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

W A Reassand E O Batlard,

Los Alamos National bboratory, Los Alamus, NM 87545

ABSTRACT

The electrical insulation systems for the ZTH machme
have many unusual design problems. The pololdal field gap
Insuiatlon must be capable of ccmformmg to poloidal and
toroldal contours, provide a 25 kV hold off, and suffraently

adhere to the epoxy back fill between the overtapptng
conductors. The shell-vacuum vessel system will use
stretchable and flexlble insulation along with protec’hve 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 Iimlt the effects of the 300”C vacuum
vessel during operation and bakeout. Methodology required

to provide the electrical proteclon along with testing data and
material characlenstcs WIII be presented

lNTRODUCTICiN

The electrical tnsulatlon stress levels m the ZTH machl!le
are based on plasma termination during plasma current rise,
wnh maximum stored energy In the ohmic t?eatmg coIls If
this worst case condltlon IS assumed with reasonable plasma
current d~y times, Induced voltage levels at 4 MA operation

are.

- Shell/Vacuum vessel i 125 kV

- Poloidal Field Gap 25 kV

- PoloIdal Gap 500 V

To further comphcate the msulatlon design, there are
possl~illlles of field enhancement caused by the many
penetrations through the flux conserving shell by pump and
diagnostic ports connected directly to the Inconel vacuum
vessel (lln~r) These may be seen by ekamlnlng Flg 1, an
orthographic view of the ZTti Front. end, the shell, interspace,
and vacuum vessel assemdy Dlagnostlc cabhng IS also
of concern; It must property be maintained at the relatwe
\ acuum vessel potential The hard wired diagnos!lcs must be
insulated from each other, as well as from tho dc grounded
shell

The pololdal fmld gap can ba pictured as a large tongue
and groove assembly ([ Ig 2) wtuch convolutes with Ioroldal

aild poloidal r#!OfMfm Ttlls type of dtrwgn alsu gIvws ample

oplmrlumty for dlelwtnc fmlures 1 he lnslde and outsI&I
curltiucflors nro common to ~i]~h othor, and must be Insulntod
from the (Xillttr conductor section

The stlull and vacuum VOSSIJIdmludrw SystHrll major
corwrr}s tirf4 300’ C tOrTlpOfiJIUrfl d the vocuurn vessel,
r~w(;llanlc;ll r(jbblng :t)at could polontlully wear lhlr Insulallon
;Irld ~sslblc? ch(jlTNc$Il Corll[lrn Wtl Orl frOiTl Ck3iNllr)Q SolV~fllS

:Ind OIIS TIIw pol(IIdul fmld unp mi!jo’ com;tirn IS crii(:klng of
:1 rl~ld ln2LJ!Htlf\~ Rl;lt(!rlill bf)twor]n ttlo (:orldil(fl(lrs frorTl !ilfof?

Ifllpul!w Iafl!)llf! ‘“hoop” lo:?(b) I tloro l:, \LJffl(:lliflt (Ifl(:(!ftillrlly

aoout various parameters ard environmental condltlons, so
a conservative design must be utillzed to ensure the 50,000
shot Ilfcmme (10, OOO@ 4MA) Although ZTH IS scheduled for
Irrftlal 1,7tvlA operation, ;he extra thickness and edge creep
margins required for 4MA operation will have no slgnlflcant
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MATERIALS

To provide electrical Insulation for lhe shell segments.

3M type 8663 self -adheswe polyurethane film was chosen.
This material of ,01 6“’ thickness can stretch 5000/. without
breaking. Available in 4’ wide by 100’ spools, single pieces
may be cut and when instal!ed on the shell segments, prowde
a seamless and wrinkle free msulatlng layer Polyurethane
film is typically used as an abrasion resistant layer to protect
aircraft racbmes and hehcopter blade Ieadmg edges. It also
has good electrical properties Considerable e16ctncal testing
has been performed to ensure meeting the machines required
Iffetlme. Tests have Included 3 axis log plots of leakage
charactenstlcs, environmental stress tests, and pulse Me

tests Figures 3 and 4 show three axis log plots with small
area test electrodes and large shell sized pieces, respectwety.

