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Abstract

The Compact Ignition Tokamak {CIT) device is planned
as the next major fusion device to be buiit at the Princeton
Plasma Physics Laboratory to demonstrate ignition operations
of a burning plasma. Stringent engineering requirements have
been imposed on this device by physics necessities of high mar-
gins against ignition and by cost constraints in minimizing the
overall cost of the project. A compact design has been devel-
oped under these design conditions incorporating many unique
design features, including a hydraulic preload sysiem to pro-
vide a compression load to the toroidal field (TF)} inner leg
and using a high-strength copper-Inconel composite material
in the design of the TF coil and the ohmic heating solenoic.
The device is inertiaily cooled by liquid nitrogen, aad the vac-
uum vessel, coils, and supporting structure are contained in a
tiaermally insulated cryostat. A close-in igloo shield surrounds
the derice to provide the capability for hands-on access within
the test cell and also to minimise activation. Even with the
compact nature of this device, there still remains the basic re-
quirement of maximizing access to the plasma for diagnostics
and heating components; access for electrical leads and coolant
lines; and access to provide the capability of remotely main-
taining all diagnostic and peripheral equipment that interfaces
with the device. This paper describes the configurational de-
velopment that has taken place during the conceptual design
period of the CIT preject, highlighting the major design inte-
gration features used to develop a functional device that meets
the physics and component design requirements.

Introduction

The core configuration of the present Compact Ignition
Tokamak (CIT) device was dereloped as an outgrowth of the
ignition studies carried out during FY 1986. A number of char-
acteristic features evolved during this phase, which resuited
in three distinguishable candidate design options. The distin-
guishing features inciuded a hydraulic preload system used to
apply a preload to the inner leg of the toroidal field (TF) coil; 2
sliding- joint concept located near the TF coil inboard leg which
acts to decouple the vertical load of the outboard region of the
TF coil from the inner leg; and a conventional TF coil design
option that incorporates a copper-Inconel sandwich construc-
tion to optimize the resistance and strength characteristics of
the coii. Figure 1 illustrates the three design options and high-
lights their characteristic features. After further design and
structural analysis, the sliding-joint approach was found to he
less effective than the preload method in unloading the TF cail
inner leg. The joint extended beyond the straight section of
the TF coil; current was therefore able to flow around the cor-
ner, and an appreciable amount of vertical load thus remained
in the TF coil ipner leg.

A baseline design configuration was established which com-
bines the features of the hydraulic preload concept and the
zomposite copper-inconel TT coil design. The machine size
has evnlved during the preconceptual design period because of
physics and engineering refinements. The present haseline ma-
chine sits at }.75 m. It has more margin with respect to 4 and
V-s. has more reasonable vacuum vessel and first-walil enveiope
space. and does not rely nn an active preload system to achieve
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Fig. 1. Ignition studies design options.

normal operating coaditions. The preload structure currently
is designed to allow the TF system to operate at 12 T: the
system, however, can operate independently of any preload at
10 T to meet normal operating parameters. Figure 2 [1] traces
the machine size changes from the current baseline, 1.75-m
machine back to the FY 1986 devices developed during the
ignition studies period.
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Fig. 2. CIT size evolution.

System Contiguration

The details of the CIT device core are shown in Fig. 3.
which highlights a copper-Incone!l ohmic heating { OH) solenoid
and a TF enil inner leg, exterior poloidal field (P} coils. and
interior control coils. The TF coils arc modified hitter piates
with the inner leg made of a composite of explosion-honsied
copper %o [nconel. A partial case is used to support the upger.
lower. and outhoard leg sections. The TF and PF coaiis are
nitrogen precooled. undergoing an adiabatic temperature rise
during a puise. The solenoid coils are a douhie-pancake tvpe ot
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Fig. 3. CIT device core.

winding cut from a single laminated plate of explosion-bonded
Inconel-copper-Inconel. The vacuum vessel is made of Inconel
625 material with double-wall inboard and single-wall outboard
coustruction. A total assembly is prefabricated into two 180°
sectors, inserted into two TF coil haif assemblies, and joined
together in situ by welding. Sixteen large horizontal ports and
16 pairs of circular vertical ports, top and bottom, are attached
to the main vacuum vessel. The vessel assembly is cooled by
forced nitrogen gas that passes through poloidal cooling chan-
nels welded to the outside of the vessel. Although the machine
major radius has increased because of size changes imposed
by physics and engineering refinements, the basic-device core
configuration has not changed. The CIT device is [ocated in a
circular test cell. Trade-offs were made between circular and
rectangular test cells, and the circular cell was selected, primar-
ily from a cost standpoint. The CIT device—test cell interface
is illustrated in the plan view drawing of Fig. 4. A pellet injec-
tion system and a diagnostic neutral beam are housed outside
the test ceil; midplane tubes are used to interface with the vac-
uum vessel. The device core is housed in a thermally insulated
crvostat. Upper and lower glass epoxy compression blocks and
stainless steel support piates are located between the tokamak
device core and the preload structure. The compression biocks
transmit the preload to the TF coil inner leg while insuiat-
ing the cold coils from the warm support plate and preload
structure. In an early preload structural design, sized for a 50-
miilion-pound preload (see Fig. 1), a hydraulic assembly was
Incated hetween the upper compression biock and the support
plate attached to the preload structure. The hydraulic cylin-
ders were [ocated in a direct load path to the preload structure;
however, their position presented difficulties in replacing them
and limited the area of the cylinders, requiring an wperating
pressure of 30.000 psi. Design changes were required to correct
this sirzation. The CIT physics requirements were also modi-
fied to include a 12-T operation, imposing a 115-million-pound
design requirement on the preload structure to uninad the TF
coil inner leg. Figure 5 shows the revised preload structural
design that was developed to meet these changes. The current
structure consists of thick plates ard built-up I-beams. An in-
tesmediate structure has been located between the device core
and the hydrauiic crlinders. allowing them to be located in the
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Fig. 5. Preload structural design.

basement of the test cell (improving maintenance) and enabling
the area of the cyiinders to increase. In this revised design. the
hvdraulic pressure is reduced 1o less than 10,000 psi.

