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CHAPTER ONE

L8 EWTRODUCTION

1.0 Background to the Stwdy

With the widespread development of high woliage divert comrent {300 bansmission, 3
souipanent for very bigh voltages bes geined partoular significance in the pest fow years.

stanclard Facilities were high-voliage D jest plas with vollages up to 2 milbon

)w
). ey

m
o
uu( »

L3R

wolts (MY and currents up 1 3mA. However, componers development for altra-high voltage

D0 pravssnission lnes reguired voltages between 2 MV and § MY, The advanced development

of high voltage D power supplios Yor high voltapes and low current was oot ondy prompied by
ulira bigh voltage (UHY) DO tansmission projects bl also by the growing intorest of plasima
:

plyysicists iy higheourrent injectors for experipents oo controdled nmwlesr fusion (Kuffel, B and

Abdulinh, ®L, 2000,

Figh voltage DO poway supply s widely used i research wirk (sapecially in Held of applied
phywsios) and in indusiry level the mwin apphcation of high volisge DO Powey supply i in proof
design of bigh voltage cabdes with relatively birge capacitive load, which dravws high curren il
is tested with abternabing cwrent (ALY high wollage powsr freguency of sinusoidal wavefinm
mstead of DO voltage (Kofted of ol 20003,

High voltages gre primarily produced for insulation wating of high voltage equipment ander
power Troguensy AL, DD, switching and Hghtoning impnlse voltages, For insnlation testing
copiprsa, the voltages are increased up to severad modthion volls byl coments we doorpased o a

few mid or masimun b ampers both for AC aned 20 fest sets, (Maidu, MLE and Komarain, V.,

20343,

In the Hebls of clecwical sopincering and spplicd physivs, bigh voltsge U0 are mguired fw

o

spveral appioations such as anode By cathode-ray mubes (CRTY in radar scopes, oscillosnopes,
i



and television pioture tubes They may also be used s primary power supplies In devices that
veciity AC nputs o pulsating DU Although the measared outpat voliage may be soveral does

greator than the nput volisge, conneciing o load causes the value of te oviput volisge o
decrease (Mumidu, ME. and Kamarain, V., 2004), Conseguently, vellage multdplion are used
manndy in specialized sppdivations where the load romains constant amd with high mpedance, or

v

whens tnput vollage stability is noy oritionl. The high voltage equipment is required 1o study the

imsukation behavior under all conditions, which the spparatos iy ltkely 1o encounger. Tesis are
also made with voliapes bigher than the normal working voliage o determine the factor of the
safety over the working conditions and 1o ensure thet the working margin is peither too high nor

oo low. The conventional forms of high voltage in wse can be divided mo the following

&3 Algrnating corrent voliages

b PHrect currery voltoges and

2% Tronsient voltages {Khan W, 20043,

{omeph, ML, 2001 prosented bis papoer as the basic operation of mulliplier cirouit such as hall
ssave vodtage doublors and tripler oiroudt, amd discussed paide Hoes Bor slectionie componenia
splection Gy dicdes and capactiors. (Spencer, Fo, Arvacioeisd, B & Beber, BL, 2011 designed
protoiype strface mousted Cockorodt-Walton boand and tested for use in batlery operated, palm
sized radistion dowection device and B ook srouwmd outpur voltage of TRV and ourrent less than
Pimad, When bigh vobiage output i reguired, the voltage doublers rectifier is sble © gonorte
AU Yine curren with lowest current distoriion,

I this project, the maln cmpbasis v given o different methods of generating bigh voliage DO

.....

thely Hmitations and superiorities are cleardy siated du this work, More a0, the scope of this



project s limited 1o analysis, design and o

s

truction of very high voltage multiplier with low

curvent precisely bmA with 150RV DO s

1.2 Sigsificance and Motivation for the Stady

With the rapid growth jn energy generation supplied by regenerative and decentralized sources

the supplving cabling grid i imoreasing, Theretors, o large demand on high-veliage ¢s
SEE ARSI & B : .

sysigrns resulis i the coming vears.

In power systerm, cable insulation lest 5 @ magor aspedt that veguires keen allention beoause it

shows the performance of the cable desired 1o be used for tansmitting centain amount of power

3

under toad conddition. The device to carry ool this test s nof readily available and where i s

avalabls, it 0o yWer aystem i moving oward generating and

tent should be moruorured and

gansmntiing 730KV, equipment for carrving o

<&

produced locally, As a result of this, this project imtends jon and construct an eguipment o

R

iy R

sevate TSOKY DO v 230V AL while the solid foundation &8 being laid for design and

ruction of gxiremely bigh veltage generator in the

1.3 Abm and Objectives

g {37

pad

The s of this project s o design avd construct o device to genorate very high voliags

eaveh works i the taboratory

optpod 1o be used for insnlation wst and other scientific s

Hows:

The ohertves of the study are theretore, as

eratiy that 15 compact, Hght weight, velisble, offic

i To desigs high

and surtable for lnboratory ¢

~.‘

2. To envomrage tocal production of this doviee a5 againat freign tmportation of hughly

gxpensive D0 genergtor

3. To prove viability of DO-DO converter tuchnigu




14 Project Methodalogy

-y

Toachiove the stated obiectives of high vollage power supply,

2 v, the adopted gppoach is

¢ converter iechnigue

1% Project Scops and Limdmations

This work shall be Umited 1w the design and mplomentation of high vollage DO power supply

o>y

with output of 130KV from 230% AC matn sowee using voltage multiplier ciroudt techninue,

Cock-croft multiplier half wave topology is veed due o loss stresy on diodes and capacitors and

eest effeciivencss,
1.6 Organieation of Thesis
This report comprises of fve chapters inchuding this mtroductory ene. Chapter two focuses on

urg veview gsowell as the background theory on which this work and others i the

the ey

and methods of voliage

drsous

existing Htersfure arg based. Chapter o

maultiplior with 150KV DU outpat. Cockeroft-Walion wopology 18 used for this design. Efteuts of

k3

ent Toads, nput voliage wavelorms and frequency of top veltage on outpol of the voliage

saltiplier ave extablished, Chapter four presents the result and discussion of result of design and

construction of figh vollage power sopply at 1530EY DO output from 220V AC using voltage

mgltiplier oirawi technique. Chapter five provides the conclusion and recommen



CHAPTERTWO

2.8 LITERATURE HEVIEW

2.3 Iniveducting

1

-

This chapier consists of two sections. The st section preserds an overy dew of the tood
Hrerature on voltage multipier, The second section freats various background concepts on high

dis

freguency switching dirget curvens fo divect current (D0-DC topology.

1 low voltage main source using multipher cirouit in cascaded

Cenerating high do voltage

Leg

form has g lot of constraings ke regulation, corona and harmomes

v mipinivze these bottenecks is to

resull in vollage droy ptput, Better appn

s of siages in the desizn of voliage

adiomt the use of switching converter to limit the nun
nultipier cireuit, The previous reseerches show increase in th nwmber of stages has direct

ERA 23S

s drop and ripples at the output. One way of redusing the - pipples and

Cthe nunther of siages and nee of bigh capacitance value at the surly

(”“
o
b
o
N
£
o3
%
%
LalY
o

bty
YViltage 150
Ky B0

.y
oSS

Driver MOSFET Step -

vt Swiich L
{Oscillatorn , Trapstor

-3

ki
¥
k 4

A Blook Diagram of High Voltage Oenerator U Ising Woltage Muliiphier

%‘;}"i e 240

Technigue

. 2.1 shows 2 Block disgrars consists of inpet signal, MOSFET driver, forriie core siep up

¥l S

wransformer and voltage mubiiphier mireuit. The input voltage 18 230V AC which s rectified ©

freg

T voltage and regulated as jow as 12 volt which s reguired o generate spooth amd stable

L



c onipot This is called rectification, The reotifier produces an waregnlated D vl

5 then sent o a farge Blter copectior. The curvent drawn from the

vectifior virouit noours in short pulses arcund the AL veltage peaks, I an inpol range swilch is

-

used, the reetifior st s uspally configured 10 operade a5 a voltage doobler when operating oo

ST

coand s a straight rectifier when operating o

oo g fuli-wave recti ¥ visedd

{-240% A range. W an mput range switch is not used, ¢

and the downstreamn v s iy stmply designed o be Bedble encugh 1o socept the wide

range of DO voltages that will be produced by the reciifier & Cawitch and ferrite

core transfornmer with {step up wanstormer) convert DU i AC by ranning i through a power

.

oseilistor comprising of M

FET swatch and step up wanstonmer with muany windings ot 2 24

Eiichertz (K Hzh The frequency is ususlly chosen to be above 1 KHz and

w
po
&
.
p
=
=
L oax
-
L
"
"
o

paltiplier cirout i

be used 1o siep up DO oulpet to high voltage

il
Lors

""U"} ?’y‘i ," S »

istags {10 achiove by v tvpe of

implernented a5 o

tranststor with g low on-resistancs and a high current-handiing copacity, 1 the outpat 15 rogu

10 be isolmted from CCHBS I nains power supplie

usizd t drive the primary » v brnstormer. Vhis converts the veliage up

3 P

w JORY AC on it Bowork, The output transtormer us the

secondary winding as i this rese

4

arn serves this pupose. The vodtage madtiplier cireuit 45 divectly conpected @ the

nlock diag

cutput of the fermite corg ansformer at 10KV AC fo generste 150KV DL The velt

<

multipiier ciresit for this work consists of fifteen stages of coupled two diodes mud two

we i regudaie HORY AL to approxing

2.3 Voltage Multipber

age multipliers are AC-0-DC power conversion devices, comprised of dindes and

capactiors that produce o ngh pode voltage from a lower voltage e
Muliiphiers are made up of multiple stages. Fach stage 15 comprised of one diode and one

£



capacitor. The input AC wavelorm oan be wnuscidal {sine wavel, reciangular {sguare wavih OF

in fhe form of another shape, Yoltage multipliers are usually ola tansified gy doublors, @iplors,

spun voltage. For exaraple, devices that increase the peak input voltage by a factor of two are

called voliage dovblers (VM Voltage Multiplier Inc.com, 2011}

The most commonly used multipher vireuit is the Hall-Wave Beries Mult iphior, Al mudiipher
cirenits can be devived from it operating principles. The following descripfion asswmes no
insses and represents sequernsial reversals of polarity of the wansformer T, in Figore 2.7 {in

roatity several eyeles sre reguired 1o reach full voltagey

B

&
&
Wb
PR

¥
£

b
£

i ' : A ‘
N BRI

Figure 2.2 Muluplhier Circust

i} To=Megative
£y charges through I 1o By

Poak:
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Peak: pangntial £, 50 O charges 1o 20t Iy
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A3 diodes and capacitors must be dimensioned Tor 2x Up. For sirusotdal input vollage, O of

the firat siage may be redused to 1z Up.

