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MCTMOWM MaVtQHK fTtTW N t 
njKraaWHCKtATVM •OOMMT HUTIHC CK«M> fOt 

TUM *vm* umtNnrrHrrsuM tnu-«r* 
K. « . awbert. >. Falker. I . h\ f taUerd, tad C. « . Willie 

tea i t at a livtvaare aatieael Laboratory 
•aivcreicy a t Cell fareto 

U n n m , Caliteraie HJJO 

thetraat 

Mt i m m « brlat hietary af MK-a'a electron 
cycUtrea m i l l beating <tXU) areeratt. Ht 
etahi i iat rat 1-year aerferaatto ef the ayitaa, 
which te c a a a n i l af fear MOtw paleed gyretreae 
•pentad at *• Me. Tale ayate* weea Matt wave-
aaiat iatMt Che nocota vaeeel, and iaclvdeo barrier 
viaaewe. taiata. tlbewo, tad aataaaae, at nail aa 
ceataa-feraed weveauiaeo. Owteido tka BOM vtiaal 
are diractiaeal ceuplera, date*tare, e lbow, tad 
• m n i i a i tiadt ia HMZ rtctaataltr waveguide, an 
arc dttactar, a*4e f i l t e r , eight-are aede converter, 
tad water toad ia the 1.5-in. circalar waveguide art 
attached directly ce tea gyretroa. Other epeeific 
area* diacaatad iaclada eke operational pcrforaeaee 
af the BCt-a patted gyrotreat, window aad coaaoaeat 
arciag, eligaaeat, aada generation, aad extraaa 
l a a i i i r n i vtriatiaaa. talatieaa for a weaker of 
thee* preelane are deacribed. 

Ihia eyatan w e caoeea becouee, at the t iaa , i t 
rewired fever iaveatioaa aad ati l ixad ataadard 
techaolegy ae aack aa poaeibla. He realized at the 
oataat that va w a l d ha giving up power in trtna-
aiaaioa efficiency, lowever, i t vaa f e l t that 
re l iabi l i ty of the eyetea aad our abil i ty to put 
power ia a given polarization and a apecific area 
would be greatly enhanced. 

Fig. 1 

The cw-raer parforwece iadlcated tkat altbawah 
wt ate* ataadard technology, w attd i t ae a higher 
freeaaacy aad higher power l t v t l tkta had beta 
rwt iee ly deae. He discovered a aaaber af problem 
which liaitad our performance. «e wil l highlight 
tbttt problem ia greater detail at wa describe the 
individual wheys t e w . The ICtR eyatea ie 111-
uetrated ia Fig. 1. Ve wil l aat diecuaa the 
cathoe>-ewleed asdulator or high-voltage tank at 
they hare already been the eubjeet of a paper ia the 
*th lyapoaium by D. R. Cr i f f in . 1 Theae two 
ayateaa have eoea probleaa in trouble ahootiag aad 
control. He ere in the proceaa of redeaigaing theae 
ayateaa end they wi l l probably be the eukject of 
papera at future ayaposiuae. 

Cvrotrona 

The gyrotrona have been the eource of a masher 
of ayatea probleae. Ha heve had difficulty in 
bracking windowa on the tubea theaeelvea and tbia 
haa required having 1001 aparea for the ayatea. 
When a window broke, it waa neceeaary to aend the 
tube to Varian Aaaocietea to have the cethode 
repleeed, along with anything elac that aay have 
been daaagad by the water. The tube waa then 
reevacueted and reproceaaed. Thia would take 
anywhere froa aix weeka to aix aontha depending on 
the atatc of apare parte and baekloga at Varian. 
Even with 100X aperee we ware eoaetiaea not able to 
operate four gyrotrona at once. 
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Fig. 2 

•Work perforaed under the auapicea of the U. S. Department of Energy by the Lawrence Liveraore national 
Laboratory under contract number W-7405-EHG-48. 
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t i se ibU gellswe 

