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ABSTRACT

Presented here in this project is a switch mode power supply wsing fivback

apology.

The mains ac input 33 first rectified dircetly Sltered and then transformed 1o the

esired stable output,

Fhis bs auned at producing a power supply that is compaet, high-e fHicioney, high

%
i

cight and would supply both negative and positive voltanes to slecironio circuits
# jEEES. ; i

1l devices that use do voltage for thelr operations.,




CHAPTER ONE - INTROUDCTION

L OINTRODUCTION

The proliferation of L8T and VLSI technology especially the development of
the mieroprocesser and semi-conductor memory, has spawned a generation of elec-
tronio system  designs which are compact, light weight, efficient, and low-cost,

The power systems based on the linear serles-pass regulated éﬁss‘ign is bulky,
inefficient, and obselete for most of loday's systern designs. The natural trend,
therefore, was toward the development of » small-size, lightweight, highly efficient
power system in the form of the off-the - Hne switching power supply hence, the
development of de-do power supply.

The de-de converters are widely used in regulated power supplies and i de-motor

drive applications.

Fignre 1.1 below, shows the block diagram of de-de converter. Often the input to

these converlers Is an unregulated de voltage, which is obtained by rectifying the live

voltage and therefore it will fluctuate due 1o changes in the line-voltage magnitude,

3 I e /‘} 4
R Recifiers Switching votation Oripiit ] Yout
T TR Power e oot fiers 5
Filter and e ¥ elemont * e » .rm,if‘;m&, g
filters transiormer arud filters

41
H

Feed back
v Isolation and
Fg L1 DBO-DOC Converter control logic

A do-de converter system may be of many designs, such as halfbridge, fiv back, or

torward, depending mainly on such deciding factors as cost, performance, and

designers cholce, 143




3_-'%.::;*5@_, the report will be centred on the 'Fly Back converter which is the mos
universal among all the lopologies and, also the topic of the project,

The input ac ine voltage is directly rectified thenee, off - the- Line switching power
supplyy and fillered to produce g high-voltage raw de, which in tun s fed it a
switching element, fe, transistor, where it ig chopped to a high frequency (about 100
%i—i.’% fur this project), hi gh-voltage square wave,

| The z‘%&‘iﬁiiﬁg Spuare wz%ve is fed into a step-down isolation ransformer, and the
resulting secondary voltage is rectified and filtered 1o produce the low voltage out- put,

The regulation ar the outpul is effected by feeding back a portion of the Outputto g
comparator which compares it with » reference and adjusts the conduction perind of

the switching element 1o regulate the sutput, 171
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1.2 AIMSANDOBIECTIVESOF THE PROJECT

it is gvident that most of today's electronic devices, such as printers, svsiem
units, television sotg, compaet dise player sets ele, depend on compalibility and
portability of the components.  In view of this, the need arises that 3 power supply
that will stand the test of time and quality- that will provide a constant culput voltage
irrespective of the variations in the inpit voltage and the i%e;i{%}aa praduced.

i took the challenge to research into this when § discovered a rather unfortunate
ﬁiiuﬁii@’m, that very few engineers are college-trained to b&eéz’m power supply
engineers, and even the ones who get involved and make 3 3 carner do so either dus
to cirewmstial invelvement or by demand.

Ky research led me into designing and mproving upon a power supply that is
compact, sophisticated, efficient and light weight which has a high power - 1o -

volume density ratio with no compromise in performance, 3]




5.3 LITERATURE REVIEW

RBR Hiz;.a‘iai«:emg‘ in his book “Design of solid state and pawé? suppiies 19817
described the application of Hinear imegrated circuit as "very popular” among people
that can desire quality result. Also in his book. Engincers Hundbook, Forest M, Mim
H1F (1975 introduced the 1C 723 regulator as a very versatile regulator that can be
vetled on to give a stable output if any when properly connected.

