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CHAPTER ONE

i.0 INTRODUCTION

Every elecwrouic appliance or chroult requires a DO power supply. Bul the mos
copanonly available power  supply i the shemadng power supply at 240-V (single
phasey S8Hz, This sllernating power supply therefore has o be rectified o DO Twe
most common methods of obtaiming the DU power supply inchads:

L ar of Hnear regulaiors

i, Switch bMode Power Supply (SMPS)

Historically linear regulator was the primary msthod of producing a regulated outp
voltage. It operstes by reducing s higher inpud voltage down 10 the fower outpui viollage

.

by hnearly controlling the conductivity of a series pass power device In respnise o

g

changes i s load. This result in 2 large voltage being placed across the pass unit with

the logd current Howing through it and conseguent high 17 R loss, This foss causes the

tinear regulator to only he 30 to 34 percent efficient. 1

£,
211

at means thay e each wait
defiversd 1o the load, at least fall o watt has 1o be dissipated in heat. The cost of the has
sink actuslly mskes the Huear regolator uneconomical above 10-watis for amall
applcations. Below that polnt, bowsver they are cost offvetive in siep down
applications. Farthermore i can only be used a3 a step down regubitor which means that
she outpat voltage can never be greater than the input voliage (Brown, 19903,

The switch muade power supply operates by chopping up the applied DU npur voliage

nto rectanguiar AC wavebrms whose frogueney squals the switching frequency. The

oy
Feae
<

switch can be g power MUOSFET or a bipolar transistor [ The ON and OFF tmes of

switch is detormined by the width of the gate control pulse generated by an IC




coptrotier, The ratio of the OM thme o the sl operating thne {on time plus off time in

g evele s called the duty cyvele of the switch.

The problem of low efficiency . heavy weight, single oulpet and large space

o
VEOREOMY

reguirement of power equipments based on linear regulator principle, dus o use

>

-~

coe transfornwrs | has led o the development of DD power supphies based on switch
mode fechaigues. These power supplizs are called switch mode poh&r supphies
(SMPR1.5witch mode power supplies cirowmvent all of the  lnear reguistor’s shon

comings gsoeording to (Browsn, 1990}, a3 ollows:

o
N‘?

i The switch mode power supply exbibits effiviencies of 68 o 80% rogardisss of

input voltage, thus drastically reducing the size requivement of the heat-sink and

it, Because the power switches wsed operate s their most officient points,
saturation and cot off, the power switches can deliver many times thelr power

rating to the load and the less expeosive components can be used.

wste
e_—
-~

Since the inpwt voblage is chopped into an ac wave form and placed info 8

magnetic sloment, additionsl windings can be added 1o provide for more then

ong utput vollags,

tv.  For oansformer isolated switching suppliss the ouput voltages avg independent
of input voliage which means thal the input voliage can vary above and Jor
below the fevel of the outpur voltages without affecting the operation of the
supply.

¥ Singe the frequency of operalion i5 very much greater than 3W60H: ine

fregquency, the magnetic and capacitive elementy used for energy storage arg

such smalier and the cost to bulld the swiching supply beommes texs than the

finear sopply a8 the higher power levels.
2




he fundamental difference bebween Hnesr and swiching regulator i that a lincar

Ty

A\\(

dator regufaies a continuous fow of current from the inpet 1o the load in order 1o

maintain & constant foad voltage,. The switching regolator regulates the same current

flenw by chopping up the lnput voltage and controfling the average current by means of

the duty cyvle,

The technigue for controlling the on and off thnes of the switeh mode power supply is

pulse witdth moddation. In this echnigue, the time of switching ON and OFF of the

£

power switch is controled in such a way that the cautput voliage is detorminet Phy ik

ratin of CONT thme to todal st (ON thee + off time). When a bigher load current

reguired, the percentage of on time IS increased 1o sccommodate the change {Brows,




& vt
B

oo

Figure 1.1 Schematic of & Switch Mode Power Supply

1.1 Statement of the problem

5

From the brief deseription of the two methods of obtaining DO power supply 1 has been

>

found out that the perfornance of switch mode supples in terms of efficiency, sire,
& “

o

weight and possibility of multiple omputs outweighs the linear electronios based DO
power mipplies, This project will therefore be based on Swich Mode Power Supply

tochnique.

1.2 Aim of the project

The aim of this profect is to develop s SMPS that can produce regulated multiplo D

v

2

cutput voltages of 6V, 12V, 24V using a switching element driven by pu due width

modutation terhnique.




1.3 Motivation
Thers s 50 much demand for swich mode power supplios all over the world Nigeria

%
5

inclusive. Further more the beart of any switch mode powsr supply is the pulse
sransformer. But pulse wransformers are not available in the marker as ready- made bl
must he designed and bulll for each power supply. In Nigeris there are S0 many bt
pulse tansfornaers found fu both computer and television powet packs that arg freated
as washis.

The project aims at rewimling the burnt pulse wapsformer to meet specific requirements
and to develop loval capacity for bullding switch mode power supply &t @ rechiced cost

that are suiiable for use in laboratories in secondary schonls and umversities,

1.4 Beope of Work and Limitations

This wowk shall be limited 10 the design and constraction of g 222W DU power supply
having three DO outputs of 6%, 12V and 24V, using & forward converter topology. The
spology chosen I8 the forward converier. This 15 bacause the forward converter 15

sapable of handling the valoulated power of 222 watts efficiently

1.5 Organization of Heport

red
:.}“

i repart deals with the design, simulation and construction of a forward

Couverter and has been divided foto five chapters.

3 Chapter one deals with the general ntroduction of regulated AC fo DO
conversinn with emphasis on milse width modulation echnique.

H. Chapter two highlighis various topologies of 2 switch mode ;:mv“z supply and

their impostant features, The chapter therefore deals with & review of relevant

tirerangres on switched mode power supplies

5




i,

-

Chapter threg concentrates on the theory and design of switch mode power
supply using pulse width modulation technique and using forward converte
topology, Design of the various sub-chrenits making up the forward comvener
was made and the component vahees of each caloulated.

Chapter four deals with the sirnslation and construction of the designed clioul
and testing of saame.

Chapter five discusses the results obdained above in addition to making

reconynendations and conclusions there from.




CHAPTER TWO

2.4 LITERATURE REVIEW

The aliernating current supplied to homes and busingsses is practical and useful for
many reasons. Power can be generated &b whitever voltage that is most convenions,
siepped up to a higher voltage for efficient transmission and then stepped back down 1o
a level appropriate for conswmers thwough the wse of tavsloymers.  As an over
increasing number of applications are faken over by electronic methods, the pool arises
for the efficient conversion to DU vollage levels roquired by semi-conductor based
devices. The conversion from AL Power Supply 1o BU Power Supply is carrfed out

using appropriste DI Power Supply cirouits.

D Power Supplics we circuits that geoorste s fixed or controllable magnitude of DO
voliage from the available alternating current power. Infegrated cirocult chips used o

glectronic cirouits needs standard DU voliage of fived magnitude.

The proper operation of elecironic devices ranging from personal computers to military
souipment and industrial machinery depends on the performance and reliabiliy of DO

Power Supplies.

2.1 Pulse Width Modulation (PWM)

Switch minde pover supplies are dypamic systems, which mean that they do not assame
an operating point instantly when an wpot paramster iz changed. In view of this, il we
want the swiich mode power supply o bave a dynmaric behavior different from the

satural behavior, the duty ovele must be controlfed. There are two common methods of




control for pulse width modalation switching power Supp Hes, They are gither cusrent of

vohiage based depending on what is sensed, to provide constant cuipil (Retete

2.0.1  Voltage mode controh
This s where onby the output voltage is sensed in order fo mainiain #s required voilage

fevel. This type of controd can be recognized by the cutpat OF the error anaphifier goin

& <

<5
o

into 2 comparator that conpares the error vollage with the ramyp created by the oscilator

section of the 1. The comparator converts the gror voltage fote a pulse widih

modulated wavelorm in order 1o drive the power switches i a pulse width modulated
wott fashion. The oost comnuet voltnge mode control i3 3 fixed frequency method of

control shown below, (Brown 20003

Mode {ourol {Brovwn, 20D

2.1.2 Current Mode control

Current mode control senses not onldy the ouiput voltage, b the anmwount of current that
Hows through the indactor or transformer. When the ouput doemands more pows, e
cowtroller gliows morg urvent to enter the inductor or wansformer, Conversely i the
inpul vollage suddenly changes, it i nmediately dewecied by the conmtroller and
approprigte response IS given, keeping the outpet voltage at s reguired level The

opwnon migthod of Curvent mode codral s called i on with clock durrent mode

o













control. This means that the freguency of aperation is determined by an oacillator swhose

oy purpose is 1o start sach OM oycle.
the carrent mode Coutrol 18 viry fast and provides a very gond transient re esponse time.
Examples of vonteollers used in this mode of conwrol  nelude U8 3842/3/4/3, and

BA0734023

ey
H
i
£
g

Figure 2.2 Current Mods (*s)z;fmi {Brown, 2600}

2.1.3 Yariable Frequency: Using variable frequency, the average cutput volta
can be varied ju such a way that the ON time s fixed and OFF time is varied or the ON
time ix variable, OFF time Is fixed and both ON thme and OFF time are made varighlc
Variable frequency PWM posss a serfous problem in output filter design, as # s
difficuls 1o design g filter I the desired frequency response is anknown. For this reason.

fixed froguency form of PWM is proferred.

2.1.4 Fixed frequeney: In fixed frequency pulse widih modulation, the wofal time

for a cyole is kept constant. Outpus is varied by changing both the ON thme and OFF
thne tor a switch such that 7 = 7+ 7, (where 7, is the time for a full cyelel.

