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CHAPTER ONE 

UJ INTRODUCTION 

Evt:ry eiectronic appliance or cin .. 'uit requires a Df.: power supply. But the rnost 

commonly availabk vywer supply i~ the alternating pov{cr supply at 240·,V (single 

most ,;:Olnmon m~;;th()ds of obtaining the DC power supplyinclw:k': 

L Us<: of linear regulators 

Historically linear regulatnr 'Nas the prlrnary method of producing a regulated output 

, I' '! 'I"" ,j'" ~. J • • oy Hlear y contro Ling tne COnf,..!;lCtlVlty ot a S{~fli.':S pa:.:;s po\.vcr <H:vlce m response to 

cbanges in its load, This resu.lt in a large vo!tage being placed a(TU% tbe pass unit with 

. 'j f" t ,!.. J t-. , ," R . ..;'\.; 'I tl1;;' lOa( current ,l<J,;vmgkroug '! it ano conseqw:nt H1gn , .. , lOSS. i us !oss >.::m!ses t 1e 

linear regulator to onlY be 30 to 50 percent eHlcknt That mean:..; that. for ei,b.:.:h \\;:ttt 

ddlver~;;J to tht~ ioad. at least htM a watt has to be dissipated in heat. The C(lst of the htut 

sink actually mH.K:;;;S the linear regulator uneconomi(;al above IO-watts rOt :~mal! 

applications. Below t11<lt pOInt. however they are cost effective in :,ttp dovvn 

appHcaijons. Furthermore it can only be used as a step dr)wn regubtm which meaD", that 

the output voltage can never be greater than the input V()!llige (Hr.mvn, 1990), 

The ~'''Nitch t"ncKk power supply operaks by chopping up the applied DC input voltage 

into n;c!<1ngular AC: WJ.vcii:;rI11S 'whose trequency equals the switching n'equency. The 

s\vitcn can be a lY.:)\ver M()SfET or a hlpdar transistor .The ON and OFF time::; of the 

~;witch is dett:rmined hy tht~ width of the gate control pube gew:.rated by an Ie 

1 



contrdkr. The ratio of the ON lime to the towl o!>' .. xuting time (on timt~ plus oil tirne in 

The pwbkrn of low dJkjen;;,y 0 heavy ,.,yeighL single output and large space 

con.:: transformers, has led to the devdopment of D.C pm!'·er supp!k~; based on s\vitch 

mode kdmiqw."s. These po'!,:er suppEes are called ~"witc.h mode pO\ver supplk:s 

(S~.,!lPS)5witch mode power ~,upplies circumvent all of ib~ lInear regulato(.-; short 

comings according to (Brmvn, 1990), as follmvs: 

1. The s'\vitch mode power supply exhibits efficiencies or 68 to 90% regardless of 

input Voltage, thus drasth::aHy reducing the size requirement of the h~;;abink and 

s~1turf:tion and cut otT the pov,er s'Nitches can deliver many times their power 

rating to {he load and the !css expensjve components C,H) be used. 

HI. Since the input voltage is chopptd into an ac 'Ml.V;-;:: form and placed into a 

magnetk ekrocnt, additk.m.al windings c·un be adJed to provide l-hr nwre thrm 

IV. For transformer bobted s\vitching supplies ,t!v.;, output voltages arc independent 

of input voltage \vhich mt~f:j1S that the input voitH.ge can vary above and lor 

below the level of the output voltages 'Nithoot affecting the operation uf the 

supply. 

\'. Sinee the frequency of operation is vcry much greater than SO/60Hz. line 

frequency, the magnetk and capacitive demenh USCl.1 for energy storage ;;If<; 

m.uch smaller and the co:4 to build the swit~;;hing supply becomeS !e:';'} tlWI1 the 

linear supply at the higher pow;;:r levds. 
1 



The fimdamenta! ditT;;-rencc bet'vVcen linear and 5\vitching n:gubtor is that a linear 

f~:g:.;di.1t{)r regulatc::; a contirmous now of curri,~nt from tb: input to the load in order to 

maintain a constant !oadvo!mgt}, The s'vVitthing regulator reg.ulates tb:. sam.c current 

n;y;V by chopping up th~: input voltage and contro!1ing the avemge curn:.nt by means of 

the duty cyck 

Th;:kchniquc f~)r controlling thi:: <JH and off times of the switch mode power suppl:.,: is 

pulse width mmhdation. In thi;:, kchnique, the tllne of ~;witching ON and OFF of the 

p~w;er s',vikh is ;:ontro!kd in such a way that the output voltageh determined by the 

ratin of 'ONe tinH~ In tom! time (ON time + ofT time),When a higher bad ;';Ufrent is 

required, the fY.:rcent:1ge of on time is increased 10 accommodate the change (Brown, 

! 9(0). 

3 
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Figure 1.1 Schematic ofa S"vitch Mode Pmwr Supply 

U Statement of the probk~m 

From the bdef description of the 1',1,:'0 methods of obtaining DC pmvcr supply it has been 

v.;eight m}d possibility of multiple outputs outws-:.ighs the linear eb;:honks based DC 

power supplies. This project will therdore be based on Switch Mode Power Supply 

1.2 Ahu of the project 

The airn of thisptoject is to develop a SMPS that ran produce regulatedmultipk: DC 

modulutioH {:.:');.:-hnique. 

4 



1.3 lVlotivathm 

indus;v~~, FHrther~ more the heat! of any s'Nitch mode power supply is the pulse 

transforrner. But pulse tramJ~xrners arc not avaUabk in the markd. as ready~ made but 

nHlst be designed and built t~\r ea;;:.h power supply, In Nigeria there are so many burnt 

pulse transform!:r:; tbund in both cnmputer and television pO'Ner packs that are tre(~ted 

The prqiect airns at rewinding the burnt pube transformer tomtet sp~:6fk requirements 

and to develop local capacity ti)r bull.ding switch mode pO'Ner supply at a redw;;d cost 

that are suitablei()f usc in laboratories in secondary t'icboob and universities, 

1A Scope of Work and Limitations 

Tbis \vork. shall be limited to the d;;:sign and construction of a 2}XW DC power supply 

having three DC outputs of 6V, 11V and 24\", using a thrward converter topology, TI1(: 

tqiO!Ogy chnsen is thl;: forward converter, This is ly;:cause {he thnvard converl;;:!' is 

capable ofhandllng the calculated power of 222 waHs dlldent!y. 

105 Organization of Report 

This report deals ,<-vith the design. simulation and construction of a f{)fW;;1rd 

Converkr and has lY~en divided into Eve chapters. 

L Chapter one deals ',vith the general introduction cd' n~gulated AC to DC 

;;:onvcrsion '~vith <::lnphasis on pdse width modulation technique, 

iL Chapter two highlights various topologies of a SWitdi mud;::: power supply and 

their important Jeaturcs, The chapter therefore deals v,:ith a teview of reirv81:t 

literatures on t'iwitchcd mode power supplies, 



supply using pulse "ovidth modulation tt~chniqw: and using 1(}twurd converter 

was rnadc and the component vahH~S <Jf each calculated, 

IV, Chupter [<Jut deals with the sinmh:nioH and ~:onstru(:tinn nf the designtd circuit 

V, Chap1<:r five disclIsses the re::;ults ohtained above in addition to making 



2.0 

CHAPTER T\VO 

LiTERATURE "R.EVIE\V 

many n:a.sons. Power u.m be generated at v·/hatever voltafp':: that is rno5t convenient, 

s[epped up to a higher voltage fDr eUkicnt tra.nsmission and lhen st~pped back do\.-vn to 

a level appropdat~~ for conSUlners through the use of tmnsf(}rH1ers. As an ever 

iw.:;rea~ing number of applications are taken overby electronic methods, the need arises 

for the effJcient >:onvcrsion to DC voltage lncls required. by semi-conductor based. 

de v iO:5. The conversion from At' Power Supply to DC Power Supply is C;;HTkd out 

using appropriate DC Power Supply circuits. 

DC Pmvcr Supplies ate circuit,,, that generate a fixed Of cnntrollabh: magnitud<.'. c;fDC 

voltage from the available alternating current poweL integrated circuit chips used in 

electronic (:irc\1its needs ~:;tandard DC vo!tage of fixed lnagnitu;;k 

Tht~ proper operation of electronic devices ranging fi'iJI11 personal computers to rni!hary 

equipment and industrial machinery depends on the performance and reliability of DC 

f\w.:er Supplies. 

2.1 Puise\Vidth l\lodulathm (P\VlVl) 

Switch mode power 1>upplies are dynamic systems, wbch mean that they do nnt assume 

an operating w>int instantly when an input paranK:ter i1> changed. fn view of this,. if v,:e 

v,:(mt the ~.;witch mode pov,;er supply t(, have a dyruHnic behavior different from the 

naturni behavior, the duty cycle m.u::;t he nmtr<Jlkd, '.Owre are two (:OHnm;n mdhod", of 

7 



(ontrd t(}f pub;; ,>vidth modulatiGH s\vitching POWt.T Supplies. They arc e!th~f current Of 

2. L1 Voltage mode control: 

This is\vhcre only the out1")ut volta~~c is s<:.':llscd in ord(T to maintain its recluired voli~lge . -
!~;;veL Thi~ typ~~ of control can bt:. (<.'.cognized by thc output or the error ;.HnphHcl" g.oing 

sc<.:tion of the Ie The cOmp;71l"fltor converts the error voltage into a pulse width 

':~';g:£f"J+ .... :~: .. "f"""""'» 
~:::~S .. 

Figure L I Voltage \,1ode Control (Brovvn. ~~n{)n) 

2.1.2 Current Mode control; 

ik)ws through the inductor or trans-ti:mrlcl'. \Vhcn the i.H.ltput dtlnands r(Jore Vm'(T, tlK 

appropri>:-lte response is given, keeping the output vnitage at its rquirtd levd. The 









G.H1fr.;)L This nleans that tlK treouencv of oner<'ltion is dettnnined bv an o:,cillator who\c "1 .... ~ .,/ 

only purpost' is to start each ON cycle. 

The CUftent modi; control is very fist and provide:, a very good tr~msient response tirne. 

Example:., of (:ontr(ll1ers used in thL> mode of control in>;dude tlC 3842/3/4!5, and 

j\K34023. 

Figure L2 Current ivlode G::mtrol {Brovm, lOOO) 

2.1.3 Vadable Frequency: Using variable frequency, the averagt~ outpm voltage 

can be varied in stich a way that the ON time is nxed and OFF time is varied ,)( the ON 

haw is variahle, OFF tlrne is t1xed and hoth ON time and OFF tim;;. an: mad,;; variatde. 