An nesisgs cascade produces 2

e

2nx Up outpu voliage. By choosing an appropriate number of

stages, any voliage san be reached. Howewver, this is only valid for negligible carrent draw. As

socm a3 there s output carrent, there Is also an AL current through the capacitors, esulting i o

voltage drop and o lower Input vollage for subsenuent stages. In fact, numbers wuch highey

worw

than, sav. 10 or 20, sre not sensible in practive. This means. the vollage drop is the bigher, the

bigher the sutput current L the lower the frequency ©and the lower the vapactly { . The voltage
drop also increases with the number of stages cubed, which means for 10 stages 3t is abready
106k as farpe as for o dingle stage { Erovelopaedin, 2011
26,3  Dareinncher Volisge Multiplier

The CGreinacher voliage doubler is a significant ioprovement over the Y illard sirouit for 2 small
cost in ncressed componsnts. The fpple is moch reduged, being nowinglly gero under open-
chrouit load conditions, but, when current s being dracwn, depends on the resistance of the load
and the valy

w of the copactiors used, The ciroult works by following a Yithard pell stage with

what is in essence a peak detector or envelope detector stage. The pesk detector cell boas the

offect of removing roost of the ripple while preserving the pesl voltage in the onipul.
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Figare 2,14 Greinacher Cuadropler



This clrowit was Bres tnveniod by Heinsich Greipacher in 1913 i onder @ previde the 200 -
100Y he needed for his newly invented jonometer, the IOV AL supphied by the FSurich
power stations of the time being nsulfivient. He Yater {19200 extended this idea into o cascade

of multipliers, This cascade of Grelnucher cells is oflen maconrstely referred o a8 o Villard
cascade. 1t is alae called o Dockorefi-Walton multipher afler the partivle acceleralor mgching
it by John Cockerofl and Emest Walton, who indepensdently rediscoverad the civodtin XS
The voncept in this lopology can b extended to a vodtage guadrapler cirouit by wsing 1wo
Cweinacher celle of opposite polarities driven from the same AL souree. The ootput 18 taken
gevess the two individual outpets. Wote that, ke o bridge cirooll, # is mw pumsible o

sirnultancousty growd both the input and sutput of s civonss {Broyolopacdia, 2011}

264 Cockerefi-Walton Multiplier

Thie Cookerfi-Walton (OW) vollage multiplier was part of one of the early particle

S

sroclermons responsible for development of the stomic homb. Built In 1937 by Philips of
Pindhoven i i noow in the Nationsl Belence Museum in London, England {Enoyciopedia,

it

The Cockeroft-Walion generator, or multiplier, was named alfter the o men w ho in 1937 used
shis cirowit design to power thelr particls acceleratos, periorming the frst artificial nuclear

dsintegration in history, John Dougles Uockorolt # and Emest Thomas Sinton Walton need this
voltage multiplier oasonde for most of their research, wiich in 1951 won them the Mobel Pries
in Physics for "Trapsmuetion of stomic auclel by artficially scoelerated slomds partiches”, Lesy
well Enown i3 the fact thal the ciroudt was discoversd much eardier in 1919, by Helorich
Cireinmeher, a Swiss physicist. For this reason, this doubler case adde ie sometimes also referred (o
as the Greinacher multiplier. The CW 18 vollage mullipher that convents £ W o pubsing D0

cleirical power from g low voltage level o a higher DO woltage level. B is nade up of g

22



yoitage multiphier Tadder network of capacitors and diodes to genersie high voltages. Unithe
sransformers, this method ehmingtes the sequirement for the heavy owe gnd the bull of
insnlation/potting reguired. Using only capacitors and dindes, these volinge mulipliers can stop
up redatively dow vollages (o extromely Bigh values, while at the same time belng {ar lighier and
cheaper then tramsformers, The biggest advantage < W such chrouits s that the voltuge across sach

stage of the caseade i equat to onldy teice the peak dnput voltage in a hall wave rdifier. Inoa

ot wave rectifier 1 18 three times the fuput voltage. 1 has the advatage of reguiring rotatively
fow cost components and being fasy to insula. One can also tap the cutpat from any slage.

Hike a multitapped ransformer (Encyclopasedia, 2011}

Operation of the W mmbiiplier, or any voltage ¢ doubler, is guite simple. Consider the shuple
two-stage version of Figure 215, A the time when the AL Iput reaches s negative peak
potential the left most diode is allowing current i Tlow froom the ground into the fst capacitor,
fifing  up. When the same AL signal reverses polanty, the firs diode switches off and the
sepomd one, 1o s right, switches on, Now curvent Tlows ot of hoth the AL source and the first

capacitor, charging the second capaciior 1o twice the charge held in the st With cach change

-

in polarity of the input, the capacitors add w1 the upstrean charge and boost the voltage iovel of

the capaciiors downstream, towards the output on the right. The norease in vollage, assuming
perfeot cotaponents, is fwo tmes the st voltage tioes the number of stege {(Enoyd npedia,
201
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Figure 2.150 Cockeref-Walion Voliage Multipler

165 Operationst Charaseteristios

T gmactive, the W has 2 number of drawbacks. As the number of stages Is increwsed, the
voliages of the higher stages begin 1o 'sag), primarily due to the AU impedance of the CaApaItTE
i the ower stages. And, when supplying as outpat the voliage 2 ripple ropidly incronses as the
mmber of slages s inerensed. For these reasons, UW maadtiphiors with large number of stages

are used only where relatively low ouipat current is required. These effects can be pariially

‘¢}

compensated by increasing the capacitanor in the lower siages, , by increasing the freguency of
the input power and by using an AL power source with 2 square of wangelar shaped wavelorm
By driving the O% from a bigh frequoncy sowe, such s an ioverter, or a combination of an
teverier and 1Y fransfermer, the overall physicel size and weight of the LW power suppdy oan
e mbsantially reduced (Encyclopedia, 2011

W maltipliers are typically nsed to develop bigher vottages for relatively low oument

applivations such gs blas voliages ranging from tens oy bundreds of volis o mitibinns of voits fiw

4




bigh-mnergy physios experiments or ghtaing safuty esting, OW madupdiors are also foond. with
& migher nwmber of siages, in laser systems, high-voltage power supplies, Xeray svstons, LOD
backbghiing, troveling wave twhe amplificrs, fon pumps, clochrosiatic systems, alr ionisers.

particle accelorators, copy machines, scientific instrurpentstion, osciloscopes, TV sets and

CRTs, bug rappers and many other apphivations thay wee Mgh-voliage D (Encyelopedia, 2011

L6 Ilon Clrendt

The Delon ciroudt wses 2 bridge wpology for voltage doubling, This fonm of cirouit was, at ong
time, commmondy found in cathode ray be television sets where H was used to movide an oxima
high tension (o b)) vollage supply. Generating voltages i oxeess of SKY with a transformer
has sefety issues in torms of domestic euuipment and o any cese is not econonde. However,
black and white welovision sely veguired an ehut of I0EY and colowr sets even more, Yoliage
doubrders were used 10 either double the voliage on an ot winding on the mains transformer or

were appdied o the wavelform on the iine Hyvback coils
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Figare 216 Foll-Wave voltage Doubler Figowe 217 Halfd Wave Yollage Doubler

The ciroult consists of two halfwave peal dotectors, Ranctioning in exactly the same way as the
pesk deteotor cell in the Greinacher ohrouit shove. Bach of the two peak detector cells operates
on apposite hatbovoles of the ncoming waveform. Sinco thely outputs are in series, the outpl

iz twive the peak ingan voltage,

b3
(v




gve version of this cirouit has the advantage of Tower peak diode currents, Improved
vipple and betler foad regulation but requires o ventre-tap 1o the transfommer as woll a3 more

ConpOneniE,

27 Dedge Usnsiderstion of YVoltuge Multiplier Clrenit

In designing meliplier ctrouin, there are faciors o constler in choosing the diodes and
capacitors i expeeted outpat current will be roslized. Proper selection of active componeuts of
the minltiplior civendt sepovially &t high voliage level determines the officiency and relinhility of
the multiphier fechnigue for generation of high DO voltage, I proper sitention s not paid

i L

these faotors, there may oot be cutpat st sl from the voltage multiphier,

273 Dapscitor Seleotion

The sive of capacitons ased in multiplier oiropits i dreetly proportional 1o the frequency of the
tapa sipnal. Capacitors used in off-line, 60Hy appbications are ususdly in the range of 10
200m¥ while those used in lgher freguency applications, say 10K Hz, are typically in the range
of G2 o Oomb In prsctice. t is usually easier. and loss costly. to use the same large