Also, the work of some past students of this department {Electrical & computer

{if;vginﬁf:r%\ngf} T aﬁevsimping a reliable power supply that will Saiigfy the present day
demand for electronic devices are guite commendable. To start with, Adelusi Omuya
{19973 and Isah Aliyu Ouary (19943, each attempied producing 3 powsr supply unit
that will be able 1o stand the test s:}f’f;zzzz%ii}* by using 1C 723 as the regulator, But the
eoonomic purpose of the project was defeated coupled with the fact that, the
efficiency of the unit was drastically reduced, as too many passive aml gotive
components were intreduced into the cireuit,

;’%dmmmi Aderike (981907) (using the push-pull approach in her work on switch
Cmode power supply with multiple outputs, did quite a good job, but could not
inciude voliage input voltage suppressor and EMI filter cireuits, which reduced the
redigbility of the unit 1o 5 very good extent,

The most recent among them, is the wirk of Musa M. Mansir (981812 on
switch mode unit using flvback topology. Being the first person o use the fly back

approach to this, § should say that he did a good job by reducing the components




PROJECT OUTLINE

This projest report i divided into four {4} main chapiors, and each chapter

esplaing part of the basic coneenis of the entire work, ochaptor is Hnked 1o the

-
H

st chipaier 5o as 0 make e work easily comprehendable,
Below are the respective chapters and the telr summaries:

Chapler one, gives the general introduction of the project. Here an insight on
the whole research is discusee Loand this includes miroduction, Alms and
objectives of the project, Hierature review and projeot oniline,

- Chapter 2, deals with the system des sign. Discussed hore, js the ¢ procedures taken
i designing the varicus sta wes and modules of the project as, the input section

of the converter, the wput frangent voliage protection, AC inpud Hve filiors for

RETY suppression, Rectifteation, operation of the bridge rectifior, capacitor

titers, the switching transistor. the wans e anet its theory of operation, the

~
o

E28N

¥

cal coupler, the 535 tmer a5 astable and as monostable multiviteator, th
Op-Awp and the cutpul fier

tn Chapter Three, discussions are made on the construction mnd testin g ofthe
project, and also the result obiained are discussed,

b chapter fowr ave conclusion, reconun widations, und alse reforences of toxd

L

books consulted.

&




CHAPTER TWO
SYSTEM DESIGN
2.0 INPUT SECTION

As aforementioned in the past chapter, an off-the - line switching power supply
rectiftes the ao ling dirsetly withowt reguiring 8 low-frequency, line isolation
transformer between the ac greise and the rectifier. Since in most of todays electronic

equiprment the manufacturer is generally addressing an international market, the power

supply designer must use an input circuit capable of accepting all world voltages,

normally 90 0 130v ac or 180v {o 280v ae. Below are different design stages

underwent to make the project realisable.

210 FHE INPUT THANSIENT YOILTAGE PROTECTION

Although the ac mains are normally rated a1 115y ac or 230v ze, i1 is common for
§§§g§fz~vé§mgﬁ spikes to be induced, caused by nearby inductive switching or natural
causes, such as electrical storms o lighting, During severe thunder storm activity,
voltage spikes inthe order of 3kv are not uncommon.

O the other hand, inductive switching voltage spikes may have an encrgy
content.

EUAN
Where 1 1x the leakage inductance of the inductor, and | is the current flowing through
the winding,

Although, these voliage spikes may be short in duration, they may prove fatal

for the input ratifiers and the switching transistors, unless they are successfully

suppressed.
{:}
24DV ac )
Supply 7 YVITELAA0A
v - //
f
Fig2.l,  Zincoxide varistor.




The figure above depicts a zine oxide varistor used as a transient voliage
suppressor. 1t acis as a variable impedance, that i3 when 3 voltage transient appears
across the varistor, s impedance sharply decreases to a low value, clamping the
input voltage to a safe level, The encrgy inthe transient is dissipated in the varistor,
For the purpose of this project V275LA404 rated at 275V rms and can dissipate

1401 rransient, 15 used. 9]

220 ACINPUT LINE FILTERS FOR RFISUPPRESSION

Utilization of an LC filter for differsntial-and common-mode RF] suppression at
féwizchiég power supply ac mains is the most comman mathod of noise SUPPIression,
Mormally a coupled industor is inserted in series with each ac line, while capalitors are
placed between bines {called x capacitors) and betwesn each line and the ground
conductor {ealled Y capaciiors)

The capacitance and inductance of the components may be within the following
OX: 1t 2F

