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ABSTRACT to the Ac_A and Gradient Grids of each of the Ion Sources
via the (M/R), also located in the NBPC Building.. The

The Tokamak Physk, _ (TPX) will utilize to the M/R employs a series High Voltage Switch Tube (highmaximum extenttheexistingTokamak FusionTestReacta,r
(TPTR) equipment and facilities. This is particularly trtte for powered Tetrode) in a floating deck design. Power
the TFTR Neutral Beam (NB)system. Moat of the NB transmission from the M/R to the Ion Sources is
hardware, plant facilities, auxiliary sub-systems, power accomplished using a High Voltage Deck (HVD) and a
systems,service infrutmctme, and oonlml |yl;telnsfJtnbe Transmission line from the HVD to the Ion Sources.
used as b. The majardumps in the NB hardwme are drivenby Other power supplies include those for Arc, Filament
the new operating duty cycle. The TFrR Neutral Beam wu and Decel Grid of each Ion Source. In the TFTR there are

designed for opemimt of the Stoma= f_ 2 moonds every 150 twelve Ion Sources installed capable of delivering 34 MW
t_cml. The TPX requires operation for 1000 secm_ every to the Ptamm.Itis _ tousethreeof theSourcesfor
4500 tagonds. During the Conceptual Design Phase of TPX TPX. The Electrical Power System will be reconfigured
every cempcmemof the TFFR Nil _ Power System was and modified to feed the three Ion Sources to meet the TPX! analyzed to verify whether the equii3meettctm meet the new
operational req_mts with or without modifications. The operating scenarios.
Pow_ System oonvem 13.8 kV prime power to controlled

power requiredat the NB smax:es.The majorequipment DESCRIPTION AND CHANGES
involved are circuit breakers, auto and rectifier _ansformen,
surge suppreuion comimtmnt_ power W.a'ggle,,HV Decks, and The majority of the NB power components are usable
HVDC power transmission to murces. Thermal models were for TPX with appropriate modifications and reconfi_n
developed for the power transformen _ simulate the new to achieve the the,mini capability required for long pulse
operational requirements. Heat rum wea'e conducted for the operation. Each component of the Electrical Power System
power tetrodes to verify capability. Other oomponems were was analyzed to verify whether the new operational
analyzed to verify their thermal limitations. This paper requirements can be met. The One Line diagram of the
describes the details of the evaluation and redesign of the Accei Power System is shown in Fig. 1. The principalelectrical power Iystem components to meet the TPX
operational requiremems. COOC_ was the thermalcapability of the Autotransfonnerand the Rectifier Transformer. Thermal models for the

INTRODUCTION transformers were developed and based on simulation
studies it was decided to operate two units in parallel for

The Neutral Beam System (NBS) for TPX consists of each of the Sources. The other area of concern was the
a single besml/ne with three (3) Ion Sources that deliver a M/R High Voltage Tetrode which was successfully tested
total of 8 MW to the plasma for a pulse duration of 1000 and CW operation was demonstrated. The Following
seconds at one pulse per 75 minutes, for a maximum of 10 describes the major power system components and details
pulses in 24 hours. Each Ion Source has an independent of any modifications required to meet the TPX operational
power supply system capable of being operated from a scenario.
Local Control Center or remotely from the Central
Instrumentation Control And Data Acquisition System AC Power:
(CICADA) System.

The Neutral Beam Power System is composed of The AC Power for the major load of Accelerating
electricaland _ systems that convert the 13.8 kV Grids is received at the Fast Vacuum Interrupter (FVI) via
prime power to controlled pulsed or continuous power at 3-1/c 500 mc.m feeder cables [6]. The power requireanent is
the output of the power syslem as required for ttJe various 34.5 MVA from the 13.8 kV bus. At present one set of
elemeats of the ion somr,es and auxiliaries. 500 mcm cables feed three sources. For the TPX machine

Each Primary Power Subsystem (PPS) has a low- an additional 3-1/c 500 mcm cables will be provided to feed
impedance dc power output designed to provide good three sources in order to meet the new thermal capability
voltage regulation for the _,elemting and gradient grids of requirements. The existing provision to select power from
each ion source. The function of the PPS is to convert the two different buses will be retained.

f'Lxedfrequency AC Power to the controlled dc power for The auxiliary loads (total of 0.59 MVA) consisting of
the Modulator/Regulator (M/R). This subsystem consists Decelerating Grid, Arc, Magnet, and Filament are fed from
of primary power selector switches, Fast Vacuum 480 Volt buses. No changes are required for these feeds.