Figureure 2.3 below shows the block diagram of a clrenit for gensrating pulse width

nodalation (PWM)L In the Figure, the fixed fequency FWM control signal to the
G




switches is generated by comparing an amplitied error signal with some repelitive wave
frm which may be a saw tooth, The prror sigral is obtained by « comparing the oulpu

siitage of the converter with sone precise reference corresponding to the desired mutpat

vatue, Frowm Figure 2.3b, it is seen that when the repetitive wave form is greater then the

error signal the switches are turned on and when the error signal is of 8 lower value than
the saw tooth wave form, the switches are furned off,

The fixed freguency PWM can be provided by a nuntber of means such ax

L Analogoe circuit built z;p of individug! components

Analogue FWM IO

Lo Dghal means, gsing micro Controllers {Mohan, ¢7 f 2003}

™,
§-; e e = #‘\%\\,\ e
Aplier ' S
AR o O O I L CangRr Rt W(:x«;;:::i
Storeditive
g

Figure 2.3 Pulse Width Generation it {Mohan of of 200

stge % SRR voiagy
o P
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Figure 2.3 Comparator Signals (Mohan ot of 20413)
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22 Contingous and Discontinusus Maodes

in comtinuous conducting mode current Bows throughout the switching oycle and in the

dispontinuons mode the current through the inductor will drop o zern for a period of

asbe

tane during the swhiching ovele.

The cholee of the mode of operation is dependent on individual application;
discontinuous mode 18 preferred for low load vurrents and will uiilize small indactor

valyes.

On the other hand, continuous mode will provide greafer ouiput power, hut the

sontinued How of cwrrent will require larger values of inductance for high inpol

Inductance value for a swilching regulator must be high soough 0 prevent ex

(‘Q
W@
d J
-’
-~

current and low snough o store sufficiont energy in the core,

2.3 Topologles of SMPS

Switeh mode power supplios may be divided into iolated and non-isolated, with the
pringiple of operation being broadly analogous Mohan e ol 20030 o the noy isolated
toprtogy only the semi-conductors provide the DO isolation from the inpm to the
output. Semi-conductors have relatively low voltage breakdowns and exhibit the worst

megntine hefweer fuilures (AITRE) of the components within any given power supply

The non iselated topologies include the following

s

buck converier

it. Boost converter

back boost converier

11




The solated topologies use transformers as 3 means of isolation and are therefore called
gransiommner isolated topologies. The transformer solated topology relies on & physical
dizjeciric barrier provided by wire insulation andor insulated tape. The energy passes
through & son-conducting forrite core mualerinl prior o reaching the outpun. The

sranstormer josulation can withstand many thossands of volts before @ fails and doe

provide a second dizlectrie barrier in the evend of & sembconducior fatlure, Other

3

functions of the transformer include the following:

i

i step up or step down funchion

i, Praaibility of adding mualtiple ouipuds 0 the power supply without additional
separate regulators for each putput.

The above factors make the transformer isolated swilch mode power supply topology an

attraciive chodor for virtually alf applications.

There are many different architectures of the tansfonmer zolated ropolngy. Al have

genoral avess of optimization and  inclade:
: Fhvhagk
t Forward

§H. Push Pall

m
=

Half bridge

Y, Full bridug

The By-back and the forwand converter constitule the foundation of the switched o
power supplics while the rest are derlved from them. We shall now examine each of the

topedogios as follows:




2.3.1 Forward Converter
The forward converter has four metional elements nnely, a power switeh for creating
the rectangulyr wavelrm, a rectifier, a series Inductor, and 2 o pacior as shown in
Figure L4, (Brown, 1999 The power swikch may be a power fansisior or 3
MOSFET, In between the power switch and filter sectinn there may be a transformer fir
stepping up or down the Input voltage as in tansformer isolated forward converters,
The shur diode, series inductor and shunt ¢ capacior form an energy storage reserviir
whose purpose s 1o store enough energy to malnain constant the load virftage and
cuarrent over the entire off-time of the power switch, The power switeh serves only o
replenish the snergy lodt 1o the Joad during #is off time,
The operation of the switch con be divided into two periods. The first is when the power

switch is v, Durlng this peried the load carrent passes from the |

e

iput souree throush

o

the inductor to the Joad and bock again through the return {gronnd) Hines i the fnput

.

aoarce. During this time the diode is reverse blased. After the power switsh turms off
the nductor sl expents current 1o flow through it The former current path thr ough the
Input sourcs Is now open cireuited and the freewhesling diode wow begins o conduct,
thus maintaining & closed cusrent loop through the load. When the powes switch now
turns on again the voltage presented o the fller serves 1o Lun off the free ~wheslin 9

dinde. Because forward current is always fowing through the indactor, the wpology is

called forward converior,

The amount of energy boing deliversd to the load is controlled by the duty ovele of the

$v

power switch ON thme. This may vary any where between 5 and 95 %% duty oyele.

Y s Y o R i {2 1y

s

13




Where Vo output BC vollagy
Yo maximn fuput DI vollage

D= duty vatio of power swich

-
3
)

-

= P ey %
2k | 5
bR i ]
x“jmsrsﬁgg A4 Rt<
S ;
& i
=0k 3 } ok Vigy
SR B R2
v | ‘: ; _________ ; ﬁf}; I
roguistor o s |
e witch |
x L

Figure 24 Forward converier {Mophan, of of 2000

132 Push Pull

The push-pull topology 5 8 transtormer solated forward mods converter and therefore
tas the buek siyle L-C filter nevwork on s output Here the transformer ts used 1o sfep
down the chopped input voltage wavetorms before #t is presented 1o the output L-C
fiters. The push poll transformer does nid store any energy and the sutpul current is
drawn when gither prower switch is conducting. The push pull opology utilizes a centre
tapped primary winding, The input line is cownested to the comire tap aud 8 power
switch 5 connected o both ends of the winding. The secondary voltage s full wave-
rectified gnd then presented o the out -put LO fher

fn push pull topology two power switches share the switching function. The switches
do not sinsultaneously vonduct but shornate back and forth on alternate cyveles. The two

14




sules of the primary are wound in the same direction but the current Bows in the

opposite divection.  This result in the flux gencrated within the core material heing

driven in both the positive and negative flug polarities, and thevefors utilixes the core

b

material most efficiently, and conseguently eses a smaller core size. The two switches

share the responsibility of eliminating the heat that is generated fn thom, This feature

topolagy capable of generating many hundreds of watts in 13

4

senders the push pull
oyt

2 cgleulated thys:
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Pargmeters of the push pull comverte
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Peak drain voltage =V = 2% ¥ {
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Figure 1.5 Push Pull Converter {Mohan, ef of 2iH13}




2.3.3 Fly Back Converter
Fiy back converters have the same fowr basic components as the forward converter
gxcept that they have heen subtly re-arranged. The nperation of the iy back can be
broken into two periods, When the powsy switch s on, current s drawn through the
inductor, which causes energy 0 be stored within its cory material The power awiich
then turns off. Since the curresd through an inductor cannot change instantancously, the
mdductor vollage reverses {or flies back), thiv causes the rectifier i furn on, thus
dumping the Inductor’s energy ite the capacitor. This continues until all the energy
stored i the inductor during the previows half-ovele is omptied. Since the fsductor
violfage flies back above the input voltage, the voltage that appears on the oulput
capactior is higher than the Input vohage. Mote that the only storge {or the load iy the

oyt filter capacitor. This makes the cutput ripple voltage of iy back converters wowse

than their forward mode counterpans,

The duty ovele i an elementary fly back-mode supply is 0 10 30 poreent. This
restriction 5 due io the time reguired o0 empty the inductor's fux into the omp
capacitor, Duty oycles within transformer-izolated By back regulators can sometimes b

farger hecause of the offects of the turns ratio and the indostances of the primary and the

1

During the switeh’s off-time, the nductor will empty #tself before the start of the next
ponver Switch conduction oyole. Since the volt-ime producis of the inductor charging
and discharging ovcles must be equal and the sutpot of the non isolated fly back
sonverter must be higher than the inpot voltage, the resulting relationship &5

Y o -v: +Y ks, m i 3“{”? '/ i Q"i\ }

T
e
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At the minimum operating voltage, the duty cvele reachses

LA
-
)

pereent and Tan cguals
the total operating period minus the “on-time’

., u":\/{z:

Y s anput DO voliage

V. 1S the converier cutput voliage

V4 18 voliage across the wansivrmer when the power switch is off
T, 8 time daring which the power switch s not conducting.

I s time during which the power switeh is conducting,

Parameters of the Hv back topodogy van be caloulated thus:

Peak drain curreny =1 (2.5
Peak dratn voltage =V |, =V (N M, 3+Y (2.6}
Approsimate primary inductance, L, = 2.7
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Figure 2.6: Fly Back Converter and Wavelorn (Mohan of of 200%)

2.3.4 Half Bridge Converter

The half bridge converier s another form of 8 bransformer solsted forward converter,
The half bridge converter has only one primary winding, which 15 connected between a
putl up /poll down arrangement of powsr switches and the cenire nade between two
series capacitors wired betwesn the input voltage and ground, In this topalogy the
transfbrmer core is operated in the bipolar fax mode of operation. The capacitor contre
newde vollage sits & approximately ong half of the input vollage, and the power switches
presens the other end of the primary winding with allernative input voltage and ground

stgnal. This means sy half of the input voliage appears across the primary winding.

f s

i%



This results inoan gverage and hence peak current twice that of the push pull converter
with similar output power, Thus the half bridge converter Is not as sufisble for very high
power operation a3 the push pull converter 3t however has the advantage of an intrinsic
sedf vore halancing. The core balancing s sohioved By the capaciiors. The centre node
yoftage will adjuat in the direction of higher Hox density within the gansformer. This
reduces the voliage across the primary in the dirgciion of impending saturation, which
in urn, centres the BYH excursions within the trausfonmer, eliminating the need 107 an

<

exprnstye high speed over current sensing clrcuit.

ey

One mrapor difficalty encountersd i using the half bridge converter topology is how 1o
drive the upper power switch whose emifler or source is riding on g bigh voltage AC
waveform §s drive signsl st be seferenced to this AL waveform. The common
mathod s to drive the upper switch with an isolated pulse transformer and reference thy
segondary 1o the AC wave form, Parameters of the half bridge converter are caloulated

thus:

Peak drabn vurrent, b, = (2.8}
Peak deain voltage, V=Y (2.9}
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Figure 2.7 Half Bridge Converter {Brown, 199

2.3.5 Full Bridge

The transformer Hux of the full bridge converier, ke the ather double ended converters,
i driven in both the positive and the negative polarities. s porformance with respect to
output power s signiftcantly improved over that of the belf hridge converter. This is
Becanse the balancing capacitors are replaced with another pair of half bridge sivle
power switches Kentical 1o the first pair. This time two of the four power switches are
furned ON stmultancously. During one conduction ovede eithor (13 the upper eft and the
fower right power switches or {2} the upper right and the fower foft switohes are turned
{3, Each associgted pair of switches conduet o alternate oycles, This place the full
input voltage geross the primery winding, thus reducing the posh curvenss in the primary
for any output power comparsd 1o the half bridge converter. This elfectively doubles the
maxtm power handling capsbility of this topology over she half bridye. Also sinee
the power switches gre driven in pairs, the designer needs only fo add two muore

0




sgeondary to the half bridge drive tansformer 0 accommodate the added palr of

switches., The confrol clrouttry remains unchanged. Core balancing i
placing & small non podarised capaciior in series with the primary winding. The avesage
D voltage across the capaciior reduves the vollage soross the primary winding in the

direction of impeuding sabation.

