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ABSTRACT

The use of deuterium-tritium (D-T) fTuel for
operation of the Compact Ignition Tokamak {CIT)
imposes a8 reguirement for remote handling tech-
nology to carry out maintenance operations on
auxiliery machine components. These operations
consist of removing and repairing components such
as diagnostics and radio frequency (rf) heating
rodules using remotely operated maintenance equip-
ment. The major equipment that is being developed
to accomplish maintenance external to the plasma
cnamber includes the bridge-mounted manipulator
system for test cel) operations, decontamination
{decon} equipment, hot cell equipment, and solid
rad-waste handling equipment. lherever possible,
the project will use commercially available equip-
rment. Several areas of the maintenance system
design have been addressed in fiscal year (FY)}
1987, These included conceptual “=signs of manip-
ulator systems, the start of a remote equipment
research and develcpment (RZD} program, and
cdefinition of the hot cell, decon, and equipment
repair facility requirements. The manipulator
wierk included investigating transporters ano
viewing/1ighting subsystems. In each case,
existing commercial units are being assessed
initially, along with viable alternative
approaches. RE&D work also included demonstra-
tions of remote handling operations on full-size,
partial mock-ups of the CIT machine at the Dak
Ridge national Laboratory (ORNL) Remote Opera-
tions and Maintenance Development Facility.

INTRUDUCTION

The CIT will be the next exrerimental
racnine in the ¢.S. Fusion Prograr and will be
located at Princeton Plasma Physics Laboratory.
Its use of D-T fuel requires the implementation
of remote handling technology for maintenance and
disassembly operations. The module will be sur-
rounded by a close-in nuclear shield designed to
pernit personnel access into the test cell 24 h
after shutdown, Llith the shield in place, cer-
tain maintenance activities in the cell may be
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done hands-on. Maintenance on the tokamak will
be accomplished remotely with a beom-mounted
manipulator after disassembling shield modules.
Ma2intenance within the plasma chamber will be
accomplished with two articulated boom manipula-
tors operating in a vacuum environment. These
areas are not discussed in this paper.

The machine will initially operate in a
nonactivated hydrogen phase for approximately two
vears. This will permit verification of the
integrity of the total system and allow hands-on
repair of any equipment that fails during shake-
down or early operation. In addition, the opera-
tion of installed maintenance equipment in the
test cell will be demonstrated. Once D-T opera-
ticns commence, device maintenance will reguire
remote handling techniques. The design activi-
ties for FY 1987 have focused on establishing
equipment interfaces with the facility desian,
developing manipulator system reguirements, and
using mock-up demonstrations to sucport the toka-
mak configuration desian. These activities are
described in the following sections,

FACILITY FEATURES

The maintenance pnilosophy for the test cell
is influenced by the close proximity neutron/
garma shield surrounding the machine, which
allows personnel access into the test cell.
Hence, maintenance operations can be performer
hands-on in the test cell with the shielc intact
but must be remotely performed wher the shielcd is
disassembled for machine access. The shield has
a modular construction so that removel of 2
shield mocule exposes a secment of the rmacrine
for rmaintenance work. Figure 1 is en iscmetric
view of the tokamak with the shield structure
partially removed. A bridge-mounted master-slave
manipulator system and the overhead crane are
used to maintain or replace eguipment modules
that interface with the machine. Fiqure 2 is a
cutaway view of the tokamak, the bridge-mounted
manipulator, and the polar bridge crane containec
in the test cell. A second, floor-based mobile
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DE-AC05-840R21400 with Martin Marietta Energy Systems, Incorporated.
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Fig. 1. Compact Ignition Tokamak with the nuclear shield partially removed.

raripuiator (not shown} is used for operations
in the area underneath the machine.

The shielded test cell is adjacent to an
airlock transfer area, leading into the decon
cell, After decon, highly activated components
are remotely loaded into a shielded cask for
transport to the hot cell. MNon-activated com-
ponents are transferred to the warm cell in an
unshielded containment structure. The hot cell
and warm cell are located in an existing shielded
building, which will be modified to meet the CIT
needs. The hot cell will also contain the equip-~
ment for solid rad-waste handling.

IAILTEGAMNCE CORCEPT DEVELOPMELRT

The CIT maintenance concept relies primarily
on remote means to repair and replace failed
equipment on the tokamak machine. Highly irra-
diated and contaminated auxiliary components of
the fusion device, such as diagnostics, rf
heating, and fueling systems scheduled for repair
or replacement, will be removed from the test cell
through shielded doors on a cart transfer system.
The general sequence of operations for component
maintenance is shown in Fig. 3. The main path for
failed components is remote removal and transport

to a shielded facility for decor followed by
transfer to the hot cell for repair. If repairs
cannot be performed, the component will be
scrapped. The radioactive components will be
remotely processed by special tools to reduce the
volume of scrap before it is placed in sealed con-
tainers, which are then stored awaiting off-site
shipment.

