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ELECTRICAL INSULATION SYSTEM FOR THE SHELL-VACUUM VESSEL
AND POLOIDAL FIELD GAP IN THE ZTH MACHINE"

W. A. Reass and E. O. Ballard,
Los Alamos National Laboratory, Los Alamus, NM 87545

ABSTRACT

The electrical insulation systems for the ZTH machine
have many unusual design problems. The poloidal field gap
insulation must be capable of conforming to poloidal and
toroidal contours, provide a 25 kV hold off, and sufficiently
adhere to the epoxy back fill between the overlapping
conductors. The shell-vacuum vessel system will use
stretchable and flexible insulation along with protective hats,
boots, and sleeves. The shell-vacuum vessel system must
be able to withstand a 12.5 kV pulse with provisions for
thermal insulation to limit the eHects of the 300°C vacuum
vessel during operation and bakeout. Methodology required
to provide the electrical protection along with testing data ang
matenal charactenstics will be presented.

INTRODUCTION

The electrical insulation stress ltevels in the ZTH machine
are based on plasma termination during plasma current nse,
with maximum stored energy in the ohmic heatng coils. If
this worst case condition 1s assumad with reasonable plasma
current decay times, inducad voltage levels at 4 MA operation
are:

- Shell/Vacuum vassel. +12.5 kV
- Poloidal Field Gap 25 kV
- Poioidal Gap: 500 V

To turther complicate the insulation design, there are
possibilities of field enhancement caused by the many
penetrations through the flux conserving shell by pump and
diagnostic ports connected directly to the Incone! vacuum
vesse! (Iinar). These may be seen by examining Fig 1, an
orthographic view of the ZTH Front-enc, thea shell, interspace,
and vacuum vessel assemoly. Diagnostic cabling s also
of concern; it must properly be maintained at the relative
vacuum vesse! potential The hard wired diagnostics must be
insulated from each other, as well as from the dc grounded
shell

The poloidal field gap can ba pictured as a large tongue
and groove assembly (Fig 2) which convolutes with toroidal
and poloidai geometnes Tins type of design also gives ampia
opportunity for diglactne falures  The inside and outside
conductors arg common to each othar, and must be insulated
from the ceater conductor section

The shall and vacuum vessel dilectne system major
concarns are  300°C temperature of the vacuum vossal,
macharmicat rubbing that could potentially wear tho insulation,
and possible chamical contamination from cleaning solvents
and olds  The polodal isld gap majo’ concarn s cracking of
n ngid sylating matanal betwean the conductors from large
impulse tangile “hoop”™ loads  Thore o suthcient uncertamty

' 'Work performad under tho auspices of thy 1S DO

apout various parameters and environmental conditions, so
a conservative design must be utiized to ensure the 50,000
shot lifatime (10,000 @ 4MA) Although ZTH is scheculed for
intial 1.7MA operation, the extra thickness and edge creep
margins required for 4MA operation will have no significant
cost impact.
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METHODOLOGY

Although the concept of the alectncal insulahon segm:
refatively simpla, careful considaration of matanals s requirod
along with datailad axamination of all sutrounding structures
In gonaral, insalaton will by provided by boaring stretchable
and abrasion msistant matenal on the maetallic suttaces
At seams, lay ups” will be provided with suthcient tracking
lmogths AL wdges and faed throughs, insulahon il ba
providad by hits, slagves, ot boots ™ Materials for i
particular application are also seloctad on the by of
tocuited] tomporature anng. ease ol manutacture, and
stratchabilty doletance buald up)



MATERIALS

To provide electncal insulation for the shell segments,
3M type 8663 self-adhesive polyurethane film was chosen.
This materal of .016" thickness can stretch 500% without
breaking. Available in 4" wide by 100" spools, single pieces
may be cut and when installed on the shell segments, provide
a soamless and wnnkle free insulating layer. Pclyurethane
fim is typically used as an abrasion resistant iayer to protect
arrcraft ragomes and helicopter blade leading edges. It also
has good electrical properties. Considerable electncal testing
has been performed to ensure meeting the machines required
Ifetime. Tests have included 3 axis log plots of leakage
characteristics, environmental stress tests, and pulse life
tests. Figures 3 and 4 show three axis log plots with smali
areatest electrodes and large shell sized pieces, respectively.