2% 2200PF 10 GO33PF

i 8mMarZ8a 047 mat 034

3
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| * 3§ s":ﬁ&} ;
Ciggy b G022 e
25y $41n
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i, 2.2, Aswiching Power supply input ine filter for Ao malns R¥FY noise suppression,
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¥s = Saures Yoltage
¥d = Average output voltage
¥ro= o ormg Value of foad voliage

Vomax = Maximum load voltage,

: : {“ﬁ ,
v = f N /'33 YsSinwrd( WE} e
e Xj‘y
C}

o
Integrating equation 2.1, gives

Yd = { Vs - Coswt

esanns

i

Note: Vrmg = Vg

ey Vi ,\j:z‘@ x 2
. S |

S 5?? 4

¥

-

But Vg ”\f 2 ¥rms
Yrims = AN
Therefore Vmay = ‘\/Z ¥ 240

R

mmm

3
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BIV rating for the bridge rectifier =7 » Yiax
=2x 339411 = G788y

231 OPERATION OF THE BRIDGE RECTIFIER,

Druring the positive input half-cyele, terminal M ofthe secondary is positive and
}\3 is negative, DHodes 13 and 13, become forward hinsed {ON} Wéiﬁrﬁﬁs D, and D,
are reverse blased (OFF), During the negative input half - cvele, terminal N becomes
positive and M negative, Diodes 132 and 14 sonduct while diodes 13 and L, remain

reverse biased.

24 CAPACITOR VFILTER

© As stated in the Tast chapler, the de output of the rectifier is the pulsating type,
Consequently, a capacitor i applied across the output of the rectitier to filier off the

ripples, therehy leaving the de as sipple free as possible,

24 QU

Y BECTIFIER :f-“ . Y

Fig. 2.4, Shunt capacitor filter
Another good function of the capaeitor filter is the prevention of noise from
being impressed on the ac line, 12}

241 OPERATION OF A CAPACITOR

During the positive half cvcle of the ac input to the bridge rectifier {fig 2.3
whereby diodes I3, and 3, condust, the capacitor charges up to the peak value of the

input voltage, Vi {point 2in § g 2,55}, and holds the chargs Hll input ac supply 1o the

it




reciifier goes negative.
During the positive half cyele, the capacitor atternpts to discharge through 3
sad 13, but cannot because they are reverse biased, and henes it is forced 1o
discharge through the load from point 2 10 3 in fig 2.5¢ and its voltage decreases.
B which is the discharging Ume constant is always about 100 times more than

the charging time, The process of charging and discharging of the capacitor s &

CORHNUGLS OnE, {21
e : i
YIN VT
———
200t
£3 £}
Y. 4

Poan - to- Rk
riphe Vst

g
.-/
-
e
Ve
S — o P S—
e o e e
R ‘ % ‘ B ; 4 4 !
4 ) $ D i % Vs % 7 5
; . 7 % k £ L }
‘ AV 3 ; v %
s 4y s v ! y 3 B
s -.{vl (%4 X by kY Do

Fig 2.5, Filtering action of 4 capacitor
{a3 Clreult (b)) Without filter {c} With filter.
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FILTER SPRCTRY CATIONS,

The rinnle factor for the bridag reciifier is s below.
_ &

Ripple Factor 5 = Yac ”'u,, f Vims - Yige

Ve Ve

Yrms = Vmax, Ve = 2 Vmax,
RV 1l

! Ly ' m-' ‘ P ‘;. . oy 4
ot o= Vimaxy . {2 Vo y
4

I

2 Vmax

et e,

il

O A e tinn e ot ennns o,

‘\/ Yimax 4vrmay | Vomax{ /2. 45}“}2}
y; [BE 2¥max
¥ max

I

= j’max {{}ﬁmﬁéf}f}} s 3,484}

Wmax Rzﬁ
Z"%;emfé:;?fg Yoo 3484 B £

Now, the capacitor filter that would reduce the ripple above to 4 considerable valye

is designed ag below;