Vadabk th:quency P\VM pos';;s a serious problem in output filler design, 3S it is 

difFcu1t to (ksign a Wier ifthe desired tkqueucy response is unknov·:n.For thi:; reason, 

Exed freqw:ncy form of P\VM is preterred, 

2.1.4 :Fixed fn:quency: In t1xed frequency pulse ,vidth rnodulation, the total time 

for a <:yt:k is kept conswnt Output is varied by changing both the ON time and OFF 

Figmeure 2.33 below s!10\VS the block diagram of a circuit fi')f g<.'.I1f'!'ating puh,;; width 

{PWjVi\ In the Figure, the J1xeJ frequency P\V\:l control signal to the 
<} 



kmn \vhkh may be a saw tootL The I?rror signali" obtained by corn paring the output 

voltage of the converter \.vith SFmc precise r~~terencl? (:nrresponding to the desired output 

ern)r signal the s\:vik:hes arc hlrncd en and when ttw error signa! is of a h")v;er Vil!UC than 

the sa'!,: tooth wav,.: fi)rm, the switches are turned off. 

The fh.l?d frequenc)· PWM ;;;an be providcd by a number of means sw.:h as: 

L A .. nabgue cir<.::ult built up ofindividua! c()mponcnt~; 

iL Analogue P\VM fC 

L Digital means, using micro Contr()!!er:~ (Mohan. et af 20(3), 

Figure 2.3a: Pulse \Vidth Genen'ltion Circuit (\1ohan et al 2nn3) 

