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We prosent & briet hlstery of THE-8's slettran
syclatroa resonsnt besting (ECER) prograss. We
suphasise the 2-year performance of the syates,
which is conposed of four 200~%M pulsed gyretrens
oporated at 28 Glis. This nystew woes WRAZ wvave-
guide Laside the vecuun vedeel, and includes barrier
windows, twiots, elbove, sod sntemnas, 5o will se

{ d guide Outside the NMX-U vesesl
are directions]l ceuplers, dstecters, elbove, sad
weveguide bonds in WRAZ rectaaguler waveguide. An
arc ditactor, meda tiltar, eight-arm mode comverter,
sad uater load im the 2.5-in. circular wveguide are
attached directly te the gyrotrom. Other spacific
arsas discusesd {wclwda the operationsl performance
of the BIX-¥ pulsed gyrotrows, vind and P
arcing, aligsusai, msde generation, aad extrems
tenperature variatiows. Bolutioms for a membar of
thase prebless are described.

This oy wes ch » , at the time, it
roquired fowsr imventions amd wtilized stsmdard
techaclogy as much as possibla. We realized at the
outset that wa would be giving up power in trans-
mission sfficiency. Nowaver, it was felt that
veliability of the system aad our ability to put
pover is a given polarization and a specific srea
would be grestly eshamced.
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The twe=year parformance indicated that sitheugh
we waed standerd Cechnelegy, we weed it at o higher
frequancy aad higher pover lavel than had hesn
reutinaly dema. We discevared 2 wember of prodblems
which linited our performamce. We will highlipht
thase prodlems in greater detail as we describe the
individual subsystews. Tha ECRN system is il1~
vetrated in Fig. 1. We will mot discuss the
cathos+-puleed modulator or high-voltage tank 88
they hare alraady been the subject of a paper im the
9th Syspoaium by D. M. Griffin.l These two
systems have soms probleme in trouble akooting and
control. We are in the process of redesipning these
systems and they will probably be the subject of
papers at future sysposiums. R
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The gyrotrons have besn the source of a nuwber
of system problems. We have had difficulty in
breaking windowvs on the tubes themsslves aud this
has required having 100X spares for the system.
When & window broke, it was necessary to send the
tube to Varian Associates to have the cathode
replaced, along with anything else that may have
been damaged by the water. The tube was then
resvacuated and reprocessed. This would take
snyvhere from six weeks to six months depending on
the state of spare parts and backlogs at Varien.
Even with 100X spares we were sometimes not eble to
operate four gyrotrons at oumce.

sfancghe
i
&

Mg, 2

*Work performed undetr the euspices of the U. S. Department of Energy by the Lawrence Livermore National

Laboratory under contract number W-7405-ENG-48.



Toe gyrations hove failed im & rathar perisdic
woy ond 1he damont af Tawe the Tube is eperated
seems [0 b intidental ta the failure. Tha failure
socure most often in the broge on the sic side of
the window although ve have had Cailures am the
wocwsm side 88 well. With some encouragemsnt f:om
LLNL, Yarien Asseciates agreed Lo raplace the
single~disk Seryliia windew with 2 double~diok
wisdeow using slumina with PC75 (a N flerscarben) so
ceplont betwaen the twe vindows. This window has
sslved the probles of haviag te sead the tubs beck
te Yacvian for vepaice. We have brokea twe of the
v vindows, slvays the vindew ou the air side, sad
they vers repolred on=site in less thea four houcs.
These tve windows were broken on the sams tube sad
illussrate o problam that occurved with the new
visdows. The gyrotrom tamded te put out
multiple=froquency oscillations causing reduced
efficiency of the gyrotroa amd high reflections in
the vaveguide tramsmizsion system caused by poor

tchee at £ iea ather than 28 GlMs. This
problem has [ graatly reduced by modifying the
gyrotroa iateractiom cavity. The tubes we ars
preseatly veceiviag appear to be single-frequency
sad high-efficiency devicas.