2

The parmmeiers are caloulated thas

. A AP, ~ e
Peak desin vurrent, |, = { 2.4

* talvwsd

%3

Peak drain vollage, ¥V » ¥V

The problem of driving the uppey power switches is prosent alko in the full brides
¥ & { )

wopalogy.
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Figure 2.8 Full Bridge Converter (Brown, 1980}
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24 Defining the Topology and Centrel Methed

The cost benefits of a fly back design begin to dimindsh at power lovels above 100W, a
forward converigr topology therefore appears an appropriste chodce for the oxpected

outpadt power of 2E2W. A single swilch or two switeh forward converters s a good

chotos, {Walker, 2005}

A single switch forward convertor s usoally Hmited o g 50%: duty ovele to allow time
for the wanstormer & reset is volt-second product, and therefore uses either s reset
winding or an RUD circull 1o clamp the resst voltage 1o avceptable lovels. The power
switch (MOSFET) then sees gpprosimately 2xF, . Push pull designs also have the
problem of af least 2xV, volage rating.  Shwe this reguiromeny is exponsive an
alternative approsch is preferred. This allerngtive s the use of two MOSFET switches
each connecied ot each end of the ransformer primary 10 connect to the positive ratl snd

grownsd, When they tn off during the reset period, each end of the primary winding
autvenatically traverses o the opposiie rail btims placing the opposite polarity on the
winding o satisfy the volisecond squalivation. Mo champ winding is nesded and
smatesd, only clamping dicdes are reguived.  Table | below shows g comparison of the

different topologies, {Walker, 2003}




Table 2.1: Comparison of the Different Topolugies

Topology  Power Hensfia Drawbacks Cost
eved
Fiyback  <i00w Low purte ooust, s8R Poor efficioncy at high  Lowest,
g netio Gde — .
magneiis, wide drpyut power  levels,  high
voltage range, low output
8 = PR veak curents,  cross
powWer,
regufation  probdems,
high voltage  power
wwitc
fogwitch 0w o Mediom  outpet  power, Limited input sange, Modemte.
forward SPw good cross regulation with nower switch =2x ¥,
coupled inductor, poleniiel
: , ransformer reset.
for 5% duty cyele,
Toswiich 100w Mediy  output  power Limbed input range. Moderate
furveard 300w power swich= ¥, coupled  TOP FET drive ohroult

inductor, transdormer sesel

Half Hiw  to Medinm oumtpual power,

bridye 3w power switchs ;

803

inductor, 11 TerS

. eoupled

duty

reguired 3% duty evele

Hmit, larger inductor
vahie.
Limited input range,

TOP FET dive, volte

seoond halance  of

moderate




syele<ifide transfoomer, centre

tapped ransionmer.

Full bridge  »500w Resomant  switching  can  4depower switches, high
woprove offwiency, power  TOP FET drive, volt
awiteh= 17 soupied  gepond balance
inductor, very bigh output
poOWEY, max chty
eveleH00s, effinient
transformer design,
Pushpelt 23wt Good  core  atilizstion, Powsy awitch  modergic
iy sinled b o rr oy .
20w conipled  inducio rotht s L Jimited  input
switches ground refersnced, ‘
range, onire  iapped
smatl ewput induttor, rmax
primary, woit second
duly cycle
balance
Frrwargd vonverters offor a cost effective solution to 8 the void reated betwenn the

fow power fiy-back converier and the mors complen bigh power bridge types. Unilizing
continuous inductor currant aperation, the forward converter uses a nwech lower peak
casrent than its By-back counterpart. Considering all the above, a single switch forward

so

convertsr 15 considerad more appropriate for our power requirersent of 222% and will

therafore be discussed further.
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Practical ransformers have magnetizing inductance, When the MOSFET switch is off,
both the primary and sccondary of the tramsformer will have no current, only the
magnetizing nductance has current which Is now trapped due @0 the swich being off. A
path st thorefore be created during switch off times (0 bring the magnetizing Qurrent
i zern, During this off times negative voltage polarity, large enough is applied o bring
the magnetizing current back 1o zero, This bas given rise 1o core reset technigues shovwn
in Figure 2.9 below, (Michael, 2008) emploved in forward converters o give either 2

conventional or BUD forward convertor,

RN
wnad

Figure 2.9 Transformer Corg resel Technigues (Michael, 2008}

24,1 Conventioual Forward Converter

The conventiom! single switch forwand converter uses a resol winding which incrzases
the size and weight of the forward converter. In popventions! forward converiers
designing for operation over g wide Input voltage range invreases the problem of the

converter and results in inefficient power supply. Therefore very narrow duty oyeles arg

o8]
Ly




mesded at high line vollage 1o meet the 30% maximum digy ovele clamping ot low fine

operations, The forward converter of Figure 2.4 is reproducad below,

Figure 2.18: Forward Converier

2.4.2 ROD Type Forward Canverder

This smplovs resistor, capacitor and diode 1o develop g varving clamp voliage sto
which the magnetising energy s dixsipatively discharged. Gengrally the ROD s the
preferred chodcr for wide inpot ranges especially fow woltage input designs where 2
bigher clamp/reset vollage siill vields mansgeable hny voliage semi conductors, It also
faciiitates maxinnan duty cyvcles which can strzich beyond the 0% milestone, wseful in

wide rangs input supply designs.
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For BUDY the applied voli-second product must be cqual to the resel volt —second

product sccording o the following relationships

¥l =Y ox{l- 0 2.1

PR
2
rani
fd
o

mput voitage of 343V and maxboum duty oyole of 8.48, et

342 Y 5o that the resst voltage becomes:

¥ .. MOSFET drain to source voltage rating=342 +342 = 682V A 10% margin s

uormally provided for inoreased safopuard, resulting tn a 718.2Y raling,

2.4.3.1 RO Clamp Voltage

ow Hine voltage and lght joads dolerming the clamp capacitor and resistor value
needed for proper reset of wransformer, The exact capacitance required s determined by
ihe acveptable clump capacitor ripple vollage as i canses heating due 1o the npple

current Howing in the capacitors” cquivalent serics resisiance (B3R} A good inilial




estimate for the analysiz s 10V of ripple at Hght loads since the ripple will only increass

with oad,

Dury cyele will vary froms the masimum st bow inpat voltage 1 the minimusn at high
gl voltage but the volt-second product remins constant Many combinatiows of
clamp capecitance and reststance values are possible for 2 given application depending
ont the vatlo of Hght t full load cument, mtio of leekage to magnetising induciances,
maximuy olamp voltsge, transformer prinary capscilance and MOSFET ewitch

capacttance {Andreyoak | 2001

14
Iy

Single Switch Forward Converter Design
Figure 2.12 below shows the block diagram of g single ssiich forward converier. Bach

of the compoment blocks will be discussed.

5, 00f

Figure 2.12 Block DHagram of a Forward Converter {Mohan er of, 2003

2.5.1 Electromagnetic Interference (EMI) Filter
The EMI filter section is composed of a small L-C filter between the fuput line and te
seetifier, L1 and €1 filler network acts as a high freguency radio —dreguency

"

intorference Blier, which redoces the conducted high frogquency nodse leaving the

4




switching supply back into the input line, The low pass cut off freguency of this filter
shogid not be moes than 2 (0 3 fimes the supply’s operating freguency. The second
parpess of the LL-C flter Is 1o add small impodance hetween the input Hne and the
bulk fnput capacitor and matnly reduces any dangerous tansiont voltages and gllows the

bulk inpat filler capacitor 1o absorh the destrogtive epergies from the input Hine spiles

with fittke chance of excesding any of the components voltage vatings (Brown 1930,

2.5.2 Bulk Input Filter Capacitor:
This cgpacitor s always large in value and has the responsibiiity of storing the high and

>

fow froguency engrgy required by the supply during cach conduction oyole of the pows
switeh, B is usually made up of gt least two capaciiors, an slectrobytic or tantalum
capacitor for the current compononts at the supphy’s switching froqueney and g coramic
capgeitor for the switching frequency hammonics, Withows both a low freguency

clectrobvtic and high freguency cerannic type capacitors, the supply would starve for

high frequency current and voltage snd adversely affeet the supply’s stability.

2.5.3 Fall Wave Rectifier
The first building block in the do power supply is the full wave reetifier. The purpose of
the full wave rectifier 15 o produse an uncordrolied rectified ac ontput from o sinusoidal

ac nput stgnal an shown in Pigure 2,13 below.

2
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Figure 2.1 38 Unfilered foll wave rectifler Clhrogit

Frgpre 2.1 30 UnBilered fll wave voctifier sustpat waveform
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2.5.3.1 Design Considerations:
i Reverse voltage of the supply should not escesd the hreak doven val ue of the dindes.