The major thrust of the work for FY-1%587 has
been to define maintenance requirements tc @2
degree sufficient to identify major impacts on the
facility configuration. These studies inclucec
evaluation of remote handling and manipulater
transporter system arrangements, access to machine
components regquirirc remote mairterance, arc
requirements for transport, decontemination, ant
repair or disposal of failed components. The
progress of these studies is described below.

Assessment of Manipulator Systems

Remote handiing and manipulator transport
systems have a major impact on cell con-
figuration and eguipment layout. This study
investigated the best way to provide manipulator
coverage of the tokamak and associated cell
equipment. Alternatives included overhead
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A bridge-mounted manipulator system and the overheac crane are

the primary eguipment for test cell maintenance operations,
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Fig. 3. Equipment maintenance sequence.

systems with either a telescoping boom cor a
rigid mast and floor-based systems includina
fixed-mount and mobile manipulators.

The prime candidates that evolvec from
these studies were the bridge-rmounted manicula-
tor with telescoping mast, showr in Fig. £, and
a floor-rmounted system with an articulated boom,
shown in Fig. 5. These systems are comparec
in Table 1.

The overhead system has beenr selected fcr
the baseline configuration. This resultec frem
a comparison of the two systems and also modifi-
cation of the arrangement of the igloo shielgd to
provide unrestricted manipulator access. The
overreacd system orovides full test czll ceoverace
without interference from flocr-mounted macnine
components.

Impact of the Igloo Shield on Maintenance
in the Test Cell

The repair of any of the ex-vessel auxiliarv
machine components involves gaining access to
the vertical ports on top of or beneath the
machine and to the 18 midplane ports on the side
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Fig. 4.

Fig. 5. Elevation view of CIT cell with
typical floor-mounted manipulator
positions.

of the machine. Any of these tasks requires
insertion of the manipulator slave with its TV
viewing cameras and auxiliary hoist into the
opening made by removing a shield module, as

Bridge-mounted manipulator
for CIT test cell.

shown in Figs. 6 and 7. In this study, it

was shown that the shield walls limited lateral
movement of the manipulator to essentially a
head-on radial approach to each port. This
created remote handling problems for the com-
ponent designer and imposed some abnormal
requirements for the slave-arm configuration and
motions. Severe restraints were also imposed on
the viewing systems and the means for providing
auxiliary hoisting assistance.

As a result of this study, the shield
designers revised the igloo design to maxirmize
manipulator access. The bridge-mounted mapipu-
lator now has free access to all the ports ex-
cept those underneath the machine. The over-
head transport system can position the manipulator
slave arms ang viewing eguirment ir and arourc
each diagnostic port and rf heating port to per-
form the intricate tasks of disconnecting and
replacing vacuum, electrical, and cooling
interfaces.

Computer Modeling of Manipulator Tasks

Three-dimensional, CATlA-developed kinema-
tic models of manipulators and solid models of
the upper diagnostic and midplane port areas of



Table 1. Comparison of Bridge-Mounted and Floor-Mounted Manipulator Systems

Positioning and Coveraye

Compatibility with Other
Systems

Ubstacle Avoidance

Impact on Cell Design

Uperations

Failure Recovery

Relative Cost

Polar Bridge-Mounted Manipulator
with Telescoping Mast

Floor-Mounted Manipulator
with Articuiated Boom

Covers entire work area of test
cell

Limited horizontal reach into
confined spaces

Vertical extensions limited to
30-35 ft.

Radial approach constraint

Competes with bridge crane for
overhead spatce

Creates 20-25% blind area for
hook coverage of igloo in round
cell configuration

Interferes with crane load moves

Bridge provides overhead clearance
Telescoping boom avoids need for
aisle-way clearance

Increases cell height by 5-6 ft.
Favors rectangular over round cell
configuration to minimize blind
spots for hook coverage in center
of test cell area

DOperates independently throughout
cell

Can operate through top plug
opening

Can traverse inside of shield

Must be disassembled in place
and components removed, except
bridge

Bridge system more costly, but only
one required

Other manipulator devices needed
for total coverage

Requires several locations to
cover test cell area

Good for both horizontal and
vertical extension
Questionable access to upper
diagnostics

Requires two different arm
configurations

Competes for floor space with
other floor-mounted equipment
Crane can provide 100% support
Ho interference with crane loac
movements