~.t~'i:»f 
l-·:r'~-4 

Off 
~ ... ~ms-.«~ "'~ y ~I; 

~~~·ftl!>;j_,w f~ '" -f.;) 

Figtm~ 23h: Cornpamtof S~gnab (Mohan et a! 20(3) 
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2.2 Continuous and Discontinuous IVIQdes, 

In ~:ontinuOH'" CCll1Jw.::ting mode current nows throughout the switching cycle and in the 

dIs(:ontinUGus nwJe the curr<.::nt through the inductor '>'<fill drop to lerG fi}r a period of 

time during tk switching cycle. 

The choke of the mode of operation I:; depend{~nt un individual appiicati()n.; 

discontim.lotl~ mode b prderred for low load ;;;:urmnts and will utilize small inductor 

valw.::s. 

On the other hand, continuous modewiH provide grcakr output PG~v~~r, hm the 

continued How of current \vill require larger \fakes of inductam~e J(.>r high input 

voltages. 

Inductance value fix a s'Nit{;hing regulator must he high enough to prevent exc{:sdv<:. 

(·unent and low enough to store snftkknt energy in the core. 

2.3 TopoIogie.s of SlVIPS 

S"wik.h mode pO'Ner supplies may be divided Into isolated and non-isolated, vv'ith their 

principle of nperatkm b$~ing broadly ana.1og0t!s,( Mohan,et of 20(3), In the non iwbtcd 

topology only the serni-conductors provide the DC isolation frorn the input to the 

output Semi-conductnrs have relatively to":;;' voltage breakdowns and exhibit thi: \vorst 

meantime. betw(~enjaf!ures (1.rrBF) of the c{)mponenh within any given power supply, 

buck converter 

11. boost (:onverter 

J.ll. bw.::k boost converter 

J..1 



tn:Wf;{(.mr:er isolated topo!ogie::i. The transi"hmwr isobJed tupdogy reiie::; on a physicf:l 

dielectric barrier provided by wire insuhtion and/or insulated tap.;., Tb: energy fX!f;SeS 

traw;i;:mnet insulation can \vlthstand many thousands ()f volts bd()f(~it Ihils and dO~~5 

pwvide a second dielectric barrler in the event of $. semi~condHctor bilure. Other 

fllndl£ms ofine transtz)rmer include lhe foHowing:: 

L .:,;tep up or step d()'0/f! tiHKtkw 

n. Pos:,ihility of adding multiple outpms to the pmver supply without additi<::mal 

separate regulators 11)[ e;;Kh output 

The ab-:;}v€; i~tCtor;; make the uansfonncr isobtd s"vitch mode pmVer supply topGlogy (m 

attractive choke fiJr virtnaHy all applications. 

There are rcany difthent al"':hitecwres of the tmnsfonncr hobted to po I nK:i , AU have 

general areas of optimization and include: 

iii. Pmh Pull 

lV. Half bridge 

v Full bridQ';;: 

Tb:;ny-b~~ck and the tixward converter constitute the 'kmnd~~tion <Jf the :~<Nitched mode 

po\ver suppHes \vhilc the rest are derived from them. We shaH no\\/ examine each of the 



The fi-:H"Nard ;;OHverter h~~s t(mr fim(:tionai dements namely, a pO'Ner swikhGJr creating 

the rectrmgular wavef'.mn, a redifleL a series inductor, and a capacitor as sno'Nn in 

fipln\2A·, (Brown, 19(0), Th~;; power s\vitch may be a PG\ver transistor or a 

~,>10SFET rn hetv,ieen the power s\viwh and !-1Iter section th;;:re may be a transiixmer l'i;)r 

~tepping up or down the lnputvohage as in transfbrmer!scl!ated f{x'yvard converters. 

The shunt diode, series inductor and shunt capacitor form an energy storage reservoir 

",vhose purpose is to smrt~ enough energy to maintain constant the load voltage and 

cum.:nt {WeT the entire oif·time of the P-CHVcr switch. The pmver switch St:Tves only h) 

wpknhh the energy k.lst to the load dtwing its off time, 

The operation oftlw $<N1tch can bl? divided Into tw'O perifJds, The first is when the prJ\ver 

W'iiikh is on. During this period the load current passes from the input source through 

the inductor to the load and back again through the return (ground) lines to the input 

the indtH::tor still expects current to tlm'/ through it The f;:>nner cum~nt path through tlw 

input source is m:nv open circuited and the free\vher:1ing diode now begins to conduct, 

thus maintaining ii closed current loop through the load, \Vhen thi:: pmver s'Nitch now 

turns on again the voltage presented to the Wter serves h) turn off the free -\vheehng 

diode. Becau5(~ rop,vard current is always fbwing through the inductoL the topology is 

calkd f'::;f\vard converter. 

The amount of energy being deEwred to the lnad is controlled by the duty cycle of the 

po'yver svdtch ON time. This may >/2H)' any y'yvhere between 5 ,md 95 l~iO duty cycle. 



Fignre 2A: Fonvard convener (Mohm\ et d 200J} 

23.2 Push pun 

d(fV>'l1 the choppcdinput voltage wavdzm11 before it is presented to the output L-C 

filters, The push pul! transformer does not store any energy ~md the output current is 

drawn \vnen .f.:!ther pnv.'er switch is cnnducting, The push pull topology utilizes a centre 

tapped primary winding, The input line is connzx,ted to the centre tap and ,1 pov.,.er 

switch is c{)nnt>(:ted to both ends ,Jf the winding, The secondary volfage is ful! \vave-

rectifkd and then pre:;;~:nted tn tht nut -put LC nH,~r, 

In push puH topology tWD power s'Nitches share the switching function, The switches 

do nm sImultaneously conduct but i11tt:rnate hack and fbrth on alternate cycles, The tv,G 
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sides of the primary are ',vound in the sarne din.:ction but the currem flows in the 

sh<m~ the n:.spensibiEty of eliminating th<.:~ heat thnt is gent:nlted in them, This kattlre 

renders the push pull topology capable of gencmting many hundreds of v.;atts in its 

output 

Parameters of the push puB crmverter c-an be calculated thus: 

Peak drain current:::! ,,.; ,. (2.2) 

(23) 

. >)0)0. < 
... :«l " 

+ 

. l- " 

Figure 1.5 Push Put.! Converter (Mohan, et af. 20(3) 
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2.3.3 Flv Hack Convt'rter: 
" 

broken into two periods. \\/1:1('n the po\vtr switch is on, current is dmv,rn through th-:: 

inductor, 'vvhkh U.laSfS tnergy h") he stored within its (·on: Ewkriat. The power ~;witch 

then tums off Since the current through aninductQr cannot change instantaneollsly, the 

stored in the in.JIKtof during the previous haH'...cyde is ernpticd. SirKe tht: inductor 

vnitaw:- fEes back abuy'e the Inpm voltage, the voltage til",'! apfY':afs on the output 

c;1pa;::;itor is higher than the input vohage Nate that the only storage l{}f the load is the 

omput f1ltcr ca.p.ac:itor- ]11i:-; rnakes the output rlppk voltage of fly back converters \v(~rse 

than their fonvard modf counterparts. 

The duty cyck in an elemcntary fly bU<.::k-mode supply is () to 50 percent This 

restriction is duc to the time required to empty the inductor'S nux. imo tht: Dutput 

<.::i1padtor. Duty cycles ,,·'{ithin tnmstormer-isolated Hy back regulators can sGmelirnes be: 

larger becau?:\e ofthe dleets of the tums ratio and the indm:t;:mu;s ofthe primary and the 

secondary_ 

During the switch's off~time, the lndudor wil! ernpty itself before the start ofth0 m;:;d 

pw;ver switch conduction cyck. ShKe the volt-time products. of the inductor charging 

and discharging cycles mUfit be equal and the output of the non isdated fly back 

converter rnust be hight:r than the input voltage, the resulting relationship is 

15 



At the minimum operating voJt;:lgt, the duty cydc rea(;b;;,,~ 50 pr.:n:ent Jnd Tile}; equctls 

the total operating period minus the "O!Hlfmo:". 

\}Jhere: 

V;» is input DC v{;hage 

V,.w is the convener output voltage 

r fM; i:; time during which tho:: po',vcr s\vitch is not conducting, 

T"" is time during ~vhich the fxw.:er 5wikh is conducting. 

Pararneters of the t1y haCK topology can be cak:ulated thus: 

5,5f:;:!! 
V 

(2,5) 
. if! 

(2,6) 

Approximate pdnw.ry inductance, L 1);--; ,-"". 



IN;;mMMm 
VOHOQf1 
Vi 

S$oonomy 
VOlt09Q 
V~ 

PdmOJ'j 
eU:ffQrtt 
tL 

Figure 2,6: Fly Back Converter and Wavdhrm {\'1ohan et aJ 20(3) 

1.3.4 Half Bridge Converter 

The half bridge converwr is another f~-.)m1 of ~ tr<'lnsformer isolated forward crmvtrter, 

The half bridge convertcr has only one primary v>'inding,w'hkh is .;:onncckd betwecn a 

series (apa~itors vlireJ between the input voltage .and gmund, in this topdogy the 

tr~nsfbrl11er core is operated in the bipolar nux ltlode of operation. The Glpachor centre 

nmle voltage sits .at aprroximah.~!y one half of the input voltage, and the po\vtr ~vv'itd1es 

pfe,~;ent the uther end of tht primary winding with alternative input voltage and ground 

signaL ThiS mtans only half of the input voltagt appears ":;:::ros~, the primary winding, 

18 



power opef<!tion a" the push pull converter .It hov,cever has the advant.age of an intrinsic 

self core balancing. The core halarH:::ing is w:hievd by the (:apadtors. The centre node 

voltage wlH aqjw.;t in the direcHon of higher nux density whhin ttw tr<lnsrbrmer. ThL 

reduces th~ voltage H(f05$ the primary in the direction of impending saturation, >Nhkh 

in turn, centrc~; the H-H excurskms >,>,fitth the transformer, eliminating the need fi.Yr an 

expensive high speed over ClJ.rrent sensing circuit 

One rf1<'ljm diffkuity encmmteftxj in using the half bddge converter topology is hov{ to 

waveform its drive si,gnal must be re1erence·d V0 this At' \vaveform. The CC!l1HHOn 

method is to drive the tipper switch with an isnlate·d rube tmnsfonner and reference the 

secon<bry to the AC wave form. Parameters of the half bridge converter are calculated 

(L9} 
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,.-,:. ""'~ .. ~~ 

~ .» 

+ 

~~I j 

U ~,,--!' ---"''"1-'» ~J I 

----~-.~ 
Figure 2.7: Half Bridge Converter (Brown,1990) 

1.3.5 FuH Bridge 

The tmnsformer nux ofthe fuE bridge converter, !ike the other dCJuh!e ended '.;:.onverkrs, 

is driven in bOlh the positive and the negative pOlarities. HsperJ(ml1auct' with respect t<:) 

output powerb slgniikantlylmproved over that of the hdf bridge converter. This b 

bec.aus~~ the b;:!lancing capacitors are replaced \vith anrither pair of haif bridge style 

turned ON simultaneously, During one conduction cycle either (1 } the upper left and ilK~ 

!OW~~f right p(}"wer switches or (2J the upper right and the lower !ett w,<'Itthc::; (Ire turned 

input voltage across the primary windinK, dms reducing the p"0ak cU.m':nts in dw prirnafY 

for any omput power compared to the Dalfhridge converter. This dJi:~ctively doubles the 

m.axinmn1 power handling capability (;f thh topology over the half bridge. Also sin;,;:e 

the pO';.ver switl::hes Me driven in pairs, the designer needs only to add {Vo'O more 
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:;;wikhes. The ;:ontrol circuitry remains unchanged. C{)n: balancing is a~hieved hy 

p!;;H;:ing i1 ,::;maD non polarised capacitor in series with the primary \vinding. The avtmge 

DC voltage new;;;:,; the capadtor f~;;dtK'es the vo!t-:lge across the primary winding in the 

direction d'impending saturation. 

The pammetcr$ arc calculated thus: 

( 2-10) 

Peak dmi.n v(Atage, V ;.,~ ::: V;" 

Th~~ prr;,r:1em (Jf driving the upper pO'Ner 1rwitches IS present 11isoln the fuH bridge 

topology, 

~ 
~~,*",,_ ...... "';' ... ~Y'Y'''''''''''_~~' ., 

1-
. 'v~ 

Figure 2.g FuH Bridg,; Converter (Un-Wdl, 1990) 
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2.4 Defining the Topology and ControllVlethnd 

The cost benefits of a tly back design hegin to diminish .at po\ver levels (lb~)Ve 1 OOW, <: 

fbnvard converkr topology therefore appca!"'; an appropriate choice fi;)r the <;xpeded 

output pawer of 112W, A singie switch or t~J<O switch fbrward corn-etters is H good 

A single switch fhrward (Of1Verti;~r is w:n.wHy limited to a 5WYi, duty cy(le to dlow t;m~~ 

br the transflJrrner to reset its volt-second product, and therefore uses either a re9.:t 

\vinding or an ReO circuit to damp the res-t1 vnltage to .<Kceptabk ievels, The PO\<;e!' 

sw!wh U,AOSF'ET) then sees approximately:2 x Vi' _ Push pun design;;; also have the 

prohlem of at ka~t 2 x V;" voltage rating, Since this requirement Is expcn si V 1:' .an 

alternative appm;{ch is preferretL This <lhemative i:~ the use oftwolvlOSFET ::;\-vitclws 

ew.::h ':::G!11K~cttd at each end of the transfonner primary to connect to the positive rail and 

ground, When they tum off during the n.~set period, ea;;::h end of the prirnary winding 

autnnwtkaUy traverses to the opposite mll thiS ptaeing the opposite polarity on tlw 

winding to M.tis!~f the vnlt-srcond equa!izll!.imt No clamp v>iinrling is needed ~'H1d 

instead., only i.Jamping diGdes are n:quired, Tabk 1 helow shows <l (;omparbon of the 

different topologies, (Walker. 2(05), 
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l--nvitch 

forward 

Half 

hridge 

<IOi}w 

SOOw 

Lo',v part$. 'XH.wt. singk 

magneti;;, wid.:: input 

vDltag.:: range, hnv Ol.!!ptl{ 

power, 

tt1 Medium ;)Btput power, 

gnoo Cr(l:;S regdation with 

wupled inductor, potem in] 

thr>5% duty cycle. 

Medium OHtput POViCt 

,power swhch"'- J.~" ' {:oupkd 

Poor efflciem::y at high 

power l;;::vd;:.;, high 

peak currents, cross 

regu!ati<:m proh!ems, 

high ve,Hagl:: pO\ver 

switch. 

Limited input range" 

, transkmner rcset 

Lowest 

Limited input rangc, h.1odemte. 

TO? FbT drive cirt-uit 

required y*, duty cyde 

Hmit,iarger inductor 

lOOw t(l~Aedium Gulpu! pm\;'er, LimHed mpm range, moderate 

50fhv power $.witctF Vi"' conpled TOP FET drive, vo1t-

inductor, duty sec.ond balanc.e of 



tran~fbrmer, 

tapped tnindbrmer, 

R~·sonant sv;!!tching can 4-pov>;t:r 

improve effkiency, power TOP FET drive, volt 

max UHt)' 

dfident 

Push pull 25v.: {;) Good 

200w coupled inci,JdOf, '" :2 x V", ,limited input 

tapped 

duty cycle 
balance 

Forward (onverters offer a cost t:fkctive solution to I'm the void ~\feated between the 

100V power fly+ack convtrkr and the more cOfnpkx high p<w<,er bridge types. Utilizing 