In_ (FVI),voltageselector (A_onner), and _ MA _t_TE_
high voltage transformer rectifier, which me located in the Fast Vacuum Interrupter
NB Switchyard, and a Surge Room with crowbar and
capacitor banks located inside the NB Power Conversion The FVI is used to disconnect the _'_BPS from the
(NBPC) Building. From the Surge Room the power is fed prime power source in the event of a fault in the secondary
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of the HV mmsformer-/rectifier or output load. Ant the transformerhasa high currentdensity (7000 A/in2) and
upstreamAC breaker will open ff a fault occurs between is likely to develop high hot spot temperatures.
theFVI andtheHV transformer-rectifierwimary. Hence, for the TPX system the output of the two

The existing tge.aker is 500 MVA, 1200 Amps, (23 rectifier-transformerswill be connected in parallel to feed
kA internq3C_grating, 37 kA Momentary).The breaker is one Source. A two conductor High Voltage DC (HVDC)
adequately rated for TPX operation, after taking into cable will be installed from one surgeroom to the other to
consideration that the crowbar current is doubled to accomplish parallel configuration. Initial review of the
al_y 6000 Amps symmetricalat tap# 12 of the transformerimpedancesindicatethat load sharing of the
Auto transformer,the highest _ operatinglevel for parallel paths will be within 5%. Testing is required to
TPX.TbebnswoAfromtheFVIto_ mmmmsfonneris veri_,proper_
also_ raiL

One FVI will be connected to feed two Surge Room(TransientSuppression&Crowbar)
AutotrmsfonnerL The connectiom will be such that the
otherFVI will be on standby. See Fig. 1 fordetails. During the turn-onof a NeutralBeam pulse, transient

energy must be supplied to enhance the rise time. A 6 pF
Voltage Selector (Autotratt_ormer) capacitorbank is in_ at the HVDC omput of the

rectifiertransformerand will store 85 U at 166 kV (open
The voltage selector is a seventeen (17) position circuitvoltage) for this purpose. A resistoris connectedin

tapped_otmer ratedat 2.4 MVA (CW) equipped series withthe capacitor bank in orderto match the system
with a motorized tap changer, and housed in an oil filled andreducevoltage transientsduringturn-onor turn-off.
convection cooled tank.The controllerlm3videsadjustment A high speed crowbar is connected to the output of
capability for the PPS outputvoltage throughthe range of the capacitor bank to divert fault energy from the ion
30 kV de to 150 kV de. Currently on TFTR there are sourceand HV Switch Tube (in the Modulator/Regulator).
twelve such units in use, with one additionalunitas spare. The crowbar design is based on the use of iguitrons.
The parallel connections me shown in Fig. 1. Crowbarfn,ing will take place within 2 to 3 microseconds

The thermal capability of the Autotransformer has of detecting a faulL The crowbar must handle the charge
been analyzedand docmnentedper Ref. 4. Fig. 2 gives the stored in the capacitor bank (about 1 coulomb) as well as
thermalmodeLTiw,nnal simulationof the Autotransformer thatdrawnfrom the primarylines until the FVI opens and
using the model indicates thatthe duty cycle imposed for disconnects the system. The existing crowbaris designedto
the TPX operating scenario will result in increased draw20 coloumbs from the primarylines.
temperatme of the series winding. In order to meet the With parallelled transformers the crowbar ignitron
increased thermal capability requirements fog the longer chains of each of the two surge rooms will also be
pulses in TPX, two auto-autotransformers will be connectedin parallel.Underthe conditions of failureof one
connected to feed one Source. Thus six autotransformers parallel path the second path must handle all the charge.
will be used forfeeding three Sources. Data on the ignitrons (National ElectricNL-372A8) used in

the crowbar circuits indicates that the ignitrons with
HV Transformer-RecUr enhanced watercooling will meet the requirements.

