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110GHz ECH ON DIII-D: SYSTEM OVERVIEW AND INITIAL OPERATION

w.P. Cary,J.C. Allen,R.W.Cailis,J.L. Donne,
T.E. Harris, C.P. Moeller, A. Nerem, R. Prater, and D. Remsen

GeneralAtomics
P.O. Box85608

San Diego, California92186-9784

Abstract:A new high power electroncyclotronheating softwaredevelopedby VISTA Systems and modifiedby GA.
(ECH) system has been introducedon DIII-D. This system Extensivework has been done to maximize the stabilityand
isdesignedtooperateat110GHz with a totaloutputpower of regulationcharacteristicsofthesupplyto meet the demanding
2MW. The systemconsistsoffourVarianVGT-8011 gyrotrons, requirementsoftheVGT-8011 gyrotron.
(outputpower of500kW), and theirassociatedsupportequip-
ment. Allcomponents have been designedforup toa 10second Varian VGT-8011 Gyrotron

pulseduration. Under a DOE/GA contractVarianMicrowave Power Tube
The 110GHz system isintendedtofurtherprogressinrf ProductshasdevelopedtheVGT-8011 Gyrotron.Thisgyrotron

currentdriveexperimentson DIII-D when used inconjunction iscurrentlydesignedtooperatewith a minimum power output
with the existing60GHz ECH (1.6MW), and the 30-60MHz of500kW fora 10secondpulsein theTEta,2mode at110GHz
ICH (2MW) systems. H-mode physics,plasma stabil_.ation with an efficiencyof _>30%. Varianisalsodevelopinga 1MW
experimentsand transportstudiesare alsoto be conductedat CW 110GHz gyrotron.Due tothehighpower densityofthe coi-
110GHz. lector,13coilsare requiredon the collectortoassurea uniform

heat loading.The followingarethe rough operatingspecifica-
The presentsystem designphilosophywas based on ex-

periencegainedfrom the existing60GHz ECH system. The tionsforthe VGT-8011.
consequencesofthesedesigndecisionswillbe addressedaswill Cathode E -80kV dc
theactualperformanceofvarious110GHz components. Cathode I .-_20A

Gun E .-,23.5kV dc ±200 V dc
System Overview Heater E --,52V ac

The Ii0 GHZ ECH system consists of eight major compo- Heater I "-,5.5 A
nents as shown in Fig. I. Each component plays its own critical
role in the operation and delivery of the 500 kW into a DIII-D
plasma.To dateone ofthefourgyrotronsystemshas been op- SuperconductingMagnets

eratedatshortpulselengthintoDIII-D.Alimajor components Gyrotronsrequirea combinationof very high magnetic
exceptforthe VarianVGT-8011 _n'otronwere eitherdesigned fieldsalongwith preciseshape and uniformityof thesei_elds.
ormodifiedby GeneralAtomicsforspecificuse inthissystem. The prohibitivelylargesizeofconventionalcoppermagnets cou-

pled with the largespaceand power needsoftheirenergizing
power supplies,imposesthattheonlypracticalway togenerate
thesefieldsisby usingsuperconductingmagnets.The designof
thesemagnets needstonot onlyproducethedesiredfields,but
must alsobe mechanicallyand thermallydesignedforlow boil
offofLHe whilemaintainingmechanicalrigidity.

The firsttwo gyrotronsystemswilluse magnets designedehe¢

ard builtby GA, whilethe remainingsystemswilluse magnets
builtby Oxford InstrumentsLimited.The operatingcurrents
forthefirstsystemarelistedbelow.

0. octo olOA
rr_._,,_,y_,m Upper Main Coil 0-15A

Lower Main Coil 0-25A
Gun Coil 0-7.5A

Fig. 1. The 110GHz ECH System Tank and Control
The tank and controlsystem supplythe necessarysup-

port functionsto make the gyrotronoperatein a predictable
and orderlyfashion.The tankisdividedintotwo compartments

HighVoltagePowerSupply which arefilledwith transformeroilattwo differentlevels.Due