A close-in 1.3-m-thick burated-concrete igivo shield sur-
rounds the device core and is designed to minimize penetra-
tivns through it and to maximize the ease of access to internal
components. Most peripheral components are located hetween
the igioo shield and the device thermal boundarv. The igino
shieid reduces air activation and allows hands-on access within
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the test celi. Figure 6 illustrates the device core and press
structure with a typically configured close-in igloo shield. A
number of configurational options are being considered to op-
timize access and maximize device component maintenance.
Figure 7 shows the typical arrangement for routing diagnostic
lines to midplane and vertical ports. [n general, the lines are
routed in a space left between the igloo shield and the thermal
cryostat and exit in a floor trench.

Ex-vessel remote maintenance tasks in the test cell are ac-
complished by using a bridge-mounted manipulator system and
a mobile telerobot. Personnel access into the test cell is permit-
ted 24 h after shutdown with the igloo shield in pirce. In-vessel
maintenance tasks are accomplished by using two articulated-
boom manipulators to replace graphite tiles and divertor plates
and for leak detection and welding. They operate under vac-
uum and are stored behind a shield plug 2nd vacuum isolation
valve.
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In summary, the CIT device configuration kas Leen estab-

lished which meets the physics and engineering requirements
as specified in the preconceptusl design phase. The size of
the CIT device has grown because of physics margin, operat-
ing needs, and engineering component design and/or space re-
quirements. Although the machine size has changed, the over-
all configurational concept has been retained. As the project
proceeds into the more detailed level of design, undoubtedly
there will be changes. The basic configuration will also evolve
to meet the changes brought on by component design, opera-
tions, or maintenance requirements.

Reference

{1] Data developed by W. Reiersen (Princeton Plasma Physics
Fig. 6. [sometric view of CIT device core. Laboratory) in periorming CIT system studies.
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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 iegal liability or responsi-
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TOPICS TO BE COVERED

DESIGN OPTIONS CONSIDERED IN THE
DEVELOPMENT OF CIT

OVERVIEW OF THE CIT BASELING
CONFIGURATION

SUMMARY



IGNITION STUDIES DESIGN OPTIONS
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(Hydraulic Preload) (Sliding Joints) - (Cu Inconel)



AN IGLOO SHIELD WAS DESIGNED TO MINIMIZE PENETRATIONS THROUGH IT
PLUS MAXIMIZE EASE OF GAINING ACCESS TO INTERNAL COMPONENTS
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IGLOO SHIELD ARRANGEMENT




OTHER CESIGN OPTIONS WERE STUDIED

NonPress Option internal PF Option

PTAPT AT RN




CIT HYDRAULIC PRESS DEVELOPMENT

PICTURE FRAME TENSION LINK COLUMN & SLEEVE
1.32 m RO 1.76 m RO 1.7 m RO
25,000 T PRESS 67,600 T PRESS - 25,000 T PRESS



CIT CONCEPTUAL DESIGN
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KEY CIT ENGINEERING DESIGN FEATURES INCLUDE:

18 HIGH STRENGTH CU-INCONEL TF COILS

ALL EXTERNAL PF COILS WITH INTERNAL CONTROL COILS
HIGH STRENGTH CU-INCONEL OH SOLENOID
INERTIALLY-COOLED LNs TF AND PF SYSTEM

CONFIGURATION ALLOWS INCORPORATION OF A 52,000 METRIC
TON PRELOAD SYSTEM

CLOSE-IN IGLOO SHIELD USED TO MINIMIZE AIR ACTIVATION
IN-VESSEL, VACUUM RATED, REMOTE MAINTENANCE SYSTEM

OVERALL DEVICE CONFIGURATION DESIGNED FOR REMOTE
MAINTENANCE OF DIAGNOSTIC AND PERIPHERAL EQUIPMENT



CIT DEVICE CORE

Vertncal Access Ports
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TF ASSEMBLY




PRELOAD SYSTEM

o THE PRELOAD STRUCTURE IS DESIGNED TO SUPPORT A VERTICAL
PRELOAD ON THE TF INNER LEG CONSISTING OF:

52,000 METRIC TONS
241 MPa ON TF INNER LEG

o THE PRELOAD STRUCTURE CONSISTS OF THICK PLATE, BUILT-UP
I-BEAMS

o A HYDRAULIC SYSTEM, WITH MULTIPLE HYDRAULIC CYLINDERS
OPERATING AT 55 MPa DEVELOPS THE PRELOAD



CIT FRONT ELEVATION VIEW
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CIT SIDE ELEVATION VIEW
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THE MAJORITY OF DIAGNOSTIC/MACHINE INTERFACES
OCCUR INSIDE THE IGLOO SHIELD
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IN-VESSEL REMOTE MAINTENANCE SYSTEM
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PLAN VIEW OF DEVICE/TEST CELL
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SUMMARY

o A CIT DEVICE CONFIGURATION HAS BEEN ESTABLISHED WHICH
MEETS PHYSICS REQUIREMENTS, PERFORMANCE MARGINS AND
. ENGINEERING COMPONENT DESIGN NEEDS

0 THE BASELINE (Ro=1.75 m) MACHINE APPEARS REASONABLE
BASED ON THE ANALYSIS PERFORMED TO DATE...MORE
ANALYSIS REMAINS TO BE DONE