Cow g

Ay

A

Lapacitance, (U

i

Lound Curreny, {4
= Time the capacitor muyst supply current {ms}

AY = allowghle peak to peak ripple, ¥




- Asswming a minimum efficiency of 80% for a 100w DULPUL power

Input power B = Pout = 10 = J25W

[ETEVPRS VNV

ad Srrrrontrasansnns,

S—
efficiency .8
do sutpit = 350y
oadourrent] =  P/V= 1257350 = (.36, A
For o= O3ms fora S0H a0 line frequency
'ih,éﬂ,,
= o= 436 x 03y 100 = P20 UF
a¥ 0.4841
Therefure

O = 22OUR
From the above caleulation, » capacitor with capacitance of 220005 was

“employed and its working voltage is 450V, L)

235 THE SWITCHING THAMBISTOR

‘The selection of the switching transistor from this project is done by considering. -
¥ the maximum collector voltage at turn off and the maximum collector current

at turn on,

The maximum collestor valtage at tum - off is given ag

YViwsmax = Y




in ‘ihzs project, an N-P-N bipolar transistor is used for the switching,

2 ‘53 gi?ﬁ{uﬁi ﬁ}\z{‘?‘i{‘??@ TRAMNBISTORS (BI Ty

The circuit symbol foranbPN bipolar Junction transistor, is steady-state § - v
characieristics ;azzﬁ. the ideslized characteristics are shown in fig 2.6, 8, band ¢
respectively. It can be seen from the § - v characieristics, that & sufficiently large
base current is needed for the device to be fully on, requiring that the control viroult

provides a base current that i sufficiently large so that {1

CHIc
e |
1 o CON
B NU—N .{j y § i C i
- Vg
R
& ...,__\.

. :::i““ e

3 - "o m\ { -} ’?i

e z E LYy & oF

’ i [ C}

{a} {b} {£}

Figure 2.6 Bipolar junction transistor: {a) Symbol, (b} i - v Characteristics,

{3 bdealized characteristios.

i3




For the power transistor, the on - state vollage Yoo (st} is usually inthe 1~ 2V

range, making the conduction power loss in BIT guite small, Fig, 2.6. (o) shows the

idealized BIT operating #5 2 swilch - that i3 In its saturation mode,

3JTs are vurrent - controlled devices and base current must be supplied
continuousty to keep them in the on - state. High - power transistors are usually of
fow do current gain B range of 5 - 10, For the design of this project, a high power

transistor of do current gain of 6 18 chogen. 1}

TIONE:

SISTOR G

Yoo max = Y

Yt = 350V
max = {4
Ve max = 380 = 383 = 583V

o m AN BRI P AN IS.
omn

P~ 3.6

From the caloulation above, » sultable transistor of Ve = 700V was used in the

project construchion,

fo ow 6.2 Poutd
Yin
Pouts - 100W

Vin = 350V
fe =, 62x100= 184
50

Therefore the collector current 10 818 A

fad
L]




26 TRANSPFORMIER

A transformer :% simply defined a5 a machine thas changes an alternating voltage
from one value 1o another, A transformer can be step - up or siep - down type. Step
~down If it receives snergy at higher voliage and delivers it a1 lower voltage,
Step - up - I it receives energy at lower voltage and delivers it at higher voltage,
But for the purpose of thelr project, the step down transformers are uged.
A‘simpié transformer consists of two coils wound on a closed Iron core as
represented in fig 2.7, The coils are insulated from each other and from the core.
Energy is supplied to one windin g. called the primary winding, and is delivered to the

secondary winding, (5

T s T
¥ i:;:: - 1 Hg Y ] Load
i S

Flgure 2.7 : Transformer circult Diiagram

241 THEQRY OF OPERATION

A smalf current called the exeiting surrent fows when an alternating voltage “v’g
is applied to the primary winding of the transformer represented in figure 2.7 above,
with load switeh 5 open,

The exciting current causes an alternating flux 1o be ey up in the core, The
ahernating flux so set up s a0ross the turns of bath the prirsary and the secondary

windings as it increases and decreases in alterate directions, thereby inducing an

i7




et in both windings. The et induced in the primary winding opposss the

&g;}izmi visitage “J;} Sinee the tum of both windings are cut by the same flux, the

-

oot induced in each turn of both asxiz'z:;iiz;zg;s are the same. I Ep isthe et induced