123

capacitanee value for all capaciiors, both "ACT and "D tyvpe, The overnll capacitive aciancs
of the olreuit maast be considered, however, o detormine the largest pormissible vahee, The
voltage rating of capaciiors iy dewrmined solely by the wpe of muliiphier cirouit, In the half
wave doublor ciroult of Figies 2.6, ©4 must be capabis of withstanding » maximum voltage of
Yon, while 002 must withsignd g voliage of 2%, bn the fllowave doubler cirouit of Figure 210,
both CF and O2 must withstand volisges of Y. The hall wave vollage wipler of Pigure 212
reguives 07 o withstand g voltage of Vo, and both U2 and ©3 10 withstand volinges of 2V
Cthuand is o seleod capacitors whose vollage rating is approximately twice that of

the aciual peak apphied woltage. Frr example, o capaciior which will see g peak voliage of ZWm

fowdd hove g voliage vating of gpprosimately 4V o (Maren,, er of 20003
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2 Hectifier Diode Selection
Briar to seloction of diode basle devier parameter must be comsidersd. These parametars

deternrine the subtability of the rectifier for the design of ligh voltage, bigh froguency vohinge

mpitiplier st

21 Repetitive Peak Heverse Yoltage {YRRM}

Repetitive peal roverse voltage is the muosimnn allowable stanlanenus vahue of mwverss
veltage acoss the rectifler diode. Apphed reverse vollages botewe this roaximum value will
produse ondy ¢ spligible leakage currents through the deviee., Yollages i oxcess of this
i value, however, can cause clroult malfunction — il even permanent component
damuge - DECHURC significant reverse CUrrents will flow Bwough the dovice, For snarmple,
Genersl Semigonductor’s GPUZ-40 coctifier dinde has a peak roverss vollage rat g (YRRM of
4000 Volls, maxinum, Applied reverse wollages of 4k% or less will prodove 3 MmN
reverse leakage cuprent, IR, of 5 microgmperes through the device when operated al 10MT
femperature (2570 . s tnosh cas0s, this leakage current i considered neglipble, angd the device

is maid to be completely blocking (IR & 1. 8o devices yust be ¢ apleoted with roverse vollags

(VRRM) ratings of a1 cast 2% {Mazen., ef af, 2000},

(b3 Reverse Reeovery Times {TRE}

i peneral leTms, FEVETEE TEROVETY time is 4 measure of the tms needed for a reotifier diods W
ceach g siate of complen blocking (IR =0y upon 1he appiication of g reverse Wins. ldeally, fhs
Hme shoold be e, In veality, however, there o o finite period of tme in which 2 stored charge
at the diode junciion must be Tewept away” beiore the device can onior its blocking mede, This

stored charge i directly related W0 she amouns of forward current Howing through the device

Sust prior t the apph temtion of the reverse bias. Fortunately, singe opEraling Currents an very

“wd

B




low iy muitiphier clrowits, reverse reonvery times are bept 10 9 minboun, Nevertheless, TRR
phays an anporiant role o multipbier design. When selocting rectifier diodes, the frequengy of
the input signel o the multiphier notwork moust be congidered, Por symmetrical signgd inputs, the
dovies chosen mwst be capable of swiching & spesds faster than the vise and Y thpes of the

gt 1 the reverse recovery time ol the rectitier is wo long, the officiency and regulation of the
civouit will suffor o the worst case, insufficlent recovery speads will resoll in exgessive device
huating, as roversy posver fosses i the seetifier bocome signitivard. Continued operation in this
mde usually resulls in pormapent damags o the device, The reverse recover ime {TRER)
spevitication 15 very dependent upon the oiroult and the conditions being used © make the
measwrement. Soveral wwlostry siandard TRE tout chrouits exist (Figore 2018 Is the test chroolt
used for the GPOZ-43 Therefore, it 45 very important o note which st chonit s holng
vetorenced, a3 the same devive meay mwasure ifferontly on ditferond test cirouits, Furthermore,
the TRR specifivation should be wsed for quelitytive, not quantitative purposes, since ponditings
speciiiod for TRE rmeesurement ravely refloct those found in actugd “real Bie” cirouit operation.
The TRE specification is most valushde when comparing two or more devices that sre measured
on the smne clrnlt, under the same conditions. Figore 218 shoses the relationship belwes

forward current and TRE in the OPO2-40, As vou ven see, decrsasing cwrrent fow in the
mudtipdier clroult makes # possible o use higher Juput froguencies. An norease in current flow

has the opposite effect, Ideally, the multiplier setwork boad shoold draw uo current
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€3 Fregusney of Inpet Sipas!
YWhile selecting rectifier diode, the Boguency of inpul signad to multiplier chroult must be when
ints gccount. For symunewrical input signals, the device chosen mast be capable of swiiching af
speed faster than the rise and Bl thmes of the input, 1 the reverse recovery thns is 100 jong the
stiiciency and regulation of the device will suffer. In the worst case, insufficient rooovery speeid
will result o accessing heating of device. And in this case pormanent damage of devics wall
toke place. The reverse recovery Hme 18 very depondent upon the civool! and the condition being
used 1o meke the mosswrement Revepse recovery Tume specification should b used for
guatitative, oot guatitelive purposes since condition speaifled for the messurement rarely
redtects those found in actual vead e circudt operstion, Decreasing cuerent flosy in the multiplier

cireuit mabes 1 possible to use lugher ot froguency. An ineresse in ourrent How hos beon the

apposite effect. Ieally the multiphier network load should deaw no current (Mazen, 27 of, 7000}

{3y Peak Forward Surge Current {PFRL)
A pesk forward surge current ratiog is given for mest reetifior dindes. Most ofien, s rating
corresponds 10 the maximun peek value of 8 single halls sine wave (30 or 60H2) which, when

superimposed upon the devices mated oad current. can be conducied, without damage by tdw

25




rectifier. This rating becomes tnportant when considering the large capaciiance associgied with
awnibtiplior clreuiny,

Murge currents can develop in mudtiplior oirouits, due to capacitive loading effects. The large
step wp forns ratio betwesn prinsary and secondary of most bigh voltage transformers causes the
Hrst multiplior capacttor (U, seeondary side) to be reflocied as 2 much larger capacilance nto
the primary. For exsmple, s transformer with a torms ratio of 25 will conge 2 1.0mF capacanes
wy be refiooted into the primary clroaitry a5 2 capavitance of (LAY 2 mF, or 425m¥. AL clronlt
twrn-on, farge swrrends will be doveloped in the primary side as this effective capaciianos begins
charging. On the secondary side, significand surge ouwrents can How through the rectifiors
during initisl capaciior charging & twneon. The addition of 2 series resisianee can gromly
reduse these currerd surges, as well ag those in the privesry clrouityy, For example, the {3P02.40

F

Bas g forward surge rsting, b, 0F 12 amperes, Considering s maxbmum secondury voliage of

200 YV, 8302, and the caloulation of Bs is as onllows:

7 (242
P {i 43}{ 538;

15

R, =344 ohm

{£} Forward {arrent, io

Asostated sorier, i the ides! waltiphier conBiguration the load will draw no current, Lleally, the
only significant current fow through the rectifiors coours during capaciior charging, Therafous,
devices with very low corrent ratings (hundreds of milliamperes) can be nsed. 3omust be noted,
however, that the forward current and forward surge curren vatings are rolatedd, since both arc a
fanction of silicon die ares. Generally sposking, devices with » bigh surge current rating, how,

will also have g high forward current, bn, raling snd vice vorsa.

30




{6 Forward Yoltage, ¥F

In practice. the forward voltage donp, ¥y, of the seciifiors does not have a significant sitect on
the mnitiplier network’s overs g1 pfficiency. For instance. PO0-40 has a typieal forward
drop of 2.0 Yolis when measred ab 2 current of 100 milhamperes, A hatfowave doolbler with an
PLY:

85V cupns will have less than (.04 percent (2 1 2V AR loss in efficioncy doe o the forward

voliage drops (Mazen, & o, 2000

wy atray Capaeifance

Rk o Z

Stemy capacitance booOmMEs 4o imporiand considergtion as 5 inpot froquency IOToRses. Az the
following expression indicales, an inerease o froguency decreases the Copaciiive Feaclan,

% -

- flow through the insulating mterials (Y Yolage Mulpher

i)

YRES

Powsr tosses through insulation, which wre neghyible at 50Hz, become signil foant ot bigh

Frequensy.

