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HIGH VOLTAGE PULSE TRANSFORllER DESIGNS AT UNIVERSITY OF CALIFORNIA 

• 
RAD~ATION LABORATORY 

WQ Ro Baker,Q R. Fo Edwards g ~o Ao Kerns and J 0 Reidel 

ABSTRACT 

Th.is paper desoribes seve~al high voltage pulse transfoI"Iners g developed 

at the Radiation Labora.tory of the University of California under the aUfipices of the 

Atomio Energy GUlTIIP..lssion 9 for use on pa.rticle accelerators 0 Pulse transformers 

described are ~ 100 kv Synchro'tron Injector Transformers» 500 k;v iron and air core 

3,'(nchrotron Injector Transformers~ 100 kIT Spark Gap Trigger ,Transforrnars p 140 kv 

184-Inch Cyclotron DeflectorTra.nsforrner~ 80 kvInsulation Test Trans'former and a 

new type 400 kvMul tiple Core Transform(:u"" 

• I 
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HIGH VOLTAGE P'QLSE TRANSFORMER DESIGNS AT UNIIlERSl'rY OF CALIFORNIA' 

R:ADIATIonUBORATORY 

INTHODUCT ION 

With the oper-ati on of particle a.cee leratorB g such as the l84-inch oyelotron9 , 

;:;;ynchrctr'on a and the l~near acceleratot'9, on an intermittent or pulsed basis instead 

ora steady state mode,!) demands a.rose for various types of electrosta.tic pulsing 

devices 0 A segment of ,this demand called for the design and construction ofsevere.1 

hi gh voltage pulse tr'ansforme rs ranging from 50 to 500 1.."V output voltages 0 

At the start of ,this work in 1946 9 the members of' the group had little 

experienoe wi th the design of hi gh voltage pulse trBllsformars 0 In additiong th~ 

published ~a.ta on the subject was quite meagero The net result 01' tl?-is situation 

was D on the one. hand» the originati on of new designs j) while on the other hand D many 

mista.kes and i'ibugs li appea.red which had to be eliminated before satisfactory oper:ation 

of the units was secured .. 

It is the. purpose of this paper to describe the designs that reached at 

least the full scale test stage 0 The discussion will oonCern i tseH primarily wi th 

descriptions of the final designs» while the actual procedure in t he designing of the 

.' transformers wi 11 receive . secon9ary cons iderati bno . 

: DESIGN 

. In genera19 the design of the transformer was made in two stepso The first 

. step consisted of .deciding on the number of turns s and the cross section of the core 

acc,ording to the fundamental equatiC?n belowp checked with several trial windings s 

mooked up in a, few hours time 9 for each applicationo 

10
8 vt 
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where B "" net change of'flux in 001"6 during pu1s8 9 gauss 0 

V - Vol tags pel" coi I, volts 0 

1 

J.. 

"" time of pulse .• seoonds 0,' c. 

}I '" ntU!lber of tUrns on coLl,.o 

A "" cross sectional area of corsi) square CIno 

The second step cOI).sisted of e'valuating the relati've importance of suoh 

constants as primary and secondary i~npadance9 leakage inductances distributed 

c:apacit.yr. effioiency.9 and selection of the best type of core material n insule.tion9 

winding methods s and mounting and lead arrangements for eaoh transformero As the 

bal1klog o-f experience gravIs it became possible _ to predict many of' these factors 

from previous designs!) and thus to rapidly arrive at an adequate solution for new 

problems as they arose <> 

There are two factors that are the srune for all the transfo,I"Illt;lrs to be 

descri bedo Firs:t~ all the transformers using solid insulation are vacuum impregnated 

- wi th ordinary transformer oil at pressures of about 50 microns of mercur;Y~ - The oil 

is .pumped down in a second vacuum. chamber prior to impregnation removing all air~ 

water9 and volatile fraGtionso Second9 all the transformers are pulsed with'a line 

type pulse generator of the type oommonly used in. radar mod1).lators 0 In menyof the 

circuits the pulse line consists of a storage capacitor onlyo A diagram of this 

circuit appears in Figtlre 10 The circlii t can be seen to consist of the tr"lJlsformer 9 

an energy storage deviee 9 usually a cap~citor or pulse forming-network 9 and as,witch-

ing deviee 9 either a hydrogen thyratron or a spark gapo 
; 

the turns 

The major ()haracterisitics of the various transformers are listed in Table 10 

It will he observed that the voltage ratios do not always corresp~nd with 

rc:i 10 So' This is because p for some of the transformers 9 a resonant inter= 

ch a:nge of energy between ~he Ie akar,8 inductance and the secondary capacity results 