POLYURETHANE HIPOT TEST
FIG. 3
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Precision equipmerdt of L os Alamos design was neces
sary 10 oblain the nano ampets resolution (at 25kV lavels)
for i ,ulation testing with the small area electrodes A nearly

vartical plot at high voltage 1s obtained with one layer ot
asylation, and taled rather abrubtly at 24 KV With three
layers, the large area (12 sq 1) test of insulation was easily
characterized  Testing discrepancies along with the statistical
informahon ganed dunng assembly can be used to 1soliate
defective components  Wae should obtinn ¢curves similar to
big 4. which indicates no inflection poimts or "knea's.” with i
loakige rasistance of better than 500 MO A leakaqgu current
ot 100 LA at 25V may be cause for component rajection
taully insulation layers an be repated by rephacing tho
po'yurathane film
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A 25kV pulse test that simulates a 4MA termination
wavoform was also perforimed and yielded failures: at 20 shots
with one layer, 15,789 shots with two layers, and testing was
terminated at 151,500 shots with three layers. Polyurathane
diglecinc testing has also tncluded simultangous application
of pressure (200 psi), temperatura (100°C), and solvents  To
further ensure the integrity of the 3 layer insulation system,
additional abrasion resistance will be provided by Cohriastic
TC-100 stnps  These stnps will be placed between the
vacuum vesse! supporn rbs and the shell insulating layers
The comphant Cohrlastic strnips also evenly distnbute the heat
flux as well as provide addiional Hiexibdity in the tclerance
build up

Polyester mat/polyester film composites with resin
impregnate (Westinghouse Pyrolam 100) will be used to
shield the shall sagment junts with sutfic:ent croep margins
This matenal inds significant use in the power industry, and
s wloctncal and tharmal parameters are well characterized
Weo intend to use two layaers ot Pyrolam 3103, each 016
thick  Rated at 19,800 volts, we could not punch through a
single layar, but at 45kV, would surfiace track to the ground
plane (6" path)  Most of tne hats, boots, or sleaves will bo
fabrcated with 050 polyethylong, an example 1s shown in
big 5. a wire diagnostic buot  The typical methodology usud
10 Insulite all ponts s shown in big 6, a type “P" port with
the callouts as follows

1 Outar boot of polyathylane

2 inner boot of polyahylene

A Thermal nsuliaion atound port (Min k)
4 Pyroliur wrap around tlange

H P TEE Tetlon tubing over Min k



POLYETHELENE WIRE DIAGNOSTIC BOOT
FIG. 5
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The vacuum pump port (Fig. 7) presents 8 more difficult
problem, anti-clocking rings (“3"), 'which maintain relative
shell and vacuum vessel position, shon circuit the thermal
path and bear directly on the insulation (*1"). For this
“boct” we may use spun Teflon or other high temperature
rlastic such as a polyimde. The final design will depend
on flow characteristics, flexibity, and impulse resistance
Fortunately, all other ports and internal elactrical insulation 1s
protected frc m thermel effects with tAin-K, Nomex, and other
matenals

The poloical held gap, (Fig. 2) will use 8663 polyurethane
film (3 layers) on each surace Polyethylene boots at each
corner will be required. Belore final epoxy impregnation, high
pot testing will confirm the electncal integnty A polyurethane
apoxy (non rigid when cured) will then be pumped into the
interspace between the conductors or an epoxy fiberglass
pre prag layup will be utiized

VACUUM PUMP PORT
FIG. 7
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CONCLUSION

After detailed examination of the ZTH machine's shell,
vacuum vessel, interspace, and environmental conditions,
an electrical insulation method (with thermal protection) was
developed. Careful testing of newly introduced materials
permits us to fabricate completed assemblies that can be
easily quality assured. Should any units fail, they may
be easily repaired without any programmatic impact. Self
adhesive polyurethane film will be used throughout the ZTH
maching. Hats, boots, and sleeves; required to insulate
feedthroughs and edges, will typically be fabricated from
polyethylene.



