltage that is generated applying power
supply. Now this voltage is divided with two 4.7k resistances and feedback to pin 2. Another
47uF capacitance is used to hold that terminal voltage. Pulse width would vary if the Sk POT
get varied. Any change pin 1 voltage varies the POT fixes the pulse width.

3.4.3 Design of the power output stage

The power rating is 60 watts and the output voltage is 220 volts.

Let the load is resistive, so the load current

60
[2= —=0.2727 A
220

Let the transformer primary voltage is 12-0-12 volt and transformation ratio is

The corresponding primary current

2 0.2727
[[= — = — =5004A=5A
a 0.0545
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Fig 3.4.3(a) Schematic diagram of the power output stage

. semiconductor switching device is needed which is able to carry this SA current. IRFZ44
nd IRF9520 are the suitable devices for that. The ratings of these devices are discussed in
revious sub-sections. The connections of these devices have been shown in the above figure.
ow, as SA current is flowing through the drain of the MOSFET. So, from the equation of
rain current (in linear region),

w V2
| (linear) = p Cox ?X {(Vgs-Vt) Vds} - ? .......... (xiil)
rom the above equation, assuming the value of Vds small as the switching loss is very low
scording to our design. Then the square term can be neglected. Now, taking a constant value
f conduction parameter, threshold voltage, the value of Vgs can be obtained which is

ifficiently a large value.

he square wave generator stage is not able to carry this amount of voltage. So, multiple

age amplification is required.
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3.4.4 Total Harmonic Distortion (THD) analysis

The equation of total harmonic distortion is given below:

[*¢]

Z (VRMS )2 o (VIRMS )2

THDv = \/"‘2

Vi uss

From the simulation the fundamental peak is obtained approximately 10.80V for first method.
And for second method it is about 9 V.

(Vsz‘ V12rms) -

2
VlT'mS

Therefore, THD for the first method is =

=0.4843

=48.43%

V2_y2 0.5
THD for the second method is = (s ;TmS)
irms

=0.8819

=88.19%

So the above calculation states that method 1 gives a better THD response. Huge amount of
harmonics occurs for second method. It can be said that, there’ll be less harmonic distortion

for method 1.
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3.4.5 Selection of the output Transformer

In this project we have used a 12-0-12 transformer. Which means it is a center tapped

transformer with three phase input. And it has current ratings of 6A.

In this section a brief discussion is done regarding transformer. This section highlights the
improvement that can be done to design a transformer. This will result a decent construction
of a single phase inverter. A transformer will provide best characteristics when the primary
coil that takes over magnetization of the iron core fits closely around the core [2]. In this
project transformer would be the 220 Volts coil, on our inverter however it will be the 12 volt

coil.

The main objective is to choose the number of turns so that the desired voltage could

generate.

For the computation of the numbers of turns the following consideration applies:

Computation

We specify the maximum magnetic induction on a value of 1.5 Tesla [2]. For computation

now only two simple equations are necessary:

1. Uwyg=nxFn......... (xv)
n=Uipq x /F
2. F=BxA.......... (xvi)
ind=induced voltage n=number of turns
F = magnetic flux t=transistor switch-on time
3= magnetic induction A=cross-section area of transformer core

“or power electronics resistive load shall not calculate on energy conversion. Thus the whole
fattery voltage will apply on the transformer coil for the whole switch-on time of the

ransistor. The switch-on time results in 5 milliseconds; depended on the period of the 50
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cycles / second oscillation and a duty-cycle of 25% (period of a 50 cycle oscillation is 1 / 50

Hz = 20 milliseconds).
I'hese calculations are done for 60 VA transformers.
At low frequency such as 50-120Hz should use laminated core

Let the cross-section area of the transformer calculates to A = 60 mm x 80 mm = 4,8 x 107
m [2].

Uing =12 Volt B=1.5Tesla=1.5 Vs/ m*

= 5 118 A=4.8x 107 m*

With equation 2 magnetic flux calculates to F=B x A =1.5 Vs/ m” x 4.8 x 107 m’=72x
02 Vs

vow the value of F is being set in equation 1.