TW tyratie** «a»« fa i l* ! ia • relfcer aarlfdic 
way e»* Ma aaNit »t urns the tab* ia eparated 
• sees ta fee ie*««*«tal ta (he failure. Tfca failure 
attars east eftea ia the krait aa the. air tide a( 
the aiaeaw alUeva* we have had failuree a* the 
veevwa aide aa Mall. with seme encesrseeaent tram 
UJIL. veriea Associates agreed ta replete the 
siagla-dtek fceryUia wiaaew with a double-disk 
wiadew weiag aleaiaa with fCJJ (a M flerecareea) aa 
caalaat bstwsea th« twa wiaeaws. Tats window haa 
calved tha prealea • ( aaviee, ta aaa4 taa tube hack 
ta Veriaa far repairs. "• bawd htakaa twa of tha 
•aw wiaaawa. alwaya tha wiedev aa tha air aiaa, aad 
they wara repaired aa-aita ia laaa thaa four heura. 
Thaaa twa wiaaawa wara broken aa tha aaaa tuaa aad 
i l lustrate a problem that occurred with tha aaw 
wiaaawa. Tha gyrotroa ceadad ta pet oat 
atiltiple-freqweecy oacillatioaa ceasiag reduced 
efficiency ef tha gyrotroa end high raflactioaa in 
tha waveguide traaeaiaaiaa ayetea caused ay poor 
Batches at frequencies ether thaa 21 Ma. This 
preblea haa haaa greatly reduced by modifying tha 
gyrotroa iataractioa cavity. Tha tubas wa ara 
sreseatly receiving oppear to ba aingle-frequency 
aad nigh-efficiency devicee. 

Arc Datactora 

In an effort to protect tha gyrotroo window, an 
arc datactor waa iaatallad that looked diractly at 
tha gyrotroa window. This device, aa delivered to 
ue, waa not satisfactory. It tended to indicate 
area whan they were not present and i f tha 
sensit ivity waa reduced to the point where i t did 
not do th i s , arcs were not adequately indicated. In 
an effort to protect the (yrotroa, we devised a 
systaa that uaad a directional coupler as a sensing 
device rather than tha light eaitted by ares. We 
sensed the forwerd power in the directional coupler 
and i f this power dropped by ante than 2SZ, i t 
indicated an arc behind the coupler. We also sensed 
the reflected power in the directional coupler and 
i f this increased by a significant aaount, i t 
indicated an arc beyond the coupler. We installed 
one of these directional couplers in each ara of the 
eight-era aoda converter giving 32 forward and 32 
reflected power aonitors for the four gyrotrons. 
The perforaance of this systea was quite s s t i s -
factory and could be M€t to sense arcs in the system 
with a wide range of sensi t iv i ty . It was very fast 
snd would tend to trip on spurious noise in the 
systea. He installed a f i l t er in the post-detection 
circuits to stow the systaa down to a O.S-as 
response that would sufficiently l i a i t the aaount of 
energy in an arc so that no daaage would occur to 
the systea. 

Hode Filter 

A flexible eellewe.wai iearalled ta arawaat 
emteeaive farces frea being applied ta tha fyretrea 
wiaaaw. This bellows, manufactured by CA Teeh-
aelegfaa, ceaeiated of aa alectroferm capper believe 
with a 2.S-i*. aiaar iataraal disaster and etaialaaa 
•taa) outer bellows ta give strength (r ig . ]>. This 
device pertoraed vary wall aad gave adequate pro­
tection to (ha gyratroa aa wall aa aakiag the oysteei 
aucti less eeasitive ta vertical eliammeat. 

titht-Ara Hade Ceavartar 

Tha eight-era aada converter baa i t s iaaat ia 
2.5-in. circular waveguides aad ita outputs ara 
eight UM2 rectaagular waveguides. I t ia term­
inated in a water load ia the 2.5-in. waveguide. 

Fig. 3. 

The eight-era aode converter was designed by 
GA Technologies and subsequently aodified by LLHL. 
A description of this device is included in Brian 
Felker's paper entitled "Design and Fabrication of 
Circular and Rectangular Components for ECRR on 
TMX-O."2 

The aejor electricel problems encountered in 
this device heve been bvaakdown at high-power 
levels. Operation was reliable to 100 kW with 
frequent breakdowns to 150 kW and unreliable 
operation beyond that. This problea was solved by 
pressurizing the waveguide with sulfurhexofluoride 
allowing us to operate to input powers of about 170 
to 180 kW, where breakdowns in other parts of the 
systea prevented higher power operation. 