{hy  Leraps

Corona bs the resuli of gas lonization {aly, oaygen. i Y, due fo o high wolisge field This

s

extromely destrnctive phenomenon usuaily resnlis in stow degradation o the insulating

materials, cousing  latent fmlures, Coarsfid desizn, consistent manufbcluring  processes,

phminating air enirspment in encapsplation, amd a thorough und terstandding of what causes

covona wommize this problem {Voltage Multiphier Ino.oom, AR AN
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ance, Re, 18 gotien from mean n Tali0 38,

>

The secondary coppey loss, Pa, is

P fLR, walty {235}
While the total primary and secondary copper loss, Pou, 15

£oomBoe P owatts 2563
The total foss, £, is found o be
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2,34 eweiatorMultivibratoy

-

& form of elecunsie ciroait that smploys positive foe dback 1o cross-couple tra devices so that
v distinet states are possible, for example, one device ON and the other device OFF, and in

.

ik the states of the two deviees can be inerchanged oither by us o of extornal pulses or by
smternal capacitanne coupling. When the circwt b switched between slates, trarsition tnes ang

normally very shon compared to the ON andd DFF periods. Hence, the outpul wavelonms wie

essentially rectangubar in form.

sultieibrators may be classified as bstable, monostable, of asinble. A bistable multivibraion

afien reforred w0 s o fip-flop, has two possible stabde stales, 260 b with one device ON gl the

other OFF, and the siates of the two devices can be interchanged only by the application of

external pulses. & monostable multivibralor, some sirnes referred 10 28 a one-shot, also bos iwo
;

possibie states, only one of which i < atable, I 1 s forcod lo the opposite stas ¢ by an exigenally
£ 51 ;

apprhied frigger, 3 will recover 10 the wiable siate g period of time wsually controiied by a
x Prd o o




reststance-capagitance (A0 coupling olrendl. An astable muliivituator hag two possible stues,
neithor of which is stable, and ewidiches botween the two states, wsually controlled by two 2O
coupiing time constants. The astable cirouit is one form of relaxation oscillaton, which genevas
repurrent waveforms at o controllable rate. 10 (LM 333 Timer) was used in thin prject work

wired 8% getable muliivibraior,

2.34.F 555 Thner {irenit

3

The 555 thwer 30 35 an ingegrated oivoudt {ohip) used in 2 vardety of tmer, podse goneration and
psctilaior applications. The B-pin 355 is one of the most useful s ever made and 3 iz used in

sany projects, With hust o fow exiormal components 1 can be used o hadld many cirouiis.

Frgure 2089 535 Tiner 10

FONMD - Oand, low lovel {00Y)
TYRIG - OUT rises, mud interval stars, when this inpot falls below 173 Vo
FOUT - This oanpat i detven to P oy GNEL

YT A timing interval may be imerrupted by driving ths fuput o G
"Coptrol” scoess W the internal voltage divider thy doefimls, 23 Fool
The intervel ends when the vollage 21 THR i groafor than of CTRL.
{'}gfm soblector cutpund may dischargs o capachior betwesn intervals.

< - Bositive supply vobage is usually between Jand 153V
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3143 Astable Maltivibrator udng 555 10 -Design method
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Figure 2,200 Astable Multivibrator

rd

The time during which the capacitor O charges froun Tt S is egual o the time th

[

Lol

eutpait 18 high and is given as 1. o8 Ly, = 0.0Y ﬁf R, + A 3{ which iz proved below,

Yoligee across the capaciior ot any instant during oha sarping period s ghven as,

g

£
Xod
Y

ki

The time taken by the capaciior 1 charge from o + - Fo.
N
{2,369
The tiee taken by the capaciior to charge from Do+ V.,
4

ore, = RO Tog, 3 OB 2.

Lol
i
Rvevl

: . . i, 2.
S the time taken by the capeoiing 1o cherge Irom b ¥, W4 V.,
L 3

=it g, o= {10986~ DABSIRC = Q.690RC

Guhastiiuting B= X + &, in above equation, we have

st = 069HR B K

T
Lo




Where By aned By are inoohrms angd C s in farads

. . 2 i,
The thme during which the capasitor discharges from + e b egual to
;e :

the time, the outpeg is low and s given ax

ohony and O is in farads The sbove equation is worked

f‘i

ouit gy fodlows: Yoltage across the capacitor af any fnstant during discharging poriod b given ax

[
)
Lo,

e
e

Substitutiog V. =~V and 7 =110 above eguation we have

O 1, = 069300 (240

s

Oreeradl peviod of  eseillations, T =T, + 7, =00690R + 2R, %7, The freguency  of

oscitistions being the reciprocal of the overall period of ospillations T is glven as

T
| U B e L I T L2
g . Z\,./“vu }

Popation indivates that the fregpency of oseilladon s independent of the collecior supply
sipilags +% o0

{¥ien the torm diay ovels s used in corgunetion with the gstable multivibrator,

e

s ratin of the time 1, during which the output s high w the total thne peviod T,

\\\ S

The duty cyele,

3
e
180
S

From the abwve eguation it i obvious that souare wave (30 %% duty ovole) oulput cannit be

obtaingd unloss By i mede worn, However, there 3 a danger tn shorbing resistarwe By fo zom.



With B, = 0 ohen, terminal 7 is directly cov aected o + Yoo, During the discharging of capacitor
through Ba and transistor, an oxirg curem will be supplied m the ba sristor fvm Yoo through a

shent between pin 7 and +¥ oo, It may damage the srapaistor and henee the tmer (Ward, 2018}

3 1%  Bbirevt to Direct {BOC-DY Canverter

A DY D0 converter is a deviee that accepls a DO input voltage and produces a DO ountput
voligge. Typieally the output produced i o different volisge fevel than the Input. In addition
DO converiers are used o provide poise isolalion, power bus repulation, oo, This ¥ 2
suranary of some of the populer DO converter wpologies: There are many ditforont types
of DO converter, each of thens ends 1 be more suitable for some types of application then
for others. For convenienes they can be slassified into varions groups, hewever, For example
some converiers are only sultahle for stopping down the voliage, while others are only siitable
for stepping it np a third group ven b u spdd for either. Another important distinction s betwoen
converters which offer full diclectric isolation between thetr input and ootpa clrouits, and hose

which den't, Neediess to say this can be very mportont for sume spphications, aithough B mway

not he important i many others {Colonel, 2000},

2.46  Type of BO-DE Converter
Basicaily, there two types of DU-D converter, namily
¢ HNon-dsolaing DD Convorter

e fepiating DE-DO Converter

2 160 Mondsolating DBE-DC Cenverter
The non-isolating type of converter is generally usedd whers the voltage needs 1o bo stepped up
oy down by a relatively small ratio (say less fhan 4:13, and there is no problem with the oulput

and input baving no dislectd -« isolation, Framples gre 24V/12V voliage reduoers, SY/AY
3 : 3

eduoer and LAYV siep-up tonvenerns.
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There are five main bypes of converier in this non-isolating group, wsaalby called: buck, boosg,

buck-boost, Dok and charge-pamyp converiers, The buck convener i used for vollage siep

)

downireduction, while the hoost converter ts used for vohisge step-up. The buck-boost and Cuk
converters van be used for either stepedown or stop-up, b are essentislly wollage polanity
reverses of wverters as well, (The Ook comverter e named alfter s originstor, Slobodan Ouk of

Cal Teoh Usbversity in California), The charge-purnp convorter iy used for oither voliage step-

up or vohiage inversions, but enly iy velathvaely low power applications (Coloned, 2006},

fay Buck Converter

The Buck convertor has a lower voltage, amd it has palsaiing input ousrent genersting high
harmonics into the power Hne. This clroudt 5 not practioad for low-line input because 1 dowgs not
dyaw the wyny current when input veltage is tower than the outpn voltuge. Scheratic dlagram

of hook converier is as shown o Figure 2.2

SATFPUE
PRIV Pp———— - )
MR
Zo
Figure 221 Buck Convertes
e K73
23’"( YT
f i tA RS
A
o -t
k%13
FIME
Figure 2,22 YVoliage and Ourrent Changes

i this chomt the ransisior turning (M will pod vodlage Vin on one ond of the tmducior, This

virllage will tend ® couse the pductor corrent 1o rise. When the irsnsistor s OFF, the current
47



will continue flowing through the inductor does not reach 2070, shus the voltage &8 Vi will now

the voliage acress the condueting dinde during she foll OFF time. The average woliage

,
b nndy

at Wy will depend on the average UM tnw of the sransistor provided the transistor the mductor
current is combruous (Colonel, 20003

The Hurk converter has a lower cutpa voltage than input voltage, amd it has pulsaimg input

current genersting high banmonics into the power Hne. This olrout i3 a0l practical for lowelne

iput besause it does not draw the ioput current wher input voliage s lower than the ouipi

volsee, The Hne current of the converter 18 diseontinuous as in Figore 2.22, therefore. # by
giad b

selatively low power factor,

(hy  Booewd Converter

The schematic i Flgure 223 shows the basic boost conventer Thia vircuit is vsed when 2

Bigher output voliage than input s reguired,

TP

T -
Lo ®

-

K

e

Figure 2.23: Boost Converter Cirowt
Wiile the mansistor is ON ¥ = Vi, snd the OFF state vhe tnductor corrensts Tows through the
diode giving ¥, = ¥, For this analysis it s assume that the Inducior ourrent always remnins
flowing (ponlineous conductiont. The volisge across the nductor ta shown in Figore 224 and

the average must be zero for the averags 1o remain i stomdy siate,

Y

.N
[
by
e
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a’

;:n‘; an + {f’: 5/1 ,guﬁ =l

This can be rearranged 83




ard For g lossless cireadt the power balanee engures
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sure 2240 Yoltage Across Conduntor

The Boost corwerter is shown b Figare 2230 8 bas stepeup conversion mtio. Therefore the
cutpar voltage s siways higher than the input voliage, The converner will oporgte throughout
ihe entire Une cvede, 50 the mput cwrrent does ot have distortions and continsous as shown. It
has a smooth ol oorrerd bocause an inductor s connected 18 sourcedegroumded; thomfore i i3

casy 10 drive. This wpology i 2 unbversed solmion for offbline power supplies and SMPS

apphicationy,

{5} Buck-Boost Converter

Fi: 2140

Figure 225 Schematic for Buck-Boost Converter

4%




With continuous conduction for the Bock-Boost converier ¥, = W, when the transistors is O
amd ¥, =1, when the transistor 5 OFF. For zero net current change over a peried the avarage

voltage soross the inductor ks vern.

s 4 {Whrss

)

TIME

Figure .26 Wavelorns for Buck-boost Converier

o
e
RV
o

i Lo s g
¥ s i TR i et
which gives the voliage ratio

D (2,463

st the corresponding current

¢
b
e
~3

Siner the duty ratio "7 i betweoen O and 1 the outp voltage can vary bepweon lower or higher
than the inpat vollage o megnitude, The negative sign indicstes a reversal of sense of the ouipwt
vorlinge.