_ in a peak voltage of up to twice the maximum available aCbording t.o the tUrns ratioo 

-.. 
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Transfonners for .synchrotron injector service have as thai r prime object 

the d:rlvinf: of ths cathode of t:.r:t 01ectron ~untoa high negative voltageo . Hence 

they are all wound in such· a way as to provide filament pO'l'Ier, fer the gwlo This is 

usually· :).one wj th abifi1ar t:v'r.)e w:i.nding~ The load consists chiefly 6f the capacity 

,to gr',)~!nd of theg;unandi t,s ass OC'li ated lead structures. theelectro:ri burst being a 

(1uli1pat"~tiv61y ~nn'all part of .theload" Thereforathase transformers oha,rge up the load 

capa.cii~~/ i.n Ii short time, !laId tJle ~oltage constant.' and then,. cause the voltage to 

fdl as ':;,;;,ickly &.S possible'" l'he f.ast rise· time is achiev.ed by keeping the leakage 

~,:·;.J~l0t1;l.nce to a minimum wh~le the fast decay is obtained by driving; the transformer 

ir:i.;ll saturation at the end of the pulse". 

ModelI,Q the first. tr9.!1,sformer s is wound using a coil tyPe windingo This 

w:Lndi:rrg D the det.ails of which are shown,in Figure 29 utili.zas the same cores simultane-

ously 1'0),' the pulse and a 60 cycle filament isolation transfo:rmero By polarizing 

t,he flux in the two cores in opposi tedirecti ons Dthe net pulse' yol tage induced in 

the filament transformer is smallD w:hile the pulse "Tinding always has the same amount 

of' net .flu.x chanr,e available np matter which' pert of the 60 cycle wave the pulse 
, '. 

appears ino Figure 3 shows the completed transformer 9 and a view of the transformer 

installed on the injector r;un test rack~ for ,,!hich purposes the transformer is 

now used o 

'This type of case has proved quite adaptable and has been used on all the 

low level. inject.or transformers <> 

The two later transformersDmodels IT.,and 1I1o are now in service on the 

synchrotron (see F'ig;ure 4) 0 They are both wound vii ththe aluminum foil. condenser 

paper t,ype of winding first used on the 184~":i.n(jh cyciotron defh)ctortrarlsformero 

The general shape of this winding, and .. i ts ~ountir:g; an<1. ~ead arrangements are shovm in 

I 

Fi.gure 50 1'his 'type of vrinding has been found generally useful in the higr volt age 

·ti''''~!.1,$f'orme'rs made at the Ja.bore.tory"hecf<;use of its simplic.i.tyv cheapness il ease of 
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constructiong end the, very high voltage insulation ava.ilable in a few tUrns and small 

spa(',eo These transfo:rmers both use conventional bifilar windings ll the secondary coil 

on each leg acting as one side of the 60 cycle oircuito 

HIGH LEVEL SYN~ImOTRON INJECTOR TRANSFORMERS 
~ .. 

At .one time it was considered advisable to attempt injection into the 

synchrotron at energies high enough to forestall any loss of, the electron beam due 

to perturbations in the magnetic field at the low level injection pointo Two pulse 

tr.ans fOl;"mers were built to provide the 500 kilovolt pulses decided uponp although 

as ye tD it h£'.s not been desirable to \.\se them for actual synchrotron operationo 