conthmoHS inductor current operation. the f{wward ;;::onvertcr uses a much lower pe~1k 

tuneot tban its Hy-back cOllnkrparL Considering aH the ab<..wc, a single switch lo!>'<'urd 

, 'd' , {' . .."' ..... "q. d "I c<)rJ'vrtier IS consverc(i more appropnatel.or our power reqUIrement Of LLL "", an 'NU 

th-end~.m)be discussed further, 

l4 



Practical transformers have magnetizing inductance, \Vh;~n the j\10SFET swikh if; oil 

both the primary and secondary of the tnwsfonner wi!! have no cllrr';';nt, only the 

magnetizing inductance has (unent \vhkh is 11{;P,v trapped due tD the switch being ()ff A. 

path m.)Jst th(~refhre!x~ created during switch off times to hring the rnagnetizing current 

to zero, During this otftlrne:., negative vOltage polarky, l.argc enough b appHcJ to hring 

the magnetizing turrent back to zero, Thb has given rise to core reset re(hniques slhwvn 

--.r " .............. ··w ........... · .... -w 

' .. t ;l~J;<w-~r/cr;I'~~ 
.: L. 't -r'" j.: 

<''''',', ... , ...... .> • d<L .......... ~L" ....... L.,J 

Figure 2.9: Tmnst~)fmer Core reset Techniqut~s (MichaeL lOOtS), 

2.4.1 Conventhm~tI.Forward ConYerter 

The conventkmal single switch brward conVent,r uses a reset winding \vhkh increases 

designing for operation fiver a wide input voltage range increases the problern of the 

converter and resu!t~ in ine111dcnt power supply, Then::dore very narro'yV duty cy~~k:~ are 
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Figure 1.10; .Forward Converter 

"Y L,';.·x·' 

This (:mpfoys fcsis!:')r, capacitor and diode to develop 11 varying clamp voltage into 

whkh the rnagnetising tnergy is dissIpative!y dbcharge& Generally the ReD is the 

preferred choke tlX ~vide input ranges esrcciaHy knv vohage input designs >,vhere a 

wide rang.{': input supply designs. 
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· .. '" . . . . . ... . . . 

Figure 2, II: ReD Type ofTnrward Converter (Andreycal.::, 1994) 

ForRCD tht: appIie.d vO!Hecnnd product must be equal to the r~;;set vcilt ···se(:ond 

pr~,xlw_:l according to tht~ tb!kwv'ing rdatiomhips: 

VxD \
' I .'1)' "0, x II ~-. 1,-

t'Y-~! \. . . 
(' 1·1) "-"' 

(2.12) 

(2.13) 

SO' that fO'r a maximum Input voit:agt~ of 342V and maximum duty cycle of 0.45, reset 

V «, • MOSFET drain to source v(Jltage rating"<H2. +342 = 682V .A 10% tnargll1 IS 

norma!!y prnvi~kd for in(reased safeguard, fe~ulting in a 718.2 V ruting, 

2.4.2.1 ReO Clamp Voltage 

needed for proper reset oftranstbmwr, The exact capacitance reqniredb determined by 

the acceptable damp ul.pachor ripple voltage .as it c·i.luses heating due to the ripple 

currem fkwlng in the capacitors' ~quiva.knt series resistance (ESR), A good initia! 
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estimate fix the analY:"i~ is 1 OV of ripple at Ught loads 5lrl<.::e th(: ripple >,.ill onlyincrea$(: 

Dmy cyde will vary from the rnaxinmm at b'll input volt-age t{; the minimum at high 

diUl1P capu'citanc~~ and n:sisHmce values are possible fix a given application depending 

on the ratio ·d' light tn "fiJ.U load current ratio of leakage to magnet;s;ng intlw.::ta:Dccs, 

maximum i,Jamp voltage, transfomwr prImary caf-Htcitance and MOSFET switch 

of the component blocks will be di:0:;HSSCa, 

Figure L 12 BlOCK Diagram of a Forward Converter (Mohan et nt, 20(3) 

2.5.1 Electromagnetic Interference (El\l1) FHter 

Tht EM! tHter :.:;ectlon is compn~ed of a small L-C filter bet>;veen the input Ene and the 

interreren;,;:e Hiter, ',vhich rt:.duces the conductd high th:.quency noise leaving the 
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switrhing supply back into th~~ input line. The low pass cnt otf th:quency ()f this filter 

should not be more than 2 to 3 times the supply's operating frequency. The second 

purpo;;\: of tlv.' L l-C 1 niter b to add srnaH imptdance between the input line and the 

bn!kinpm capacitor and mainly redw;;.es any danger(}!.!:') transknt voit1g>:5 ilnd aHrnv$ the 

bulk input fllkr capadto[ to absorb the destructive energies hom lhcbpm lim~ spikes 

with little chance of exceeding any of the components vdtag>~ ratings {Brown 1990). 

2.5.2 Hulk Input 'Filter Capacitor; 

This capadt()r is ahvays large in value and has the responsibl1iJ.y of storing the high (lnd 

lovi frequerl{;Y energy feqHirt~d by the supply during each {:onduc:tinn cycle of the f"YNCf 

s\vitdl. it 15 usually made up of at least two capacitors. an electro/ytk or tantalum 

capacitor f(x the s'witching thxpency harmonics. Withom both a kwV' th;'quency 

higb frequclKY ;;;um~!1t and V01t~lgt: and adversely aH-ect the supply's stability. 

2.5.3 .Full \\lave Rectifier: 

The first building block in the de po\\'er stlpp!y is the full wave reditkr. The purpose of 

dw full 'Nave rectifi<:T Is to prodw;:e an tmcontro!!ed redifkd ae output j)'om a simk;okb! 
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2.5.3.1 Design Considerations; 

i. Reverse voltage of the supply should not exceed the !:m~ak dc;>;vn value of the diodes. 

ii. }>o,;ver di:.;::;jpation sh'JtdJ be limited to 

(2.14) 

Diodt: Voltages: 

Forward bias: The diode ha.':> a thresh hold voltage of between iL6Vand iJ8\l heyond 

which the dkxk starts conduction of ;;:um.:nt Tb;; current increases as the hia?~ voltage 

increases beyond the thresh hold value of voltage, This results in a l<:}rvv'ard 'Yoltage drop 

of ~}6V to {t 7V a<:fC)SS each forvlard biased diode. In the case of the tld! V"IV';; rectifkr 

diode bridge, there are two fonvard biased dioJes in series with the load in cach balJ 

eyek ofthe input sign.aL This implies a maximum output vdtage across load of: 

( 2-15) 

Or 

( 2.16) 

Re~'er.w; hias: 

In ~.;pedtYing a dbde tix use in a circuit care must be taken to ensure that the limits for 

f;Jnvard and reverse voltage and current are not exceeded. in revcrsebias, the CHrrent 

through the diode is approxirnately the revery.: saturation current, fe, The voltage across 

the load during reverse isV @; :::1.,., R hmd 0.1 T} 

The de vo1t~lge produced by the circuit of Figure L 13a b pulsating, To reduce these 

pnlsarkms to a tolerable Umit, II filter Is appl.jed in ths.:: output terminal of the basic 

rechfleL A commonly used filter is a capacitoL The fi.ll! 'Nave reetitkr with a capacitor 

H Iter is shown in Figure 2.13b, The result of th;::: addition of a capacitor is a smoothing 
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of thehJ11 v,:ave n:.cftkr output The output i~ now a puhating de with a peak to peak 

variation >;:aHed ripple, The magnitude of lhe ripple depends on th~~ input voltage 

charging and discharging of the CapgciV0f tUter. 

T 
t-;. ~t: is approximately .~. ,Where Tis the period of the sine wave, v,~rp) hecfm1e~ 

(2. 19) 

2.5.4 Power rVIOSFET Switch 

Pov'i~rMOSFETS are voltage ('ontre-lled, Thdr gates appear as capw.-:itances (nt'the 

off stak, Thb means the CmT(~nt need only flow during the short time it takes to 

charge/discharge the small gate capacitor. 

Thh leads to very sh{;rt switching time::>, making r",fOSFETS highly :'iw1tchabk for high 

lncn;:ases rapidly with the devices blocking rating" MC)SFFTS abe: have a positive 

temperaHlre eev.:m(.ient, ( Balogh, 200 I), 
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2,5-5 'fhe High Frequency TransfonnclA 

The high frequency transf()nm::r in s\'vitch lunde power supplies is HStti to isolak the 

med spedtk requirements. COHSU1U(~nt1y there canw."J1: l)(~ an off the shelf krrite 

The tnmstbrrner exhibits sonK losses in the titrrite cores espedaHy at high fh~quencies. 

In order to reduce ::;<Nitci1ing stresses and the accompanying losses the transt~Jrmer is 

designed to operate at just under a 50% duty cycle on the switches. This aHows for 

JJucwation:.:; in load and supply voltage to be de<tlt v·/ith hy (kcreasing or increasing tbe 

FelTitrs hay,: a hIght'r ekctrkd resIstivity than thdr iron cnurHer parts and hence 

ex-hibil no signHkant eddy current characteristics hut mainly hysteresis losses, hut then 

saturation flux deHsil!~~s are quite low. They are therdi".m; themawriul of choice fi.-;1' 

high freqw::ncy applications, Care nmst hmvtver be taken to avoid saturation of the 

transf\.mner, a~ this (:·an result in damage to the tranSfZ)rnH)f, ~wikhing transistors, 

contfGI!C Of other (:ornponents in thc~ cifcuit. Core saturatkm occurs >;vhen there are: too 

1"e<N turns on a transformrr or an inductor a.nd (auses the flux dens1t\.' to be too hhlh. Put . ~ ~ 

differently saturation is \;.;hen the (:'ore\; Cf(X:;S settionul areJ (an no longer ~llpport 

additional lines of nux, This makes both the permeability nf the core and inductanc<~ 

values t<;) drop drastically, This makes the indw:,tor to Mop I:H:lng. an A.C current lim iting 

device and it tun15 ink a short circuit Hence within mkrGS<.'.tonds a nic;;;~ linear current 
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ramp can go frem a few amps to tens or hundreds of amps thus ;:ausing the semi 

cnnductor switch to faiL 

Parar(lcters of the transfbrmer ~:;ervz~ as the backbone of the converter de::;ign. ThcCrst 

l1rst by reviewing various (:ore styles and their attributes.. The most common otf.line 

cGre is the fiE core for which there are several variations .. 

L The con;: must have u sufficient cote cross se;.;:tionul area Ac to contain tbe neded 

flux density w transport the power frorn the primary tn the secondary windings. 

lL There must be enough winding area, W;, t{} contain th{.: required nnrnht:r of turns of 

A!;corciing to http//onsemiccm (ANDR039!TJ) the product WaA.eL; pmvided by core 

mamlfacturers t(x each <:;ere size and is given by: 

(2.20 ) 

W d c,,, } is the average wire diameter needed to carry the prim.ary current in metres. 

B ;;;<l:< is the maximum operating nux density in \Vb/m", The <:;ere size selected should 

be equal to or greater than the calculated W,A..;, and additional allowance in W::A,; 

made to nc:comrnodate insulation tar~. 

3S 



mw;h magnethation energy. y/hkh h not used that must tx') rekased by the core prior to 

the next power s\vitch omdudkm cyck~. Tlli::; is .a poim of trade off. if B [Hi:x is set too 

by, then t!wre will be many turn:, on the tran::;former. thus making the transformer 

Im:n;;2\ses the lo:.,ses related to the con~ reset function. A good point of compromise is to 

OJJ4per 100khz abnve this frequency. One tan then calculate the turns by'; 

(2.2i ,) 

In convcntirmal 1'zxv<'aril c{mvcrtcr the reset '>,vimJing IS identka! in turns to the primary 

winding and ust!;;'!Hy abom >4 wire gauges smalier than H1.clt of the primary winding ~~s 

it carries the reset current tbr a short time only, 1t is phJsed oppositely from the primary 

::;0 that it !;:.an discharge the magnetization energy v.hcn the p{jw!~r switch is off. 

Tht~ secondary tums is tound by reaHzing that the secondary' vdtage must provide an 

output ',;yave kmn that 'NiH have a volt time average thut will create the prope.r pow\~r 

output voltage when presented to the LC Biter thus: 

(2.22 ) 

\Vhere D i<h" is the. maximum duty cycle nHio ofthc system <0.5 
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margin in the supply's low vohi'lge drop om pdnt and i'llso pmvid0s margin {;:,H' Gther 

variations in the circuit. The secondary output with the highest !Jutpm power should be 

s.econctary '.'>dndings, When determining any additional secondary ,,,\finding one must 

The auxiHary 'Nlnding whkh provides power to the cnntroi rc need not be regulated or 

accurate. rt l1e0ds only to exceed the lmv voltage inhihit limit of the controlkr Ie which 

A ~"erie::; resistor and a zener diode acwss the auxiliary \vinding volti'lge filter capadtor 

may he ne,;::essary to limit the nU'lximl.lm voltage, and therefor<:- protect the gate of the 

2.5.6 Output Inductor 

The inductor is Hsed as an energy storage device in s'witching regulator applkations, 

When the p-ovver switch is 'on' the current in tht~ inductor ramps up and energy is saved, 

\Vhen the s\vikh is off this energy is returned in the load' and the amount of energy 

stored is given by: 

(2.24 } 

I v peak valHe of inductor current 

')"' 
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J(xv,;urd (on vertex requires an inductor (md huilding on a common core gn;:atiy aids 

Regulation and ripple (:um:nt of inductors Uin be adjusted by the order of the ~vindings 

The inductor curtent is made up of the tipple current and de load curn.:nt The ripple 

impedance fi"J( high frequency currents, Th!5 vdll produce a ripple voltage in the 

capacitDt Jue to the (apadtors' equivalent serlesresistanc<: th;:H "vi!! appear at the output 

of the s's,vltching n~gu1ator, The rippk voltage has to t.>e suffkiently Itnv as nm h.i affect 

the opemtion of tlw t.h;uit the regulator is supplying. 

Another eff<~:;;:t of the ripple current is on the size of the inductor and output capacitoc 

High rippk current irnplks that the capacitor will !x~ rated 1'I.)r a high ripple current, eLil;; 

it wHi over heat and dry up, A rippk current value of IO% to 3(l~{ of maximum inductor 

2.5.7 Output Capacitor 

Since the output capacitors current is equal to theinducto(s rippk current, the output 

eapadtor's value Gwbe lbund Hsing the indw.::tor"s ripple current Starting with the 

current voltage rdatiO[1ship, the output eapadtance is t.akul.akd. 

Output Redifier Snubbers 

The putp<)se of thl.~ snubher drcuit b to absorb energy from the leakage inductance in 

the cin:ufL The leakage indlJct:'J.nce is part of the primnryinductance thM is not 
