RemoteMaintenanceModule

* * Supported by DOE Contract Number DE-AC03-96SF20869--The FIRE configuration has been designedto meet the physics objectives and subsystemrequirements in an arrangement that allows remotemaintenance of in-vessel components and hands-onmaintenance of components outside the TF boundary.The general arrangement consists of sixteen wedgedshaped TF coils that surround a free standing centralsolenoid (CS), a double wall vacuum vessel andinternal plasma facing components. A center tie rodis used to help support the vertical magnetic loadsand a compression ring is used to maintain wedgepressure in the inboard corners of the TF coils. Themagnets are liquid nitrogen cooled and the entiredevice is surrounded by a thermal enclosure. Thedouble wall vacuum vessel integrates cooling andshielding in a shape that maximizes shielding of ex-vessel components. The FIRE configurationdevelopment and integration process has evolvedfrom an early stage of concept selection to a higherlevel of machine definition and component details.This paper describes the status of the configurationdevelopment and the integration of the majorThe isometric view of Figure 1 shows the FIREexperimental device with the insulation enclosurepartially cut back to expose the core components.An in-vessel remote maintenance module is alsoshown attached to one port. Figure 2 highlights ingreater detail the major device core components.The Burning Plasma Experiment (BPX-AT), anearlier design study, was used as a reference indeveloping the details of FIRE and somesimilarities are evident in the design. However,there are several very significant differences in the Double null gaseous divertors are chosen overthe "swept" double null used in Gaseous divertors have been shown to beto the divertor regions throughout the first wallrather than depositing it in a localized toroidal A double-walled vacuum vessel with integralshielding has been adopted. This is animportant differentiating feature between FIREand BPX-AT. Besides providing improvedvessel structural stiffness, this configurationmakes use of the cooling jacket as nuclearshielding. This shielding location reducesnuclear heating in the TF coils and reduces thedose external to the vessel. The reducednuclear heating permits longer flat top timesand higher current densities than wouldotherwise be possible. This "close in" shieldingarrangement also reduces the dose outside thevessel and activation of nitrogen that is in the

Wedged TF Coils (16)Inner Leg BeCu 77% IACSremainder OFHC Compression RingDouble Wall Vacuum Vessel (316 S/S)Double Null DivertorW-Outer Divertor PlateCu backing plate, actively cooledPF Coils OFHC

First Wall Be tiles

Coils cooled to 77¡K prior to pulseFigure 2. Isometric View Illustrating the MajorCore Components Higher plasma triangularity ( of 0.4 vs. 0.2-0.3) is provided for improved performance. FIRE has the potential for a much greaterrange of operation. The primary mode forFIRE is to operate as a high Q (5-10) burningplasma experiment. In this mode, FIRE iscapable of D-T shots at 10T with a flat toptime of 21 s and a plasma current of 6.44 MA.Based on TFTR experience, many of thepulses leading to a D-T shot are performedwith D-D plasmas to establish pulserequirements. With D-D, nuclear heating willbe insignificant and the pulse can be extendedto 31 s. It can also operate in a "TPX-like"mode (4T, 2 MA) with flat top times up to243 s. Recently, a study was made of a highfield (12T) option for FIRE. This requires theuse of a higher strength version of the C17510BeCu used in the highly stressed inner leg ofthe TF coil. This could make possibleoperation with a 7.7 MA plasma, 12 T field for12 s in D-T, and 18.5 s in D-D with modestreductions in the flat top times in the otheroperational modes.Design FeaturesFigures 1 and 2 illustrate the design features ofthe reference design. The major components andfeatures are: Sixteen wedged TF coils. They are inertially LN2cooled, with a partial coil case. High strengthBeCu C17510 is used in the inner legs; OFHCcopper is used in the remainder of the coil.Compression rings girdle the TF coils to suppress"dewedging" in the upper and lower insidecorners of the coils. A central tie rod reacts aportion of the vertical separating force. Two pairs of divertor coils (up-down symmetric).These coils are inertially LN2 cooled and stripwound with oxygen-free high conductivity(OFHC) (C10200) copper. Two pairs of external ring coils (up-downsymmetric). These are similar in construction tothe divertor coils and use OFHC copper. A free standing segmented central solenoid (CS).These coils will be made of LN2 cooled, OFHC,water jet cut, discs. A double-walled vacuum vessel. The inner spaceis filled with steel and water for nuclear shielding. Internal plasma facing components (shown inFigure 3). The Be coated Cu first wall andtungsten pin-type inner divertor module and baffleare inertially cooled through the vacuum vessel;the tungsten pin-type outer divertor module isactively cooled. The divertor is designed for ahigh triangularity, double-null plasma with a shortinner null point-to-wall distance and near verticalouter divertor flux line. Two outboard poloidal limiters, spaced 90 degreesapart, enclose the ICRH quadrant. A passive stabilization system consisting of aninboard pair of ring coils and an outboard saddlecoil. An active control coil system consisting of a pairof coils located within the outboard vessel jacket.Exploded view of divertor,inboard FW, outboard passiveplate and one of two poloidallimiters.