A neutralbeam power supplyoriginallypurchasedforthe toheightrestrictionstheportionofthetank whichsupportsthe
MFTF-B projectat LLNL was modifiedtosupplytherequired magnet and gyrotronhad tobe made with aslow a profileas
-80 kV dc. Each ofthesesuppliesiscapableofsupplying80A possible.This sectioncontainsthe cathodeand gun voltagedi-
at80kV dc whichshouldbe sul_cienttooperatefourgyrotrons, viders,heatertransformerand thr.gun oilpump. Signalsfrom
assuming a 30% or betterefficiencyfrom the gyrotron. This thissectionareconnectedtothetallsectionviahighvoltageoil
supplyiscun'_ntlyalsobeingusedforthe 60GHz ECH system tightbushings.The tallsectioncontainsthe gun anode volt-
wh;eh er,.a;_f.._f..;.ht V:,,4_. vP.'P_er)F_R 9r_l_bw .v,-._,,-,_.. 'T'h.. ,,_,. P,_,._,l_fnP _.rl ,r-._,-;n,,Qmn.;fne4._'/f.l,,.m.trv Pnmr'_c_n..f_

power supplywas not only modifiedto operatewith negative A uniquefeatureofthe ll0GHz systemwhen compared tothe
polaritybutalsotobe controlledby a DEC MicroVa.xllrunning older60GHz system isthe exclusiveuseoffiberoptictelemetry
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linksbetweenthe tank/vaultand the controlroom. This was allowsforfieldassembly and disassemblywithoutany special
feltnecessarydue to our experiencewith noiseproblemsasso- toolsorwelding.The entiretransmissionsystem from the gy-
ciatedwithsparkdowns inthe gyrotrontankswiththe 60GHz rotronoutput window to DIII-D isevacuatedto <i0-storr.
system. To accomplishthisthereare 13 voltage-to-frequency The low pressurecombined with the veryhighfrequencyresult
and frequency-to-voltagelinksusedforboth controland moni- ina highpower handlingcapabilityina smallwavegulde.Since
toring.These linkshave a 3dB bandwidthof1MHz with a car- thereisno window at the machine precautionsmust be taken
tierfrequencyof9 MHz. A multichannelfirstfaultsystem was toassurethata catastrophicfailureofthegyrotronoutputwin-
developedtohandlethe slowerinterlocktype functions.This dow does not allowthe window coolingFC-75 tocontaminate
systemcan handleup to 63 inputsand transmitthisimforma- DIII-D. lthas been determinedthatsincethe conductionpath
tionoverthreeopticalcablestopresenttheoperatora two digit throughthe wave, de issopoor thatby monitoringthe pres-
read out ofthe fault.As partofthe superconductingmagnet sureatthe mode converterand usingittocontrola fastacting
controlan eightchannel16 bitbidirectionaldata linkwas de- shuttervalveclosetothe machine,thetokamak vacuum willbe
signed[1].Thislinkistiedtothe controlroom viafouroptical adequatelyprotected.A sloweractingmachineisolationvalveis
cableswhichenablesremoteprogramming and monitoringofthe alsoactuatedupon pressureriseatthemode convertertoassure
magnet currentstowithinImA. Anothernew featurewith the totalisolation.

110GHz systemistheuseofa heater/cathodecurrentregulation The HEft wave islaunchedintothe plasma via a quasi-
circuit[2].Thiscircuitmaintainsthepropercathodecurrentby opticaltype launcher.The launcherprimarilyconsistsof two
adjustingthe heatervoltagedynamicallyduringthe actualrf mirrors.A fixedmirroratthe waveguideend isa paraboloidof
pulse.The systemwas designedfrom the beginningtobe com- revolutionwhichslightlyfocusesthebeam radiatingintheHEIr
putercontrolledwith similarsoftwareasused inthe M.FTF-B mode. A fiatrotatablemirrorisused forpoloidalpositioning,
highvoltagepower supply(HVPS) system,but todatehasbeen offeringa relativelylaz_eplasmacrosssectionoftargeting.The
totallyhardware controlled,ltishoped thatthe softwarewill toolsor welding.The entiretransmissionsystem from the gy'-
be abletodo nearrealtimedisplayofa few selectsignalswhen rotronoutput window to DIII-D isevacuatedto <10 -8torr.
intheconditioningmode (shortpulseat0.5Hz reprate)and to The low pressurecombined withthe veryhighfrequencyresult
handlea much largerdatabaseduringnormalshotmode. ina highpower handlingcapabilityina smallwaveguide.Since

As an initialdesignrequirementtodo transportstudies, thereisno window atthe machine precautionsmust be taken
modulationof the gun anode at up to a 20kHz ratewas de- toassurethata catastrophicfailureofthegyrotronoutputwin-
signedintothesystem.Thisisaccomplishedusingtwo TH-5188 dow does not allowthe window coolingFC_,-75to contaminate
tetrodestoswitchthe gun on and off(Fig.2). The on-tubeis DIII-D.lthas been determinedthatsincethe conductionpath
alsoa seriesregulatorgivinga rangeoffrom 0 to 30kV dc on throughthe waveguideissopoor thatby monitoringthe pres-
thegun whiletheoff-tubeisdesignedtoactasa switchtobring sureatthe mode converterand usingittocontrola fastacting
thegun tothe same voltagepotentialasthe cathode(-2.5kV shuttervalveclosetothe machine,thetokamak vacuum willbe
dc)within20/_s. adequatelyprotected.A sloweractingmachineisolationvalveis

alsoactuatedupon pressureriseatthemode convertertoassure
cathecm a_Am¢_ totalisolation.
EMoAn_or E Monl_r