The Buck-boost converier 15 8 type of DO-DC converter that bas an output voltage magninude
that i5 oither groster than or less than the input voliage mugniude 1 s g switch mede powsr
supply with 3 stimilbor clroult topalogy 1o the boost converter and the buck converter, The outm
voliags is adiostable hased on the duty cirele of the switehing trasmistor. One possible drawhack
of this convertor 1o that the switch doos not have o wominad w0 ground: this complicates the

driving clrouitey, Also, the polarity of the oulpng 18 opposits the input voliage. Meither drawhack

50



i of any conseguence i the powsr supply is isokated from the load cirouit (1 for oxample, the
supply is o batlery) ax the supply and diede polanity can stmply b reversed, The switch can be

on either ground side or supply side.

tdy  Cuk Converder

The ek, boost and buck-boost converters all transtorred energy bebween nput and culput
using the docior, analyvsis s based on voliage balancs acrosy the inductor, The CUK convert
uses capaciive energy ransfer and anslyvsis is based oo current balance of the capacitor. The

cireuit i Figure 2.27 tx devived from DUALITY principde on the buck-boost converter,

WP

@ -

Figare 2.77: QUK Converter

1wy assurne that the current eough the indicators i essentially ripple free we can examing the

charge balanwe for the capacitor CL For the transistor ON the cirouit becomes

P ATIPUY

Figore 228 CUK "ONSTATE”

gl the onrrent O is b When the transistor is OFF, the dicde condociors and the current inn £

hevomes i
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0000
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Figore 220 CUK "OFFRETATED
Ringe the steady state assurmes o ret capaciior voliage rise, the net current is 2ero

o {” frs \\gz‘_%-'i-" = 4} {248}

which bnplics

;D |

The currents msich the input and ovlpot currents, the using the powey conservation s,

X

Thus the voltage ratio is the sarwe g3 the buck-hoost converter, The advamiage of the CUK
converter 15 thet the pod and output Inductors creste g smoothly current at hoth sides of the

cospverier while the buck, boost and buck-boost have 5t one side with pulsed current,

24467 Isolating Converters

Al of the converters we have looked at 50 far have vinually no eloctrical isolation berween the
mapart and ooipet oircuds; in fael they shwre 3 comuson commection, This s fine fr many
applications, but # can mehe these converters quite unsuitable for othey gpplications where the

cutpt nosds 0 be completely isolated from the input. Here's where a different type of invorier

fends to be used-the isolating ivpe {(Colonel, 2000), There are two main types of isolating

wyverier in common use: the “fyback’” type and Torward” type. Like most of the non-isciating

4
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converters, buth types depend for fhelr operation on energy sored in the magnetic field of an

inducior-or in this case, a ransinrmer

{8}  Fivhaok Converier

The fivback converter can be developed as an extension of the Buck-Boost converter. Figare
2.372 shows the basic converter; Figure 233 replaces the inductr by g ¢ works by storing energy
i the inducier by o tmnstormer. The buck-boost converler works by storing energy in the
inductor during then ON phase and relessing 1t fo the outpat during OFF phase. With the

transformer the engrgy slovage is i magnetization of the tansformer core. To inorease the

stored ey 8 gapped core 18 often used,

EYTPT

y3
ity

oz ki

Figure 2,32 Buck-Boost Oonvertyy

T ¥x

o
e

4,
-
7

Floure 233 Replacing Inductor by Transformer
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Figure 2.34: Flyback Converter Re-configured

{b Forward Copverter
The convept bohind the Toreard sonverier is thet of the ideal wansformer converting the inpat

AL voliage o an isolated secondary outpt voltsge. For the ciroait i Figure 2.35, when the

transistor 15 O, WV, appears soross the privaary and then goneratos

¥,

AT oy g

b= T {_,4,532.}
3 L

The dinde D3 on the secondary ensures that only positive voltages are apphied 10 the oulput
b k £ ¥

cireuit while D2 provides a circulating path for indector current if the tansfoormer voltage 18

ZETO O BEgative.

LRy
s ]

Flgre 2035 Porwarnd Convertey
e’

The vrobdem with the eneration of the ciroudt in Ploure 235 is that only positive voliage
i & AN

apphind across the pove, thos fux cap only incresse with the apphication of the supply. The fur

=
4%

Sl incresse until the core satursies when the maegnetizing corrent Increases Sgmbficantly am

=
34




cirout failure ocows, The transtormer con only sustain operation when there is no wignificand
D3 pomponent 1o the input voliage. While the switch is ON there is positive voltage across the
core and the fl increases. When the switch tuns OFF we neod o apply negative vellage i
reset the cove T, The ciroult in Figure 2.36 shows a tertiary winding with o diode connestion
t0 pormit reverse corrent. Note that the “dot” convention for the tevtiary winding is opposits

those of the other windings, When the swilch tums OFF current was fowing inoa “dot”

ierminal, The core iductance corrent in 2 doated terminal, thus

Fii)

Figame 236 Forward Converter withTertiary Winding
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CHAPTER THREE

MATERIALS AND METHOD
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gration of the system be

given adeguate consideration. This s bucanse every system performance depends stror

oy the design procedurss, In this chapter, the deug zed in stages i order ©

sirophify the operation of These stages are shown in the block diagram

Figure 3.1, Bachofthe ¢ diseussed,

Hajui
sigmal

Limt

Sl -
up
Transior

QY

¥

b3

33 Input Signal Unit

Thic unit includes the filter, rectifivation and regulation sections. This unit may be seen as the

most sensitive in this project work because it is vesponsible for the conversion of 230% AC 1w

12 D0 ouiput The 17V B0 weed in powering the oscillator gets the supply frove this inpud

sipnial,

B , : B

AC %m?mm‘?m% Fprdifior wf,“sw Syrooibing ~§M Fegpdalor ““““?”” @2\% g;@

s Tyransformer

voltane AL, In this project wak, the inpat
veltage to the wonsformer s

sransiormer with corrent rating of 44 was ehnsen.

i
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gg‘z;:zﬁt o N
high voltage AC - "“"‘?m

(mains &@ﬁy} i O time

Transformer Output: low voltageAC

Figure 3.3 The Transformer Crroud

Reetifior
Converts AC to DO bat e D output §s varving, Full wave rectifier i3 waed due o s

High power and current. The 12V AC from outpat of the ranstormet i3

R
o
1
.
—
-
vt
5
-
h
~
3.
et
-
N
[
e

Lins
Vidtage

Figns 3.40 Full-Wave Reetifier Ciront

»  Smoothing

Smoothing does the work of smoothing the DU fronn varving grealy io o small ripple

b - B B P 17 it [ PP SEPDIPRPIS SO 1 ¥ G
Smnothing ix performed by o barge value olesirolytic capacitor connected aoross the DU supp

ervoir, supplying current 1o the nuput when the varying DU voeltage from ihe

Hy aoi 3% 4o

varving 130 {doued Buog) and the

rectifier is failing. The dingram shows the unsmonthed
\ The capacitor charges quickly near the peak of the varying DU, and

then discharges as i supplies vurrend 1o the outpul,

S

LAY

~d



capacitor discharging

grrent  F B

..... L 2 Gy, WWW R T W

,%,‘ :

$irre

Fipure 3.5 Smoothing Capacitor and Output Wavelonm

A ripple of 10% is allowed in thas desipn, 50 capscitance velue is caloaluied s

2 ) Sx4 e g
e EREAE T
Vow £ 168u

i
fed
-t
e’

= 2400008, 35V is geed

¢ Regulator
Regalutor viminates ripple by setting DU outpul to @ figed voltage. Yoltage regulator Hos arg
svailuble with fixed {tvpically 5, 17 and 15V} or variably pulput voliages. They e alen rated by
the maxinnen current they can pass. Megatve vidtage regalators are availabie, mainly for use i

dual supphes. Most regulators includes some autoenatic protection from oxoessive current

Coverioad protestion’y and overheating {thermal prometion’s

&y

R
A

€3

Figure 3.0 Regulator
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regulator is used doe to iis availability. The importance of Cthis component 18 0

e

ersire the manimum volisge (o power oscilator circust does not go bevorgd 12V DO,

3.2 {iseiliator Cirenit/Fivback Diriver

and {FF

ator cirvuit is reqguired o swiich the power MOSFEY

> core panstormer 1o generate thousands of voltage al the output. As shrerry 1 £

“«
Eoe
<

girenit bolow, input power o the cirouit i 1 the currend dranw can reach a few amps

A

used for this desiyn. As mentioned

and that 18 why bnear fan of current rating of

e MOSFET 1@

sherve this driver drives the ferrile core fransfons

nmed on by the tiner, and currend starts o fiow i

the timer will torn off the MORFET again and the ourrer

i not possible since the primary bas sigmifivent tnductance. The aurent th

37
¥
o

ab the MOSFET

drain to increase in an afternpt at allowing curront o flow, The voltage

N

up o the breakdown vo where it stops {since the MOSFET is avalanche

s at the MY

vated this does o harm, and only prod

drain will potentially be equal o the breakdown vollage of the ) HrHNATY

4 -

vollage will be hundred of volte now. Due to the Jarge tums ralio of “ihe Dyback the few huudred

wREPSAG Piytack

U
1.4 . o
BESES 5o S N
: 4743 Transformar |
: se 7
Ly T ) T
F L

Figure 3.7; Flyback Driver with 555 ey



The 555 way wired g3 an astable multivibrador wit v oof 24 Kz The sgoare wave

gengrated from pin 3 is then fod into 2 tolem pole o ot a N304 and a ZNGH0E The

<

toterm pole ensures th fast {approy SOniy The IREF 240

is & chegp, reliable and powertul power MOSFET, it has current capalililty of 8A continuous