~umber of turns on primary Np=Ujpq x t/F = 12 V X 5 x 107 s / (7.2 x 107 Vs) = 8.33

rounded up 9 turns).

Sumber of turns on secondary Ng= Uing X ¥F =220V x 5 x 10° s /(7.2 x 107 Vs) = 152.78

rounded up 153 tums).



4.6 Design of the Feed Back Stage

he circuit for feedback stage is given below:
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Fig 3.4.6: Figure of feedback stage

bove figure is proposed for feedback output stage. In this project the feedback stage is not

onstructed practically. This is a proposal that can be applied as a feedback stage.

eedback circuit contains an optocoupler. The voltage that is obtained to the output is
edback to the comparator of SG-3524 through optocoupler. Optocoupler isolates the pulse
eneration circuit, apart from high side. 220V output voltage passed through a full bridge. So
unidirectional AC voltage can be obtained. If AC voltage is applied to the optocoupler
iput, then the diode within the optocoupler remains forward bias only for half cycle. It will
>main OFF for the negative cycle. That’s why a bridge is used here. When the corresponding
arrent of 220v goes from the internal diode of optocoupler, it induces a minimum voltage
rop of 0.7V across it and generates a light. This lighting tums on the photo transistor, which
1akes the collector and emitter short. The collector was biased with the supply voltage.
herefore supply voltage goes to the resistance divider terminal as shown in above figure,
nd the pulse width get adjusted by the POT in order to generate anti phase S0Hz square as

escribed in previous section.
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Construction and Testing

.1 Construction

- different block designs discussed previously in this chapter were constructed in Vero

rd. Each block after construction was tested individually.

.2 Testing

- following tests are made for calculating the performance of designed inverter.

2.1 QOutput Wave shape of Square wave Generator

ording to the design, the output should be two antiphase square waves of 50 Hz, having

rolt peak.

photograph is shown below, is taken from an oscilloscope screen, when the oscilloscope

wmnected to the output of the stage.



uare Wave Generation from SG3524

2.2 Voltage Wave shapes of transformer Primary

method 1

Primary voltage wave shape at no load

Fig 3.5.2.2(a)




For method 2

The voltage wave shapes of transformer primary and secondary are shown below

(b) Primary voltage wave shape at no load

Fig 3.5.2.2(b)

(c) Secondary voltage wave shape at 60W load

Fig 3.5.2.2(c)
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3.5.2.3 Constructed Single Phase Inverter

Fig 3.5.2.3(a) Inverter Hardware Fig 3.5.2.3(b) Inverter with SW load

.

Fig 3.5.2.3(c) With 60 watt load Fig 3.5.2.3(d) Wave shape at 60W load

[ -
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1 the above table, it can be observed that the experimental values are more or less similar
e theoretically calculated values. Due to some internal losses in the transformer coils and
t parameters like diodes, transistors, the obtained output power differ a little than the

red quantity which is in suitable range.

Conclusion

inverter was constructed and tested and found to work satisfactory with operating input
age of 12V. The output voltage of this inverter is almost constant at given load. The

rimental input and output wave shapes matches the computer simulated wave shapes.




CHAPTER 4
TECHNIQUE OF IMPROVEMENT IN
EFFICIENCY

4.1 Introduction

Efficiency, literally, means the capability of a specific application of effort to produce a
desired outcome by wasting the minimum amount of effort. In engineering terms, it can be

said that efficiency is the ratio of a machine’s energy output to the energy input.

For an inverter, we can say that efficiency is the percentage of power that goes into the
inverter and comes out as useable AC current. In our proposed project, we emphasized more
on the inverter efficiency. Our effort was to reduce the internal loss of the circuit of the

inverter and get the maximum output power.

