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RADIATION LABCRATCRY

W, Ro Baker, R. F. Edwards, Qo Ao Kerns and Jo Reidsl

ABSTRACT
‘ fhis'paper degcribésLSeveral high voltéga pulée transformers, deﬁelqped
at the Radiebtion Laboyatory.of‘the Uﬁiveréity éijalifornia»under the auspiceé'of the -
Aﬁpmio Energy Gummissibnq for use on,particle gccéleratorso Pulss transformers |
described ares 100 kvayncHerronAInjsctor Trensformers, 500 kv iron and air core
éynchrbtrén Injector Transformers, lOO kv Spark Gep Trigger‘Transformerégrl40:kv
184~Inch'0ydi§tfon Déflecégth£;nsfo?mer§ 80 kv Insulation Tost Transformer aﬁd a

new type 400 kv Multiple Core Transformer.

o
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HIGH VOLTAGE PULSE TRANSFORMER DESIGNS AT UNIVERSITY OF CALIFORNIA-

RADIATION LABORATORY
. W, R Baker, L. F, Edwards, Q. A. Kerns end J. Reidel

INTRODUCTION

of ths units wes secured.

- With the cpération of particle accelerators, such as the 184-inch cyclotron,
synchrotron, and the linear,adceleratorngn en intermittent or pulsed basis instead

of a steady state mbde, demends arose for various types of elecﬁrostatic pulsing

;dGVlGGSo A rsgment of this demand called for the design end construction of - several

hioh voltege pulse transformers ranglng from 50 to 500 kv output voltageso

At the snart of this work in 1946 the members of the group had little

nxperlence W1th tho 6651gn of high voltage pulse transformerso' In addition, the

'publ;shed data on tha subJect was quite meagero The net result of this sitﬁatioh
V'wasp on the one hand, the orlglnatlon_of new_d951gns, whilé on the other hand, many

- mistakes and "bugs® eppeared which had to be eliminated before satisfactory operation

e

kY

It is the purpose of this papef to describe the'designs thatbréached at

least the fuil scals test stage. The dlscus51on will concern 1tself prlmarlly with

‘descflptlons of the f1na1 d631gnsp wnlle the actual procedure in t he. d651gn1ng of the

ftranaformers w111 ‘receive secondary con51derat10no-

" DESIGN

" In general, the design of the tranéférmer was made in two steps. The first

_step consisted of deciding on the number of turns; and the cross section of the cors

dgoaordi ng Yo the fundamantal equatlon belowg checked with several trial w1nd1ngsg

moeoked up in a. few hours time, for each appllcatlono

B = ‘lOs-zt-_ .
SR T NA
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ing devioce, either a hydfdgen thyratroh‘or a spark gepo
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«5=
where B = net chénga'offflﬁx iﬁ Qore:during pﬁlse9 gausso
Vo= Véltage per soil, V?itSo
“ %t = time of pulses secondﬁq
N o= ﬁumber:of turns on coile
A = cross sect;onal aresa of co:eglsquare Mo
The secsnd éﬁép coﬁsisted,of eﬁaluéting the relative igquﬁanceibf such
constants es pﬁimary and seconéafy ihpedances leakage inductaﬁceg.aistributed
wapacity, efflulency9 and selection of the best type of core materlalg 1nsulatlon3

windihg methods, and'mounting and lead:arrangements for'each transformero. As the

backlog of experience grew, it became possible to predict many of-these_factors

from previous designs, and thus te respidly errive at an adequate solution for new
problems as they arose.
Thers are two factors thet are the sasme for all the transformers to be

dsscribed. First, all the trensformers using solid insulation are vacuum impregnated’

"with ordinary transformer oil at pressures. of about 50 microns of mercurys  The oil

is pumped down in a& second vacuum chamber prior to impregnation removing all air,

 water9 and volatile fractlonso Second_'ali thé;transfonners are pulsed with a liné

'tvpe pulse generator of the type oommonly used 1n radar modulatorso In many-gf‘thé

r“:ur‘%:l,utz«: the pulse llne con51sta of a storage capacltor onlyo A dlagram of this

cirguit appsars in Figure 1.  The circuit cen be seen to consist of the transformers

an energy storage device, usually a Gapgcitor or pulse fonningunetworkszand a qwitéh-
R - . . . \i»

The major characterisitics of the various transformers are listed in Table I.

