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ABSTRACT

A téchnique which utilizes éplit_rings for Marx générator gtading-
is described. While conventional grading fings are electrically
.continuOus and operate at a single potential on eachlring, the
split rings are divided into two sections by insulating spacers.

Some advantages and applications of this technique are discussed.




SPLIT-RING MARX GENERATOR GRADING

Introduction

| A split-ring technique for Marx generator grading has been
developed at AFWL which provides certain advantages over conventional
methods. 'While conventional grading rings ére electrically'continudus
and operate at a single potential on each ring, the split rlngs are
d1v1ded into two sections separated by insulating spacers (Fig 1)

Cne section_ls electrically_connected to the top of its associated

stage switch, and the ofher section is connected to.the bottom of

that switch. Thus, one full stage voltage appears between the sections
during charging, but after switch closure (during erection) the sections
equalize in voltage.

Construction

. The ring sections (Fig 1, Piece No 1) can be fabricated from

any material éuitable for conventional riﬁgs, e.g., elg;triéal,conduit,
aluminum tubing, or copper pipe. The Shape can eithef_be rectangular,
as shown, or circular depending upon the particular Marx design. The
cross sectional dimensions are chosen to provide adeqﬁate spacing be-
tween the.rings and the Marx core. |

The section spacers (Piece Ko 2, Figs 1 and 2) cén be‘fabricated _
from any high-dielectric strength material; and can either be molded as
one piece:or formed by gluing several pieces together, taking necessary
care in thg positioning of glue seams. In the prototype ”Mbleculé” Marx,
for example, the spacers are made by gluing two rubber. cane tips to a
polyethylene disc. The spacers must provide a snug, friétionufit éround

the grading ring. Piece No 3 in Fig 2 is simply a metal plug inserted
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Fig. 1



W LS EIELEIIIIILLIETEPEEES

‘zmwmammmwzmwmmmzn'_

o =0 - _
" DETAIL A - SPACER (X-SECTION)

_ SPHERE R

This dia slip-fits
into grddingrring'_

y

" DETAIL B - PLUG

'_ Fig. 2 Details of Plug and-Spacér




T

to terminate the tubing in a round end to shield the sharp edges

which could cause an arc through the spacer.. The rings are supported

on the Marx structure in any desired position by dielectric rods.

Electrical connections to the rings are made by appropriate techniques
such as soldering, clamping, or with threaded inserts=such as ”Molynutsﬂ

or "Rivnuts,"

Application

There are several conveniences which the split-ring grading

technique provides to the Marx designer.‘ In addition to providing the.'

'same field grading of conventional rings the split-rings provide

attachment points for charging resistors. One specific technique illus~

trated in Fig 3 is suitable for liquid resistors, wirewounds, ceramic

: resistors, film resistors and conductive elastomers. Each resistor

string 1s fitted with metal end terminals which mate onto banana plugs

attached to the rings. The stage capacitors may then be either hard-~

: wired to the grading rings or connected thrOugh another resistor string.
" This sideways resistor connection is preferable because it damps erec-

tion trans1ents which’ might otherwise overvoltage the inter—ring capaci-.

tance and produce an arc between grading rings._ However, the sideways

resistance must be small . compared to the main stage charging resistance

so that proper grading of the Marx .is maintained after erection._
The‘splitnring technique also provides assistance in the quest

of that'golden fleece sometimes called the ”Self—Heaiing Marx'', Pulsar

Associates, Inc. is presently investigating two promising concepts

for stage fuses utilizing split grading rings. These fuses would

sense a failed capacitor during charging and disconnect it from'the:
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~shunted by a surge arrestor.

charging-chain to'allow~operations to continue without the'necessity
of capacitor replacement. Ultimately the same fuse might short out.

the corresponding stage switch to. insure continuation of optimum -

erection performance. One. fuse concept ntilized-in-a'split-ring

Marx is shown in Fig 4. The fuse is a small. carbon resistor, under
tension, which breaks_apart nnder short cirquit charging"currents-
and disconnects the capacitor_from'the grading-ring. To insure that

normal erection tran51ents do ‘Aot open the fuse, the resistor 1s

v

AhsecOnd:fuse conceptl shown schematically in- Fig 5, ut111zes a
current imbalance detector to disengage the failed capacitor from the

charglng chaln. ThlS concept places several constraiuts on the Marx

":deslgn, First, it must;be balance charged, i.e., the cepacitor terminals

' éreﬂcharged plus and minus with respect to .ground. Second, the stage

capacitoré.must have a ground or neutral terminal;"Third5 the neutral

'term1nals must be connected with a resistor chaln {called the. balance

chaln) Whlch is simllar to the two charglng chains.