Photogre.phs of the iron core transformer appear in Figure 6 • Some of the 
• 

f'eat;uri?s of this traris~ormer are its ta.pered bifilar ribbon typ'e windings the corona 

shields on the secondary and the coreD and the fact that it has operated at voltages 

of up +':;0800 kilovolts Wit~outbreakdowno Since the major component of' theloa.d is 

the capa.city of the lea.d structure to the gun, the' gun is mounted in the same tanlc 

with the tra.'I1sfo,~ro Thus no high voltage appears outside of the eaSel» the only 

outp\.\t being bursts of 590 kev electronp 0 The winding machine- sho~ in Figure 5 was 

developed for this transformer., The machine automaticaHy cuts the foil conductor and 

paper insulation in a taper as the coil is woun~o Needless to say this maohine 

ha~ proved inva.iu~ble in the winding of many ot.her transformers 0 

While awaiting the' completion of the iron core for-the transfonner above D 

some preliminary experiments were carried out using the air core ~ransform~r shown 

in Figure 70 This transformer was wound with the primary on the outside" while the 

high voltage' winding starts at the primary end builds up into the center where the 

high voltage lead can be seeno Because of the poor coupling between priPJ,ary and 

secondary it is not possible to load this tra.nsformer heavilyo However" loading 

'! the oenter of the coil wi th mo~pe'rmalloy improv~d the coupling to some extent
9 

allowing the trans,former to be used on preliminary electron gun experimentso 10 
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amperes was deUver.~d to the lo&.,dat full voltage with 85% regula-tiono In additions 

t.h0 '.'.::pedance 01' the primary circ'ui t is very low and a spark gap was necessary to 

energize the primary adequatelyoThi~ transformerg in spite of.·its smallsize g 

gerlerated. pulses of 800 h.--v before breakdovmo This particular construction is very 

adapta.ble 'to the generation of-high voltage pulsed x=rayso A sketch· of a design 

proved f~as ible 9 but not carried to c.ompletion during the experiments is shown in 

Figur,e 8 <> 

Hl4~INC\£i CYCLOTRON PEFLECTOR TRANSFO~TER 
:....~----

" In this applice.tion9 a. maximum rate of change of voltage in a 600 !4Lf' 

load with a "peak voltage of approxi.mately 140 kv is the determining deeign factoro 

Since this 'transformer has been adequately described elsewhere l ; the only reference 

to it here wi 11 be the listing of the characteristicsiri Table I and,the photographs 

in Figure 90 Some minor changes have been made in the transformer in a redesign 

of the pulse generator for use on the l84=inch oyclotron after its 'recent conversion 

'. 
'to proton ope rationo Hence' the data in Table I ~vi 11 not correspond wi th that 

previously publispedo' . 

SPARK GAP TRIGGER TRANSFORMERS 

The purpose of thes~ transforniers is to over voltage or trigger a spark gap 

used as n SWl t~h t~ connectonecircui t to another g .much as is done with the hydrogen 
. \ 

thyr-atron in Figure 10 There' are two variations of this type of transformer in use 

at tho laboratory at presento The eariiertype~ shol'm in Figure 10.9 was originally 

\~ used fer the pulsed outgass ing of GL 434A tubes used in the Linear Aocelerator 

(iGoillators 0 At present it is being used .to. trigger the main gap cennecting the 

pulse s.torage lines to the o~cillator plato circuit on the Linear Acceleratoro 

r~---

High, Voltage Pv.lse"I' for l84~lnch Cyolotron Eleotric Deflector}) Qo Ao Kernsl) et alo 
Review ofScientif:ic Instruments})Volo- 19/) Noo -12}) pp" 899,=904 p 'Decambers 1948&' 
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The pulse is fed to the spark gap thrQugh ru1 isolation cap,8.cdtor consisting of a pieoe 

." of EG j? U ca:bJ.~o The most recent transformer of this 'type was constructed to trigger 

" , 

i' 

I~ 

'the sFerk gap, cOlUle<:-ting the ple,t\.,j pulse li,ne vii th the 030i llator plate on the 

In,jector cyclotron ,.us·ad for injecting proto'ns into the quarter scale model, of the 

bovatr-ono TLis'tr8Jisformer is shown in Figure, l~o 

,Another yaria.tion oftha spark gap, trigger transformer was built for use 

in ve,l"io'_w «xpo;t'iments around the, shop" It can be seen in Figure 12" and Figure' 70 

~'he seeo:c:dary is connected in series wi th the me:in pulse line 8l1;d a voltage is 

.1eveloj?\,li 11.(q."'t)SS the'secondarythe.t oausasthe, spark g(ipswitch to breakdown.; The 