="==J_"_ ,IMonlt0rliI , Bedyl opticaltype launcher.The launcherprimarilyconsistsoftwo

_: _H,,._ _=___ "[ Gyrotmn mirrors.A fixedmirrorat the waveguideend isa paraboloid
-8011 of revolutionwhich slightlyfocusesthe beam radiatingin the

. HEtt mode. A flat rotatable mirror is used for poloidal position-

__ i _ ing,offeringa relativelyla.rgeplasma crosssectionoftargeting.

The mirrorisalsocapableoftoroidalrotationbut willrequirea

H_PSv _I_I===_ machine venttoexercisethisoption.-2.SKY

,_ Initial Operation- T_ Initial operation of the first gyrotron system took piace at
T_mCSm_t _ GA in June of 1991 with successful operation of the gyrotron

=====_.__, -1 I Cathode_ into dummy load at 527kW for 2ms at ll0.15GHz. A collectorI IMon#_ _ temperature profile was determined at this point and the collec-
tor spreading magnets were adjusted for a uniform deposition of
the heat. Schedule demands dictated that instead of working on

Fig. 2. Gyrotron/gun-anoderegulator(push-pull) extending the pulse length that the mode converter and other
wave guide components be installed to verify their power han-
dling capabilities. The mode converter was firsttested intoa

Transmissionand Mode Conversion dummy loadwithonlya smallamount ofwaveguideconnected.
A small change in operating frequency along with minor mag-

The rf transmission system is comprised of three major netic changes for proper operation were noted after adding the
areas as outlined in Fig. 3. The first area is comprised of the mode converter to the gyrotron. Some questions concerning the
mode converter. This converter was developed by GA using a direction of the rf rotation had been expressed, so a test fixture
novel approach taking the helically traveling HErs,2 mode and was designed and installed. Tests were conducted to determine
converting it to coaxial TEts,2 and TMts,t modes [3]. These the rotation of the rf and to see if it can be effected by changes
modes axe then ccnverted to TEl0 mode and later to rectan- in the magnetic fields. These tests showed that >99% of the rf
gular waveguide HEtt mode through an E-plane taper for cou- was in the expected direction of rotation. No changes in rota-
piing into circular waveguide in the HEir mode. The circular tion were noticed when the magnetic fields were changed over
HEr1 mode transmitted through 1.25 in. i.d. corrugated waveg- the operating range of the gyrotron. The remainder of the trans-
uide which is manufactured by GA using a unique machining mission system was connected and rf was successfully injected
process. A direct machining process is used on aluminum tube into the DIII-D vacuum vessel. At present there is no quantita-
in 7 ft lengths. The sections axe joined together using helicoflex tive information av-cdlable a._to th_. co11p!ed pnwer delivered into

! seals and a simple sleeve/snap ring arrangement. This technique DIII-D, nor the overall efficiency of the system at high power
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VacuumGau_ Waveguide,1.25in.diam.
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Fig.3. Transmissionand modeconversion

levels. It should be noted that low power testing of the vari-
ous componentsshowed verypromisingresultsasshown below: References

ComponentE_cienciesatLow Power[4] [1] J.Allen,"EightChannel-- 16Bit,BidirectionalAnalogto

Mode converter >95% DigitalMonitoringand ControlSystem,"thisconference.

WaveKuidesection(10 meter) >99.5%
Mitre bends >_99% [2] T. Harris, "Active Heater Control and Regulation for the

Varian VA-8011 Gyrotron,' this conference.
Further testing is planned to verify the overall ff e_ciency

of the transmission/converter system. Ali testing to date has [3] C.P. Moeller, "Compact Wavegulde Converter Apparatus,"
been conducted at pulse lengths of <2.5 ms at a rep rate of 2 Hz U.S. Patent Application filed January 9, 1990.or less.

Acknowledgement [4] C.P.Moeller,"110 GHz ECH System forDIII-D,"to be

Thiswork was sponsoredby theU.S.Department cfEnergy publishedin the Proc.of18th European Conf. on Con-
under ContractNo. DE-AC03-89ER51114. trolledFusionand Plasma Heating,Berlin,Germany, 1991.

3



nii n/Q
!1 ' '