1. Power dissipation should be Himited to

Diodde Yoltages:
Forward bias: The diode has a thresh hold voliag ge of between L.6Vand 0.8V beyond

which the diode starts conduction of current. The comont inoreases as the bigs voltage
increases beyond the thresh hold value of volty tage. This reaults in o forward voltage drop
of 0% 1o 0.7V across gack forward blased diode. In the oase of the full wave rectifior
diode bridge. there are two forward biased diodes in series with the lnad in cach half

s

cyele of the fnput signal. This implics s mavinnun oulput virltage acrass foad of

Yo =V i - 2V st ot {215}
Oy
e S R { 216}

Heverse bigs:
In specifying a diode tor use In o olreull care must be taken 1o ensore that the fsigs for
forward and reverse voliage and current are not exceeded, I reverse Bax, the current
through the diode s approximately the reverse ssturstion vasrent, 1o, The voltage aoross

R
I

the foad doring reverse 5 Y o ok B {347

et

Thr de veltage produced by the clrouit of Figure 2.13a is pabsating. To reduce these
pulsgtions 0 o wicrable Hmit, o filter is applied in the cutput tormingl of the basic
rectifier. A commonly used filier is a capacitor. The full wave rectifior with capacitor

filter is shown in Figure 213k The result of the addition of o capaciior i a smoothing

iay

2




of the full wave rectifier output, The output s now 2 pulsating do with g peak 1o peak

variation calted ripple, The mugnitude of the ripple depends on the input volmags

4.

s

wagniude and freguency, the filler capaciiance snd the load resistance. Ripple is due o

charging and discharging of the capacitor filter,

The voltage of a discharging capacitor is given by Vg =V
o P 5. E

g
O b darge such that RCe> i-4 the exponential in the above expression can be

B

approsimated as b { L ¢ ¥ BO and Vg bevomes Yo, (4, —4 ¥V RO Since

f,—¢ i approximately — Where T is the perind of the wave, Yy become

bk |}

{2.1%}

2.5.4 Power MOSFET Switch

Power MOSFETS are voltage controlled, Thelr gates apprar as capacilanves {of the
order of plos- farads/nanc-farads) and  mant be charged for on state ansd discharged for
off state.  This means the cwrent noed only flow during the short time B takes to

charge/discharge the small gate capacitor,

This eads 1o very short switching fmes, making MOSFETS highly switchable for high
frequency applivations. D o thelr comstruction, 2 MOSFETR's on resistance

invrsases rapidly with the device’s blocking mating, MUOSFETY also have a positive

tempershare cosfficient, { Balogh, 20013,

feX3
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2.8.8 The High Freqguency Transformer

The bigh frequency transformer in switch mode power supplies s used o isolate the
primary from the seoondary side. B ts made up of comes of special forrite materials, (o
mest spevific reguirements. Consequently there vannot be an off the shell ferrie

transtormer that will perforn s destred i alf cases. They are therefore built to meet

each sporific applicating.

The tanstformer exhibits some losses in the fervite cores sspecially at high froquencivs.
b order o reduce switching stresses and the sccompanying losses the transformer i3
signed o operate at just onder g 5096 duty ovcle on the switches, This aliows for

Hucwsations fu loed and supply voltage to be deah with by decreasing o increasing the

switeh duty tatio.

Ferrites have 2 bigher electrical resistivity than thelr iron counter pans and hence

e

exhibit no signifivant eddy corrent chavacteristivs but mainly hyvareresis fosses, but then

satesation fux densities are quite low. They are thurefore the materisd of choice for
high frequency sppiications. Care nust however be taken 10 avoid sehmation of the
£ URATY

cary reselt in damsage to the transformer, switching fransstors,
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comtrol B or other components in the circutl. Core satoration ocours when there are

few turns op a transformer or an nductor and capses the flux density 1o be too high. Put
ditferently saturation is when the corg’s cross sectional aree van uo longer support
additional Hnes of flux. This makes hoth the permesbility of the core and inductance

vatues to drop drasticatly, This makes the inductor o stop being an AC current luniting

device mnd it turns into g short circytt, Hence within microsesonds a nice Hnear carrent
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ramp can go from a fow wmnps to fens or hundreds of amps thys causing the semi

cnductor switch io fail

Parameters of the transtormer serve as the backbone of the converer design. The frsd
step 15 1o select a core family that will house the transiormer sindings., This is dope

fivat by veviewing various core siyles and thelr attribuies, The most common offling

core is the BE core for which there are several varigtinns,
Appropriate core size selection Is based on the following:

L The core must have g sufficient core oross sectional area A o vontain the needed
fhax density 1o transport the power from the privnary tis the secondary windings,
it. There must be encugh winding aren, W, to contain the 1o couired number of tarns of

the needed wire ganges.

b9

£ 3e

Aveording o hitpfonsersicom (ANDEOIYD) the product Wase ia provided by core

marfaciurers for each core size and is given by

{228}

W, 4, ] is the average wire diameter needed to carTy the prisary current in metres,

B s the maxinuam opesating Hlux dessity In Wivim®. The core size selected shonld

.

be equal o or greaster than the caloulated W, 4, and additional allowance in WA

made o accommedate insalation tape.
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in swiich mode forward convertors, the opsrating flug density (B ...} dictaies how
much magnetization eneegy, which is not used that most be relzased by the core prior to
the nevt power switch conduction cysbe, This is 2 point of ade off, ¥ 8 i 15 5L 100
fow then there will be many turss on the travformer, thus making the sransformer
farger than it meeds tn be. Se g B, 100 high mabes the transformer smabor gt
smerenses the louses related 1o the core reset function, A good point of compromise is o
sed B 8t about 25% of Bug, ot 100 kHe, This lovel should be reduced by a fctor of

(.04 per 100khz above this fregquenoy, Ulne can then calentate the turmns by

7

ny Ty
£ o i.«..«,’,;,’

where: B e 15 in Whim”

Ag¢ s the onre oross septional aren in md

in conventional forward converter the reset winding is identical in tures to the primary
winding and usually showt 34 wire gauges smaller thay that of the primary wind ding as
it carries the reset current for 4 short thne only. It is phased oppositely from the primary

a0 that it can discherge the magnetization snergy when the power switeh is off,
The secondary twins s found by reatizing that the secondary voliage nust provide ar
suiput wave form that will have a volt time average that will create the DEOpES power

oulput voliage when presanted to the LC Hiter thus:

Noow §§ A i {f’ s ;' n«m/.; <y J

zmiﬂm } i i}

N
o
L

Where [ g is the makimum duty cyvele ratio of the swsicu ¢

W
o




Y e 15 the normal forward vo lage drop of the reotifier. The 1.1 factor provides a 1%
musgin i the supply’s low veliage drop owt point and also provides margin for other
variatinns in the eirouit. The secondary cutput with the highest output power should bo
the main output which would then sorve as the reference windi ing for all of the other
secomdary windings, When determining any addiional secondary winding one must
acoount for each of the frward voltage drops of their respeciive rectiflers. This can be

done by

5/{9; 3

The awiliary winding which provides power o the control 10 « need not be regulared or
%
avenrste. It needs onby 1o excecd the low voltage inhibit Hodt of the controller 10 which

is L0V for UU3842 at the low input voliage.

A senies resistor and a zener diode across the auxiliaey w inding voltage filter capacitor
may be necessary to lmit the maximum voltage, and thereforg profect the gate of the

power swilch, {Walker}

256 Output Inductor
The inductor s used as an energy storage devics in switching regulator applivations.
When the power switch I8 ‘on” the current in the Inductor ramps up and onergy 18 sgved.
When the switch Is off tis energy Is returmed to the load and the ameunt of energy
stored is gives by

L0 {224y
Whers §. - induciancy in henry

i - peak value of inductor current

w
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inductors are uaed in forward converters for improved oross regulation  Fach oritput of o
forwurd converter requires an inductor and b wikding on 2 common core greatly aids

erass regudation and saves space.

Regulation and ripple current of industors can be adiusted by the order of the w tnddings

ot the core and by leshage inductance,

The nductor currert is made up of the ripple curvent and de nad corrent. The ripple
current being of high frequency will fow throu gh the outpan capacitor gs it has fow
impedunce for bigh frequeney currents. This will produce 2 ripple voltage i the
capactor due 1 the capacitons” eguivalent series resistance s that will appear st the ootput
ot the swiching regulator, The sipple voltage has o be sufficienty b as not fo affec
the operation of the circult the regulator i supplying.

Another effert of the ripple cureent is on the size of th | indhuctor and ontput capacitor
High ripple current impliss that the capacitor will be rated for 5 high ripple current, alas

P

over heat and dry up. A ripple current value of 195 1o 3096 of max s inductor

poked

T owil

current is normally chosen,

257 Output Capaciter
Since the cutpel capaciion current s gqual o the inductor’s ripple corrent, the output
capacitor’s value can be found using the inducior’s ripple current. Sian ting with th

current veltage relationship, the outpat vapacitance is caleniated,

L358  Output Rectifier Snubbers

Fhe purpose of the snubber circult is o absorh energy from the feaboge induciance in

el

the circeit. The leakape inductawce is part of the primary inductance that is net

z

P
Pl




sutually coupled with the secondar vy inductange. B is tmportant o seep the feakage
imsductance as low as possible heoause it reduces the officiency of the trawaformer and #

causes spikes on the drain of the swiiching device,

The leskage induciance is normally wken as 248% of the nductance of te primary

winding:

Leakage = GR3L favmumed) £2.25%

Total energy Lt {2263
- T g kg ok 4.4}

Fhere are different ways to dissipate this energy and reduce the apikes on the drajy of

.

the switching MOSFET. A yvpical snubber cireuit s 2 e sistance snd & canscitor
< H £

,.3

~

in soriss between the mput veltage and the drain of the MOKFET
(spprosimately half of the feskage indectance energy iy dissipated on the snobber

CHTUHY,

The snubber capacitance can be caloulated as follows:

T sy 5

Fa
tad
&

o

. -4
7oapkd S omas

Where:

The RO time has to be larger than the onvtime switching period:
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For kow oulput apphications a clyrmp zener or a transient suppressor can be ase

159 Ouiput Hectiflers

The reverse voltage rating of the rectifiors is determined using the maximum peak input

voltage and travsformer turns ratio using the formula, {Wakler, 2005y

oy
b
ot
e,
g

current 1S the peak inductor ripple cusrent (mininnun foad current) added 1o the

masimum sutput current. To caloedate the rectifier current we gse

&3
Lo
[

Sanr”

o~

i £

& et i Ayt {ddany

he design requires a dinde thet has g low forward voliage because dinde losses are

,.“-g

fnrgely defermined hy the forward voliage and current.