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indw.::tance as low as possible bccaw"e it reduces the effidency of the tn.1n~.rfonn(;r and1t 

I , 
····LT' 
2 

0.25) 

{2.26j 

(2.27) 

Then: are dim~rent \.vay~ to di%ipaw this energy and reJw.::e the -"Plkes on the drain of 

the switching h10SFEf. A typiu.d snubber circuit is n resistance and a capacitor 

connected in series bet\veen the input voltage and tbe drain of the MOSFFT 

(approximately haIf of the 1eakagcinductance energy is dissipated on the snubber 

circuit). 

The sHubber capacitance can be c;;licl.J.!akd as tbHows: 

\.Vhcre: 

The RC time has to be larger than the (lH-timc switching period: 



'I' 
) ;)~ .. ;{ ~t:::n } 

(2.29) 

( 130) 

For lew.: output applications a damp zener or a transient sUpPWSSOf can be used. 

2,5.9 Output Rectifiers 

The reverse voltage rating of the rectit1en3i is dekrrnined usiruy. the maximum I)eak input 
~ ~ 0 t. 

vOltage and tram,fonner turns rado using the fixn1ula,. {W;~kJeL 2()05): 

(2..sl) 

R~:-ctWer current is the peak inductor ripple current (minilHwn bad current) added to the 

maximum uutpm (.uTrenL To caleubte the rectifier current we use: 

i 232) 

The design requires a diode th~J ha:, a /(,\v forward vokage because di;.JJe losses arc 

brgd)' tletem-lined by the forward VO)t;;lg>.: and current. 

(2.33) 

Using thc general!hrmula for cakulating diode losscs we lw.ve: 

(2.34) 
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2.5.10 Start Up and Rias Circuit 

;L The bias winding that providc:'; pOVitr to the cnntro!kr "Ie as soon as its vdwgc is 

ahove the under v<J!w.ge !txt out thf<:sh hdd cfthe 1C 

dLi;<;;()ntinuDUS, Start ill> current should not l:'..e greater than ! mA, as tlw minimum trip 

voltage of the rc is 1 \l, 

figure 2.14 Startim:; and Bias Circuit 
~ ~~ 

2.5.11 n~t\"e Circuits For Power l\1{)SFETS 

During turn on i:ll1d turn df ::;\vitching, the gate voltage exhibits a step, remaining at a 

ccu;sWnf k,ve! whik, the drain voltage rises or falb during ~,wikhing.This voltage at 

which the gate voltage remain:~ during switching is knn'"vn as~.{mer voltage V gm. In 



switr.:,hed. l5V isn;;quired hj turn on the device, through switch. 

The MOSFETS have current risc <lnd vo1tagt: bOIL Tum off bS:~t:;; can be rduced by 

reducing the :3ize of the gate drive fe~;istor Rg, as it UliO'NS the gat~;: to chn,rge more 

qukkly. The wm otf losses are proportional t() the size of the gate n::s1sto{, e.g. from 10 

to 100 according to (Balogh, 200!). 

In lXWYl~f supply appiicatlon:s, the simple::>! 'way of driving the gMt.'. of the main ?';whching 

transistor h t~} utilize the gate drive output of the PWrA controlier, as shown in Figure 

2.15 below (Balogh, 2{}O! ): 

Figure 2. ! 5 Dinxt MOSFETS Drive 

The cin:ui} aboy~~ is used wl1t:n the control Ie is not ekctrically isolated hom the 

tv~OSFET tum on and HIm off and the ddve current !$ 1 A maximum. It aboprnvid(:s 
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damping fix a jXlfi..'!:,Htw tank circuit fhuned by the MOSFET input capacitanc{~ and 

Dhadvant-lges: - The most difiku!t task in direct gate drive ):::; w optimize the (:jf(~uit 

layout There might he i:'onsiderab!e distance bct\H;;en the P\Vfvl contwlicr and t11<: 

gatc drive and ground return traces which (:an ~.,low dow"n the s\vitching ~"pe0d BJld can 

'':::i.WSC ringing in the gate drive wavd~mn" 

ta) Another problem in din.~ct gate drive is the liHlited drive current ;;:upabWty of the 

{O} Another limiting fadDr for f,,10SFET die size with direct gate drive h the pmver 

dissip{itkm of the driverwjthin the controller, 

(c) \Vht~n direct gate dri.ve is absolutdy mx:essary for space and or cost savings, 

special co%iderations are required to provide appropriate by passing for the 

ccmtrolkr. The high current spikes driving the gate of the MOSFET can disrupt 

the sensitive anak;.gtlc drCtlitry inside the PWM controller, according to 

(Babgh, ::WOn, 

2.5.H.2 Bipolar Totem Pole Driver 

Another popular and cost effectivi.~ drive circuit ii-x driving J'V10SFET!s a 

hipolar, non inverting totem pole driver whose drctlit is shmvn !-dow 
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Figure 2.16 Totem Pole Driver Circuit 

Likt' [111 ;;::>.Jemal drivers, thls cirellit handk~s the ~.:;urrent spikes and P!.j\\lcf losse::; nwking 

the oJ-~mtlng c(.mdltions for the PWM contrdkr nt()te fivourable. They i.:3n iUld :,;hOllid 

be p1i;ced right next to the ptw/erfvIOSFFT they an: driving. T1wt way the high current 

of parasitic inductance:,;_ 

2.5.1 1.3 Transformer Coupled Gatt Drive 

shifted or transmitted i.K:WSS an isolation houndary_ The properly' designed !ran<;1hrmer 

cc,upkd gate driver can op(;raJe acmss higher Potential difference. UstHiHy' it takes more 

handles very low average power but it delivers high peak currents at tnrn-on and. tum~ 
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Figl1n;; L 17 Tran,;;{i;:mner Coupkd G<'llc I)rin~ 

25.12 [C CONTROLLERS UC3842 

Then? are m,my ;;:omm~;;rciaHy available rc chips! ~;xmtrdk;rs fhr 8.chk·ving the puiS<;.: 

'8idth modu!adrm HUll; avoids the u:;;e of stand-alone MOSFET driHxs. 

UC3S42 is an example of such a device and ha~ h;;en chosen in this prz~kct due to its 

easy availability and low co::;1-

Ac;;:c>rding to Unitrode application noteU-IOOA,UC3M2 contrd Ie proyjdes the 

control $chemts v-,;ith .minima! external parts connt and has the foli:'YNing internally 

L Undtr voltage !o-:::k out featuring start up current less than lmA. 

ii. A preds~on reference trimrned f"lf accuracy at fhe error ampHfkr input. 

m. Logic fO ensure latched opt.Tation. 

iv. .A PWM cZ)mpam.tor \vhkh also provides cmrcnt limit controL 

V. A totem p;/e output stage designed to source or ~ink high peak current. 

Vi- nYUJ start voltage is EN with a maximum duty cycle of less than 100% and <l 

UVLO tum off thresh hold of 10\/ 

viI. Application indude~ forward a.nd huckfbonst converter cirnJlts. 
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2.5.12.1 Under Voltage Lock Out 

The UVLO circult en::;ures that Vee is adequate to make tht) UC384-2 fuliy Opt:ffitknal 

bek>fi:~ enabling the output ::;tagc, The 6"\" hysteresis prevents \/;;;c osciHations during 

n.:dil-kd input Df an off-Ene convertcr. During Honna! circuit operation, Vee is 

The UC3841 is programmed us ",bJ\vn in Figure 2,16 bdo'<N: Timing capacitor (1 is 

chmged from Vr:;~' (5V) through the timing tcsi.:4or RT and dis;:.hargedby an internal 

current sourcc. The required circuit dead time is detcnnined Erst and thereafter the 

v1thJC of C for the dead rims:. is detennined, Next the value (J Rr is c~1c!JhHed by 

substituting the: values of CT and f into thc ion-nula: 

(235) 

The UC3842 fUns at the switching frequency and c~n lx used to a maxinmrn trequency 

of 500 kHz-

For optinm!D Ie per10fmam:e the dead timc ",hould not exceed 1 Y% of the os·:..;:Wator 

clock ptrimL During the discharge or dead timl\ {he internal dock s.ignal blanks the 
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Figure 2,! g Timing Circuit 

2.5.12.3 Current Sensing and IJrniting: 

Current to voltage COHvcl'sionis done ~~xternally '<vith ground refcfcw;:ed resistors, 

Under normal operation thc peak voltage acw% R~; ~s (ontrolkd by the E/A according 
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(237) 

Rs can be connected to the pov,'er circuit directly {Jr through a p<"J',yer transformrr. \Vhile 

a direct connecti<wl is simpler, <l. transfonner \.:<w rcuw:e pov<'"er dissipation in Rs, redi..1Ce 

t::rrors caused by the b<1~e current and provide I.eve! shiHing to eliminme the restraint of 

ground rd'erenceJ sensing, The relation between Vc and peak current in the power .:.-;;agc 

is given by: 

VI{, . 
~. "'~~~$;.$~ r ~. l\,/ ........ :;; .... , ... 

. < .ok .. 
R, 

When sensing current in series with the pmver switch, thc current 'NaveDJrm will often 

have a large spike mits leading edge. Thi.s is due to rretitler recovery ;:lnd /or inters 

prematurdy terminate the output pulse, A simpkRC filter is usually adequate to 

suppress this spike. The RC time constant should be appre<ximatdy equal to the current 

spike duration (usually a few hundred nanoy-.:conds). 

The inverting input ta theUC3E42 cum:nt sense cDmparawr is internally clamped to 

IV.curreni bmiting occurs if the voltage at pin 3 readws this threshold valur Ji5, thi.' 

li<:IV 
current Hm.lHng is ddlned by 

R, 
(239) 
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2.5.12.4 Error A.mplifier (E/A) 

The non inverting input is not hrought out to :a pin. but is bternaHy biased to 2SV +i~ 

2':'\'~,The E!A (Jutpm is aV~ti1ah!e at pin 1 fix external c()mpens:ation aHmving the uSer tn 

control the c:"}!lverter's dosed bop frequency response. The E/A OHtput win source 

05rn/\ and sink 2mAA lower limit for teedback resistor Rf is by; 

2.5.12.5 Totem Pole Output 

The UC3842 has a single totem pole output which can be {}penw,xl to +1 :amp pt.-ak for 

Limiting current through the rc is accompilshed by placing (l resistor berween the iuteIn 

pdt output and the gate of the IvlOSFET the value is determined by dividing the totem 

pok i":ollector voltage Vc by the peak current rating ofthe Ie'::; ti..Jtcm pole, WWKlut thb 

resister the peak current is limited only by the dv!dt rate ofthe totem pole sw~tching and 
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the tvl0SFET gate capacitancc, A schottky diode is connected !x~twcen the output of the 

PWM and ground to prevent the output voltagt~ from going e)<;ccssivciy beloVo: gnJund, 

causing instabihties v.;ithin the Ie To Ix: dfective the diode sekcted should have a 

'knvard drop of less than 03V a.t 20HmA Placing the diode as physically do~;~:; to the 

Nois-;;- on the current sense or control ,::;ignal:,; can i::ause significant pulse v.:idth jittcL 

panicu\;:ldy with continuous inductor current designs. Ceramic monolithic by pass 

high treqw:ncy transients at the ground poil1t~. h1 order tominimizc noist~ spike C})009": 

C: (timing cap.adtor) as large as possible rcrnembering that dead time increases 

v..-ltl1 C', . It is recommended that C, ncver be less than 1 OOOpN0 ise could result \vhen the 

output pin 6 is pulled down hd()w ground at turn off by external parasite::;, especially 

when driving MOSFE:C A schottky diode clamp from ground to pin 6 '>'{HI pn~yent such 
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CHAPTER THREE 

I\lA TERIAI.B ANDM.ETHODS 

J.O Introduction 

This chapter descri!x:s the dC$ign of a tbnvard converter using the theorie:, of the 

preceding chaptr.L The forward converter is composed of varkms SHb circuits whk:h 

interacl vv'hh one another to ensure optima! and stahle perfbrrnao{:e. Sub circHib oftht 

convener were first desigm:d1m.d tested indjviduaHy prior to int<:~rconnedion wi~h e{Kh 

othCL The schematk: diagram {)ftb:~ >;:onverter is shown in Figurc 3.1 
~. ~. 

Figure 3.1 Circuit of a forward convertc:r 1',-::r constrw;;tkm 
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D<:.sign of a converter COHunences with statement of the parameters of the converter 

,The fDlIowing specifications apply to the design(:d forward COJlverter: 

hl"fUsh Hmhiug to be provided by a negatiw: ternperatHre cnd'Hcient thermistor ... NTC 

Ripple voltage - 1 II % of peak to peak of output voltage, V;:w 

V ill{h:}"'L414 X V m;J';(hi)~ L414x242""342V 

Output DC Voltages. and currents: (6V!15i'<)J.l2V!5A), (24V13A) 

Total output power Pfl ~" (6:>;;15A +12x5A+24:dA) ~222W 

Input ac power supply ~220V +!- 1 H% rms 

DIode 1YOC ~ !N54D6;with the foOowing datu: .'''' ..... 
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Av<zragc rcctiHed for'"vard current j i'{.H) = 3A at 75<\~', 

tv1a;".imum repetitive n.:verse vdlage, V lUi,''> "'" 600V 

Non rcpt:titive peak forward surge clIrrent 11':",\1 ",200.0. 

Pmver dissipation P !) "'6,25W 

The input rectifier ckcuit incorporaks such fc.alures as: 

Input s\v3tch/fusemted <'it 25A. 

EMl tHter 

inrush limiting: negative tcmperatun~ thcrmbtur 

Lbe cord 

The complete rct:tifkr circuit with the resulting simulation result> is suovv'n in Figure 

4, I ix:iow, The simlJlat!cm result sh(JWS the fbHowing dJta; 
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').' . -, 2>: 222>: OJ}2 J tlttH1il the valucs we have Co ''' ................... :: 
~ 342~-239.4~ 

3.4 The High Frt'quency Transformer 

Construction of the transformer starts -with core selection, Cores have dinerent 

pn~iect FE core was lo·cally sourced and the sizt~ was found to match corc ERJ5 from 

Power rating - 44.lVi, m 100 kHz 

The rne(l~·;ured dimen~.;inns of the con.::: wen: hund to be as ~,ukd bdmv: 

L /:1010. ""43mm 

-) B :"16mm }.,.:, 

", (,'0:10 mrn ~L 

4. of) :::!6nHH 

5, E. , .. 16mm 

(;, 0""2.080mm 
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Figure 3.3 ER~Con: Dimen~ion", (ty'f,.:::lyrnan,2004) 

Part A B 
T~~;;). (e~n) {nnl 

...................... ,. ...... 
ER 9.5 0,95 0.75 

ER l ! Ll (Un 0.49 OA25 0,3 ER 48 4,8 ') IJ..' 422 " .3 ':Lu ":'0" 

ER 35 ':1 .:; 2.615 .... ~ .... 535 ':+J065 3.66 1.795 L/9 2.22 
......................... ------,------,------~.,-".,,-.... ~-................................... "-----------------,, .......... " ................................................. " .. , 
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Tabl~ 3.2: Design data t~)r ER Jerrite cores (Mchiman. 2(04) 
~~~-.......... ---------.......•.... ~: ...... ---.- •••••••••••••.•• ~~,. .. ,....... .. ........ __ .. ".-_____ • __ v! .•.•.••..••• : •.•••••.•.•••... ~ ................ ~_~ _____ .. ______ .........•....... _________ ._ ...•...•..........• 