Cinthe primary w;mizm cannd Es is the e £ induced inthe seoondary winding, then %%*m
voltage per turn in the two winding, 5 Ep/Tp and Bs/l $ respectively and ?f?i’;}f"’.i"g‘a
= Hel Ty,

fihe nee of the prisary winding is small, as 5 usually the case, Bpwill he
almost equal to the applied voltage, Vp Meglecting this small differsnce and noting
that the secondary terminal voltage Vs will be gqual 1o Es then,

Vel = Npf )

- This equation shows that the voltage of each winding of a transformer are directly
proportional o the number of turns in each winding,

The main transformer vsed in this design is T, which i high frequency power
transformer. The transformer core is made of ferrite material, Ferrites do not have
very high operating flux density but they offer low core losses at high frequencies,
good willing coupling and ease of assembly, %)

262 THEFLYBACK, CONVERTER TRANSFORMER CHOKE

In the flyback converter two modes of operation arg possible for the
transformer choke Vig
) Complete energy tramsfer where sll the ener gy stored in the inductor - frang-
former is transferred to the secondary before the switch is furned on and
(2} Incomplete snergy transfer, where not all the energy stored in the transformer -

mductor is transferred to the secondary before the transistor switeh is turned on.

For the purpose of this project, com plete energy 1 s‘zshr:a used. 137

o




263 BESIGN PROCEDURY

The steps a5 stated below were taken 1o design a flyback converter transfonmer
~ vhoke for g complele energy transfer made:
{1 | The core geometry and ferrite material were chosen, For the purpose of this
design, a ferroxeube pot-core ferrite of 308 material wag a.&&seﬁ,
{2y A ‘@'&:ﬁkis'zg Bmax chosen. From the Ferroxeuhe catalog specifications for the |
3CE material, the flus density at 100% is Bryay = 3300G. Half of Bsat is used
therefore Bmax is given to be 16600

{3} The maximum working primary current was found using the equation helow,

Poo= 3vam = IxIG0 = 3854

Winy 350
’é | The cér«:} %}sﬁ:sét»%}%z; and size were determined. working surrent density of 406
enVA was chosen and the squation below was ysed 1o caloulate the Ag Ac product,
Where
Ag = core effective area, ot
AC = Fobhbin winding area, em?

Ao A =068y 100« 3y 102

20 100 % 16000

= L850 o ¢

& core size close to the caleulated Ao product of 0.8 omd was chosen, From the
data sheet, 151.5124 femore cube put core was chosen, Also from the

manufacturer's data we get Ao =2 02em” and Ao = 00,748 vielding Aedo = 1 Som?

i3




Taking the worst-case oparating condition of 90Vac, Vin, Min = 90 x 1.4 - 20V do

yipple and rectifier drop = 107Vde

Mow, for the number of turns in the primary:

Mp 350 % 108

4 1600y 20 x ¥ 200

= 124,773 tarns

i
am\s
‘J 3
e
o

e

M

o)

et

W

The transformer secondary turms is then caloulated using the eguation below.
Ng o= HNp VilVp

= 128 x 25 = 976 = Hiiurns

A5

2.7 THE OPUHOAL COUPLER (DR OPTOISOHRATON

The optoooupler 18 used primarily 1o provide isclation between the input and
outpnd éf’ the power supply, while at the same time providing a signal path fits{
regulation control.
The optocoupler consists of two main components; the lght source, which
could be an ipcamdescent famp or a light-emithing diode {LED), and the delsctor,
which coubd be a photovoltaie cell, photodinde, phototransistor, or light-sensitive

7. Figure 2.8 below shows the intornal cirouiting of an optoisolator

ENe

A




A%

»
o] §<

?i.gzsmﬁvﬁ A FYPICAL OPTOCOUPLER CIRCULT,

227 OPTOCOUPLE CIRCIRT DESIGH

Optoconpler when used in an off-the-line switching power supply forthe

purpose of providing input - to - output isolation, the following desipgn oriteria must

he kept in mind.

{ s} The optocoupler st sustain an isolation break down voltage as dictated by
iami and/or international éaf’eiy standards, |

{2y The amplifier circuitry driving the coupler must be well designed to compen

sate for the coupler’s thermal instability and drift.