PN
nNE
tad
gyt
(ud
-

éS? o j gt e 1('}} g’l

Uising the general formula for calonlating disde losses we have:

~
)
(R
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2.5.18 Start Up and Bias Clreult
The start up circuit shown in Figure 2.14 &8 made up of)
i The starting rasistor
it The blas winding that provides powsr 0 the controdler 10 as soon as Bs volage is
ghove the under voltage lock out thresh bold ofthe IC
A capacitor thet provides the holdeup power during the time the output Inductor 5
dincontingous. Rart up current should not be greater than Tmd, as the minmuyw ip

voltuge of the #C is 1V,

i

Figore 2.14 Starting avd Bias Ciroyit

2511 Drive Circuits For Power MOSFETS

During turn on and turn off switching, the gate voltage exhibits a step, remaining at 4

-

o
i

cemstant level while the drain vollage rises or falls during switehing. This vollage o

bed

which the gate volfage remains during switching is Known as Miller voltage V . In

A

Py




st apphications, this vollage i around 4 o Y, depending on the lovel of curent

swnched, 13V is requived 10 on the device, theough switch,

The MOSFETS bave current rise and voltage Bl Turn off losses cun be roduced by
reducing the size of the gate drive resistor Rg. as # sllows the gate 1o charge more
quickly, The i oft fosses are proportional 1o the size of the gate resistor, e.g. from 16

2 100 gecording 1o {Balogh, 2i31)

2.8.11. 8 PWM Direet Dirive

in power sapply applications, the simplest way of driving the gate of the main seiiching

fransistor i3 10 utihize the gaie deive oulput of the PWM controller, g5 shown in Figure

213 below (Balogh, 2801 %

Figure 2,15 Direct MOSFETS Drive

The circuit gbove is used when the control B I8 nnt elecirically solated from the

MOSFET turm on and wrn off and the drive corrent Is 14 maxbmum. ¥t also provides




-.\‘

damping for a parasitic tank ciroult formed by the MOSFET tnpu capacitance and

s

series wirlng inductance. Schot thy divde D prevents the out utput of the 1 from going

)

far below ground during hurn off

Disadvantages: ~ The most Silficult task In direct t gate drive Is o opthire the cireuit
fayout, There might be considerable distance ben ween the PWM controlier and the
MOSEET. The distance introdaces g parasitic inductance due 1o the no s formed hy ¢

gate drive and ground returs traces which san slow down the swiching speed snd can

cmss ringing in the sate drive wavelnma,

Another problem in direct gate drive is she timited drive current capability of the

sy
px
o

FWM controllers. Very few 105 offer more than 14 peak gate drive capabiity,
by Another limiting facior for MOSFET die sive with direct gate drive is the ponver
dissipativny of the driver within the controller
{¢}  When divect gote drive is absolutely wevessary for spave sd of cost saviags,
special considerstions ave required o providy appsopriate by passing for the
controfler. The high current spikes driving the gate of the MUSFET can dis i

e sensitive gnalogue circuitry  inside the PWM  comtrolier, aveording o

{Balogh, 2601,

25112 Bipolar Totem Pole Drives

Another popular snd cost effective drive cirouit for driving MOSFET 43 a

bipolar, non inverting fotem pole driver whose cirouit is shown bedow
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Figure 216 Toteom Pole Driver Clrcol

Like il externad drivers, thix cirouit bandles the current spikes and power losses making
the operating condiions for the PWM condrolley more favowrable, They can and shoold

aced right next 1o the power MOSFET they are driving. Thas way the high corrent

be p
ransionts of dviving the gates are localized in 2 very small loop area, reducing the valug

of parasitic inductances,

igral mast by level

“w o

25113 Transformer Uoupled Gate Drive
The wanstormer coupled gate drive & appropriate when the drive g

shifted or trarsmitied soross an solation boamdary, The property designed transfimmes
conpled gate driver can aperate across higher Polential difference. Usually it takas more

compotents and reguires the design of a vandormer. The gate drive transformer
handlex very fow average power bud B delivers high peak cwrrends & fun-on and e

off. To avoid time delays nothe gate drive path, low leakage inductancy is moperative.

44




Figure 2,17 Trapstormer Coupled Gate Drive

2512 WO CONTROLLERS V3842

There are many commercially available IC ohipy conirollors i achieving the pulss
width modulation  that avoids the use of stand-alope MOSFET drivers.
LHU3842 1 an exwnple of sush 8 deviee and has boon chosen in this projest due 1o Hs

availability and lyw cost

e
\\
Q.'.-
‘-:*‘

Acvopding fo Unitrode spplication note U004, UICIR42 conirol B provides the
necgasary featurgs 1o tmplement off-line or DU o DU fived freauency current mode
comrol schemes with minimal extornal parts count and has the following internally

imnplomented clrouiis

. Viader voBtage fock o featuring start up current Ipss than ImaA.
i A precision reference trimmed iy accuraty af the error amplifior input

. Logic to grsure latched oporation.

B, A PWh comparator which alze provides current Bt control
Y, A totem pole outp Stage designed 10 soorce or sink Bigh peak corrent.
vi. UVLG siart voltage 15 15V with aspaxdmum duty oycle of less than 100% and &

LWL rurn off thresh bold of 16V

vil,  Application includes forward and buck/boust converter Circaits.



1 %.12.1 Under Voltage Lock Out

The UVLE circult ensures that Veo is adeguate to make the DOSRES fally operationsl
hetore enabling the oulput sage. The 6% hysieresis prevents Voo pacitiations during
power sequencing, Start up current §s less than TmA B efficient hocdstrapping from the
coctified input of an off-line converier During normal chreult operation, Yoo is
develnped from awxibiary winding W with 1Y and o (AT start op Bowever {7 THUst

b charged 10 ¥ through B With a start op cursent of ImA Ry, can Do as Jarge as

160k and still charge C & {Figare 2.3 2 shove refersy.

2.5122 Oscillstor

The LICIRAY s pogrammed 25 show i Figure 2,16 below! Thning capasity O 18
charged from Yo {3Y) through the timing rostator By arwd discharged by an inwrnal
current sourcs. The reguired clroult dead time s determined first and thersaltor the
vabhar of 0 for the dead thue iS determined, Next the velue of By B calouiated by
substituting the values of Gy and f into the formuls:

3
i,y

e

pA

(2353

“The LIC3R42 runs at the switching frequency and can be used 1o o maximann frequency
of 500 ke

For optimum 10 performance the dead time should not exesed 1555 of the oseiifator
ciock perind. During the discharge or dead time, the internat olock signal blanks the

o,

gt 10 the low atate. This Hmits maximun duty cyide D 100

pes
e
Lk
o,
vy
Namr

Thme & 1t doad 7t period), whete t perind = -
#
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Figure 2,48 Timing Ciroslt

2.5,12.3 Current Sensing and Limiting:

The UO3847 current sense s confipured as shows in Flgure 2.1 7a below.

fg st

5
3 W 5
LHE
<
- Pax

‘Q'a- ‘Jv.‘- c?&f}

s,

g s <

e rainamae e
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Figurg 2,19 Divect current sensing

Current to voltage conversion 15 dope externally with ground reforenced vesistors,
Under normal operation the peal vollage across Ra is controlled by the B/A according

1o thy following relation:




LY
f""‘_:
ja
P
~3

Where V. =conirol voltage =error amplifier sutput voltage.

®s can be conngeted Lo the powsr cireult dissctly oy through s powser transformer. Whils
3 direct connection is simpler, 4 ransformer van reduve power dissipation in Bs, reduce
svors caused by the base corrent and provide level shifting 1o eliminate the restraini of
ground reforonced sensing. The refation between Ve and peak curvent in the power stage
i5 given by

poes

. it
- i

¥ AF L

£ o N

e’

Where Nescurno! sense fmansformer burns ratio =1, when transformer is nof used.

When sensing current i series with the power switch, the current waveform will ofien
hyve o large spike at #s leading edge. This is due w meotifler rocovery and for nters
wigding capactiance in the power wanstormer. I wealfenuated, this transiont can
presosturely derminsty the ovtpul pulse, A simple BL filter s usuelly adequate to
suppress this spike. The RU time constant should be approximately equal o the current

spibe duration {usually a few bundred nanoseconds).

The inverting inpu 0 thelUCU3842 current seuse comparator is internally clamped 1o
VY . Carrend Himiting occurs if the voltage at pin 3 reaches this threshold value 1. the

e e Hoetd o e
current Himithag is defined by {1.39

48




Figurg 2.24 Transfurroer coupled current sensing,

25124 Error Amphifier (E/A)

z v

The non inverting nput IS sot bronght ot 30 a pin, but &8 internally blased 1o 2.5V 44
2%, The E/A output is gvailable af pin 1 for extemel compensation allowing the user @

contred the converter's vlosed loop freguency respomse. The B/A outpul will sowme

o~

8.3maA and sink ZmAA ower lmit By feedback resistor Ko I8 given by

-2.%3 5324

“ 7K.

£ 5m4

A il T

25105 Totern Pole Ouiput

The UC3847 has a single totem pole output which can be operated o +1 amyp peak i
driving MOSFET pates and 2 200mA average cument for bipolar powsr tramsisiors.
Limiting current through the IC 5 accomplished by placing a resistor between the wiem
pole output and the gate of the MOSFET the value is determined by dividing the tolom
ot coliector voltage Vo by the poak current rating of the 1C7s ttem pole, Without this
resisior the pegk current is Hinited only by the dv/dt rate of the tolen pole switching und

49




e

ihe MOSFET gale capacitance. A schottky dode is connecied hotween the oulp of the
PWA and ground 1o prevent the outpul vollage from golng oxcossively below ground,
causing nstabilities within the 1C. To be effective the dinde seloctad should have z
forward drop of less thay 0.3V ot 2ihmA Placing the dicde as physically close © the
PWH as possible will enhance clrouit performance.