It will he 5bserved thet the voltage ratios do not always corresbdnd:with.‘

the turns retiloso; This is because; for some of the transformers, & resonant intere

A cnange of energy betwean the leakape industance and the secdhdary capacity results

3

" in a peek voltage of up‘to'twios'thé>méximumfavailablé achording o the turns ratic.
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.. LOW LEVEL SYNCHROTRON INJECTOR TRANSFORMERS. MODELS I, 11, 'AND III.

Transformmers for synchrotron injector service have as their prime object
the driving of the cathode of exn electrdh gun to a high negative voltags. Hence
they are all wound in such & way as to provide filement power for the gun. This is

usually -done with a.bifilar type winding. The load consists chiefly of the capacity

¥0 grouwad of the gun and-its associated lead structure, the electron burst being a

.cﬁmparétivély'smblllpa}t'Sfithe"loadoi Thefefpré‘thése transformers cha;ge'up_thé‘ioad

capecity in & short time, hold the voltage constant, and then cause the voltage to:
full as ouiekly &s possible. The fast rise time is achieved by keeping the leakage
“nductance to a minimum while the fast decay is obtained by driving the transformer

irty gaturation at the end of the pulse,

Model I, the first transformer, is wbund using a coil type winding. This

winding, the details of which are shown'in Figure 2, utilizes the same cores simulbtane-

~cusly for the pulse and a 60 cycle filament isolation trensformer. By polarizing

the flu# invthe two cores ih opgositeféifectipnsg’the net pulssfvoltége induced in
ths filamen% trensformer is émally wfilé fﬁe pulsé Windingvalways'hés'the'ééme‘amount
of net flux ghénge availaﬂle ﬁc matter ﬁhich:part of the éOchcle wave‘thé;pﬁise
appears.ino Figufe 3 shoﬁs ﬁhe'co@plgtéd trénéfofmer9 and é viéw of the transformer
installed on the injéctor guﬁ té;t rack, fo?'wﬁiéh pgfpbses tge;£ransformqr is‘

now uéedo | | |

‘This typs of case has proved quite adaptable-and hes been used on all the

~ low level injectoer transformers.

The two later-transformefsg'modéls IT end III, are now in servies on the

synchrotron (see Figure 4). They ere both wound with the aluminum foil, condenser . -

paper type of winding first used on the 184-inch cyclotron deflector transformer.

, The gensral shape of this winding and its mounting and lead arrangements are shown in .

Figure 5. ' This ‘type of winding hes been found generally useful in the higp voltagé

“transformers mede at the laboratory becsuss of its simplicity, cheapness, ease of
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construction, and the. very high voltage insulation evailable in a few turns and smell

space., These transformers both use conventional bifilar windings, the secondary coil

" on each leg acting as one side of the 60 cycle circuit.

HIGH‘LEVEL'SYNCHROTRON INJECTOR TRANSFORMERS

At one time it was considered adv1sable to attempt 1nJect10n into the

".svnchrotrnn at epergles high enougn to forestall any loss of . the electron beam due

to perturba+ions in the magnetic field at the low 1evel 1ngect1on point. Two pulse

transfcrmers were bullt to provide the 500 kllovolt pulses declded upon, although

as yetD it hes not been des1rable to use them for actual synchrotron operation.