TATaAYS

el zeney diode, Thers 9 2 wmub

SOGY dyain source volis

g

network to ensure tha voltage spikes are kept low conless the insulation of the transformer siart

aky prote ing that, the output Irom the totem pole

EN YT

i used o drive MOKEE

yoormecied o hoth side of privary winding of e

standand step-up ransformer, The MOSFET switches will turn on and turmn off

produces the sguare wave on the primary winding, As g resudt, the step up transh

HLOOOY AL af seone

3.2.1 Bresipn of Astable Multivibratnr

The schematie diagram of Astable multivibrator i as shoven bolow, The switehi

%4

£33/
5

Austabis Made

Yo

4

Bt e LT RIS

Cutput 3 PR O —
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’j'.»». 4".
T R
(8 +IZRK
L4
- 144

(B o+ 20,31

Fe20KH et B = 10082, K, = = 38443, then
£ P

%o, 1 reatise switching froguency of 20 K
B 1000

R, = 33560

£ o {3

The positive output is bigh For T secounds based on ihis formutar

Ped

sl
B

Thue High (sees) = 0695k, + &, W= 000 ms {34
The negative output i3 low for T{1) seoonds bused on this formular

Time Low {secs) = 06932 {0 ¥ = 000300

The duty cycle percentage i the relationship of the high time 1o the overall cyele troe and i3
derived by the formulds

B AL w 1O 5 560

(7 71 oy

33 MIOSFET Switeh

Power MOSEFETs are voltage controlled, Thelr gates appear as capactance {of the order of pico

E

farad/nane forady amd must be charged for on stae and } discharged for off stae. This means the

»

currsm needs only How during the short tme # lakes 1o charge/discharge the small gate
capacitor. This leads to vary short switching tmes, making MOSFETs highly switehalde for
high frequency applisations. Due o thelr consirnchion, a MIOSFET on resistancs mwreases

rapidly with the deviee’s blocking rating. MOSFETs also have g positive femperaiure

coeftioient.
61



High switching MOSFET pansisior with high voltage capability 18 ¢ ed in this project ¢

high frogquency output of the o FRAG was used. Othwr st seaichng

devices can be usad but MOSEET 2 for this operatior

» Single Pulse Avalonehs Energy Rated
» Nanosecond Switching Speads

o Linenr Transfer Characterisiios

pedancs

34 High Voltage Ferrite Uore Transformer

Pad

The purpose of a power trandormer o Swiched

~
s
o
]
<
P
W
-~
P
e

fe Power Supplies is o fanst

efficiently and instantaneousty from an oxternal ¢ seree 1o an exiomal foad. |
5o, the transformer also provides important additional capabilities:

& The primary o secondary turns satio can be established 1o efficiently secomm sodaie

widely different input/output voltags levels,
s Subiple secondary's outputs with ditferent numbers of tums can bo used 1o achiove
multiple outputs ar ditterent voliage tevels,

dings factiitaie high voltage input/utpot isolalion,
Lotd & v

»  Sepsrate primary and sgoon

e

v safety i offline gpplications.

gapocially important

‘o, ferrite core transformer is osed in this design o

As explaid 1 o

voltage to mubtiplier clromt, 11 230V / e fed inw fuput of voltage mulupher, the d

of muitiptier circuit will require 653 stages w sebisve 150KV DO outpul. The inpotio this bigh

frequency switching transformer is 12V DO ivented by fivback driver and producs 10BN AC
al the outpul,



e 000

Fase 1 High Voliage Perrite Core Transformer

3.4.1  Besign of High Vellage, High Froguency Ferrite Core Transformey

S« prinary SQUAKS Wavs

Y- secombary vollage
YA - outpnl power
Hiy - operating requensy

stficignsy — specifie

2.

degres consus - allowable lemperaiure

Tesla — roaximum oove Ty density

1. Caleniation of power handiing copacity, ¥

Y A - approximate powsr Inp

Y A - apparent power handling oz pucity

N

el

A5
S



2. Ualewdation of aren product, 4,
A o= 4 {Coefficient indicating suumre wave inpul}
A= 329 pwindow utitivation Baclon

B3

K= 323 {earrent donsity confficiont)

3, Evaluation of core guonmiry
Yotume of framsformer core
K. =179 {vohmw coofficient for UUR cone (BEC35 )

§0.78

Vohune = & wd

Yodume =689 om’
Veanstormer core surface ares, A,

K w392 (surface aron coofliclent for UUR cor)

A, = 2074 o

4. Transformer current densily, J

K= 48% {current donsity for 1) core at lemperature rise of 30 degree C

%, Total extimated transformer losses, F,
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ny \'.
2o
Lip,

g
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P =051 W

6, Maximum effiviency when P.{ vare loss) = by, {eopper foms}

Best case efficiongy when 1y ™ Day

= 1255 W ,minge Pow P P =025 W

7, {aloulation of core lows

For Fernk type TO/S7/44 { mmpneosid) o 0257 and freguency of 20kHz

P = 0.2 Wiont at 25 degren C, P = 0.3 Wiom ot My degres o

Sovat T o= amhieny + 30 degreed]

Fe i 7 CF
{0y - !;’1’/"’ §“ 4??;, - i} 3{} %}‘-"‘ AN 111

%. Calonlation of primary turns, Ny

Croms seetional area A, & Diom from core data hook due 1o avaiiahility}

H
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e
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%, Priveary curvent, i,

3177
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kg
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14, Caleulntion for base wire skee for primary, A,

/,

R
S T -

J

A, =28x107 oy’

11, Wire Gauge

§:‘<
o~
v
b
et

This s approcimsicly

12, {alenlation of primary resistance

\?3
.,
Lo

LAY

e

Mean length pey tum MLT,
o UTIRRIG0™ (om

Resistivity of copper.

. A
ol A E N # o= w’: =B IE48  HT (o

Temperatuwre coefficient of resistance af resistance at 75 degtC, re=1.04

TN wra B, R = 380 oL 24X BIRABN YT = 3B 61T

ff 00 AR ARINT ()

13, Primuary copper fosy
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14, Calenlation of secondary turns

b x¥} 1a EEES
#r, LE - A ’.” NS )\’3? {’."i 5}
Sy 2

T allew pse of @ nomdnal 209 dety ovele on the prim

%7 Ky TEATY AL v ein e by
S w47 N } S was chosen

16, Caleulation of secondary resistance

Mean length per tun

2

AELT = 3 880/ cm from AW abie

33 Multipliey Clrenit

A voltnge multiplier 15 an elecineal cirewst that converts AC elegtnn

3 T Y T T OO N AT ATUIP RO SUSTO TP S S
vedtage o a b 2 ’c'e,.sii;;igﬂ oY Inoans of Capaoiiors and oo

s rdtiphiers can be used o ponerate biag w

\..“.

mitHons of volts for purposes such as high-energy physics experiments aud lightning =

testing, As stated early, the oulput of § g transformer serves @3 an

gt to the

-~

ae mubiiplior, The mubtipher cirouit comprises of fifleen (15} stages with inpu

poxy

of voli GRY AL {sguse wave signal)

&
~<1




Plate 115 Practical High Vollage Mulupher

3531 Deshps Cslonletiens of Muliplier Clrouit

The multiphier speciiications are
Input voliags
Outpnd voltage
fnput current =
Chutpnt power
Cruprot onrvent {Load Current}
Operating froguency
{mitput power, PafV
Where | = output cwvent without toad
%= outpot voliage
P ix 307 2 150000

P =130

The muaber of slages ia caloulated as:

‘:;:'_: = g\ﬁ}i;’m } *

Whers o= mgnber of capacitons, or dindes,

Assuming equal value capacitors, iea! diodes and symmeirical signal inpntt

68
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150000
ﬂj'**wM 15 S BECS

there e

353

~15000

e

14160 B

oo
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£

Hin#

hough TnF, 15EY is used in this project due to avattability

Teaal canacitanwe, £, =3s i 24
H oo

Sy, parasneter of the diode chosen for this project work is; 12k

iode that can switch within the Freguenny of 20 KHz is dhose

Hepulation Yoliage

Repuistion vollags

9

e
v
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Where! W = nunber of slages, {2 capaciors and 7 diodes = | stage)

ez

ay

£ o= AL bnput fregueney (Ha)
£ = pgpacitance per stage {F)

fe= D0 outpt current (A}

" eit ' j } -
12 200 OO0

pvesenass

Py = 16,2037

Rols

3.5.% Rippls YVoltuge

Lad

-
3
1]
ot

e

mnnmon,

; i
%, 7

2', e {4838

7

The total volage boss dus o ripples and voltage regalation s 17.656Y . It means the output of

the voliage mltipher will fuwtuste between 130KV and 132,344Y.
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36 Establiching Limitations of Yoltage Multipler Techoigue and Correntive Measures

Lintitaiions of

multiphier method are esioblished  experimentally and corrective

mreasures are prnitered.’

signal and nature

high and low freguency multipher circuit. The ouiput vol

foad conditions, fnput stgnal wavel

oy
'
;



Prate 1% Multiplier Outpud Yoltage

To establish the effect of input signal wawe fonm, ten siages multpher ohroult is
designed with AL input voliage of 11V, Different sigpal wavelorms (sine wave, squars
wave and triangle wave) were fed inte the multipher ciroult and output votlags Y

sach stage way measured.