2.5.12.6 Noise

Wotse an the cwrrent seuse of control signalks can cause significant palse width iitter,
particaiarly with confinuous inducior current designs. Ceramic monolithic by pass
capacitors (0.1ul) from Vo and Voo to ground will provide low impedance paths fir
high frequoney transients at the ground points. In ovder 1o minhnize noise spibe chooss
{7 {thning capacitord as large gs possible remembering that dead tme increases
with . 1t is recommended that €, nover be less than 1000pNaise could remlt whan the
ot pin 6 s pelled down below ground at tam off by esornal parasites, sspecially

when driving MOSFET, A schotthy dicde clamp from ground fo pin & will prevent such

outprst nodse from feeding back 1o the ousciliator.

E953
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CHAPTER THREE
MATERIALS AND METHODS

L4 Iptreduction

This chapier desoribes the design of o forward converier using the theories ot the

preceding chaptor, The forward converter Is composed of varions sub cirouits which

fnteract with ong another to ensure optimal and stable porformance. Sub clrouiis of the

converter were frst designed and tested individually prior 1o intorconnestion with each
sher, The schematic disgram of the converter is showy in Figere 3.1

helow:

"
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Figure 3.1 Clrouit of a forward converter fiw construstion
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Lt Specifications for the Forward Couverter

Dision of g comverier commences with staement of the paramsiers of the convenier
The fpllowing spectfications apply to the designed forasrd converter:

input rectifier configuration~ full wave

Turush Hmiting to be provided by a negative temperature coslficient therpuistor - NTO
Canverter topology -Single swiich forward

Efficiency - B0%

Ripple veltage ~ 1 % of prak to peak of output voltage. ¥
Freguency = 10 Kz,

AL input voltage:

W i setom £20-10% W 108 Y

IA0I0% Y = 2EE Y oy

Peak T jnput Yoliages:

Y g 1A 0V paciiow; #1414 2198 =280V

Yoo TLA S Y paegn ™ 1414 <392 =342V

Output DU Voltages and earrents: (BV/ASALIIVA] 5 {24VI3AY
Total ontput power p, = (6x134 +12x3A42413A) =220W

¥

Masimum sverage luput carrent § e = plofficiency 1Y b g
=322 R 2B =0, 99A

Nominal prak corrent, § 5 7280, 'V w3 %o FANBAT =D 8A

32 inpui Reeiifier /Fitter Clrenst
The specifications for the rectifier gre as follows:
Toput ac power supply -220Y +/ 1% s

Diode type - INS406; with the following dati
53




Average reutified forward current, 1, =34 at 757,

Maximum repetitive reverse vollage, ¥V, = HOOY
Fom repetitive peak forward surge curvent 1, = 204
Powsy dissipation P, = §,25W
Forward voltage drop at 3A =12
The gt rectifier cironit incorporates such features 23
Input switch/fuse mled at 204
End filter
innush Hmiting negative ompersture thernustor
Line cond

The complete rectiffer civouit with the resulting shmulstion resalts Is shown in Figure

4.1 helow. The stmulation result shovws the following data
iy Average D ourrent, £ 723,14

T3y Tkl ST TURSINE 7 IR AT

i) Peak D0 ‘es}ii&gx? 5»,*_,{{,__;_,} 337y

Hiy Peak corrent, £, 1344




S R

Figure 3.2 Full wave rectifier cireuit snd suput voliape wavelorm

33 Bulk Coparitor
The bev concern here is the D0 voltage decay during the tme the fopul reotifier w aot

sondhaiing The capacitor reduces the sipple vollage in the npul io the do convenier in

sply keeps providing

addition to providing a bohl-up tme duving which the repudated ¢
the repuhaed voltage ouwpst i the absence of the AU s voltage vaused by 3

myowpniary power mgsge snd can be oaloulaed sooording fo (hdohun of of 23 by

o 2w e prwe mzz;m? x fdduping (313
P ey - ;3.
. 2’ 4.’?{_«;3.*:{_.’- g ; disem} A }?

S




where ¥, 2 chosen o be in the range of (63-75% of the nominal input voltage ¥V,

and # is energy effivioney of the power sapply, according o (Mohan, ey of 2003y

23042

Putting the values we have Lo =~ 297.7uF

YWalue selecied is 400uF

3.4 The High Frequeney Transformer

Construction of the pansformss starts with core selection. Cores have different
fmensions specified in terms oft A B, C, B, B, and G values and power mitings. To this

project BE core was ocally sowrced and the size was found to mateh core ER3S from

core selnction charts parameters of this core was found o be ag follows:

Power rating - 443W, at 100 kHx

Ac vahue =3.000 "

Flux density =0, 1 whim®

The meanursd Emensions of the cors were fumd 1o be ax stated below:

1. A =4 3mm

2 Bo=iomm

=1

el

4, o1 = {6mm

LA

= fnum

£ {37 O8mm

oy
W




i GO

i

Figure 3.3 ER-Core Dimensions (vichyman, 2004

Table 2.1 Dimensional data for ER fervite cores (Melyman |, 20043

ER. Ferrite Corgs (Ferroxsube

A 33 < £ 8 Part A 23
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Fable 2.2 Design data for BR ferrite cores {Molyman, 2004}

ER. Forrite Cores {Ferraxuubed

Part W We o MLT  MPL W, A W, A, ¥, A Al

gravs  fwams  Cm oim Ay cmt et em® am” ard b
EREY TRE TR 57 RER RN 0hes oo R AESYTTY FEx
ER 1Y 4.7 37 1.47 .63 G303 GANT  BGOGERE OB 37 Hfi
ER 33 6.7 & 7.3 Qi 249 249 SABHET O G134 s2.4 1347
ER 42 TG 56 2.1 ER3 1.184% i.89 248 424887 L.35244 %3

R 48 1207 2% £3.8 3it 1385 .48 294 TEBEE LEIETE M

LE A4 e 22 {14 .44 RENYA 3.4 IR L0606 51254 962
*Thiz AL value has beep sotmalized S s pormeabiity of I

‘.

porrassbiihy. muhiply this AL valuo by the new permeshility o Kiigeperm, §§

M

The new permcditity i 2500, Then e 2.3,

3.8 Calenlation of Primary and Becondary Turns

%

The construction mquires o minimum munber of turas on the high currert 6Y winding

awd good cross vegulation to the 12 V winding since these have the tighlest wlerances,
Output veotitiens selected ave schottky diodes with 0.6 'V frward voltage drops, which

vuply a transformer outpyt requirement of 6.6v and 12.9v for the v and 12v erminals
respostively. Calvulation of the tums can be carded om using formulag or using

steration provess, §he method chosen nvolves the ase of formuda as shown below:

Primary bures are caloulated using the formula

o

.
;

¥

e,

o
Casd
I
e

= V. {mm? -------------- ;

ool

342 e o
i = 55’):"“ éi irns

4% 10° % 1.1 % 00001

Caloulating for the 6Y secondary turns which being the highest corrent wrminal sorves

b

as the reference o other secondary outputs we have

W
htd




Secondary turms N = 1

When determining any additional secondary winding one must scoount for sach

foraard voltags drops of their respertive morifiers thas is;

. 3 i
g/ ;‘it'!\f{n} } x {

i
I

£ N
¥ wefnd C

For 12V output we have:

L0
i Bt Ll LR 1151

{244+ 8.9
= 1877 19 s
Lol

e B4 > . - H ; ll‘s E
ciliary winding bans M = | § =14 furns

Final transformer parameters are:

b Primary inductance = 937uH

2

Primary turns =867,

[
h

6“&,’» p 25 ‘:‘i"

L

24Y= Zno 18T
Auxitiary  winding 1427

Ferrite core BRV35,

of the




A51 Winding of Colls:

The primary and reset windings were wound frst oalo the bobbin, Wext the auxitiary
winding was wound on top of these windings. Three layers of Mylar tape were applied
b provide some degree of dielectric isolation, then the secondary winding was applied

fast . A Jat Tayer of tape was added to provide some pritection to the outer winding,

7 « 4 B2 o e
b3 - * = &

Figure 3.4 Terminal connvotion of the wansformer windings

£

s BMOSFET swiich

Minimum dealn -souwrce mting V =i} ¥, } Fory = AW W

D85} N mismax} 7 oo

reconunended, also recommended Is provision of heat sink for effective

b

heat dissipation from the swiich, MOSFET type selected f8 HINBUCI with the

foflowing datat V. y #800Y.T, 1A L R 0, =0.4502

L
¥




3.7 Gutput Components’ Caleulations

3,73 {rutput Inductor: The mutpot induciance value is calonlated thus:

Utput filter inductancs Lo, Is given by

e

\
.
v“""
ol
N
e
et
§
:
i
an
)

s o that /

e
- qut

Susand 7, =7

H
H

F ot :::=§ b Plemings =130 =T

3 I3
N S f

f/h

infmin}

=IOV

Sothat for OV outpul, La 1IN 280 o m-{z«Jx Toxig™ /i
34

S
X
&2

= 45uH

[e-=3
i

~

I 0116212

E ; ; { AR »
For 12V outpus, Lo i = T Wi Ru
P z !