Photogrephs of the iron core transformer sappear in Figure 6., .8Some of the
. . ) . . . ’

features of this transformer ere its tapered bifilar ribbon type winding, the corona

shields on the secondary and the core, and the fact that it has operated.at’voltages

~of up %o 800 kildvolts without-breekdcwno Since the major componen£ of the. load is

| the cepacity of the lead structure to the gun, the gun is mounted ih the same tank

with»the transformero Thus no hlgh voltage appears outside of the case, the only

¥

output belng bursts of 500 kev electronso The w1nd1ng machine- shown in Flgure 5 wes

developed for this trensformer. The: maohlne automatlcally cuts the foil conductor end

 paper 1nsu1at10n in a taper as the 0011 is wound. Needless to say thls machine

has provad 1nvaluable in the w1nd1ng of mauny other tr&nsformerso
Whlle aweltlng the complet:on-of the 1r0n-eore.for_the transformer above,

some preliminery experiments were carried out using the eir core transformer shown

lin.Eigure 7. This trahsformer was wound with the primary onthe outside9 while the

nlgn voltage Wlndlng starts at the prlmary end bullds up 1nto the center where the

hlgh Voltage lead can be seen. ‘Because “of ‘the poor eoupl;ng between primary end

'.Vsecondary it is not posslble-to load this trensformer heavily. Howeverg0 loading
f the center bf-the ceil with mo~permalloy improved the coupling to some extent,

'u‘allowing the transformer to be used on prelihinary eleetron gun experiments. 10



UCRL~35T7

_,‘_8-".

smpsres was delivered to the losd at full voltege with 85% regulation. In addition,

tha‘iﬁpedgnée-éT the priméry cirduit is very low end spark geap was neéegséry,to
ebargiza ﬁhe:priﬁéfy adequétéiyo This trensformer, in spite offits smali-QiZSQ
generatea pulses of 800 kv before breakdowno This particuler éonsﬁfuction is vafy
adaptable to- the generation of hlgh voltage pulsed x=rayso A'sketch.of a design
provad f§asibieg but not carried to aompletlon durlng:the experimeﬁts is sthn iﬁb

Figurg 8

| 184-1NCE CYCLOTRON DEFLECTOR TRANSFORMER

.In thi§ aoplieaﬁioﬁg a maximum rate of ohange of voltage in a 600 yuf -

load with & peak voltage of appr0x1mately 140 kv is the determlnlng deslgn factoro

vSane this uransformer has been adequataly described elsewherelg the only reference

to it here will be the ;1st1ng of the charactarlstlcs in Table I and. the photographs'

in Flgure 9. ‘Some minor chenges have ‘been made in the transformer in a red681gn

~of the puise generator for use on the 184=1nch Gyclotron after its recent conversion

to proton operatlono Hence the data in Table I will not ﬂorrespond w1th that

previously publighedo«'

SPARK GAP-TRIGGERATRANSFGRMERS
| The.ﬁﬁfposé of thésa'transforﬁérs'is to overhvoltage ar triggef a spafk‘gab
used as a switch to connect one ‘circuit to anothers much as is done with the hydrogen
+thatron in F*gure lo Thare are two varlatlons of thls type of transfor;er in use

gk +he'laboratory at presento The earller type, shown in Flgure 10 was orlglnally

used for the pulsed outgass1ng of GL 434A tubes used 1n the Linear Aocelerator

_Gsﬁll lators. A% present it is belng_used ﬁo trigger the maln.gap connectlng the

pulse‘storage lines %o the oscillator plate circuit on the Linear Acéeleratoro

5 e

High Voltage Pulse’r for 184-1Inch. Cyclotron Electric Deflectoro Qo A, Kerng, et al,
Review of S“lentlflu Instrumentsp Volo 19, No. 129 Ppe 899 904, ‘December, 19489
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The pulse is fed to the spark gep through an isolation cepacitor consisting of a piece

of RG 17 U cabieo The most fecent transformer of'this'type was constructad.to ﬁrigger

%he scnwk £ap ”01nect1n" the pla*a pulse 1¢ne with +hc‘930i11ator plate on the
'Lnjector UJclotron used for 1nject1ng protons into the quartér scale.ﬁodeliof.the

bevatrono This‘trqnsformqr is shown in Figure 11,

e

Another variation of the spark gap,triggefhtfansfdrmer was built for use

“im verious cxperiments around- the shop. It can be seen in Figure 12, and Figure 7.