The I-IVtransformer-rectifieris of a 2.24 MVA (CW, Modulator/Regulator (M/R)
Impedance of 8.5% at 11.9 MVA base) unit with a three
(3) winding power transformeron a single ironcore witha The key component in the M/R is the High Voltage
Wye connected pcinmryand two secoadafies of which one Switch Tube, RCA No. $94000E, manufacturedby RCA.
is connected in Wye and the other in Delta. Two rectifier The tube is designed for two megawaUsof continuous plate
tnmsformerswill be connected to feed one source forTPX dissipation. In the 'IFTR application the robe has operated
in order to meet the thenual requirements. The rectifier reliably at one MW dissipation on a pulsed mode of two
partof each rectifier-transformerconsists of two 3-phase secondsevery one hundred-fiftyseconds. However, the low
full wave bridges connected in cascade for 12 pulse mass construction of the unit indicates that steady state
operation, giving a voltage output of 167 kV. The HV thermal equilibrium is reached in less than a second. To
transformer-rectifierassembly is contained within a single verify this assumption, a one-hour, trip-flee test at one
oil-filled tank located outdoor next to the NB Power megawatt(the power nominal requiredforTPX operation)
ConversionBuilding. was s,w,cessfully conductedat the Burlehgility.

There are thirteen units at PPPL including one spare. The only major component of the M/R that requires
Three are aluminum wound coils and the rest are copper modification for the TPX operating conditions is the
wound. Thermal capability of the rectifier-transformerhas GradientGrid Resistor, which is a tapped voltage divider
been analyzed and documented per Ref. 5. The thermal that provides a voltage to the ion source gradient grid.
model for therectifier-transformeris simularto that for the Underconsiderationis a watercooled resistorassembly or a
autotransfonner(see Fig. 2) with changes to include three floating Gradient Grid Power Supply proportional to the
windings and rectifier losses. The thermal simulation accel voltage.
indicates that the unit may withstand the 1000 second With a few minor exceptions, all other structural,
pulses every 3500 seconds from the point of view of electrical and control components of the Mod-Reg
averagetemperaturerise. However, the primarywindingof equipmentcan be used as is forTPX.



, transmissionline contains cables for Ace.el,GradientGrid,
Arc and Filament Power Supplies Arc, Fdamen_and Instrumentation. All conductors in the

transmissionline are refereaw.edat the Accei voltage (120
The Arc power supply must be capable of supplying kV) maximum).Watercooled hollow conductorsareused

I00 V, 1200 A continuously and 160 V, 1200 A for the forArcand Ftlament.
initial ten seconds of each 1000 second pulse. The A 12" aluminum tubularenclosure will be utilized for
Filament power supply must be capable of supplying 10 the transmission line conductors. All conductors will be
V, 3200 A continuously and 15 V, 5500 A for the initial insulated by SF6, an insulating gas, at 1 aim gauge. The
tm secor_ _ ea_ I000 socond pulse. The componentsof robe walls will be sized to supporta vacuum of 300 mtorr
theexisting _ will be retainedwith the eXeelgkmof for leakcheckingas well as the 1 arm of SF6. A spacer-
the three winding isolation transformers, the Variable guide, fabricatedof G-10 fiberglass or similar material,will
Voltage Transformers (VVTs), and the High Voltage be utilized approximately every 4 feet throughout the
Eaclomu_(RYE). transmission line to locate the high current conductors

The existing 120 kV isolation transformers are not within the enclosure and to counteract the electromagnetic
capable of operation for the long pulse length. The new forcesactingon these conductors.
transformers will be of open frame construction, The fines will be run under the floor from the high-
eliminating the need for the existing HVE. In addition, voltage deck in the NBPC building to the Ion Sourcein the
tappedinducgrs will be procuredto replacethe VVTs. Tokamak Test Cell. Existing floor and wall penetrations

Improvements to the existing system will include a will be _ A special section of the fine containingthe
closed 1o09 feedback system to control the waveshapeand Ion Source Protection Equipment (ISPE) will be located

characteristics, harmonic cancellation filters to below each ion source in the Test Ceil. The new location
reduce ac harmonics, and _ filters to reduce de output of the snubbers in the ISPE further minimizes the fault
voltage ripple, energy to the ion source. Also, the transmission line will

terminate in new electrical connections designed to
Magnet Power Supply facilitatesource installationandrepair.

The existing power supplies for the magnet are Instrumentation and Controi
suitablefor TPX.