Some interference with boom
traverse

Requires horizontal access
clearance for floor-level work

May force cell configuration
with more floor space depencing
on number of stations required

Reguires crane support to
relocate

Must always remove side shield
segments and sometirnes top plug
Must operate between shield
supports

Entire unit can be transferred
out of cell

Lower cost per system, but may
reguire more than one

Other manipulator devices may
be needed for total coverage



the CIT machine are proving tc be a powerful
tool 1in our efforts to evaluate access and reach
requirements. Figures 6-8 are examples of the
CATIA system models. The preliminary studies
conducted so far have identified the initial
manipulator requirements listed in Table 2. Ie
particular, these efforts have revealed accessi-
bility conditions, such as those shown in Fig. 8
which may require special arm/joint configura-
tions for avoiding obstacles. An example of

the special armm/joint configurations that are
being evaluated is shown in Fig. 9.

Table 2. Initial Manipulator Requirements

o Two-arm (separable) - Guiding, balancing
- Tool handling
- Efficiency

o Real-time M/S response - Efficiency
- Manipulator protection

o Force-reflection M/S - Efficiency
- Difficult tasks

- Unknowns
- tanipulator protection

o Maximum envelope: - Small clearances
4-in. x 4-in. cross- - Compact eguipment
section arrangement

Fig. 6. Elevation view of midplane and
upper ports and overhead 0 Redundant kinematics - #ultiple stances
manipulator. - Hultiple obstacle
avoidance

- Compact/complex equip~
ment arrangement
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Fig. 7. Plan view of upper ports and Fig. 8. Elevation view of upper ports
manipulator system. and manipulator system.
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Fig. 9. Slave arm with 7 degrees of freedom
in various positions of reach.

Remote Maintenance Demonstration

Studies of CIT ex-vessel maintenance tasks
have been under way to determine capabilities and
equipment requirements for the ex-vessel main-
tenance system. At present, mock-up demonstra-
tions for upper diagnostic hardware and midplane
port devices are being designed or are complete.
From this work, several specific maintenance
tasks and equipment have been recognized as
necessary for the ex-vessel maintenance system.
These demonstrations are conducted on full-scale,
partial mock-ups of the CIT machine at URNL's
Remote Operations and Maintenance Development
Facility using a Central Research Laboratory
Model M-2 manipulator.

One demonstration is intended to simulate
varicus tasks required to maintain diagnostic
hardware and associated vacuum piping located on
the upper surface of the CIT. The mock-up
demonstration will investigate vision rgguire-
ments (camera locations) and manipulatey access
to this equipment. Design and compongat procure-
ment are under way to develop a meanssof remotely
assembling hiagh~vacuum piping systems. One vacuum
pipe flange that was considered is rmanufactured by
VYarian Associates under the trade name Conflat.
Its inherent features may hinder efforts to remo-
tize its assembly. Its delicate copper seal,
without me?ification, is easily damaged bv mamiru-
latcrs. The flange clamping force is supplied sy
polts (16 for & 4-in.-UD tube) mounted in a cir:le
putside the copper seal. This makes each remo-.
tized joint expensive (captive bolts are generqlly
expensive) as well as time-consuming to assembie
or remove. The first mock-up demonstration usgad
this type of flange.

The vacuum pipe flange now being considered
for CIT use is manufactured by Helicoflex Company

{

and is specifically designed for remote handling.
It is the type specified for use on the Joint
European Torus (JET) in the European Fusion
Program. Its metal seal is relatively easy for
manipulators to handle, and the seal also aids in
flange alignment and support. One driving bolt
provides the flange clamping force. Hardware
required to assemble a vacuum system using this
type of flange coupling will be evaluated.
Methods and procedures for remotely assembling
these vacuum joints will be tested and refined
during FY 1988.

A second demonstration is being conducted to
help in understanding the viewing needs for main-
taining the upper diagnostics. Because of the
compact and complex arrangement of the
diagnostics and their associated vacuum piping,
and the physical constraints of the iglioo
shield, its support structure, and the press
frame, there is not much space for TV cameras.
Ideally, the operator would prefer a bellv-mount
view as well as upper right and left views. It
is not apparent that all of these views can be
provided, since the location of cameras could
interfere with machine components. The M-2 upper
cameras are mounted on R-0 positioners and can be
moved to determine appropriate locations and their
resulting views.

A third demonstration project is intended
to sinulate the removal and installation of the
rf module, which is mounted in several midplane
ports. The ex-vessel maintenance system will be
requi-ed to remotely detach and remove the rf
modul from the CIT device for refurbishment in
the hit cell. Common tasks to be performed re-
rno%ely include:

o rzmoval and installation of the igloo shield
sections,

o aligning and supporting the rf coaxial pipes
during removal and installation,

o making and breaking connections at the rf
coaxial pipes and midplane port (flange
bolts, electrical connectors, and coolant
connectors),

¢ pushing and pulling the rf module inte and
out of the midplane port.