P
Lad
Yoo

An optocoupler with a good coupling efficiency is preferred.
Every necessary observation was made befors choosing a very suitable

optocoupler (PCHE3) from the data book, and was connected as below, {3

T VOO
7.
- wic
Yin 4 E&f ot /5
£ 8 AR ] r
=
oo
. ”\"‘., .
- RS
borevre: ﬂ é.
jé R}\ 3»"05&2
S 2P

Figure 20 9 An Optocouple in a basic

Linear mods,
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Asin figure 211, resistors B " E%i and Capacitor fix the time am% which the
capacitor alternately cha and discharges to provide an output signal oseiflating
between levels near OV and Voo,
Capacitor C charges toward + Ve with time constant B, + R C. When this
capacitor voltage reaches the threshold ey el of (2/3y Ve, the sutp switches low
and mf: dzmimzsza irzzzf«;z Hor turns on during the discharge uzz*mzf fow. Uapacitor €

then aizecimr*e through 1'8’5135{{}? By atatime constant B& ol iima&:ims the trigper

nput fevel, {173 Voo, The fHip - flop Is triggered, with output then going high, the
discharge transistor is turne ¢ off, and the capacitor begins 1o cha TRE GRa. {51
BESION CALCULATIONS
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Figure 212 Wave form for 355 astable multivibrator




Period = T =T 4T = 07 R+ RYCHOTRC
=07 (R, T 2R)C
FERTLLEX M + 2 (2.4 X 107 (00022 Ay
T = 102 Uses
The frequency of operation, £, is

o= 143

rbnporrptn

T (R, + 2R )C

!

L2 X 100
= 100KH,
The duty cyele of the owtput can be expressed as dutyeyele, I = 7T

ow ¥ HE A

T

representing the percentage of time the sutput is low
D=1

LAY

T

A 100%

= 0JRC = 07X24X10° X 0.0022 X 105 X 100

T . 182X 10

= 036X 100%

= 353’3/53




PULSE WIDTH MODULATION (PWHD

Although many switching techniques can be employed o inplement a switched

- made power supply the fixed frequancy FWHM technique is by far the most popalar

chotve, Inthis system {PFWHM) a square wave pulse is normally generated 1o drive the

switching fransistor on or off. The conduction time of the transistor is sccordingly

increased or decressed, by varying the pulse width, thereby, regulating the cutput
voltage. |

Here, the switch controd signal 1s penerated by comparing a signal level sontrol

voltage V Cwith a repetitive wave form as shown in fig 2,138 and fig 2,130

control

The control voltage signasl is generated by amplifying the error, or the difference
between the actual output and the desired value, Az shown below, the sawisoth

repetitive wavefonm s mh constant peak, establishesthe s ‘wzw?zm fimgumc}z st

. S uich,

H

S ateltac) o "'**\"*"f’“‘i
Taral

; 1 : ; {.&&ﬁ-,‘;‘i
./f? / ' ¥
e e
X Py
Zg C‘P”/ i‘}f‘ 14 ™
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i {f;'-f‘s_ \b_%

Figure 2-13 Pulse Widik Modulstor (WM {a ) bleck dagram b} Comparator signals




To effect the comparison, 3 555 timer IC operating in its monostable state was

wsed, The figure 2,14 below, shows the circuit connection ofthe 355 timer

Fig 2 - 14 Monostable Multivibrator using 535 timer 5y
The oscillator Feguensy ix determined by Bz H
&
i N 1 e = :
4’;}{;‘; i.1 }.,3 &fﬁiww > %5
. e (o glwm«w
£ “> 4 M3 e % Iy .
B4 = 330X 1P X 00033 X 10 Togger_ ;
. b , 4
= HIOKH, . ‘
Henee, the frequency of oseillation of the 383 timer is 100KH , s

It can be righily seen from the above dlagram that the Yeontrol (i the amplified
errort 15 fed inlo g@m 5. This {Yeontrol} is used to modulate the sawtooth pulses that
are fod into pin 6, 1o got g square wave al the output of the timer {pin 3}, which drives
the power transistor from on to off. {71

29 THE OPERATIONAL AMPLIFIER

An Operational amplifier is a very high gain, bigh input resistance | divectly-
coupled negative-feedback amplifier which can smplify signals having frequency
ranging from OH 5 1o 2 Hitle beyvond BMH 5 They are made with different interngd

configurations in linear ICs. Flgure 2-15 below shows the symbol: 2]