The Neutral Beam Injection System (NBIS) has an
Decel Power Supply extensive Instrumentation and Control (I&C) system for

the power equipment consisting of local power control
The Decel supply is being operated far below it's centers, magnet controllers, source fault detection

nameplaterating of 3 kV, 20 A (continuous). Again, TPX equipment, and timing controls. The beam power is also
operations will change only the pulse length, not the interlockedto the plasma discharge monitor, the machine
voltage and current requirements. The existing Decel state monitor, the beamline temperaturescanning system,
supply will be used as is with minor modification to the andthe Im3grammablecontrollers for the beamlineandgas
cooling system to improve tubesocket heat dissipation, injection subsysems. Also, a summation of the individual

source powers is transmittedthrough the beamline power
High Voltage Deck monitor in real time to the plasma control system. The

I&C system is interfaced to the computer system through
High Voltage Decks (HVDs) fox the proposed TPX digital and analog input/output modules, multichannei

Neutral Beam Systems are to be located in the Neutral digitizers, timing modules, and remote consoles and
Beam Power Conversion building, adjacent to their displays. For TPX the existing I&C system can be used
associated Modulator/Regulators and Surge Rooms. The virtuallyas is with minorchanges to add a link interfaceto
new configurationwill be an air-atmospheredesign, rather the upgradedcomputersystem.
than the currentSF6-filled enclosure. Advantages of this The NBIS also has an extensive personnel and
configurationinclude improved and expedited access and equipmentsafety system consisting of KirkKey interlocks,
testing of components. Existing Arc and Filament de emergency stops, test cell door interlocks, and hardwired
supplies and telemetry will be utilized. Modifications will power system status displays and permissives. All of these
include new isolation transformers, dc filters, and safetyfeaturescan be retainedas is for the TPX program.
insulatingdeckmplxm suucmre.

CONCLUSION
Ion Source protection equipment pcesenfly housed in

the HVEs in the Test Cell Basement will be relocated to a Suitability of the various TFTR Neutral Beam power
positionnearthe Nil Ion Sources in the Test Cell. system components for TPX application has been

established by engineering analysis, thermal modeling
Tran._dssion Line and/or actual testing. Thermal capacity for the TPX

operatingscenario has been achieved by rearrangementof
the power equipmenL The primarychanges are parallelingThe _on line is the pathway by which energy

fromthe NeutralBeam Power Conversion System is fed to the Accel HV Power Supply components, reconfiguration
each NB Ion Source, three of which are mountedon each of the High Voltage Deck, and a new transmission line.
Beamline located in the Tokamak Test Cell. The Thus the majority of TFTR Neutral Beam power system



I

equipment can be used for the TPX Machine with minor, [3] "TransformerRectifier - Operation, Service, and
changes, modificationsand/orrec,onfiguration. MaintenanceManual" TRANSREX No. A20-046787

[4] "Thermal Analysis of the NB Autotransformer"
ACKNOWLEDGMENT Report # 21-930217-PPPL-NFSR-02

This work was suppmled by US DOE ContractNo. [5] "TL_ermalAnalysis of the NB Rectifier Transformer"
DE-AC02-76-CHO3073. Report# 21-930217-PPPL-NFSR-01

REFERENCES [6] C. Neumeyer, et al "TPX Power Systems Design
[1] "SystemDescription - Neutral Beam Power Supply" Overview"15th SOFE Conference paper 5-PA-24

TFTR-SDD-SB
[2] "OLTC Autotransformer - Operation, Service, and

MaintenanceManual"TRANSREX No. A20-046786

IIGE _qmaI Zt_g g_I

f-
I_l_-tl I i 12&P-| I [inmmm _ 0

_ I_:_lrXlI , izm ettmmm

¢ j
# f

0
-t 0 I

I

O l o f

t tl I o I
(I_IL II | t
.q ,. ,... m t .,. R m II

o f
- ;.*g...... ., , P i t

t !
801t_ IK_I I .... J

xutv v_,_am _relma- r ..... ffadr4r
otm,flmm, l,gg IICTXlrl Im- |

1 I •

11

i

e I I !

o I O I
-t .... I ---J I

_ _ _,.,_ .

le p.;i.l - .+ e - - J
211

I2II-. II2I--I !"7 12Itl--tI _------_ II2II-I

"'' I
• ......"=" .c..-.
ran,:, i : _ .x-,,-. l-l,-:-i .... "_'-" I

',,,.+,-.i.___t ,,0.-,, I-----I .0.-" .I---I

I I-----I, ,5,,,-,, I--I ,

Figure 1 • NeutralBeam Pow_ Supply One Line Diagramfor AccelerationGridSystems -Ion Sources
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Figure 2" ThermalModel of the Autotransformer

The C & R values areThermalCapacitanceWatthours/degreeC
andThermalResistancedegreeC/Watt respectively



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.