Figure 3. FIRE Plasma Facing Components

A thermal enclosure similar to the design usedfor C-Mod (i.e., polyimide foam insulation withfiberglass inner and outer protective/structuralskins).Design ChoicesSixteen TF coils were selected as the numberof coils to provide reasonably large openings betweencoils for in-vessel access. The radial position of thecoil back leg is set by a number of considerations,including access, ripple, and shield thicknessrequirements; FIRE’s design has good balancebetween these considerations. The inner leg of the TFcoil, where the stress is highest, is made of a highstrength, high conductivity variant of C17510 BeCu.This alloy was developed for BPX, andcommercialized since then by its developer, Brush-Welman. The variant we propose to use has a 0.2%yield strength of 720 Mpa and an electricalconductivity of 68% IACS. The stress in the outerregions of the coil is low enough to permit less costlyoxygen free copper (C102) to be used.The vacuum vessel double wall geometry wasformed with an inner surface that closely follows thecontour of the plasma, allowing space for the poloidallimiter, outboard passive plates and the divertorcomponents. The geometry contour is shown inisometric and elevation views in Figure 4. Theplasma-forming contour of the inner wall improvesplasma control characteristics and maximizes thespace for shielding.Machine AssemblyFIRE is assembled in four 90-degree sectionsbuilt up from a four-coil TF assembly and a 90-degreevacuum vessel quadrant, as illustrated in Figure 5. Avacuum vessel quadrant is rotated into the bore of theTF at assembly. Sixteen large, �straight-in� view portsare equally distributed along the vacuum vessel mid-plane. Sixteen upper and lower auxiliary ports areprovided, angled in a position to allow diagnostic viewof the divertor region.Small circular ports are also located at the top andbottom of the vacuum vessel, passing through theregion between the TF coil winding.The horizontal ports will provide access tothe ancillary systems outside the device. Three portsare assigned to RF heating, and the remaining portsallocated between diagnostics, vacuum pumping anda pellet injection system. Some port space will alsobe used for in-vessel PFC coolant routings. Theelectrical feed connection to internal control coils arelocated above/below two horizontal ports located 90�apart. The angled auxiliary ports, located in the upperand lower vessel regions, accommodate cryopumps,the divertor cooling lines and diagnostics.The radial build dimensions, listed in Table 1,identify the space allocated to the components in theconfined region inboard of the plasma center.

TF Module90� VV Quadrant

Figure 5. VV / TF Quadrant Assembly

ConclusionThe FIRE design and integration process hasproceeded to develop a first level deviceconfiguration that meets the physics objectives andsubsystem requirements. The design of the majorsubsystem components has also been developed insufficient detail to develop performance andpreliminary cost studies. Future activities willexpand the design to refine the system details,interfaces and the requirements for remote handling.Table 1. FIRE Radial BuildsCOMP BUILDCOMPTOTALmmDim DimMachine Center0.0gap00.0inner Cylinder310310.0gap100410.0CSInsulation inside10.0Nom winding thk380.0Insulation outside10.0400.0810.0bladder,shims,slipplane0gap10820.0inbdTFCS side case thkGround insul / filler0.012.0winding pack464.0ground insul / filler12.0plasma side case thk0.0488.01308.0Trapezoidal Effect0.01308.0TF TPT5.0Minimum TF/VV gap10.0VV TPT0.0Thermal Shield12.027.1335.inbd VVVV shell thkShield material15.020.0VV shell thk15.050.01385.TPT5.0Diagnostics/manifold0.0Alignment space0.05.01390.PFCModuleBlanket or Heat Sinkmanifold space40.00.0FW (Cu-H2O-SS/Be)10.050.01440.0Plasma SO35.0Plasma minor radii525.0PlasmaR02000.0