',;;'i<ii::tl pn~se current then' f1 ows through the' secondary 9 quickly saturating the core of 

-,the tranefcrmer end reducing, the inductal1.ca of the' secondary or. seri9s winding to a. 

low yalue o effectively r-ernovirj-g the transformer from the circuit after it has per= 

fonned its functi-ono A low number of seoondary, tunis is used to keep the in.duotance 

to as loW a value as pos sible 0 P"rmalloy cores are also used because of the low 

value of coercive force necessary to saturate' them 0 To eliminate the possibility of 

I ' 

high voltages being generated in the prima~ circuit due to air c9re ooupling with 

the main current pulse through t~e secondary after the core is saturated!) the primary 

is wound on the bottom leg of the coreo This reduces the air oore coupling between 

primary and secondary' to a minimumo 

184~ INCH CYCLOTRON DEE PULSING TRANSFOID.1ER 

This transformer was originally built to drive the dee structure of the 

184:0 inch cyclot:con to a volt~ge of 50 lev'or more 0 The dee structure represented a 

.:;apacity load of 5060!J+tf'o The chief featUre of this winding is the. use of the 

c;bndenser paper-aluminum foil type of winding in a coil with '1000 turns on. the 

Sc:i condary0 Lately this transformer has been used as an insulE~tion test transformer 

and to outga,s t.116 1 fiey inje,ctorcyclotrono . A photograph of this latest setup is 

,snown in, Figure 130 

,.!,." 
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MULTIPLE CORE TRANSFORW~R 

Dur·ing experiments to determine the fastest; possible type of high voltage 

.. : pulse generator for the 184-inch oyclotron electrostatic deflectorp the multiple core 

pulse transformer (shown in Figure 14) was developedo. Since the leakagE! inductance 

of a transformer is the basic limitation on'the ra.te of rise of voltage in the secondaryi 

assuming an infinitely fast pulse in the primaryg and g as is well known~ the l.e.akage 

iuductance varies as. thasquare of the number of turns p the lo~st possible leakage 

inductanc6 c and the fastest pulse 1Ni11 be. obtained when the nUmber of turns is oneo 

Wi th this in: mind D Qo Au Kerns suggested the multiple core transformer that has a one 

turn secondary and a ,fructional1number of primary turns 0 Figure 15. shows cross-

sectional views illustrating ths·'various uses to. which this type of transformer has 

been and canbs puto' These uses ares A singly polarized step up transformer,!) a push 

pull transformer with nearly double the output voltage of the singly polarized typeD 

·an electromagnE!tic pulsed particle accelerator$ and as the accelerating electrode 

in a proton synchrotrono 

The test push pull transformer shown in Figure 14 'Norked quite wello The 

ehief difficulty encountered was the energizing of the primary c ircui t since D with 

the 300 ~f load ShOVlllp the primary impedance was of the order of 002 ohmso This 

. iruplles that fora.12rimary voltage of 20 k.v a current switch capable of passing 100 9 000 

amperes was requiredo Both spark gaps' and ,two of the special gas discharge tubes 2 

shJim in the phot.ograph worked adequately at low repetition rates 0 The high energy.\> 

·very fast primary pulses are coupled into the primary through broad flat copper 

sheet conductors 0 The primary turns theml:!elves simulate iron loaded calTi ties in 

order to pass what amounts to very high f~equencyenergy» while the secondary consists 

, of, a la.rge copper rod passing through the center of the core openings 0 Since the 

. 2 
Anartiale describine; this tube has been prepared 'and is to'bepublished in the 
near future 0 
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~---..~ -Turns 
Rf.l.tio 

Trans former Step=up 
• 
~-~ 

Isynchrotr'on Injector~ Model I ' :", '. 10 

S;ynchrot~on Injector& Model II 5 0 9 

~ynchrotron Injector g Model III' 701 

Synchrotron Injector g 500 KV 50 

Synchrotron Injector j Air Core 64 0 3 

184-Inch Cyclotron Deflector .. " 8.5 

" 