Arc Detectors

In sa effort to protect the gyrotron window, an
arc detector was installed that looked directly at
the gyrotrom window. This device, as delivered to
us, was not satisfactory. It tended to indicate
arcs vhen thay were not present anc if the
semwitivity was reduced to the point where it did
not do this, arcs wers not adequately indicated. 1In
an effort to protect the gyrotron, we devised a
system that used g directional coupler as a sansing
device rather than the light emitted by arcs. We
sensed the forvard power in the directionsl coupler
snd if this power dropped by more thaan 25%, it
indicated an arc behind the couplar. We also sensed
the reflected power in the directional coupler and
if this increased by a significant amount, it
indicated an arc beyond the coupler. We installed
one of these dirsctional couplers in each arm of the
eight~arm mode converter giving 32 forward and 32
reflected power monitors for the four gyrotrous.

The performsnce of thia system was quite satis-
factory and could be set to sense arcs in the system
with & wide range of ununvxty. It vas very fast
snd would tend to trip on lpun.oul noise in the
system. We installed a filter in the post-detection
¢ircuits to slow the system down to a 0.5-ms
response that vould sufficiently limit the amount of
energy in an are so that no damsge would occur to
the systea.

Mode Filter

The mode filter used was designed by Varian
Associates and consisted of s number of disks with &
2.5-in. internal diameter. Metal disks and non-
conducting disks were alternated. The nonconducting
disks were made lossy by putting a water column
behind them. This Eilter should highly attenuate
noneircular modes. We used the filter in all of the
systems, however, many tests were run wizhout the
filters and it was difficult if not impossible to
see any contribution to performance by adding the
filters.

Floxivle 3¢ilove

A flexible dollovs. was inatalied te prevest
ancessive forcos (rem deing applied to the gyretram
wi This bellows, samufactured by CA Tech~
wologies, cmnu.-l of an alectcoform copprr bollow
with & 2.%~in. miner internal dismetar sad sraimless
stee) outer ballows to give atraagth (Fiz. 3). Tis
davice psrformed very well and gave sdequite pro-
tection to the gyrotrom as well ss making the eystem
much less semeitive te vertical oligmment.

Eight-Arm Mode Comverter

The sight-arm mode coavercar hes its input in
2.5~in. circular vwaveguides amd its outputs are
sight WAAZ vectamgular weveguides. It is term-
inated in a vwatar losd iw the 2.5-in. weveguide.

Fig. 3.

The eight-arm mode converter was designed by
GA Technologies and subsequently modified by LLNL.
A description of this device is included in Brian
Felker's paper entitled "Design and Fabrication of
Circular and Rectangular Components for ECRH on
™X-U, "2

The major electrical problems encountered in
this device heve been by:akdown at high-pover
levels. OUperation was reliable to 100 kW with
frequent breakdowns to 150 kW and unreliable
operatmn beyond that. This problem was solzed by
pressurizing the vaveguide with sulfurhexofluoride
allowing us to operate to iuput powers of about 170
to 180 kW, where hreakdowns in other parta of the
system prevented higher power operation.

Other problems that were encountered were mode
problems in the gyrotron interacting with the
eight-arm coupler. The coupler was designed to
operate with the TEO2Z wode in the 2.5-in. waveguide. 1



hon the Zyretrom sutpul was in ssas Alher mede,
sither dulferent field coaliguration or [requancies,
the coupler weuld mat sperats preoperly asad would avc
at vary low power. This problem wvas selved by
peying vary cotelul atteation te the gycotcan par=
smrters such 50 besu current, sasde veltsge, ead the
curTents in the gyretrea sagnets.

Ahen properly spevated, this device wan very
satisfectery. It hod stficiencies clese co 90X and
was topable of eparations wp to 200 kW when the erms
wers proparly tormimated.

WR42 Usveguide

The WR4Z wvavaguide system was composed of
tvists, slbows, custom-forwed wavaguide, sud
pressurs flomges. The major problems sncoumtered
in this system ware with the prassure flanges.