: Neutral~terminals on capacitors can be obtained in.eeVErel ways..
For metal cased units with two insulated termlnals, the can is usually
neutral when the ‘capacitor is balance charged L If metel cased'dnits.
with a sinéle inSulated,terminel.ere used, the cans_of two_capacitote_

must be connected, and the two terminals charged plus and minus, the

" cans then becoming neutral.

For a compact Marx, metal cased capacitors are awkward to use

and dielectric-cased units are preferable.. If a single dielectric-cased

capacitor is used per stage, the menufactuter:must provide a neutral

terminal. However, a convenient scheme utilizing-two capacitors 1s
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shown in Fig 6. Each capacitor'is.relatively tnin.compared to'ite i
length and width, end‘hae a rail terminel'onleech end. For convenience-
it has been called a double-ended flat-pack, to'di‘stingnish_it_ from
- those units with-too rails at one end. At 1eest three manufecturere,
Maxwell Laboratories Aerovox Corp, and High Energy, Ine,.now produce
such ‘units. As shown in Fig 6, two of ‘the un1ts are stacked with one:'
or nore sheets_of_insulating material betWeen them. The terminals at
one end.ereibuesed”together, connecting the tno‘onits in series (for
increased capaoitance; paraiiel eonnections'can a;so te_made). The
common end becomesenentral.and.the'opposite termina1eVare'connected"
to the charging.chains._ The inSuleting_materialnbetween'the_eapeei~‘i
tors mot oniy serves to insulate the.high~voltege terminals but it'..
ean.be utilized as-insulation between adjacent ﬁarx switches'.

' One scheme for utilizing an imbalance detector to disconnect a
capacitor is illustrated in Figs 7 and 8. Following the detector
circuit of Fig 5, the relay is adJusted so . that normal balance charging
currents_do-not-trrp_it, However, if a capacitor fails therbalance
current oeeomes'an “imbalénee ‘current which is high enough to engage
the reley. The relay in turn connects . the photoflash battery ‘across
the fuse_wire;:which melts and releasee‘a spring-woun@'epool. As the
spool recoiie'it‘retreets two'dieiectric leeds which are ronted‘throughf
plastic guide tubes and attached to distonneet fittings at,the front
of tne capacitoref Retraction of_the‘lea&e diseonnects the capacitor

from the charging chain,

i0
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| Summat;'y S

 The split—rlng grading technique provides a particularly well—
defined and'conven;en; interface.(electrical and mgchanical) betweep';‘
thé.charging chain'aﬁ&'the stége gabacitbré. _All aspects of Marx |
design,'féﬁriéafﬁbﬁ, and operatidn can ﬁotentially.benéfit'f:bﬁ'the

 technique. The ”Moleculg” 2 MV Marx géﬁerator, théhVuses sp1it-
ringé, bpérates at 1 MV/m in atmospheric pressure SFg or Freon-12,

_ hés a déﬁsity of nearly 40 joules per ﬁouhd, and can be assembled by
oﬁe'mén in a few hours._rIn fact; any'compoﬁent can be remngd and
replaced without disassembling the Marx. Admittedly, all of these
féatures are not_uﬁique to the '"Molecule", nor do they all accrue
from the use of spllt rlngs The combination,'howevér, of'éémpactness;
density, and ease of handling is substantially benefltted by the split
rings. In addition, the design provides broad_flexibili;y to investi-
gate suCh-techﬁOIOgy advanéementé_as féult—correc;ion devices without
the necessity of-building g'Sp&cial Marx for each device. Almost any

device can be added as an afterthought.
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