N

1.4

For 24 oulput, L, u
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Output Hectifiers
The rectifier curvent is the peal inductor ripple current {minimunm load curvent} added o
the maximum load current that is;

= +

P
s
~3
o

ctinke onsas b eippbed sk

For 6%/13A mutput, 1 =15+1.5 =18.34

For 1ZV/BA P54y 8 =5 84
f}-? ,,i.ﬁ“) ,’% (%_ ve z ::::3»;%{})3 ::‘:3.3‘:’&

The reverse volage vating foo the rectiflers i determined asing the maximum it

volage and wensformation ratie, it i1V =V %

iniass |

For the 8V output we have: T2 = 19.9Y selected value Is 25V

\ s 342210
- 2y, R Gt =39 8V selected value it 40V

" MY . 0 TSI =75 AW selected valoe is BOY

Fhw outpat veotifier will be 2 surface mounied DRPAK schotthy diodes This officiently

conples the heat to the copper pad on the Vero bward,

3.7.3 Suart up Componenis

When the auxdliary power supply from the transformer iz Joss thas 13 -V, the start-up
circuit i operational. When the auxiliary sepply exceeds 10-% it cute off #ts coliector
current, which is abowt ImA. A 10pF or gregier capacitor iy normally placed on the
auxiliary bus o store enough energy 1o actually start the supply, since the 10 will draw
ahout 10mA In the operate mode. A passive stard up clrouit 15 used 1o Bmit the inpw

currd o the control IC such that the current flowing in the start up cirouit must be lees

<
o




o

than current nesded 1o ron the control 10, The UC3842 use about 10mA during noomal

operation and draws bepween 8.3 and 0.5maA in standby mode. Therefore;

R, = #

viar! 55

i

= 280/ fmA =280k,

374 Primary Current Sensing Circalt Components

o keep the current mody operation Hresr and 10 reduce losses gssociated with current

sensing the peak sense voltage st be kept less than 1V in normal nperation UC 3842
used iy this project has g omaximum trip voltage of 1OV, Trip voltage choson s

therpfore 0.6V, giving a current sense resisior

4
b4

seth Logeny
Fiorth g

=147 6 =1 3802,

Power dissipsted in the resistor,

= 347G =042 W

3.7.% Current Ramp Time Delay Clrenit Components
This ciropit i very bopotant 1o the over- all opergtion of the cirepit, B provides the
fodlowing:
i Gpike olimination 1o the corvent comparaior
Time delay function fom the cwrent scuse resistor to the input o the cwrent

4 sy

comparator. Althougdy g owide range of resisdor and capacitor values will work, some

am tinee delay bs required o avoid instabdlities due 1o too short (3 TIME a1 the

a2



Bigh range of input volisges, One daris by selecting the capaciior value which is in the
range 470pf t0 1000pt, Value selected Js 1000pf and time delay chosen 15 0.7ns besause

ihis Is the approximate mintaan OFF TIME a2 the bigh input voltage, The value of the

seaintor beenes, K, =700n8/1000pT =70} Sandard value chosen is 68043,

3746 Madimum Daty Oyele
The UC3B4Z has a reaximum duty oycle of approximately 100% However for optimum
I controller performance the dead time showdd not excesd 15% of the oseillator clock
freguency. During the discharge or dogd thne the internal clock signal blanks the outpu

to 2 dow state, and this Timits ty maximum doty ovels 1o

53
pr)

s
Yol
B

i

with g switching frequency of 160 Kz,

Dead thne =153% of VI KHz =1 S

& =1.1, 510 = (188

Using the graph of dead time versus timing capacitor shown in Figured.da below, we
estimate the valug of the timing capacitor and fnally use the graph of timing resistance

vepas frequeney in Figure 3.5.6b below o estimate the value of the thning resisto

Prown the graphs, = 4. 7nF and B, =TK{2.
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By (REY

%

RN ’i Kz

184 34 344 k31521 i

FRESIIENEY - (e

B
Figgre 3.5b Timing resistance ¥'s frequercy {Unitrode application note U-100A, 2004)

177 Voltage Feed ~Back Cirenit

According 1o Unitrode application note 1U-1004 (2004}, the lower resistor of the voltage

sensing net work 15 sef by assuning 2 sense curvent of tmaA 50 that the fowey resistor,

{3.13}

h333 5“ ‘:’:isk };2
$.001

Splitting the output sensing amaong the oulputs will Improve the cross regulation of all

the ontputs, The output with the lower voltage, 8-V 15 connected & 2

d 1o the feediback ioop




which i voltage sensitive, The loads ow the higher output voltage are fess susceptible to
voltage variaiions. Thorefore proportion of sense current selocted s 70% for the 8Y

Y oouwput, Therefore value of 6V sense resistor is

t\.}

output and 30% for the |

rog
e
o B )

Cygy

Figure 3.6 Keeti iis:r,, atst ugs and bias circuit

3.7.8 Output Capacliors

The aim of the ontput capaciior is 1o absorb the AC current ripple in order 1o provent &
flonving through the load, Thus the curreny that flows through the output oed s only &
D current, The caloulations for the values of the output filter capacitors will be dove at

the lowest frequency since the ripple vollage will be greatest st this frequency. More-so

w«\

s relatinnshiy

capacitor values arg determingd by output current and are caloulatad by

e,
(95
s

£

o

is the sxpected lowest frequensy of operation deterndeed by Shannon’s

theormy that cut of frequency, £, = FI0262, so /. =100/5 =20kHz




For 6V/1AA output, Co =152 ke 20,6 =1250uf

ih J . =34 and ripple vollage of 10%, the eguivelind series resistance of the 6V

, N e . eripple _
outpet capacior becomues, ESRG6= ,‘?‘ ~~~~~~~ ¥ {344
Honin)

¥l
—

= 6m0

For (12¥/54) and 1A minimum currend, owpgt ) = -

Hixiz

For {24%73A) snd L& mininuun current, outpat £ = el =280 F

= ?.}. jﬁ?,:zv?i‘.;;,%

ESE 4 - =24 0mEs

Asding a vevamic capaciior with a value bepween (.1pf o Taf by paraliel w0 each of the

g for the

sutput capaciions s a standerd praciics to povide high frequency decouplin
Yoo {Input tzeming] of the MOSFET switch} and to provide 8 reservolr for the peak

currents reguired to fury on the power switch,

o0
o




CHAPTER FOUR

48  BESULTS AND DISCUSSION

The design and computations of chapior four were followed up by sinmlations and the

sonstraction works respectively.

4.1 Stmulations and Results

Simulation of the chregits entailed use of

i MULTISIM

i, Pulse width mosdulation consradber PWRMOCM (15 and

i, High frequency fransfonmer (U1} with transformation ratio 201, from samples of
SRAPE in the MULTISIM Hbrary {with the advice of Pairick Moonan of National

instroments discossion fonam, 23 per appendiz A).
Hi. AL power suppdy

RME voltage =220V

Freguency =30Hz

Yoltage offset =ty
The stage by stage simulations involved the Hllowing:

< t+3

a. loput AL/ nput rectifier circnit 3O oulb-put
b, PWM controller and MOBPET gate
¢, MOSFET switch output

&, High frequency wansinrmer cutpul

~3

o




4.3.3: Input Bectifier Olrondt /Wavelorm

The gt AL/ rectifier owim wavelonms g shown in Figure 4.1 below, The cirou
perfirmed setisficiorily with Cutput turrent lee 2304 amd pesk D90 oulpnt voliage o

RS

‘ H ¢
< : B . p
ey ER L o B e e
3 3 B ; .
2 2 . H <
i < < “ N
< N < s B
> B s > » B

P

Figure 4.1 Inpast AL Vollage'Ouima DY Voliage Wavelorms,

(3]
¥




Table 4.1 shows the simulation result of nput rectifier circuir.

Table 4.1 Stoulation Besult of Inpus Reotifier Clrouin,

%
o
W L
o,
. oy
L = i
“ 0.0
P
il

o
&2

o

B

4.1.2 PWM Controller L3842

This 1 that provides the duty oyole was tesied next using oscilfosvope 1o observe the

wavefornt, The controller 1C UU3842 was found wot o be working. Search was

eonducied @ find ow reason for this, B owas found o from national nstnament

n

discunsion forum that thar the studerg vession of MULTISIM i1

s not have
simulation model of UU3R42Z Mational instramaent Englneers bowever recormmended use

of equivalent HI PWM OM found io thelr domonsiration sample. This 10 wa

o2

comsequently ased o obtain the resalt shown in Figure 4.2 below, Quiput voltage
measured using oscilloscope was found to be 10.848Y sufficient 1 irigger the MOSEFET

Y

switch inlo conduciion

o
EER]




Figure 4.2: Shmulation Ouwiput of 1C Controlfer PWM O3

4.1.3 MOSFET Switch
Stnalation resplt of the voltage across the MOSFET switch is shown in Flgure 4.3
below. Voliage aorcss the MOSFET was observed 1o be 340V . This indivates a very big

satety margin (42.59%) on the selegted 800V MOSFET,

" M r <
< r » R e et -
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bl < < K i

B [P VR AV RN S - .- d KN

< b ¥ 2 A
& 5 % E 3 $gn 7 X La
& i E) 3 S Shwm &dam

Tane (8}

Figure 4.3 MUSFET Switch Voltage Wavelormo,




4.1.4 High Frequency Transdormer Output

MULTIBIM recommends use of single cutput Hnear ransformers found in it Hibrary for
simulation. The only adjusable parametsr in this mode is the primary 1o secondary

“

wrns ratio, The simelation was done by changing the transformation ratio of

&

351w 0.2

to obtain 69,63 The wave forrm is shown in Figure 4.4 balow
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Figurs 4.4; Transtormer Ouipnt Vollage Waveform
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Figure 4.5 represents Ouipnst Yoltage wavelform of bigh froguency diads.
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Fiopre 4.5: Ot Voltage Wavetorm of High Frequency Biode

Table 4.2 gives the simulation result of high freguency dinde g5 shmulated.

k¥

Tabie 4.2: Stmulption Besult of High Froguency Diode
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4£.3.6 Output Yoltage Shnulations resulis

Figure 4.6 represonts the simulation culput volisge of 6w, 12y and 24v rerminals

Figore 4.6 Siomrdation Ouiput vollage siowdation resulls of 6V, 12V and 24Y terounals




4.2 Construction:

Frdlowing the satisfactory wosult of the simelativgs obained by slight adiestient in
connponent values, constraction of the regolated DU power supply was carried out using

the amonded drawing shown in Figure 4.7 below. The following pmrocesses were

4

srvodved:

b Selection of component values from component data sheess,

3

I
]

gterconnection of components on Yern board to build the sub-circuits. Hach sub-

circuit was tostod separately.