Performance of nmltiplier clroulte weder Sifforon fropquencies was verified by va Arvig

the freguencies of the lopwt voliage umiber 30, 30, 70, 100, 128, 150 Hyr and

corvesponding voltages were measured,

X

Multiplier cirouit with 1 through 10 stages were used with loads of 104, 100k, 10k and

% resivtors 1o determine how mech voliage drops wder foed. Al data values werg
swken at very freguency - about SMHz ~ to avoid nen-ideal bebaviour caused by fower

frequeney

T
?h



CHAPTER FOUR
4.0 RESULTS AND DISCUSSION

The result of design of high voltage power supply a1 1 30RY using voliage mulipher croun

vais of Himtations of voltage maltiphier ciroudt with fables
and fgures carvied out in chapter thres are stated in this chapter. The explanations of each of the

5

table and fgure drawn in Sus chaptor are provided m Jater part of this chapler,

4. Result of Desipn and Construction of High Voltage Power Supply

The input veltage to Cockornit-Walton Voltage multipher cirosit was set to 10KV AC and s
output voliage, obtained from fiflecy stages Cockoroft-Walton Voltage muliplier cirouit as
shown i Figurs 3.9 18 130RY.
From bardware experiment in aboratory, the following data have been obtained:-
» Dhriver stags froguency - 28 KHsz
« {ipey oot outpat voltage — 132,3484Y
» Cuipet vipple voltage - LAS3RY
s Onstput vipple factor — 0.97%
» Guipui voltage on full toad - 120KY
s Yoltage drop in multiphier cireuit - 17.656KY
The caloulated data are as olows:-
s go - 1SGRY DO
o Mlimtmum stage cutpul power -~ 15 W
s OW anpma power - 18W
The values of main havdware componons we given below-
» Hinh voltage fomriie core manstormer - 12 ¥VAGORY, THma
s {apacitors used - IBKY, 1000pF Mica Capacitors

» Piodes used — 12KV, 15005, 1ms {Fast Reesvery THodes)

3
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4.2 Ezxpeorimental Besults of Limitations of YVoltage Multiplier
The results of the verification of Hmitstions of vollage multiplier under different input signal

waves, freguencies and load conditions are given in flgures and ables below.

A Besults of Effect of Inpat Wave Form Sigaal oo Volisge Multiplier Ouwiput

.

Table 4.1 shows the effect of sing wave Input voltage on the ouiput of vollage multiplier,

Fable 4.1: Result of Stage Vollage with Input Sine Wave Form Signal Showing

the BEffect of Bignal Wave Form on the Qupn of Voltage Multiplier,

Stage {heipul Yollage

£

3 432
5 1

4 3t

% 2%

20 "g

1

Table 4.2 shows the effect of sguare wave fnpet voliage ou the vput of voltage multiphier,

Fable 4.2: Result of Stage Voltupe with fnput Sgeare Wave Form Signal Showing

the Effect of Bgnal Wave Form on the Ouiput of YVoltage Maltiplier,

Hiage 3utput Yeltage

19
2 38

Lad
]
3
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Talde 4.3 shows the effbet ol triangle wave input voltage on the owiput of voliage multiplicr,

Table 4.3 Result of Stage Voliage with Inpod Triangle Wave Form Signal Showing
the Effect of Signal Wave Form on the Output of Yoltage Maltiplier,

Htage rtput YVoliage

19
2
3 42
10 7

8% Results of Effect of Fregueney of Input Rignal on Veltage Multiplior Output

Teble 4.4 shows the effect of feguency of Inga voltage on owpw of voltage multiplier under

siage ore of 1en stage voltage multiplior,

pod

Fable 4.4: Besult of Eifect of Frogueney of Inpol Voltage (Mage Unel
Showing the Varigiion in Oiput Vollage of the Vobage Multphier
Drue to Difforent fapan Signal Proguency.

Fregueney {Hs) Output Voltage (V)

34 26

5 pil

74 24

X1 24

120 24

154 24

“}
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Table 4.5 shows the offect of freguency of inpud vobiage on ouip of voliage multipler under

stagy two of ton stage voltage multiplicr.

Table 4.5 Hosult of Effoct of Frequency of Input YVoliage {(Stage Two)
showing the Varation in Output Yoltage of the Voltage Muoltiplicr
Phue to different Inpaut Signal Frequeney.

¥reguenvy (Had ratput Voliage (V)

kit i3
54} 403
Fi 48

Table 4.6 shows the offect of frepuency of inpul voltage on oudput of vollage mubtiplier ander
stage three of ten stage volisge multiplior,
Table 4.6: Reault of Effect of Frogueney of lnput Yoliage {Sage thres}

Hhowing the Yasation in Quipet Voltage of the Voltege Multiphier
D o ditforont Input Signal Fregquenoy.

Freguency {Had Omiput Yoltage (V)

40 G




Table 4.7 shows the offect of freguensy of input voltage oo output of voltage multiplior under

stage four of ten slage volage multiphier

fasd

Table 4.7; Result of Eifet of yoguency of luput Yoliage (Sage Four}

Showing the Yariation in Ouapot Voliage of the Voltege Mudtiplier
Drae o PHEforont Tnput Nignal Freguency,

Freguency (He) Chuipnt Valtage (V)

34 i}

m
Ly

iy

Sn
o
e,
-
(%)

. Hesulis of Effect of Load Condition on Output of YVollage Multiplier.

Table 4.8 shows the effect of load condision on outpd of voltage multipber under 18 8

tond veritied with ton stage voltage nmltiplier,

Table 4.8: Besult of Effect of Load Cowmdition on Output YVoliape of Yolage
Multiphier (18 Load)

Riuge Yoltage (V)

H 21
3 43
3 43
& 105
£ 13
7 158
% iy
i 287
10 27




Figure 4.1 shows the graph of cutput voltage versus stage under 1ML load condition based on

the results of Tabie 4.8,

Voltage ¥}

Figure 4.1 Graph of Qutpot Yollage / Bage Bhowing the Biffect of 1M Lowd on the Ouapat of
Yoltage Multiplion

Table 4.9 shows the effoct of foad condition on output of voltage multiplior under 100K

load venfied with ten stage voltage multiplier,

Fable 4% Result of Effect of Load Condition on Guiput Yoltage of Voltage
wiultipdier (0K Lowd),

Stagy Yoltage (V}

oy
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Wadtage ¥}

Figure 4.2 Graph of Chtpant Yolage / Stage Showing the Effect of 100K Load on the Ouiput of
Vordtage Mudiiption,

Tabde 4,10 shows the effect of load condiion on swp of voltage multiphier ander 10K £

£

tomt vorifiod with ton stage voltsge muliiplier,

Table 438 Bosalt of Effect of Load Condition on Ouiput Voltage of Voltage
Bultipher (10K Load)

Hiage Yoltage (V)

S S e
e W

R R

3 A
4 2
3 3
& A&
7 A5
5 52
g K

N
~,
"N

FIONES
N
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Figure 4.3 shows the graph of oulput voliage versus stage under 10K foad condition based on

the vesulls of Table 434

estatge V]

3 S ST OO O SO O SO O O e RV SO SR SO
i 2 4 & 3 3 iz

Figure 4.3 Graph of Output Volage / Stage Showing the Effect of 10K Load an the
Cugput of Yollags Multiphier,

Table 4,11 chows the effect of load comdition on ouput of voltege mudliplier onder 1 £

topd vertfied with ten stage voliage multiplier,

FTable 4.11: Result of Effect of Load Condition on Output Voltage of Voliage
Wipluplier (1K Load).
SBtage Valtage {Y)
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Figurg 4.4 shows the graph of outpot voltage versus stage under LG load condition based on

the vesubis of Table 411,

o

Yoltage 4}

&

3% SR

€
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w2

Figure 4.4 Graph of (mipw Yioltage / Stage Showing the Effect of 1K Load an
the Oulprut of Yoltage Mudtiplicr,

4.3 Discussion of the Hesults

Yedtage multiplier cironit techigue had been used @ generste exirenely high voltage from low
voltage source. $ hes been shown that for lugh voltage cable inselation text and ether
apphosfions in nesd of high DO voltage, high volisge power supply can be designed and
congtructed by method of bigh frequeney switching converter method to genorate high voliage
froon low source. The outp of the mulliphier clroult under losd condition oscillates due m
effects orpgle by rpples voltuge, ooronz and voltage regulstion. So. outp of the woltage
nudtiphier, gerwrally, as shown in seotion 4.3, canmt be applind where constant voliage under
inad e roguired, Also, input voltage wavedorm and fregueney of the input voltage have grost
smpaet on the ouiput voltage of the multipdier clroolt as extablished in Table 4.1 - 4,11, Base

the experimenial results in Tabie 401, the output voltage i3 lowest for wiangle wave, and highest

for sguare waves, with sine waves in the middle; for small rumbers of stages. th G fersnoe

were small - partieularly betwoen the sine and trisngle wave — bt could reselt in high

£1




. e 5

differences in outptd between the square mnsd sing e fputs for higher stages. Bo, vollag

1)

araltiphior favours square waves over aine waves - and sine waves over triangle - beoguse the

iphest volages allow the capacitor & chasge fster

Aot

© signed speneling more time at the bl

The Heparity in measured voltage of the device and the saloudated vabue s due to the offoons of
strpy capaciancy snd oorong effect The ool current i3 messured 1o be Tomd, The oulps
currert can affect the vollage stresses on a mabiipliers dodes and capaciiors. Since regulation 15
divgetly proporional @ oulpot corren, and a3 inpud voltage 8 usually increased to compensate

,.>

for reguiation. the dodes and capacitons new the oput side of the muliiphier will be sublecied 1o

higher voliage stress ot higher output currents by, As a result of this, 8 load sbove P3W cannpt
be powered by this device. I higher power capabili regpired, full wave senes musdtiphe

civouit should be adopied for design and construction of high voltage mudtiplier clrouit,