Other problems that were encountered were aode 
probleas in the gyrotron interacting with the 
eight-ara coupler. The coupler was designed to 
operate with the TE02 aode in the 2.5-in. waveguide. 

The aode filter used waa designed by Varian 
Associates and consisted of a nuaber of disks with a 
2.5-in. internal diameter. Metal diaks and non­
conducting disks were alternated. The nonconducting 
disks were aade lossy by putting a water column 
behind thea. This filter should highly attenuate 
noncircular aodes. We used the filter in all of the 
systeas, however., asny tests were run without the 
filters and it was difficult if not impossible to 
see eny contribution to performance by adding the 
filters. 



harrier Mindawa 

m*w the cyretraa •ecput waa »a sane other made, 
e n t e r dt i fsteal field reafiaNratien »r tr*e.*eac.as, 
I** ceaaler weald HI operate properly wtd weald arc 
• t wary I** power. Thie arables) was salved »y 
paving wary ca i t ta l et teet iee te tha gyrecre* per-
M i u r i each H keaa carrent. eaeae wattage, aad tke 
earreata i e the gyretraa megaeta. 

mhaa properly operated, th is device wee vary 
eatietectery. It had eff ic iencies claaa ce MX and 
«ee capable af eparatieae ap ta NO kU whan tha a n a 
vara properly terminated. 

Ht*2 Uavexwiaa 

Tha Wat waveguide ayatam wae coapoeed of 
twiata, albowe, custom-formed waveguide, sjd 
pressure flanges. Tha major problems encountered 
in thi* system vara with tha pressure flanges. 
Thaaa vara an alumiaua UM2 waveguide f l int* 
approximately 0.1 ia . thick with a gaaket on both 
aidaa <Fig. * ) . Ihia dariea waa aada by Parker 
•amifaa Corp. aad involved scaling thair standard 
product higher ia frequency to 28 CRx in Wt.42 
waveguide. The diaaaaioaa oa this device turnad out 
to be extremely cr i t i ca l . It tandad to hava sharp 
coraars oa tha iasida causing arcs in tha wave­
guide. Iba final solution to this was to hand-work 
tha flaagaa ao that thara waa no discontinuity vhcra 
tha W.42 waveguide boltad together. Another 
problem that existed waa in tha twists . I t ia 
possible for a aecond a»de to exis t at 28 CHx in tha 
VI42 waveguide and i t waa necessary to aake the 
twists at least 24 in . long not to excite thia 
node. Since i t waa impractical to use that long a 
twist, we elected to aake a short taper to a 
waveguide which was 0.378 in. wide, wake tha twist 
in a waveguide whose dimensions would not allow the 
existence of a aecond node, and then taper back up 
to WI42 waveguide. Thia allowed the twist to be 
aada in five inches. Thia solution could have 
allowed a trap node to exist in the WR42 waveguide, 
but since the second node is very close to cutoff, 
i t i s quite lossy and herd to excite* 

Fig. 4. 

The barrier window weed was a kalOwavaleagth 
alumina klatk in tha MU1 waveguide. Thia window 
was designed ky tariea Associates aad kal Vaee waed 
aa h.ak .<varega-pewer klystraaa. Tha preb.ee* 
associated with tha window ware trapped madea aad 
arc lag. 

Trapped aadet war* calculated by Tariea aad tha 
thickaeaa ot tha window waa reduced ta a aaaaptimvn 
diaaaaion to prevent exciting tha TC02 made. The 
final VW*. of the window was leas than l.S. Tha 
window appeared te work wall at law power hut there 
waa lone indication of a trap mode when arcing 
occurred. Thia was illustrated ay tha barn pattern 
caused by the area oa tha back of the window 
(Fig. S). The 1.3 to I VMx slightly reduced the 
•mount ef transmitted power, but waa no real problem 
to the ayatem. Arcing occurred on the vacuum side 
of the window rather than the pressure aide of tha 
window. Tha window did not appear to be contam­
inated with titanium from tha getters. Great pains 
were taken to visually isolate the window from the 
getter wiree. Analysis waa performed on the debri 
left on the window and appeered to consist mainly of 
copper and gold. There waa not more than a trace of 
titanium preeent. These arcs occurred on all of the 
systcma in the TMX-0 veaaal but acre moat prevalent 
with windows whose antennas ware oriented up from 
the bottom of the veaael indicating that dust 
particles nay have started tha arc. The peek power 
through the window was normally above 8 kW when the 
arcing occurred. This result indicated that at 