ER Furst!} COf'e,~ rFurHx(~uhl~} 
}\\ft 'N:o : '>,V,~;; TvlLT : .. APL \Y., A,; \V.. A" r; ... ~;. }\.: .. \l .. 

t:;n~' ,;r::," mhil 
K 

~ ............ -------.. -....................................... ,. .......................... --~-~--.. ---------................. ------------ ............................................. ~-
2.7 l A1 i).g·t2 (W76 O.n64 0.00486 5AE~{)S ~ 4JS .' 

.................................... ------.. ~----
U·hU 0.6 (l.7 

ER 11 OJ .L~ l 4'" 0 .. 65 0.103 O,{}67 o.()()@){ 0 .. 00009 .' -, 609 .f 

ER .)~ 56.7 46 7.3 9Jif, 2. !9 2, [9 2,19{}37 O. 120>~ 62.4 1 21 7 

ER42 72.9 Y6 9. 1 9 88 L ! IN l..S9 1..248 4.24g6'; 0.35244 S} lGC:~} 

n~ 4" . ":" ' .. ," ~<:( 1~O,7 128 { ! .5 W UK5 2AS 2.94 7.29 !1 {L61615 100, 247;'l 

ER 54 WI. <) 1.22 1 l .4 9. I \) 
'.~ 1 .052 2.4 :2.525 6.0606 0.5 L~$4 96.1 1652 

3.5 Calculation of Primarv and Secondary Turns 
~ . 

The cOHstrm.:tion rt.:quires a minhnum number nf turns on the high current 6\1 \vinding 

and good cros~ regulation to hell V winding since these have dE: tighte~t tolen.m~;;es, 

Output redit!crs sekcted are schottky dio~ks with {US V tbnvarJ volhge ar0fn:;, which 

itemtion pro>.::ess, The mdhod chosen. in.vo!ves the use of formula as shown helf)w; 

Primary turn.:, are calculatd using the formula 

342 .,.., ................................................. ~ 85.5~ 86 turns 
4x 10" x ru x O,DDDI 

Caku!at~ng for the 6\1 sec{JnJary turns v.'hich king the highest current wD11inal serves 

as the rderencc to other senmJary outputs we have 
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L!x86x 6Ji ---------------.- :;:-4.5 ~5 
280;--;: 0.45 

i _ \ ! 
~; ---~,. if" !I 1,-( . , 

'-. ::.J;:<;':J'$'~ .( ::;<!':{~; .: ::W{'~J' /ifd~,l's.. .of/' .... t/ . " ". - Ii -, ! IF .. -i- r·· ' ... lA---------.---------------------.-J 

• . ~};:<:~~ J} t>;'d( i ~ 

Fina! tmnsformcr parameters me: 

! - Primary inductance ".: 957~tn 

1. _Primary tums "'SoT, 

4. 12V"'"14T 

.5. 24Vz:: 2no 19~ T 

(3.4) 



3.5.1 Winding of cons; 

The primary and re~"d winding~; 'iverewound first onto the bobbirL N~~xt the auxiLbry 

to provide some dcgr>:.e of diekctric isolation, then the ${x:.onJary vvindlng W;.1S applied 

last .i\ la~·n byer of tupe was added to provide some protection to the outcr \",inding . 

• ~""~"""""';""""""""r, •••.••.•. , ................ ~, ~~ .... "' .. n~ ............ -: •••••••••••••••••• :: .•.•.•.•.•.• n ..................... _) 

~ ~: .;", ~ ~ 

{·"'··'(·····{l'f<i :;""::.: ::'~":';, 
:: .: 

J J 
.~ ! TN ... ~_~ .. L .... ·l 

L ... ____ ......... 1 ................ " ...................... J 

Figure 3.4: Tennini~l connfction of the tmm;fonner \,vindings 

:;;;: 342 +3762 ::: 718.2V, .Minimum drain current rating of the sckcted s\vitch is 

rcconmK~nded tl.) be greater than the maximum peak current A reasonahle valtH.: of 

R .... ,,-,.. .,'j is n:~conHnended. also re(:.olnrnended is provision of heat sink for efkctive ( g~ : .... ";''; ~.m,·l:\ i, " 

heat dissipation from the swiwh, MOSFET type selected h !! NSOC3 with the 
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J.7.1 Output Indudor; The output inductance value is calculated thus; 

Output n ker indHctan~~c to, is given by: 

At! O{}k/" tor 6V output this b>.,::cornes 
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3,7.2 Output Rectifiers 

The rectifier current is the f·:>eak inductor ripple (urrent (minimum load njrn:.~nt) added lO 

the rnaxlm.um load current that IS: 

(3.7) 

For 6V j!.5A {lutput, 1:" 15+ 1,5 "'" 16SA 

1 :::5+0.5 ""5,S.A 

For 24V!3A J:::Jt--fi,3 ""33/\. 

The reverse vokage rating fbr the reed Ders is deterrnined using the maximwn input 

. '" .... , II lv', VOb1£t~ ana tran$lGHrmUOn ratio. that IS: V "" \: . i 'lx ...... :: .. . 
'-' ..!' m.-;m3:".... V 

\ .. < pi"! 

, " 341>:5 
For. the 6¥ output \ve have: ........ ~... :'" 193V sdected value is 25V 

86 

342xlO 
" . ................. :::::39JfV $ekcted value is 40V 

R6 

14V 
342)<! 9 
.................... =75/5~V, ~.;dectcd vabe is BtlV 

86 

Tht. (rutput redilkr >,vin be a surface mounted D2PAK schottky diod~;;s ,This efficiently 

couples the heat to the copper. pad on the Vero board. 

3.7.3 Start up Components 

When tn,:; auxiLiary power. supply from the transihrmer is less th.an 1 () -\I, the stan~up 

!.:Jrcuit is opemtiomiLWhen the auxiliary supply exceeds 10-\' it cuts off its colkctor 

auxiliary hus to store enough energy to a>:;tuaHy start. Ow supply, since the Ie \VW dra~v 

about lOU1I\ in the operate mod!;. A passive start up cin.::uit h used to limit the inpm 

current to th!; control I.e such that the current t10wing in the start up circuit must b:; les~~ 
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than current neded to run the control le ·The UC3842 w,~~ aboutl Orl"l/\ during norma! 