The secondery is connected in’series with the mein pulse’ line and a voltage is

07'

de#eiop9i~}cros he oec01dary that causes the spark gap sw1tch to break downo The

Lomsin ou;sa current tﬁen £ ows Lhrbugh ths sacondarys qu1ck1y saturatlng the core of

1

~the twa gformer aud raducvng the 1nﬂuctanca of the secondary or .seriss w1nd1nv to a

'ow valueo ef+ect1vely ranov1ng the-tranSIOrmer from the c1rcu1t after it has perw

fomsd its funntlono A low number of seﬂondary tﬁrns is used to keep the 1nductance
%0 ‘88 10w;a value as-possibied Parmalloy-cores are alsq used bscause of the low .
valué.of'coérgivé‘quce'necesaéry‘to saturate them. TS eliminete the possibility of

high'volﬁages_being-generéted in the primary circuit due to air core eoupfing with

the mein surrent pulse through the seﬂondary after the core is saturated, the primary

is wound on the bottom leg of the cores This reduoes the air core GOUpllng between

primary and secondary to & minimum.

184~ INCH CYCLOT ON DEL PULSING TRANSFORMER

.shown in4FigurQ 13,

This traansformer was originally built to drive the dee structurs of the

'184einch cyclotron to a volteage of 50 kv or more. The dee structure represented a

sapacity ioad of 5000 ppf, The chief feature of this winding is the use of the

© condenser paperwaluminum foil type of winding in =& coil with 1000 t&rns on. the

ndary. Lately this urancformer has been used as an 1nsuistlon +Gmt transformer

“and to outgas the L mey 1njaetor'nyclotr0no A photograph of this latest setup is
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. MULTIPLE CORE TRANSFORMER

Durlng experlments to determlne the fastest poss1b1e ‘type “of high voltage

" pulse generator for the 184—1nch cyclotron electrostatxc deflector9 the multiple core_

pulse transformer (shewn in Flgure 14) was developedo Since’the 1eakage inductance

of & transformer is the basic limitation on the rate of rise of voltage in the secondary;

. assuming an inflnltely fast pulse in the primary, and as is well knowng the leakage

;-1nductanoe varies as . .the square of the number of turns, the lowest possible leakage

'y

- With thls in mlnd Qo Ao Kerns suggested the multlple core transformer that has 8 one

o)

turn secondary andza.;ractionalknumber of prlmery turns. Flgure 15 shows cross-

. sectional views illustrating the“%arious uses to which this type of transformer has

besn and can be pubt. These uses ares A singly polarized step up transformer, a push

pull trensformer with nearly double the output voltage of the singly polerized typeg-

-an electromagnetic pulsed particle accelerator, snd &s the accelerating slectrode

in a proten synchrotrono '

The test push pull trensformer shown in Figure 14 worked quite well, The

chief dlfflculty encountered was the enerrlZlng of the prlmary circuit since, with

: the 300 up? load shown9 the primary 1mpedance was of the order of 202 ohms, .Thls

,1mp7£es that for 8. pr1mary voltage of 20 kv a current sw1tch oan&ble of pessing 100 OOO

amperes was required. Both spark gaps and two of the speclal gas dlscharge tabesz

shown in the photograph worked adequately at low repetition rateso The high. ener’gy_9 -

very fast prlmary pulses are coupled into the primary through broed flat copper
'aheet conductorso The prlmary turns themselves s1mu1ate iron loaded OQV1tles in
- order %o pass what amounts to very high frequency energy, while the secondary consists

" ,of a large GOpper rod pa531ng through the center of the core opsnings. Since the

i
1

An -article descrlblng this tube has been prepared end is to-be- published in the

'near futureo



Table I (Continued)