~park Gap Trigger j Linear Ac.celerator 607 

~p~rk,Gap Trigger g Injecto; Cyclotron 10 

~park Gap Trigger 9 Saturating Type,' ,407 

184~·Inch Cyclotron Dee Pulsing 10 

Multiple Core 20, 

- --- - - - - -- -- ------ - --- - -

Tab"le I C.Co~tinu.ed) 

or: 
~ 

Type of . ~-Iage I~ Co,,~ . . -=-
Coil, Solid Insulation ,.Inducte..noe Ma"t.erial Window' S1 ";e:""i5rOSS:--
Winding (All Windings Referred to in0hes IseGtion i 

Vacuum impregna= Secondary linches 
t(~d with :X:~OAIl 

.-.v== ~. ---I, _r...-._ , 

etlB.mel~d Polystyrene Tape = Oo002 tt 2 x 3 1 xl 1/2 
wire Oriented i 

Hypersil 

Bifilar Condenser Papsr 64 ~h OoOOt.'tI ' , 3 x 3,' 1 i/2xl 1/2 
tapered ' Oriented in two 
Alo foil Hypersil 3/1 x 1 1/2 

sections 

,Tw'in saIne as above ,49.0 p.h samE as a' OV6 

Bifilar ' .. 

Tape.r~d 

AI. foil 

same as ' same as above = ' same as 9 x 9 3 x 3 
above above ' , -
Ala foil Condenser paper ~ - - = 

" 

Tapered' Pol~tyrene Tape 7 p.h, ,0 0001 ", 3 j:: 3 1 1/2xJ 1/2 
AI. foil Oriented in tvlO 

• H;ypersi 1 3/4 x 1 1/2 
, " segm~ts, 

same as same ~s above ~ Oo0021~ Ix 3 1 x 5/8 
above, Oriented 

Rypersil 

AL Cand'enser paper = same as a ove 
ribbon 

copper' Polystyrene Tape = O~OOlft Toroid 3/4 x 3/4 
foil 'mo-perm- 1D I 7/8 

, ... 
alloy OD 3 5/8 

' Al con= Condenser Paper 55 mh 0 0 013" 7 x 4 2 x 2' 
denser hypersil 
foil 

, ' 

' ' 

= xfm"'-oOi1 = 3 Core Per Sectio 
" 

0 0 001 Toroid 1/2 :x 1 1/2 
mo-perm..,. ID' 3 1/8 
alloy· OD 6 i/4 

- .-- - - - - --------- --------
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Figure 4. 

Synchrotron Injector Transformer Model II and Pulsing Circui ts 

Installed on .Synchrotron 
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Figure 6 

500 KV Synchrotron Injector Transformer 

(a) Completed coil on taper cutting winding machine 

(b) Coil assembled on core 

(c) Core and coil assembly mounted in tank prior to 

impregnation with transformer oil 

(d) Completed unit wi th transformer, electron gun and 

associated vacuum system 
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Figure 70 

500 KV Air Core Trnasformer 

(a) Coil Assembly 

(b) Transformer in test setup to drive electron gun 



(b) 
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Figure 9~ 

l84-Inch Cyclotron Deflector Transformer 

(a) Cores, coils an d cooling water jackets prior to assembly 

(b) Parts in ( a ) assemb led 

(c) Comp leted Transfo rmer 

(d) Transformers installe d on pulse generating unit 
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Figure 11. 

Spark Gap Trigger Transformer for Injector Cyclotron Osoillator 

Plate Pulse Line 
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Figure 120 , 

Saturating Type Spark Gap Trigger Transformer 
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Figure 13 .. 

Insulation Test Transformer and Associated Circuits 



'. , 



• 

, 



...goo -« -4;; ~DO k V 

~~~ 
· -e.v;<7~ 

CHOKE COIL FOR 
FEEDING IN 
BIAS CURRENT 

TRANSFORMER 
CONTAINER~_ 

SPECIAL GAS 
DISCHARGE TUBE ~.) 

MULTIPLE CORE PULSE TRANSFORMER 

(a) FIRST ElIPLORATORY MODEL 
(b) 0.001" M~Y CORE USED IN TRANSFmMER 

.. -

(0) ONE PRrnARY UNIT OF TRANSFORMER (3 CORES) SHOWING LOW INDUCTANCE LEAD ARRANGEMENT 
(a) ASSEMBLY OF TRANSFORMER. 
(e) 'lRANSFORMER IN TEST SET*Up 
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