::: 28011 mA::=2S0k 

3.7.4 Primary Current Sensing Circuit Components 

To keep the cu.rrent mode operation linear and to reduce h>$S\..~S asso<:iated witb cuncnt 

sensing the pe<''1k 5tHSe voltage mu:4 be kept k,:,,:< than IV in normal op:~n:don.UC.1842 

therefore 0.6 V, giving a current sense resistor 

f,' 
f/ '(.('((1 

... _ ... ·.·~N.~~~·.·~.· 

::: 1/2,6 ::(U8ft 

h:nver dissipakd in the resistor, 
N'I 

3,75 Current Rump Time Delay Circuit Components 

. .-. "()) ( :L i< . 

n.; 1) 

This circuit is very important to the over- an operation of the circuit !1 provides the 

thllo\Ning: 

L Spike elimination to the cnrrent comparator 

l.L Time delay fi-m;;tkmli"om the cuw::nt :Kn~.;c re:-;istor to the input tn the current 

>';:Ol.npamtoL Althnugh a widt mnge of resistor and capacitor valm:s >,vi!! work, some 

m~nimtJm time delay is required tn avoid instahilities due to too short ()N T!hflE m the 
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high nHlg~;; of input voltages. On;;: starts by $ckcting the capacitor value which bin tlw 

range 470pf t;:'f IOOOpf. Valu;;: $dected is 1000pf and time dday chosen is G.fFS be;;:ause 

this is the approximate rnininmm OFF IlfVfE at the high input voltage, Thl:' vahle of the 

re$isto; becorncs, R! '~'700nSi100npf""700n.standard value chosen is 68Dft 

3./.6 1\:laxhnum Outy Cycle 

The UC3g42 has a maximum duty cycle ofapproxhnatdy WO%.Ffowevcr J(x optimum 

Ie ~;;{jmrolkr p'~rformancc the dead tllne shnukl not excz:<;:d 1 Yh) of tlw oscillator do{.;k 

frcqw;ncy, During the dbcharge or dead time the internal clock signal blanks the nutput 

to a &mv state, and this limbs the maximum duty cyc.h:: to: 

>,,,,it}; 11 switching ti'eqlJcncy of 100 KHz, 

Dt~nd time ""1.5<l(1l of !lIOn KHz '''15p§ 

D"",,, ""1-1.5/10 '" HJsS 

(3.11) 

Using th(~ graph of dead time ven,u:,; timing capacitor ;:;hO\¥l1 in FigureJAa below, we 

estimate the value of the timing (:apacitor and finally usc the graph ofthning n:s!;;t<:mce 

VtTSH$ fr~~querK'y in Figme 35.6b below to estimate th: value of the timing resistGl'. 

From the graphs, t..:';'" 4,7nF and R
t 

""7Kn, 
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~y 

F'igure 35b Tirning resistance V s fr'i:quem::y (Cnitnxk: application nott:: u-1OOA, 20(4) 

3.7.7 Voltage feed -Back Circuit 

According to UnltroJe application l1oteU-WOA (2004), the lo<Ner resistor <)fthe voltage 

sen:;dng net work is set by as:-mming .a scnse Cl.Jm:nt of ! mA so that the lmv,~r resistor, 

f/ 

:5 
0,1>01 

eLl 3) 

Splitting the output sensing among the outputs will improve the cross regulation of ail 

the outputs, The output with the lo\'(cr voltage, 6-V is connccted to the teed-back h)op 
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which is voltagt sensitive, Thr loads on the higher output voltage are less sllsceptible to 

voit~'!ge variatkns. Therekne proportion of sense cunent sekckd is 7C)'J,'f> for the 6V 

output and ~;v~·~ for the 12V outpHtfhcrd(:lfe value of 6V StnSi; resistor is: 

6···5 
R~ :::. "'" ! A3}( 

O.7x lrnA 

3,7.8 Output Capacitors 

(K: 

. JJ~>;:);; 
l'! '::- td~~;··" ···············:"':::l"·:······· 

r~ 

~:::;:;:i~lr:,{ 
::.~:;n.::;. 

r:~~~::-{f..}:~t: . 

The aim oftb:: output capacitor is t<;) absorb the A.C current ripple in order to prevent it 

flnwing through the !oad, Thm th;,: current th{{.t t1ow5 through the output !oad is only H 

DC CHrrent The (:ak;uiatiom; br the va!ues <Jfthe output filter capacitorswil1 h<;: done at 

capacitor values .an:: determind by outPHt cum::nt and are cdctllakd by the relationship: 

(3.15) 

theorem that cut ofth:quency. f "'- fllOS; fll, so I. ~'10015 :::20kHz 
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For 6V!15A. output, Co :::15120 kUi. xO,6"'!250~lf 

.5 
FOf (12V/5/\} and 1A mini.mum current, output C,,, ::: "" <117~tf 

10xl.2 

ESR 12 
0/)1 x 12 
.-... ~--.----- ..... ,. 

1 
""'120mil 

Adding a terarnk capacitor \vith a valne between OJ ~lf to 1 pf, in parallel to cadi ofthe 

output cap<H;::it{)r,~; is a standard pmctice to provide high frcqw:.ncy decoHpling thr the 

VlcC (Input krminal of the MOSFET switch} and to provide a reservoir tor the peak 



CHA.rfER FOUR 

4,0 R.ESULTS AND DISCUSSION 

constr.uction vlOrks respectively. 

4.1 Simulations and Resu!ts 

L T'><1ULTfSJM 

H. Pulse 'yvidth mndulation controller P\VMCf<.,.{ {l.l5") and 

ii, High frequerKY transformer (Ul) \vhh transthrmation ratio 2: 1, from ~arnples of 

SMPS in tht~ MULTlSIA·1 library (\vith the advice ofPatrkk Noonan of National 

W. AC power supply 

RMS voltage =220V 

Frequency:"50Hz 

Voltage of.l\d :::{lV 

The stage by stage simulations involved the foHovdng; 

n, P\VM controller and MOSFET gate 

c, MOSFET ~wltch output 

d, High tlt~quency tmnskmner output 



;'. :. {o; 
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Table 4.1 ~hO"v,'s the simulation result of input recUtler cin.::.uiL 

'l\thk 4,]: Simulation Result ofInput Rediner Cin.::uiL 

dx 
d"::r 
:"i./dx. 

1 .. /d"':./ 

.. • .. • .. •• .. ••••••••••••••••• .. • .. mm ........ =~=~=-=-=~==-~ ......................... mm ..... m_ •. ~~~~ 

4,1,2 P\Vl\l Controller LC3842 

This Ie that provides the Jllty cycle was t<.~sted n~xt using oscilloscope to obServe the 

\v;~veform, Th~ controller rc L!C3842 ~vas kmnd not to b<.~ working, Search >,vas 

conducwd w nnd om re;~son for this. It "!'vas found out Ii-OFl fwtiona! instnJJnent 

simulation model oflJC3842.Natkma! instrument Engineers hO'vYever reZ:Gmmend~;;d use 

of eqtjvalent Ie P\V!vl eM found in their dernonstr<uion sampk> TilL; Ie W;;1S 

measured using oscilloscope \vas r;;:lUud tt) be 10Jl4KV 5umclent to trigger the MOSFET 

:)\vit.::h into conduction, 



.. ,.. .. ..., ~ .. 1-0 .... .. _ r •• o{ •• 

11.32~ 
, 

· .. ; ..... 

··t·57·;:;' .. - - - .... _ .'. . .. ;. . ......... ~~~--.-~ .... . 

~'U~-·l-"""' 
~::~. -"-:;: -~ :>"-$­

;:·::;:;::.:;:;::K;' ::;:~ 

Figure 4.2: Simulation Output of Ie Control1er P\\'M C\1. 

; 

4.1.3 lUOSFET Switch 

Slrnui.ation n.:su!t of the vdtage across the h.1.oSFET ,:.;v{itch is shovvnln Figure 4.3 

bdov{. \'oltage across the r'dOSFET was observed to be 340\/,1'1115 indicates a very big 

s-'1kty lnargin {42. S%} on the selected 800V tvfOSFFL 

~ ............... " .. """""""",,~~ . I 
.' ...... , , " . , ... '-' ... , ,. '- .-- , . _ .. , " ." , .. -- ., , '.j 
::.. <: I : 

: .. --- ,.. .. v ... -:. A ..... --- ......... ~ ............. ~ ~. ' ..... ~ ...... '... • • • • •••• ' ....... F ... '= • ' ....... ' ......... -... ,.. .. v ... ,.. ... :~ .. ,.. .. ~ ... -"'1:::. 

i or, ,.<-. ., ..... j.., ... , .. ".'"", .. '. !, I~ 

"5 .AKl_::) 1- - - - - - - -; - (- - - - -, .. ~ .,. " .. >". , , " .. i '- -,' -- - < 

3 ",oor, tuu;u""m;u",""~u"u",u"u'ui. 
,.·60:;]:.0: ~ ~~~~~~~.,,,,,,,~,,,,,,,,,,,,,,,,,,,,,,, ................. ~ _______ -,, 

Figure 43; \-·HJSFET Switch Voltage VV'avehmn. 
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4,1.4 lligh J<"requfl1cy Transformer Output 

Mt)LT1SHvf recommend:, uSe of single output !iHc~r tn.H1sformer~; fi:nmd in it;: Ebraryk;r 

sirnubtio!1. The only adjustahk paramett.'f in thh rnodd L the pl'im;jry to secondary 

mtns ratio. The 5lrullbdrm ',vas done by d'!<lnglng tb.:: tran",fonmHion mtio c,f 05 to 02 

r··. 

? 
~wl 

n 
dJ 
'"' :'::i 

<W ,..., 
C 

>-
<t! ... 

~ 
~ 

oon :I..~ 

4(;n 
'}v~' 

~nr .. ~ l 
,t.;''o!,'; 

(l 
" 

f: ~VU 
l...:J 

:; 1 "j •• )3 H 
~.~ ~.~. p 

, , 

; 

1: 

n 
i: H 

~ ...... "." . 

t .. "" "" " ... '" ..: .. '-' .......... " } ................. -:- ~:- ,. ~. " ., ... " :. ....... ~ ......... J ...... OJ ........ .. s" ........... .., ...... 1 '" v ...... " ....... ! .................... : .. ",~ ~ ... ~. 
: : 1: ~ : ~ } !. : : 

: ( 

! ; 
r------ -------.------.------.------'-------~------.------.-------,------

Ti::ne(S) 

Figure 4A: Transt~}rmer Output Voltage:. W8.vctorm 

7.1. 

i 
i 



Figur<? 43 repn':$.ents Output Voltagewavdzmn of high th:qtlcncy diodt>. . 

. ~. . , 
:> ~Cl}J"" ..... ~ ... • •••• -:- ••• •••••• : ••••••••• ~. e •••• r. r • 

. .. :::; ''',/t; (} ~ ~ : : : c .,.£..:):,~' .... '.- .......... ~ ....... ~ ... '.~ ... , ...... ' ........ ; .......... : ...............••.... ......... , ......•.. < ......... (.~.~ ...••. 

. . 
} ... { 

........ ; ........ , .. ~ ... ~. ~ .... ~~.~~._~~W_. __ V~~ ..... _.-.~ .. W_.A .. ~~ .. A_ .. Y. 
: l" , . . . 

'<J" . .(!. • .. 
,·:;·:;,.V _____ ~_-........<~_~ __ ~ ..................... ). .......................................................................................... ; ............... . 