Remote Maintenance Design Guide

A manual that provides basic guidelines for
design of equipment to be remptely maintzired
is being develoced for issue to eouirnent
designers responsible for the diagnostic,
fueling, and rf heating systems, to nanme a few.
The guidelines will be based on proven tecnniques
used at other facilities for design of similar
equipment. Designs specific to CIT will be incor-
porated from the remote maintenance demonstration
mock~-ups of the CIT machine components concucted
at ORNL.



Maintenance Facilities

The functioral requirements and special
design features of the maintenance facilities
needed for decon, remote and contact repair,
scrapped equipment and rad-waste processing, and
equipment and rad-waste storage have also been
studied to determine their impact on facility
design. Detailed operational sequences were
generated, resulting in the following generalized

requirements.

o Local contamination control is needed, par-
ticularly for replacement of rquipment inter-
facing with the vacuum vessel, to minimize
the spread of activated graphite dust and
other particulates from the vessel interior
surfaces.

o Controlled intercell transfers are needed
throughout the test cell, repair cells, and
tritium handling areas.

o0 All equipment leaving the test cell must
undergo decon before repair, storage, or
scrapping. As a further precaution, all
equipment introduced into the test cell from
the maintenance facilities is also decon-
taminated. Decon fluid storage and processing
equipment is needed. An alternative proposal
for a nonchemical system that recycles the
cleaning agenrt and minimizes waste is under
consideration.

o Damaged first-wall graphite tiles, diverter
plates, and other components from within the
vessel will be compacted, packaged, and
stored in shielded casks.

ACTIVITIES FOR FY 1988

The work planned for FY 1988 will focus on
R&D activities to support the development of a
rmanipulator system prototype; the manipulatcr
transporter; inspection and viewing equipment;
and various fasteners, Tlanges, and connectors for
remote handling. Some work will be done on
cutting and welding equipment. In addition, work
will be started for designing a full-scale
quadrant mock-up of the machine to be located at
the Princeton site. The design-related work will
be more limitea and will concentrate on the pre-
liminary design of decon and waste handling equip-
rnent, the hot cell equipment, and the remote
maintenance control room.,

Unaracding the existing mock-ups at ORKL to
reflect the final nachine configuration will be a
priority activity. The mock-up of the upper
vacuum pipes was based on an early version of ithe
machine size and the igloo Sstructure. Changes to
the igloo were, in fact, a result of the first
mock-up demonstrations. The rf mock-up will be
modified to study access and reach for various
diagnostic modules. A new mock-up of the vacuum
pipes under the machine is planned for the second
half of 1988.

CONCLUSIONS

The CIT is providing the impetus to apply
existing remote handling technology to fusion
device maintenance and to develop new approaches
where needed. The activities for this past year
have focused on developing maintenance reguire-
ments and conceptual designs of maintenance eguip-
ment. The early use of partial mock-ups #ias been
invaluable in studying problems of access and
reach and has had an impact on the development of
the machine configuration. The work for next year
will emphasize manipulator system development,
preliminary design of facilities-related equip-
ment, and the continued use of full-size mock-ups.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the contribu-
tions to the work presented in this paper by our
colleaques K. C. Bills, R. E. DePew, and J. D.
Snider of the Remcte Systems Engineering Group at
ORNL led by D. P. Kuban.

ny of their
y or responsi-

, apparatus, product, or

ge privately owned rights. Refer-

or service by trade name, trademark,
ute or imply its endorsement, recom-
ent or any agency thereof. The views
essarily state or reflect those of the

DISCLAIMER
rk sponsored by an agency of the Ur..ed States
rnment nor any agency thereof, nor a
express or implied, or assumes any legal liabilit
ness, or usefulness of any information
that its use would not infrin

¢ commercial product, process,
ise does not necessarily constit

Neither the United States Gove
or favoring by the United States Governm
s of authors expressed herein do not nec
cs Government or any agency thereof.

S
2z
o
S
-
=
3
5]
9
9
< 5
SEE3 s
s 25
P EE3
< tE§
< -
BE2°%85:
5 X E
s E‘o‘_&.:
S S *%g
= =] ©
[=% w2 .2
vV g Sk
[ XM O p ® O
™ ﬂﬂ“lo.
T Eet=%
o - [
- e = Q0 o &=
"ov:""-2~a==93
RESE5CLECSER
=
TEETEESE°53
28823 8EEL 2
£ =R E8RE
FO oS ac EEaD



