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Abstract
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High voltiage pulse transfaorcer powered by low veltage
capacitor banks have proven to be simple reliable
systens for chargicg pulse forming Ergnsnlssiun lines
(PFL) up to the one megavolt range. ’“ A new trans—
former has been develaped which will operate up to
three cegavolts in a PFL charging application. This
transformer cstablishes the feasibility of multimepa-
volt operation and rctains the features of compactness
and ligh encrgy transfer cfficiency that has been
charaeteristic of lover voltage systems. This report
includes a description of the physical features of the
transforecer, §ts electrical characteristics and a
discussion of rhe operatiocual results.

Introduction

Alr core pulse transformers are an attractive alterna-
tive to Marx generators for charglng high voltage
pulse forming transmission lines such as those used
with high power electron or ien beam accelerators. 1ln
general, transforcer systems are morc conpact than Marx
peneraters because the low-voltape, primary capacitor
bank fs inherently a more dense assembly and is
ordinarily not operated in a cank of insulating ofl.
The resulting system requires substrantially less floor
space and does not require separate eil storage and
handMng facilities. These siaplifications yleld a
system that costs less to build and operate than a
Marx eystem.

The transformer that was built fuc the present experi-
ments is an air core spiral strip design. It
fncorporates ring cage shlelding to shnpe the electric
ficld in the margins of the rransformer (Fig. 1).
Shaping the electric field in this manuer is essential
to preventing diclectric breakdown along the edges of
the secondary winding. This type of transformer is
particularly well suited to PFL service because it is
less vulnerable to brenkdoun between the final turns
of the sccondary winding from nanosecond voltage tranc—
ients generated by PFL discharges than heliea) wire
wound transform.:rs. The reason for this {s the high
inter-turn capacitance of strip transforszers. Since
the turnc dircetly overlay cvach other, the capacitance
components are directly in serfes to ground making the
‘total capacitance comparatively low, This charae-
teristic prodvces uniforom voltage grading throupgh the
thickness of the secondary winding and avoids the
problen of wave transit time isolation between turns.

At Sandia Loboratories shlelded splval strip trans-
 formers were originally developed for a number of
syatcTs3w21ch operated wlth output veltages up ta

1 MV, “*7*" The new transformer was tested tu 2.2

MV in an off resonance single swing charging mode and
.to 3 MV in a dual resonance charging mode.

H System Deacription
!

{A 4.6 XJ, *+ 50 kV capacitor bank wos designed and
tbuflt to provide primary pulsed power for the system.
!The load scction consisted of a ccaxfal water capnefi-
itor, a gas diclectric spark pap switch and a vater
Ilnnd resiastor. FPhotographs of the system are shoun in

under Contract AT(29-1)-789.
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Fig. 2a and 2b and a cross sectional diagram in

Fig. 3. Figure 4 is ap elccirical schematic of the
systeno.
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Fig. 1. Cross section of 3 MV transformer

Fig. 2. a. Tronsforoer and capacitor bank.
b, Couplete transformer test system.
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Fig. 3.
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Electrical scheratic of test systen.

Fig. 4.

The capacitor bank was clectirically connected to the
transformer primacy through a parallel plate rrans—
mission llne to afnimize hookup inductance. The bank
was switched with a commercially available rail gap
switch which operated repeatatly in a multichannel

mode when filled with a gas mixinre of 14,5 percent SF6
and 85.5 percent Argon.

The sccondary load section was connected in-line with
the axis of the transformer. For single swinpg chacge
tests, the water capaciter was connected directly to
the output of the transforner. For the dual resonance
tests, an oll immersed tuning inductor was added
between the tronsforner nnd losd capacitor, The
housings for both the capaciter and inductor were

60 em diameter tuhes with acrylic interfoces betveen
the ofl and wvater sectfong. The switch and load resis-
tor were housed In npen top box sectlous which per—
mitted access to the Interiors without uncoupling the
exterior asserbly.

The output suitch® was a two-clectrode self-breaking
gas (SFﬁ) dielectric apark gap. The sclf-break level
was varied over a range of 1 16 3 MV by controlling the
gag pressurce in the swltch. :

Transforoer X
The transformer has a single turn primary surroundinp
o 42-turn sccondary winding, The active width of both
windings 15 30 cm. Eight layers of 0.019 cm thick
polyester filn provide the turn te turn insulation
between the 0.025 em thick copper turns, The total
winding thickness for 42 curns i 7.6 ca and at 3 MV
operates at a mean diclectriec atress of approxinately
IbSO kv/em.