These were sa aluminum WR&2 veveguide flange
approximately 0.1 im. thick with a gasket on both
sidee (Fig. 4). This davice vas made by Parker
Esmifas Corp. sad isvolved sceling their standard
product highar in frequency to 28 Gz in WR42
weveguide. The dimensions on this device turned out
to be extremely critical. It tended to have sharp
cormers on the inside causing arcs in the wave-
guide. The finsl solution to this was to hand-work
the flenges #0 that there wae uo discontinuity where
the WR&2 guides bolted tcgether. Another
problem that existed was in the twists. It is
possible for & second mode to exist at 28 GHz in the
WR42 waveguide and it was necessary to make the
twists at least 24 in. loag not to excite this
mode. Since it was impractical to use that long a
twist, we elected to make a short taper to a
wavaguide which was 0.378 in. wide, make the twist
in a2 waveguide whose dimensions would not allovw the
exintence of & second mode, und then taper back up
to WR42 wavaginide., This alloved the twist to be
made in five inches. This solution could have
allowed a trap mode to exist in the WR42 waveguide,
but since the second mode is very close to cutoff,
it is quite loesy and hard to excit
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Rurrioe Windowa

T™he barrier windouw uaed wan & hall-vavalength
aluaing block in the WBAY vaveguide. Thia vindew
vas denigned by Varion Asseciates and Mad Soen nsed
on high cversge-pever klystrens. The probiems
ssescisted vith the window ware crapped medes ond
arcing.

Teapped medes ware calculated by Yarisa snd the
thicknese of the window was reduced to a mowopti
dimsnsion to prevent enciting the TEOZ mede. The
Cinal VINR of the window was leass them 1.5. The
window appsared to vork well at lov power but thers
was some iwdication of a trap mode vhen acrcing
occurred. This was illustrated by the bucra pattern
causad by the arce om the back of the vindow
(Fig. 5). The 1.5 to | VSWR alightly Teduced the
amount ¢f tramemitted powsr, but was no rsal problem
ta the system. Arcing occurred on the vacuum side
of the window rather than the pressure side nf the
window. The vindow did not eppear to ba contam-~
inated with titanium from the getters. Great pains
were taken to visually isolate the window from the
gatter wires. Analysis was performed on the debri
left on the window and appeared to consiat mainly of
capper and gold. There was not more than a trace of
titaniom present. These arcs occurrad on all of the
systems in the THX-U vessel but were most prevslent
with wind vhose were oriented up from

the bottom of the vessel indicating that dust
particles nay have started the arc. The peek pover
through the windov was normally above 8 kW when the
arcing occurred. This vesult indicated that at

Fig. S.

levels of approximately 20 kV/cm breakdown would
occur. The normal nsrocuredure on a window that
arced severely was to discomnect it from the
eight-arm mode converter and replace it with a dummy
load. This caused a 12.52 reduction in power at
that point in TMX-U but othervise allowed the system
to be aperated.
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The stonnss wied vere sisple rectoagular horas
peancated by smpending the WBAD
mtosns patters fram thess hores wee nti!tutoq
for tha roquirensais of the physics of the machine
aad, othar than & tlight predlem vith aligament, was
out of the sset reliable pacts of the system.

Goaclysion

Operation of the ECRA Bystea in the THX-U over
the pest tws years has besn vary satisfactery. The
Iﬂ was sbla te deliver closa Lo predicted pover te

tha plasas. The syatem tu onu:o‘ valiably. It
suflered probleoms,
hovevar, aest of the ropin wers acconplishad in
bours rather thas days. All of the havdvare
designed inte the system eperated and »e mjor
medificeti wera >

In addition to operating the ECRN over the past
twe years, we have gained invaluable experieace with
high powersd microweve systems. Ths opevatioa of a
gyrotrom is mo lomger sll art aad mo sciemce. We
tave Mdapod soms systsmatic approsches to its
operation. Arcs is the v-nmnu system can be
distinguished from woding in the gyrotron and
problems with gyrotroa wind cam be ined by
looking st the shapa of the power pulse. Wa have
the opsration of bigh power microwave systems in
hend and are ready to now tackle the problem of
getting mors ECRE power into the TMX-U.
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