Fig. S. 

levels of approximately 20 kV/ca breakdown would 
occur. The normal procuredure on a window that 
arced severely was to disconnect it from the 
eight-arm mode converter and replace it with a duamy 
load. This caused a 12.5Z reduction in power at 
that point in THX-U but otherwise allowed the system 
to he operated. 
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t te aataaaaa M M vara siaala rartaaawlar kacaa 
ajaanraaad »» aapaading tte M U a m a i i a i . Tte 
•nana aattara frna taaat tern* waa aatiafattary 
far tte >aa,airaaaai« • ( tka physic a at tte aackiaa 
and. aakar taaa a slight arahlaa witk i l i a a H t , was 
aaa af tte «Mt raliabla parts at tka ayataa. 

Oaaraclaa af tte ICU lyataa U cte Dtt-U ovar 
tka paat twa yaara kaa teaa vary aatisfactnry. I te 
BCM waa akla ta aalivar claaa ts aradictad aawtr ta 
tka plaaaa. Tte ayataa haa aaaratad raliaaly. I t 
auffarad aaaawtet aacaaaiva aaiatsaaaca araalaaa, 
tewavar, aaat af tka rapaira vara aacaaaliated ia 
baara ratter tkaa days. All af tka karawara 
dasigaad inta tka ayataa aaaratad aad aa aajor 
aadificatiaaa wan aacsssary. 

la additiaa ta oparatiag t te ICU ovar tka aaat 
twa yaara, wa tevc gaiaad iaralaabla axpariaaca with 
kiga pewatad aicrawava systaaa. Tka eaaratiaa of a 
gyrottaa ia aa laafar a l l art aad ae aciaaca. Ha 
kava davalopad aoaa ayataaatic approactea to i t i 
operation. Area ia t t e wavaguida ayataa can ba 
diatiagaiated froa aoding ia t t e gyrotron and 
problaaa with gyrotroa windows eaa ba datarainad by 
looking at tha ahapa of tha powar pulaa. Ha hava 
t te oparatioa of high powar aicrowava aystaaa in 
haad aad ara raady to now taekla tha problaa of 
gatting aura ECU powar into tha DtX-O. 

lafarancaa 

(1) 0. fl. Criffin at a l . , "Electron Cyclotron 
laaonanca Heating in tha Tandaa Mirror 
Experiment (THX>,H Proeaadinga of 9th 
Syapoaiua on Enginaaring Froblaaa of Fusion 
laaaareh, (1981). 

(2> I . Falkar at a l . , "Design and Fabrication af 
Rectangular aad Circular Waveguide Coaaonanta 
for l lactroa Cyclotron laaoaant Haating 
(ECU) of tha Tandaa Mirror Experiaent-
Upgrada (OK-0) . B Procaadinga of 10th 
Syapoaiua on Fusion Enginaaring, (1983) 

— a s • • ! a iwa i* M M m i l W wwfc a * *7 m ••Mfy rf 
isaTiiiimim. rwa»a»uimsawiCinn»i«iMra« 
7 «f CIMMW> mm tmj mt Weir MMIMMJ, M * M My n n w i , « • 

m;>aiiini;« i iai|hca.M-
• NT My WMMJSM. M M M , fraSMt, m 

• M k a w S M U t a n r i m i m s 
k. BMMM hmis l* Mr 

—a»»»»MH>»iiilmiiiiii.inia «Hn,whm*atytt»Ui»M 
S W C I I W M I «t S» tM»«M> rfCiHMnM. TH *«» Ml i|Mm «f 
M S M S cxarMW] hwMi M M ( McMMty MM «r naict OMt «f rt* IJiMW 
S U M G M S M S *t»M~, mi M M M W M M hr aartfMkt« »™*JO M -

ii 
I 