4.4 Consirgetion
This projest mvolves oxremely hipgh voltage although with very low corran, s0 exira care was
gakon during consiruction. High volage slep up trenstormer which i pan of sensitive and
Sysmin -,»i- 136 LYt .<>yi< : f {-h'cs o ":a': iu oynie e i R s-'s.{;A v gt v E Y o34m0 2’:“*;% S g x{i Ty BN ‘(j
MZArEOUS Componenis oF s project 18 pioced e g sirale gt PoSIIO 20g Wil wsigios 0 avind
eurrent leakage. Specisd board was orented for this project besause 1 lnvolves dangerous vobags
which van cause vollags sparks and short olrouit the whole sysiens, The use of Vo Board s
completely elmbmated in this modest to gvold shor cironiting, The owiput of voliage multiphie
3 ‘gi ;, . . i e h ke i N B ?Msiﬂ' b feptErEaant {\g_,,v sv1y ST ,,z -
equally nsudaed 0 avoid glectnio shock duee to leskage current. Design of vollage multiptier
st g vary high vollage reguires » ot contions to avoid short circuiting the entire compononts dus

P

to bigh voltage dscharge from the capacifors. 100 ohim resistors weore conpecied in serles with

diedes 10 avold short circuiting S dodes due 1o capacitor discharge. Al the stages involved in
this project are placed on the specisl board separstely and clearly lsbeled By ease

woubleshoming in case of malfunctioning of the sveteny. The putpt of Burite core tnsformer

i TORY, bmmediately the muitipbior clroudl was connected, there wore greing snd dangerous




o

spikes. To overcome these effects, entire multiplior shoplt s bromersed inside

‘{6
=,
=
o]
1R%
1%
b

.
i

transiormer o, this eventually solved this problem.

4% Testing
High voliage DO meter was wed to measurs the outp vollage of this designed work, The
et contorms to design speeification. In measuring the outp of this project, sttention was

3.

given o saivty due to dengerous voltage vondved.

4%  Packaging

The findshed work was housed into 8 wooden casing considering the Tt that this tvpe of dovige
coniains dangerous over vollage which cen kil or canse inguries. The oase used was et out of 2
plain wooden sheet and measured 3fenui0omxlem. Holes were drilled by the sides of the

caging 10 provide ventilasion while s hole s provided ar the hook for protruding cables, The

fromd panel was drilled with holes at the bottom o secept the switches, with others hobes dritled

&
o

1w albow for the meanting of the fses and AC metr 1o measure the npg and outpul voltsges.

The ertire mullipler circuit s dmmsersed wder transtormer of 4o reduce voltage greing and

eorona offect due o very high voliage involved.

47 Ralety

LATEN

Power supplies that can deliver enevgy i execsy of 10 J 8 more than 50 Y are considersy
potontially hazerdous. An appeopriste warning sign sholl el electrical bavasds in areas o
eguipinent apcessible © waoualiBed porsonnel Internad cormpomay Batlurr of power supplies
can resull i excessive voltpges acvoss componenis thal may a0l bo approprigiely sized. An

mterral componsnt short in o capacitor bask may result o expessive fault current, extromely

high temperaiures, over-prossurization of componergs, fires, and explosions. Owverdoading or

4

e
LS )




fmproper couling of mower supplies can canse excessive temperatues and fres, Dutpud coronit

gnd components may remain energized atter gt power 18 seoured,

Power suppiies with output currents less than 5 maA pose virtually no olecirical shock hazand In

»

harardous hwatiens, bowever, such eguipment may spark and cause o explosion. Vollage

3 -

stwges mooneess of normal rabings oy resalt from fBults or Hghning, Over cament projeciive

foeg

2

[Y¥3

3

H

K1
7

devices (fuses or circnit breakers) for conventional sppdications may not be adeguate for hight

b

mductive directcurrent systema, Sored energy in capscilorsfong cable runs may canse
additional hazards.
i the course of dosipn of tis project, safely measures wore pul indo consideration o avedd any
ynneerasary nduries from operstion of this device. Below s the safery sales sdopted in
desipning this device
#  Wooden casing is used 1o house this device to gvold current teakages from the infernsd
cirenit and insulation break dowsn,

<

e 1o avoid wnskilled porson oporsling this ecquipment, caution sign (DANGEROUS

VOLTAGE GEMERATOR ) is boldly written on top of this devies,

»  High volisge mudtiplior section is sepsrated from the rest of the oiroult and enclosed
instde 3 plastic hoosing o avoid vollage Hovtusiion due o corong effect,

#  Though very difioul o source for, bigh veltage D meter was connented 1o the outp
of thiz device to deterrmine the exact puipan voltage and to indicate vollage level

s Yarable transformer s supplicd with this device w achieve variable and conwoilable
ceviput. This ensbles this device W generste voliage from 1OEY - 13BKY.

e In cose of slectrio shook ar other haverds, operating switeh s mounted ou the pangd of

the vgoipmesd to isolate the equipment Trom Hw main supply.

Above messires were oonsidored during the design and mplementation of this device, with a

view o ensuring this devicr does not Bl or csuse wpneeessgry bazard fo opersors. Yeu




operatoy needs w0 carefully pay attontion {0 under Hated guidelines bevause this devive dsell i
ABRCTOE

srgrked “d

Dot work alone - in the ovent of an emergenty another person's presense may he
sosential.

De-energize the sguipenent 8t least twice prioy 1o boginning work, bake sure thet the
coptrols apphied will prevent pperation of the equipment and gt olf hazardous
energy, including residusl or stored energy, is Blocked, discharged, o relieved priog
tr sharting work.

After vou have discharged evoryvibing, ondy touch the clroult with the back of wour
fapnd st This sliows vou to fet go i you nead to.

Mever enter slone it an ares containing exposed electrical snergy souregs.

Vs ondy the test instruments, and insolsted ools rated for the vollage and current
specified.

Abways keep one hard In vour pocket when anvwhers around 8 powored Hine
conngeted or high vollage sysient

Wear rubber bisttom shoes or sneakers,

Pron't wear guy jewelry or other arvicles thet could sooidomtadly contact ohrouitry and
conduct current, or gt caughl in moving pas.

Set up vour work sres away from possible grounds thet vou may accidentally
contact.

Hvou need 1o probe, solder, or stherwise ool clirouits with power off, discharge

. hdonitor while

fprnasy lorge power supply filter capaciiors {al least 7 Gmes

“nan

devharging and/or venily that thers 13 no rosidy

"

B ovom mmst probe Hve, put olectrical tape over il bt

N

10y avoiid the possibility of an sccidenis] short, wihich could cause darmage 1o various




components. Ulip the wivrence end # the maeter or scopes w0 the approprinte groumd

return 50 that you need 0 ondy probe with one hand,

4.5  Belability

iability ia defined s probability that g device w

#

s} perforny & required Bumotion

gn this

bR

£

s
fised

#  Llwe successful topology with proven components was osed o des

be 2t

#  Plesign  procoss  owas  sbroctured, with design reviews  for relability,

manufacturability, and jouab

aection gt input Standard Hee was gt the input of the device fo

-3.

-

@ du chassis moant or beat o surface,
harge by high AR CApEuiioT.

&
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s Cypacities of s device are apecified o aveid overtoading, The cnsptl puwed of

iy,

s device is 1ARW it maniraim output current i

a  Temperahird reduetion foohnigue Was gsed o design srapysformers usiog B

cesve vomterial and L wipe | feid for seduoed coit heating,
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CHAPTER FIVE

5.8 CONCLUSION AND RECOMMENDATHING

TROEN from 230V AL mam

angd construction of hugh voltage power

heen omried out, The resull

source using high frequency swilching cor

oy constraints of veitage mudtinlier as a

Pwas in contormuty with expected resulia,

means of generatng high voltage were estabhished with Tow corrective measures suggested,

X
P &

tand handbing of ox

Siter doveloping the T power supply al 130KV ouy

and overall sipation. It 1 noted that the developed DU power supply based on O woltage

multipiier o soa unigque desigoed and developed for g ospecial application, Developed

+

cuouits are diode and capaciior oirouits

1 PO A Y I enitery
power supply, i i wrugee becouse voltage mulliplio

P

and they have the advantages of being simple solid state cirasts with fadrly low parts and bel

Cthan the pid vollage according fo project

able 1o produce oupmi v

demand. 1t is leas expensive compars with conventional way of genoranng hig

T4 VREGRITeL

The fabricated DD power supply, it 15 2 single polse veltage multiplior since it has only one

o

rectified wove pey oyole, Hevoe U5 vipple content i3 high, In order 1o reduce the vipple a3 well as

actior with

azion and o bnprove the efficiency and power, it s recomoended 1o use ¢

E,i}},‘?l'{i}_ﬁ{) Bl B WAL

high capacitancr value at the beoginmng of the stage, full wave as

twork imvolves dangerous volt which

snad st the §”t Ut <

5

aboratory with hi

b

> eaguipanent. These

st be corried out

L VS S S NS SR SR S
aversittes, theretore, there in g nesd for

gipniprpent are g

ot

avaiability of thess equipment for precision, scouracy and proper measursment al every slages



of this work. 1 highar voliage beyond s wwork 1s destred e Future work, Hese pheces ¢

equipanent RS b b phass B T Siate the construnion of this work. Adso, s WO % invoives

high volage it onst he 4 group priject for subety, securily and cost imphortion. Fioatly, this

Lt

e

Yos 4 good ling 0f COWRSE o froom winch psao complewss and plahorate stady could e
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