I.2m 

Tirn<.< (S) 

Figure 45: Output Voltage \Vav~;:tzmn of nigh Frequen;:;y DIode 

Tabb 4,2 gives the ~imubtion result nfhlgh frequency dhxk: as simulated. 

Table 4,2; Siltl.Hlation R.estlh of High FfcqtH;~ncy Diode 

dy 

l/d.:< 

rma.:X:.y 

offset:::: x 

o:;Ef.;=::;;et ~i' 
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4.1.6 Output \/ohage S.irmdatioHs resuhs 

;() .. r·········· .. ··-~ ........ · .. n ........... ~-~ ........... ro ........... ~~~ ................... ~-................... ~-................ ••·• .... ~-.... ···········1 

.... ~{:.) .................... ~ .................... ~-~ ...... ~ ................ ~ .......... ~ ......... ~ ................... ~. ~~ ......................... ~ 

.~~-~--.<"'<~ 

:.";::.T:::~;:~.: ·c.- I 
.~--~---'«"'~. 

::; f ::: ... :~. :~:) <~:;. 

':)", :,.::.::::.;::.;" 

.•.. ~ . ," .•...... ",' 

.............. :: .......... . 
,':":' •........ :.; ... . 

:.;. ~ ',,: : .. ' :.;:.:.; . 

.............................................................................................................................................................. :.:.: ..... :.:.:.:.:.: •.•.•...•...•...•...•................................•.•.•.• : ... :.:.:.:.:.:.:.:.: •.•.•.•.•..... "." ......................................•.. 



4.2 Construction: 

FnH<Jwing the satdactory result of the simulatinns obt:tined by slight "Rljustmcni in 

involved: 

Interconnection of components on V ern brJard to build the sutH:ircuits. Ea;:h su{;v 

i lnkn:omH::ction of sllb---drcuits to tnlild the compk1e circuit. AJtcr every 

thereafter monrm.:d Gfl heat sink rar effc(tive heat dissipation. 
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Plate 1: Input section of ;,,;:onverter 

Plate H: Converter control :.;ection 
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Plate m: Output section of (:on verter 

Plate IV; Complete drcu.it 

4.3.1 Input U.ec1il1er: l"lw AC input f(c>;:t1fier vc!tagt~ was mt~asured as 235V whih:: 

the averng~~ output DC voltage 1;vas measured as 210V. 

-., 
! , 



4.3,2 Outptd Voltagt."S: The measur~d output voltages on open circuit v,ere h.>und to 

L ~UN for 6V 

lL 12\l f,x 12\/ 

iH. 13.5V f()r 24V 

T'J investigate stahle operation of the f'.)fwarJ convener a stability andysis y.;as carried 

out using Bo·dt~ plot Xigurc 4.12a. shmv5 the equivalent model of the t~)"r'''''ard converter. 

The tmnsf~r thm.::tkm is Erst derived as shmvn bdov,; and thereafter the Bod,: plot was 

obtained using AfATLAB. 

Figure 4. 12a: Approximate represemation of the fonvard converter (fAohan el al 2(03) 
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\ly(S) 1 

Figure 4.! 21:'>: Equivalent schen:)e of a ixmdud.ing ibrward converter lrandorroer ctnd 

output :filter-

The Bod~;; representation of the op{~n hop control system of the C(l,fvcrtcr is shown in 

the hode plot shmv5 thi,~ tbH(lwing data: 

De!(iY margin :::252sec 

r- 4" - c-4 d i 

j/reqw:ticy"'" . ~ () J." ra isec 

Peak gaiH~ 21:Udh 



. . . . ' . . ' .. : :. 
."" : ...... ,. .. ~ '": .. ' .; ... . . ... : ... , " ..... :' .... : ..• : ... . ... -., ..... 

• ' ••• ;. ~~ ••••••• ' ••••••• : •• ,: •••• ~~ '.' ••••• : •• : ••••• • J • ............ ' • ~ .• :o ...................... : ••• ; •. ' ..... ~ ....... ' ••• " _ ....... ~ .~, . . ... . ·.··.· .. v··· .' ....... :." ......... .. 

. . . :. ..' ... : ":":',':',-:-:" 

' .. ~ ~;' ~ ~ ..... . 

. . : . 
:,.:"., ....... . ..... ': .. ; ..... . ..," 

'. .;,:,~ .. :.; .. ; ..... . . ..... ,.; ..... 

Figure 4, ! 2<.:; Bode plot of t:qllivalent C<;)l1Verter ..::ircuit 
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CIIAPTERFIVE 

5.0 CONCLUSIONS AND RECO.MT\-'lENDA TIONS 

5.1 CONCLUSIONS 

S.L 1 Ohscrvathms: 

A model of the transLmner 'was initia!1y wound for the tV terminaL The tr~nstbrr(lef 

,>vas thereafter connected to the designed cin::uk Voltage output measun:d was lOV, The 

111Hnber ()f turns for the transformer and the !2V and 24V were consequently adjusted 

bdbre vdnding the trunsh.mner again, 

The transformer was reconneded imo the circuit and further tests carried (H,!t. In the 

coutse {< the t~;;sts, the cin,:u1t w'as oberved to foul, leading to thrther investigaUon nf 

. . ' , N' '!..s ! ' tne urcUit, uswg; 1::l3t!!t!sm, A resistor vIas therefore introduced in the earth path of 

thi': pra:.:::tkal converter to the work. 

5.1.2 Controller lC: The controller output voltage 'was fneasured 9.5Vdc and th,~ 

value agrees with rccornmemh:~d 111anutactHrer va.lue of 10V tor triggering tbe MOSrET 

switch 'into ct'mduction (Figure 4.26 above) 

line. '1h15 peak current beGm~e very high at high input voltage of nov and led to 

repeat~zd hlowing of the input l\lSC" The converter open.ltbn was however stable 

bet\veenl60V rm" and 200Vnns. 
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5JA MOSFET dnlin to SOUf£C voltage:;\! high inpm tbe voltage n:ea::;med acro:-';s 

regubJed output of 6V and observation rnade on ttl.:: other t\VU terminals of ) )Y, and 

24V that 'Yvere not regulated 

In carrymg out the validation of the inputr<.-:;.;;tHkr the f{)llowing equations were 

regulated, The results obtained are as statedbek)'"v: 

Full Load: Y\1axlmmn load <m the 6'.1 terminal were as f;:iHo\vs: 

Light Load: R{,~sults !.)btained \vh'::l1 the 6V tt~rmina! V·Jus lightly loaded, tku (In::: 

For24V:J ;;;.3.81A, I ... , .. ""2.9H,L .. ,,, ::c(L9A(24%'J .. "V~'{I:" " 

The rmregulaJed outpms at rnaximmn load on the 6V terminal ~.,h(r\vcd lower output 

values. Both unregnlilted ~)!Jq:nlU wert~ high '!Nhen they \vere lightly loaded and the 6V 

wa~;, at its rnaximum. This is due to the n:slstlve lGsses in the 12\1 and 24v output paths. 



met rnost of the design requirements. 

Smnc probl.ems were encountered in the course of this pmj~;:d .They induds:. the 

i. In the course of simulation it was discovered that some of the ivfUL·fISlivl 

components dn rl'Jt have simulation models in its library, an exmnpk being the 

(:ontroller lC,UC3842. A lot of time was thereti",re. spent sear(hing fix solution, 

which \Vas to copy the modds in the switch mode sample circuits. 

II, N(jn availabiEty ()f multiple output \vinding tnnsfonners [ex simulation in tht 

P.1ULTJSIT'vl !ihmr)' hente the three OHtput~ V·iere ~,imubted by" looping the 

ilL Non availablEty of an ofHlle shelve tmnst(.mns:.r !cd to the winding of tb:. high 

frequency transti)t-ms:.r lo<:aHy, with provision f(Jr rs:.sd 'vVinding. When this ,>,vas 

conn..::cted to the eirt.ult, burning of the Ie regulatnr and the \-10SFET switch 

occurn:~d several times implying that the transformer core 'Nas not being reset 

properly. ThiskJ to til..:: introdlKtion of the ReD darnp circuii to obtain a stabk: 

iv. Some components were tbund to have ratingswhicb diff.:xcd greatly fmm their 

bodws. 



unreg.ulated G!JtPHts, it is recwnmemkd that the project hr.: ('arried Gut using conpkd 

indtKl(.lfS in~t<:ud of individual lm:luctors, In this W<1; any change in load in anyone 

output win ;;lffcct the other outputs equally thereby ensuring stabil.ity of oper3Jion. 

iL A prokssiww.1 simulation pud:;agc wB! give bdt<:f simulation results as it l1a::; all the 

simulation m()deb in its library and hellee a better desig.ned pO\ver supply, It is rhcl'Cf()fc 

recommended that smdents be made to have access to pmrt-:ssicmal simulation package::; 

instead of student ver~ion that has so many limitations, 

implerncnteJ by using a metallic endosure pn:yvkkd with ventilating duds, Terminal 

for earthing of the COHverter was also provided. Other 5akty rnethod;:.; could hO'Nevt::f be 

explored in fJtnre project v,fork, 
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Appendix B: ~Y1ATLAB Codebr plot of f~}nvnnj (:c!ovener transfer f;;mction. 

clen-[O.00000006 0.000025 1]: 



\Ve app!yKivchh(i/,s current law to the forward convt:rkr'5 equivalent circuit to l)btain 

1 
........ _-_ ....... -_ ........ . 

, !. 
1 -+ s~ LC ·t· s" 

R ., 

Cnrnbining equation:.:; L2 and J above "Vi:: have: 

! .. 1/: n. L ~ .+ ';0' . ( ...J.,. £ ..... 
• <.< ., / ' •• < R 

and equation 5J"; reduces it;: 
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,/ 

i/.,,}V·
n , , 

The cut Gtf trequency i.s (, ..... 
V," iV, 

and thl? ==-tutic gainK. ::: t; ;\i 2rr---.. / L(/~ ... ; l Y II 

\Vhere:U i 0::2.4 V lS tlH:.; value {;f the triangular voltage provided !JY ihe Ie 

L":ourput indu(;tanG~~ 

C=output capacitance 

> < 1 < ! t' . t" . . " .N p:O~ ug!1 requcncy tran:'''~Jrmcr pnmary wmuHlg 

V:,,:i """output vobge across bad resistor 

N, :" higb frl..~quency lranstbrrflcr Z'~~condary winding 

fundion reduces to: 

9.1. 



A nd the stmic gain 

53S the tran.,;fer Jimction hecomes 

9.94 
----_ .... ---_ .. -........ ----_ .... --_ .. __ .-......... ----_ .... . 

o.OOOOnfHl6s' + (U){)0025s + 1 
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Appendix D: Cost /\nalysis of Convener 



Appendix E: Reliability analysis of fOf\vard convener 

From the r;:.;;ult above, th~ converter tiilure rate '" 17,695% ":(L ! 7695 

Systern rdiahility, {{}wge, 199!) 
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