Turns ‘ Typevof.' Typelof Leakags : Tore
. Ratio { Coil. S0lid Insulation| Inductence Haterial Window 5176 Gross=
Trens former Step-up 'Wlndlng (A1l Windings Referred to inches seetion
* : oL : Vacuum impregna= | Secondary . ~ inches
, ted with xfmr 031}
Synchrotron Injector, Model I -~ - 10 .| ensmeled | Polystyrene Tape - 0,002*% 2x3 |Jlx13iR
| | wire - | o B Oriented : c
: g : ) A : Hypersil 1
Synchrotron Injector, Model II “ 5,9 Bifilar | Condenser Paper 64 uh 0,002" 3x3 1 1/2x1 1/2
‘ tapered | : ’ "Oriented {in two _
Al foil Hypersil 3/4 x 1 1/2
. , ' sectlions
Synchrotron Injector, Model III - " Tol Twin sdme‘as'abpve 490 ph - sam§ as agove
L ' Bifilar | - ' '
Tapered
4 Al, foil 7 -
Synchrotron Injector, 500 KV 50 . -sams'as " same- as above = same a3 9x9 3% 3
. 7 ‘ } above - ) ' above B
Synchrotron Injector, Air Core 64,3 AL foil | Condenser paper - - - -
184~Inch Cyclotron Deflector '8,5 Tapered | Polystyrene Tape 7 uh . 1 0.001" 3x3 1 1/éx3 1/2
" ' - : Al,foil | v - Oriented s in two
' ' Eypersil 3/4 x'1 1/2
. . _ . - {segments |
Spark Gap Trigger, Linear Accelerator 6.7 same as | same as above & 0,002"% 1x3 1 x 5/8
above . : Oriented
, : : Hypersil;
Spark Gap Trigger, Injector Cyclotron 10 - - | Al. Condenser peper = same as aljove
' : ' ‘ribbon . A
‘Spark Gep Trigger, Saturating Type .- 4,7 copper Polystyrene Tape - 0,001% Toroid |[3/4 x 3/4
) | foil ‘Mmo~perm- D1 7/8{ .. o
' : , : . _ alloy oD 3 3/8
184-.Inch Cyclotron Dee Pulsing 10 1 Al con= | Condenser Paper 55 mh 0,013" 7 x 4 2 x 2
_ denser ' ‘ ’ hypersil '
) foil o : 1
Multiple Core 20. - xfmr.031 - 3 Coreg Per Section
S ‘ : ‘ 0o001" Toroid |1/2 % 1 1/2
mo-perm-{ ID 3 1/8
alloy - oD 6 1/4
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Figure 4.
Synchrotron Injector Transformer Model II and Pulsing Circuits

Installed on, Synchrotron
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Figure 6

500 KV Synchrotron Injector Tramnsformer

Completed coil on taper cutting winding machine
Coil assembled on core

Core and coil assembly mounted in tenk prior to
impregnaetion with transformer oil

Completed unit with transformer, electron gun and

associated vacuum system
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Figure 9.

184-Inch Cyeclotron Deflector Transformer

(a) Cores, coils and cooling water jackets prior to assembly
(b) Perts in (a) assembled
(¢c) Completed Transformer

(d) Transformers installed on pulse generating unit
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TRICGER RG17V ISOLATION
HIGH VOLTAGE LEAD THANSE -’)I?;ME’B CAPM)/I’.{](}}LS

(a) ) (b) in Soundproof
box

LINEAR ACCELERATOR SPARK GAP TRIGGER TRANSFORMER
(e) COMVLETED TRANSFORMER
(b) TRANSFORMER IN INSTALLATION ON LINEAR ACCELERATCR

FIG.10
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Figure 1l,.
Spark Gap Trigger Transformer for Injector Cyclotron Oscillator

Plate Pulse Line
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Figure 13«

Insulation Test Transformer end Associ
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MULT IPLE GORE TRANSFORMER USED AS; (a) SINGLY POLARIZED PULSE TRANSFORMER,
AND. (b) AS PUSH-PULL PULSE. TRANSFORMER . |
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MULTIPLE  CORE TRANSFORMER USED AS-PULSED ELECTROMAGNETIC PARTICLE AGGELERATOR |
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FIG I5d

- MUT.TIPLE CORE TRANSFORMER USED AS THE ACCEL.ERATING ELECTRODE IN
A PROTON SYNCHROTRON PARTICLE ACCELERATOR.
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