Lok
.
fovr
-~
B
=
B
<
&
pu
<3
3
=5
»
W
o
(]
P
w

sub-circuits o build the complete cuuin. Aftor overy

inderenmnection a test was carried oot

Furthermore heat generating devices hike tamsformers were mounted some distances
away from semi-conducior devices BRe the power MOSFET switch, The MORFET wag

thergsfior mounied on beat sink for effective beat dissipation,
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Plate I Input section of vonverter

Plate 11 Converter controd seotion

7%




Plate T Outpus section of converier

Plate I'V: Complete cironit

<

4.3  Testing gnd results: Testing was carried using 3 multi-toster.

4.3.1 Input Rectiflers The AL input rentifier voltage was measured as 235V while

)4

the gverage oatput DO vollage was measared a5 210V,

~3
~d



4,32  Oetput Voltages: The measursd ovtput voltages on open cirouit were foond o

o
&
»
W
=
m«

iBBY for 8Y

HOI2Y for 12V

i 23.5Y for 24Y

These wore very satisfactory.
4.4 Sialdlioy Asslysis

To wvestigate stable operation of the forward converier a stability analysis was carried
out using Bode plot Figure 4,123 shows the equivalent model of the forward converter.
The wransfer function s st derived g5 shown below and thureatler the Bode plot was

oitained using AATEAR

; g-v,s PV, .
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Figure 4.1 2a: Approximate representation of the forward converter (Mohan ef of 2000
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Figure 4.12b: Bquivalent scheme of 3 condugting fhrward converier transforesr and

ensiput filter,

The Bode reprosentation of the open loop

Figure 4. 120 helow.
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control system of the converier is shown in

The closed Toop was conflimed 1o be stable.

Pral gain= 28.3db
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CHAPTER FIVE
24 CORCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSHIMS
5.1.1 Observations:

& model of the transtormer was initially swound for the 6Y termainal, The transfoomer
was thereafter conpected to the designed ciroult, Voltage oulput measured was 20Y. Th

ausnber of turns for the nansformer and the 12V and 24V were conseguomly adjusted

before winding the tansformer again,

The wansformer was reconnested into the ciroull g nd farther tests carried out. I the
crrse of the tests, the slrout was observed 10 foud, kading to funther investigation of
the circuit, using M1 Multises, & resistor was there fore introduced in the carth path of

the praciieal converter 1o the work,

513 Contrefier 30 The controller oatpal veltage was sueasured 9.5V and
yalue agreos with coporamended manufaciurer vajve of 10V for trigeering the MOSFET

peded

seiteh into conduction (Figure 4.26 above}
%.1.% Inpui Voliage
The peal currents are normally high when using a rectifier feapacitor inpul from an AC

ting. This pesk current beocame very tigh at high input voltage of 220V and bod 1o

>

repeated blowing of the input fuse. The converier operstion was however sable

bt &0V rms ang 200Vmos,




514 MOSFET drain to souree voliage: At high input the voltage measured aoross

[y

e MOSFET awich was 30V, This indicates sutficient wargin (42.5%) on the

spfented SO0V MOSFET

£.31.5 Output Voltages: The oulputs wers evatuated by varying the load on the

regulated output of 5Y and ohservation made on the other two serminals of |

24V that were ned regulated

In camrying out the validation of the input rectifier the following cquations ware

roguiated. The results ohiained are as stated holow:

Full L

o Maximam load on the 6Y terminal were g 35 foblows:

PeiiTA L F, 10834V, = S8V 1 = 2792 87 4)

f”?)‘(

A
}.\‘.

g iy (w‘g i&i"ﬁin’ g'"f}»:j:?/:i., -z:.,'(, w §.3{ E ; i.b(é;/ 1{ {}4gg~’i§4 3’?/"'}

Pop 54Y terminal: F = 3814, £, = 38140, = 28647, =0554 {25%%)

c foad: Results oblained when the 8Y terminal wis fighily louded. tha ave

Je=Tadd f, =674, 1 = 4074 ‘§€<}‘ } = w5 atated below

sipge

For 12V: 7 = 6314, 1, =5384,4, . =0534(15%)

FIERG
For 24 = 3814, [, = 28147, =0.9.4(24%)

The wregnlated outpils al magimem tosd on the &Y terminal showed lower ontpl
vaines, Both unrogulated owputs were high when they were Hghtly loaded and te 8V

wus 2t its masimusr, This is dus 1o the resistive losses in the 12Y and 24v output paths.




With the above resulls it §s reasonable 1o conchude that the converner constructed has

met mosy of the design requirenients,

8.2 Recommendations

Smmne problems were encountored i the cowrse of this project They molude the
following
i Ty the oourse of simudation 3 was discovered that some of the MULTIRIM

components di not have simulation models In its Hbrary, s example being the
comtraller 17, UC3842. A ot of time was therefore spent scarching for solution,

which was 1o copy the models in the switch mods sapaple cireaifs,

i, Mo availabifity of multiple output winding trensformers for simulation In the

SAULTISIM Bbrary hense the three owtpuis were shmulated by looping the

AN
HL Non availability of an offuthe shelve wansformer lod 1o the winding of the high

frequency transformer focgily, with provision for reset winding. When this was
connested 1o the cireuit, burning of the IC repudator and the MOSFET switch
aocurred several times implying that the transformer core was not befng rese

property, This led to the Infroduction of the RUD clamp clrouit to obiain & stabls

operation.

.

iy, Some compoments were fhund o have satings which differed gremly from thew

actual vahies and therefore failed when suljerted 1o the voltage ratings on thelr

¥
W




i view of the obesrvations made above, it may therefore be recommended as follows

i To ensure that there is good cross regelstion between the vegulaied outpul and the
unreguiated suiputs, it is recorsmended that the project be cartied out using coupled
inchuctors instend of individeal inductors. In this way any change i load in anyone

utpet witl affect the other outputs equally therelsy ensuring stability of operstion.

A professtonal simulation package will give batter sin nutfation results as it has all the
sirmutation models i s library and hence g better designed power supply. B 15 sherefore

recormended that students be made 1o have access to professional sieulation paclkage:

instead of student version that has so many mitations.

i The ronverwer safely against radio gnd  electroms snetic  interforenge was
implomentzd by using o metallic enclosure providesd with ventilating duels. Terminal
‘ £

for earthing of the convertor was also provided. Other salety methods could howsver be

erplored in future projent work.
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APPENDIUES

Appendix A: NY silation foran (UC 3842 nor working?
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Appendis O Derivation of forward converier trarsfer function

We apply Kirehhal s current law 10 she forward comverter’s equivalont Ciroult to obiain

the soverning souations and wie Laplace ransform o s olve the equations,

-~
N

roe, ¥ (a1 =D s

-
[

Combining souations 1,7 and 3 above % Bave

N

]
.
—

Dreaigning the controller for the worst situation, which ocours when, R =, then P, =0

and eguation 3.6 reduces 100




The cut oif freguensy is t

- @

Where: U =0.4Y is the value of the triaugular voltage provided by the W

i

manufarturer

L =outpul induciancs

C=output Capacimee

W =high froqueney transformer primary winding

= toad resistanee
P soutput vollage across load rosistor

F =nput voltage 1o the outpt filter nepwork

N = high freguensy transtormer sgcondary winding

¥ =output voltage of error amplifier or control voltage, V..
From the above § can be seen that when R owo, Pont will be rero and the transler

function reduces o

The sut off freguency s ghven by =, = s
' 2N L
FHRRED 32 W

L
feeh




And the static gain A =

The controller design 15 bassd on the confrolled ouiput of {(BY/153Awith output

sarsmeters as O HEHnf and =600, Substituting the shove pararosiers nto Rty
v t+

4 ¢ she transfer function becomes

2.94
3.00000HGs T + 00000285 41

Hifsy =




Appendiy B Cost As

walvsis of Converier

Componeat Me, Rate Amount
30 A Swih B 200 20
2EA Fuse 56 56 i

Thernator

200

200

B ] e e

VRO IO controller

A0

we

Yero board

260

260

Lasing

A{H}

404}

—5{}9}{ iz;{idsyzcr 46 B0
g el i 40 ry
P31 S i 44 |40
4Gt FMA00Y Capacitor | 430 430
R HTY . 2 Y 243
fmb . 1" B 100 B
F17uF H 100 [
{Z5uf i HGG HG0
¥, Ceramic {apagitor Z 3G &4
A7sF . { 3 30 B
ok, 3 34 4¢3
L 1 0 E B
S i 45 i
Diodes INS4OG 4 24 &0
18V roner diodes 2 i pal;
Y . . i g 5y
REA . H 10 i
24 o " i iy Y
23V shettky diodes 2 26 46 :
v L 4 20 5
0% pulse ransiormer i 5083 506 T
SO0V MOSFET [ 250 )
i
i
i
3

Begistors 3 FOG
Nuta, bols, SCEEWS fots ~ 200
Totat - .

464100




Appendix B Reliability anabysis of forward converior

Component N | Basic failure | Weigihting factors due
Used- rate Al %l
3, 14 he) .
Env, ¥, Terap. i | w4,
ratin ¥
Swiich 3.42 3 1.5 3 2.7
i
Thermistor .06 3 i5 3 £.¢1
i ;
Fuse 0.0 [ RN .00
Inductor T 3 151 2.7
4
Efegtrolytic 02 4 i 3 1EG -
CEPACHO 7 ‘
ceramis 0.3 L5 L3 03 1.62 )

i apacitor &
P Diandes

o
i
s
;Js
s
LA
e
e’
ol
b

Fulse G.48
fransformer 1
L s ‘3‘7‘ il

MOSFET i

i
Lot

Lo
oo
o
o

Dve]
o

P
e
LR
-
¥
V.13
)
o)
L2
3
=3
AR

hostky diode HELE 1.5 1A 1.5 IR E:
7
Resistors 3,45 £5 i3 2 3378
13 _—
- Senpr diodes .03 £.5 1.5 2 0675
' 5
{onnectors .01 1.3 1.5 2 145
134
comtrodber .05 15 1 2 0,225
H

-

From the result above, the converter fatbure vate = 17.6%95% =

».,
e
~d
oy
N
.
D

System redability,  Re e iomge. 1991

Where % “total system failure rate, L= period of operation in hours

ah




Therefore for a coptinuous pperation o 164 days and § houts datly. the relighitiy will

e 7695 x

0,683

e
W