.
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; o e g«iﬁgf
% i‘ éﬁ o~ -~
Y. e
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Figure 2. 15_OP-AMP SYMBOL
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Wiferent

applications of OP-AMP are as lis

fed below:
Phase Inventer

Seale Charger

Yoltage follower
Summoning Amphifior
Latference Amplifier
Integrator

Differentiator

Surnming integrator
Summming Difforentiator

or and

Logarithroie Amplifi

Frponentinh, {Amphifis

e purpese of this projeot, the differential amphiior apphl

- AMPs input can be single-ended or doublk

s
e
Lo o]

waly Zr

f:-..v:.:;M
b
&

ial Amplifier Cireugd

fed {or differential

Calion is
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is applied to one Input terminal ooly or

pyvployed.




Yy, of the above Chrouit

Yred ondv.

jet Vo ! be the output voltage doe to Vout only, a1

Nosw, with V,, V! = -2V,

P

Loy ¥

Bt Yo = Voi+ VoY = Yeontrol

Therefore Vo = W21V, + 2,

. Iar % 7 LY
Yoo f {"&/7 - Y 4

71w 10K
Yo V1w
Yrefe= V2 o= 12V
Vs 4.7 {12 -5}
14
= AN

Z, 7+ 7,

3

the

The Caleulations below are used 1o obtain the output voltage (amplified error)

output voliage due to

Theretors the YVoontrol used for the pulse width modulation s 2.35Y.

Mote: Veonirol above 13 not a steady value, a3 i fluctuales alongside vout




210 QUTPUT FILTER CAPACTIONR

The choice of the output filter vapacitor depends upon the type of converter

todav's applications use electrolytic capacitors, preferably of the low ESR has a

direct effect on the output ripple and also on the life of the capacitor itself. A majority

of capacitor manufacturers offer low ESR electrolytic capaciiors with guaranteed
perfonmance af TOUKHL

Regardless of the type of capacitor used for the output filtering, the analysis

below pertains to the caloulation of its value, 161
B
! & ; i e %
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iy %ﬂ 1 e oy
2% ;
. % I
;4 £
” “asie
o
T ke oy 2
;(; g,w....»,.{.
/ -.‘\4 /:/ g\‘\ ) /»"/g’sg P /AS‘_‘
y ) ) / *-,_‘\‘ s ‘( :h,/ \ﬁ‘ N
%, st ,"g‘ / ,"X_. S kY - ‘{
// 's“ , /./ L a 5“5%,) 7 4‘} / '5_"’
y s : :
“4?3"% 1
A A 8, worooens A
% / 1 P ’N/ % P
5 A / Y / ".“
n'“'/ '\\; e 5, h I '-,‘ ", e
ey S LA *
VLT >3 e N S { A " {/
“ id % iﬁ‘g}/ ’
X %,

Fi%(a} The cutput section of a FWM flyback converter (b/e} ifs associaled voltage

and current wave forms.

- Referring to the figure above, the current wave form in the oulput sapaitor €,

s centred about zero and has an amplitude of DI Motice that the current, wavelorm




ssses the zero reference in the positive dircetion at T1, which is the middie of the
3N timg, whitle o1 12, which is the middie of thiOFF thme, it crosses the zoro reference

inthe negative direction. Thus the current will produce a ripple voltage AY which is

s ié"i
u"g,;'

{“‘j{

it {1
]
AEL crseccnsrvcienrvocanes 1 }

ut the average during the tme interval £ and U is { ol IEZor AL 74 There-

H 2

ore, integrating al fabove gives

il k22323

as;y 7 o { 'Vf o i\ fﬁ} _g\ } r'{ P )f‘}_
fasiag

Where T isthe total period of On time oand OFF thne £,

Where I = 02511 = Specified output curmrent

av o= allowable pesk - to - poak output voltage ripple

= {perating frequency

or the purpose of this project, an electrolytic capacitor of 'i,%‘zﬁ value as caloulated
below was used

siven that

Lew?