POLYURETHANE HIPOT TEST

FIG. 3

Preclslon equlpme!lt of 1os Almnos design was news

Sary to obwn Ihe f]i~ti~ iiIIIpUIW rtisulut}on ~a{ 25kV IWQIS)
for Ir’ ,Natlorl testing with the SITIall area ele~rodes A rwnriy
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FIG. 4

A 25hV pulse test that simulates a 4MA termination
waveform was also performed 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. PcJyurothane
dwlecrlc testing has also included simultaneous apphcatlon
d pressure (200 PSI), ternperatura (100’’C), and solvents To
furlher ensure the Integrity of the 3 layer msulahon system,
additional abrasion resistance WIII be prowded by Cohrlastlc
TC 100 strips These strips WIII be placed between the

vacuum vessel support r!bs and the shell msulatlng Iayors
‘The compllant Cohrlastlc strlp~ also evenly dwtnbute the heilt
flux as WGII as provide additional flexlblllty In the tclerance
build Up

Polyester malfpolyester film composites with reslrl
lmprt]gnat~ (Wostlnghous.o Pyroliinl 100) WIII be ljs~d to
stII(Ild the shell segment 10II1Is wIl~ sufflclont croup nlarglns
1IIIS maturli]l finds slgnlflcant US(1 In thu powor Industry, and

Its Ul(tCtrlCill and lhOrlllill p{lril Nlut OrS aro WOII c.hariwtorizwl

W{] Inton(l 10 11S0 tWO liiyorS Of }’yrOliltT) 3103, O(1CII 016“

thl(:h I{{ited Q! 19,800 volts, wo (:(Iu M 1101 pun(;h Itlrougtl ii
SIIIQIU Iilyt)r, t)lJt [lt 4!}hV, W(JUl(i SLlrfil(:l) tril~k tO ltlll Qr{)(lll(j

pli\I\IJ (6” piilt)) MI.)SI of 11~~l~i]!s, b~ots, or SIUUV8S Will b~!
filt)rlCill(Kl Wlltl 0!)() poly(lthyl(llltl, [Ill HxilrTl\)lt? IS SI1OWI1 Ill
} Ig !), ;I w,rt? dlilgrl~sfl~ buot The typ(:al (Whc)dology US)(I

to Iruwltltu all ports IS shown III t IQ 6, a typo “F’” port wItt I
ttlo
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POLYETHYLENE WRE DIAGNOSTIC bOOT
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The vacuum pump pal (Fig 7) presents a more difficult
probkhn, anti-clocking rings (“3”), which malntam relatwe
shell nmd vacuum vessel position, shorl clrcult the thermal
path and bear dwectly on the Insulation (“l”), For thm
“boo!” we may use spun Teflon or other high temperature

plastlc such as a polyimlde The final design WIII depend
on flow charactenstcs, flextblllty, and ln7f)iJkI resistance
Fortunately, all olher ports and Internal elecfrlcal Insulation IS
protected kc -n thermal effects with tAln K, Nomex, and other
materials

The polm!al field gap, (Fig 2) WIII use 8663 polyurethane
fltm (~ layers) on each sL,rface polyethylene boots at each
corner WIII be requtred Before final epoxy lmpregnatlon, htgh

pot testing WIII confirm the electrical Integrity A polyurethane
epoxy (non rigid when cured) WIII then bo p~mped Into tho
Interspace between the condu~tors or an epoxy flb~rgli~$~

PIO preg lnyup WIII be utlllzed

VACUUM PUMP PORT \ ,,,, .H-,

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 Clualltyassured. Should any units fail, they may
be easily repaired without any programmatic impact. Self

adhesive polyurethane film will be used throughout the 2TH
machine, Hats, boots, and sleeves; required to insulate
feedthroughs and edges, will typically be fabricated from
polyethylene,