The width of the polyester insulation is 60 cm which
leaves a 15 cm margin on both sides of the copper
winding. These marging are enclosed inside a concen-
tric ring cage built into the core and case of the
tranrfermer. The function of the ring cages is to
maintain a coaxial Effeld distributlon across the
margins which is nearly parallel to the uniform field
through the thickness of the winding. The equipoten~
tial lines outside the winding are thereby prevented
from bending sharply around the edges of the thin
winding conductor and creating Lighly enhanced electiric
filelds which could cause insulation breakdown.

To allow free passage of the magnetic field tarough

the ring cage and prevent induced currents from fluwing
in the rings, the rings are arranged with a longitudi-
nal separation of 0.32 cm and are individually split

to form ane or core gaps in the hoop divection. The
tvo ring sets Iin the case have cne gap per ring aad

the two sets on the core have four gaps. The gaps in
the case rings are aligned with the slot 4n the primary
turn, They are connected together elactrically and to
the primary turn along a single line opposite the

slot. On the core, cach of the four groups of ring
segnents 1n the two sets is connected to the slotted
core cylinder along a single line ihirough its aid
section. The purpose of making line ccnnections
opposite the gaps in the ring cages is to prevent
breakdovn across the gaps frow high voltage transients
which have risc or fall tiwmes shorter than the wave
transit time arownd the rings. With mid point connce-
tions, a fast voltage pulsc swe2ps synmetrically around
the rings in opposlte directions. When the two vave
froats aeet at a4 gap, the voltapge difference acruss it
1s essentially zero.

For stractural recasons the transformer case was made
of two 60 cm diameter filament wound fiberalass
reinforced polyester tube sections with fntegral
flanges. Thene flanges support the acrylic end plates
of the transformer and provide a rigid cunncction to
the external load systeim. The primary turn, located
between the Eiberplass case sections, is also part of
thue rtructural assembly. 1Tt is attached to the fiber-
glass sections Lhrough shallow flanges around each
edge of the turn. When fully assembled, the trans-
former was scoled 5o that the {nterior volume was
liquid tight. It was then fi{lled with oll and vacuun
impregnated for o period of approximately three wvecks
before clectrical tests began.

The inductance parameters of the transformer vere
inftislly calewlated and later confirmed by measure-
ments. They are piven in Tahle 1.

TABLE 1

Transforeer Inductance

Primary fnductance 0.590 puH
Secondary inductance 488 pH
Mutual inductance 14 i
Coupling coefficient 0.83

Operational Results

The transformer systen was {irst operated *n an
off resonance single swing chaiping mode, For these
tests, the capacitor hank was directly coupled to the

transformer prinary in a minizun {nductance confipuration

and the transfomer output fod directly to the 1.1 oF
load capacitor, The ¢' -ge transfer tfme was 1 ps as
shoun by the wiveform i Fig. 5. The system was tested
at succensively higher voltages to a maxipum of 2.2 MV,




margins which are designed to aveid ¢ddy current loops
in the assembly. The transformer operates with high
energy transfer efficiency in the multi-mepavolt range
with its physical and electrical characteristics scaled
from design procedures developed for lower voltage
systems.
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charge mode. Voltage = 0.5 MV/div. Sweep =

1 ps/div,
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Throughout the testing no verious difficulties were Ty AP o s o v
encountered, At approximately 2.2 MV a minor flasiiover Lowed
ocecurrved olong an acrylic winding support in the trans-
former. Removal of there supporte preveated reoccurrence
of th{s problem up to the full desfgn voltape. HBetween
"2.5 and 3 MV, perlodic breakdowns occurred in the
water capacitor which precluded the possibility of
taking the eystem to a higher voltape.
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or wetulaens of any miormation, spparatus, product of
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Conclusions

The cxperimeats with the 3 MV transformer clearly .
| decongtrate the feasibility of multi-zegavolt trans- !
| former operation for pulse charging applications. The
| key to obtalning reliable performance with a =piral :
jnrlp transforner lies in proper electric fleld
'|Mplng in the oargine of the transformer without |
disrupting the magnctic field. This can be achieved .
'by utflizing concentcric ring cages in the transformer .
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