13711 ey

Whers &1 = |




Butl,, = 84
Theretore &1 = 84 = 24
f{frequency of operation} = [KH,

Bipple voltage &V = (.1

Thercfore

Hence the capacitance of the output capasitor 13 250nF




CONSTRUCTION TESTING ANDRESTUI TS

CONSTRUCTION

]

srhance the construction of this project, the components as specified by the
design were all i}mzz cht and carefully assembled together in fine with the design

uttry, This was done inmodules as underlisted:

The inpul stale

The Swiiching and feedback stage and

The output siage.

CTo allow for modifications, necessary vorrections and to eliminate unnecessary

waste of time and the project was initially constructed on a bread board, wested and

o'

phserved working in conformity with the design goal. After which it was transferred

£t

to some vero Boards where permanent soldering was effected.
To ersure that the praject was o sucoess, nstrments ke wire cutter and stripper,
oldertng lead, soldering ron, digital multimeter, solder sucker, connecting wire, serew-

driver, long nose phivr, vero board and Bread board were used.  To construct the

design on the vero boards, the following steps were taken.

Gy The layout design plan of the components position on the vero board was made

making sure that unnecessary distance between, cOmponsnls were avoided to reduce.
the length of wire used components wers also not placed too close to each other o

woid shoris

.
%




{1} I sockets were soldered onto the vero board in places aliocated to them
i the layout,

(i) The switching transistor was then mounted on its heat sink and soldered 1o
the hoard,

g

(v} The diserete components:- resistors, capacitors and diodes were soldered

directly to the board,
v} Instalied components were then connected to one another using the
connecting wirgs
{(vi} The mansformers were mounted as shown in the cireuit disgram.
(vil} After each connection made, the dighal multimeter was used to check for
continuity and shorts,
{vii} The 1Cs were then plugged into the circuit, and the cirouit was then ready to be |
| tested. | |
Also i constructing the casing appropriale measuraments were taken to suit the
shape and size of the hardware components of the project. Bome perforations were
alse made o sllow for cooling of the components. A well polished white painting
was used 1o give it a state-of ~theart look, and also almed 8t reducing the EMI from

external bodiss

33




TESTING

ing of i}m project started from the comstruction stage, as each of the

nodules on completion was tested before moving on o the next ong, The cireuit

sas in each case checked for continuity using a digital multimeter, Also, the required

hehaviour of each somponendt after soldering was tested.

The output of the ransformers were also tested then, on completion of the
sanatruction, the output was tested to condirm its prope v functionin

I testing, all measurements were taken withre ference to the ground,

NSCUSKION DF RESULTS

‘w\;

>

The output was measured with reference to grouwnd and an output yoltage Yout
of 1.3V was obtsined which is in conformity with the desired 12V output voltage.
Prom the above, 1 can really say that the aim of the project has been achieved as the
Hetle difference in value is practivally considered negligible.

The reason for this difference in value could nol be far fetched from the very

b resistance observed on the primary winding of the high froqguency

transformer choks

4




CHAPTER FOUR

S0 REFERENCE

CONCLUSION, BECD

4.1 QONOLUSBION

1 would like to say that the result of this projest has proved i a success as the
ouiput obiained is practically considered the same as the desired output.

The major obstacle encountered in making this project a success was tha
provision of the high frequency transformer choke used in the construction, as it is
not easy to come-by in the market, |
Alsg, the soldering exercise was not 50 casy 2 task, but it was skilfully done and
progress was made.

472, RECOMMEMDATION

1t iz apparent that the dream of most students undertaking a final year project is
o pre:::sﬁ.z@cg & pmjeag that will stand the test of quality, but it is rather unfortunate that
this dremm rarely comes true, due mainly to Impropex ﬁméiﬁg
In-view Qf‘fgiﬂzif&g 1 would recommend thatt

1. The school authority sponsors about 80% of the total financial requirement of

the project.

N

Many students be grouped tpgether and given a substantial project o execule,
as it is said that two good heads are better than one.

3, The projects fo be exvecuted in the departmenial laboratory by ihe consernad
students zmdf:z: the strict supervision of their Supervisors.

“Fhe ahove recornmendations i hearkenad 1o, ! believe would go a long way In

noosting the department's, the schonl's and the entire instiulion's ego.
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