4.2 Proposed Technique for Improved Efficiency

The operation of our proposed inverter is mainly based on the switching of MOSFETs. In a
conventional inverter built nowadays, the switching is done using only N-type MOSFETs.
The reason of using NMOS 1is that it gets less heated while switching. But on the other hand
the efficiency is being compromised using only NMOS. This is because we experimented our
proposed inverter using only NMOS and found that during positive switching, NMOS does
not function properly. There is a noticeable voltage drop, i.e. around 3V across the NMOS.
As a result, the desired output was not obtained at no load. Due this significant drop across
NMOS at high side. full conduction is not possible at no load output and thus the internal
loss increases and the output power is not as desired. Thus in our proposed inverter, we have

implemented two methods.



For method 1

In our proposed inverter, we used PMOS for the positive or high side switching and NMOS
for the negative or low side switching. The advantage of using PMOS in high side switching
is that the voltage drop across the PMOS while switching is very low i.e. 0.3V compared to
the NMOS’s 3V. Also, using NMOS for low side switching gives us a smooth conduction
with a very less voltage drop. As a result, using this arrangement, we were successful at

reducing the internal loss of the inverter and get almost full conduction from the MOSFETs.
For method 2

In this method, we used no switching in the positive or high side. The supply voltage from
the battery had been directly connected to the one terminal of the transformer. As a result,
there was no switching loss at the positive or high side. Besides, using NMOS in negative
side provides smooth conduction due to the high mobility of electrons in it. So, this

arrangement was more beneficial to reduce internal loss and increase efficiency.

After experimenting both the methods, it was observed that method 2 was much better than
method 1 in terms of efficiency. Besides, some compiexities were also observed in method 1
during positive switching. So, afier experimentation, method 2 was found to be a better one

and had been finalized for the final hardware construction.

4.3 Implementation and Qutcome

Method 1
At no load, we achieved the output voltage of 10.63V by giving an input of 12V, So, by using
PMOS for high side switching and using NMOS for low side switching, we were able to

increase the inverter efficiency.

output voltage

X 100 %

Efficiency = —
input voltage

= 113 % 100%
12

=94.17 %



———asa

Method 2

At no load, we achieved the output voltage of 11.6V by giving a 12V input. So, by switching
only the negative side and connecting the positive side directly to the transformer, we were

able to achieve an even better efficiency compared to the previous method.

cutput voltage
Efficiency = 7 g X 100 %

input voltage

11.6
= —X 100
12

96.67 %

['rom the above two calculation it is obvious that method 2 has much better efficiency than
method 1. So, it can be said that the cxperiment for improving efficiency by reducing internal

loss was a success

4.4 Conclusion

One of the prior concerns during construction of the inverter was the efficiency. That is why,
two methods were put into operation and the better solution in terms of efficiency was finally

constructed. The notion was to improve the efficiency by reducing the internal switching loss.



CHAPTER 5
SUMMARY, CONCLUSION AND
RECOMMENDATIONS

| Summary

single phase inverter under fixed output voltage is designed and constructed in this project.
chapter-1, introductory discussion, proposed method and scope of the project is discussed.
nciple of operation, modulation technique is discussed and computer analysis is done in
apter-2. In Chapter 3, details design procedure; construction and testing are discussed and

died. Chapter 4 includes discussion on efficiency and the techniques to improve it.

* Conclusion

e output voltage of this single phase inverter is square wave. The square wave sometimes
kes problems in reactive circuits. It restrains several harmonics, which causes heating. But
> the important benefits of square wave are that its peak value is constant with respect to
ie. To operate a transistor at a definite voltage, the square wave does not take any time
ereas the sine wave takes some time for the transition to the peak.

= output voltage of the inverter is constant up to the designed load. When the battery is
ir to discha-rge level the output voltage does not remain constant. By the proper design of a

nsformer and by the use of a fully charged battery this problem can be solved.

¢ Suggestions for Future Work

e inverter that is constructed for this project is for fixed load. Our suggestion is to design
« inverter for variable loads, by introducing a feedback network. Another important aspect
1armonic distortion. The design would be more efficient, if harmonics effect is reduced

m the output. Single phase inverter with advanced PWM can be further studied.
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