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The assembly of the PLT device began in
June 1974 with the preassembly of the mechani-
cal structure at a remote site. The preassembly
scqutîiKi.' . n.:or uo rated final fabrication proce-
dures with a» initial staging operation. This
successful staoing/fabrication procedure pro-
ved to be an invaluable asset when the final
assembly was started in August 1974.

The assembly continued with the initial
reassembly of the previously tested structural
components at the final machine site. Cons-
truction was interrupted at several points to
allow for toroidal field coil, vacuum vessel,
and poloidal coil installation. Two phases
of toroidal field coil power tests'were inclu-
ded in the assembly sequence prior to, and just
after the vacuum vessel insertion.

Engineering supervision and management
for vacuum and coil work was provided by the
respective design engineers and incorporated
within the assembly sequence. The total labor
required for the structural assembly of the
machine will be approximately 57 man-months.
The final shaping field, ohmic heating, and
structural proof tests are expected to take
place in early November, 1975. The first plas-
ma experiment will follow soon thereafter and
is expected in late November, 1975, some eigh-
t-jen months after the start of the assembly
at the permanent machine site.

Preassembly

The need for a preassembly sequence was
justified by two considerations. The first
is that many assembly steps were designed to
be final fabrication procedures and if inclu-
ded in the preassembly, would reduce the com-
plexity of construction at the final machine
site. Specifically, the upper and lower shelves
had to be assembled, see Figure 1. The cons-
truction of theue shelves was accomplished by
drilling and reaming the wedge castings to
tl-.n inner and outer rings, see Figure 2. The
final bolted joints were made by shear carry-
ing pinned connections, custom fitted during
preassembly. The maximum possible clearance
between shear pins and mating holes was less
than .005". Wedge castings were located on
the ring segments by using accurately spaced
tooling holes in the rings and referencing
these to similar holes in the wedge castings.

The relative location of the split wedge
castings which joined the two shelf halves
together was especially critical, see Figure
1. Two of these castings had to join two 15
ton shelf halves by matching sixteen reamed
holes. In addition, the castings also had to
be electrically insulated from the machine
structure. This required insulated shims
and sleeves, custom fitted to each split
wedga casting.

A serious error in the joining
ings and rings required the disassembly and
re-reaming of part of a shelf half. The dis-
covery of this error during the prca&äuinbly
sequence was fortunate in that it allowed time
to schedule a remachining operation. While
this remachining was being done, other tasks
at the final site continued in parallel.

The torque tubing, 8" O.D. stainless steel
pipe, was welded onto the completed shelf with
the aid of locating fixturing. The torque tu-
bing is the pipe in the plane of the upper and
lower shelves as shown in Figure 1. This ope-
ration completed the upper and lower shelves
and was the final fabrication step in the pre-
assembly sequence.

The second major objective during preas-
sembly was the fitting of the diagonal brac-
ing to the upper and iower shelves, see Fig-
ure 1. Before the diagonals could be mounted,
however, the upper shelf had to be positioned.
In the initial planning of the preassembly it
was assumed that the center column would sup-
port the 30 ton upper shelf, as well as pro-
vide a surface from which the shelf could be
leveled. The fabrication of this member proved
to be difficult, and it was not delivered in
time for preassembly.2 A special fixture was
designed to simulate the assembly function of
the center column. This fixture was success-
fully employed to locate and level the upper
shelf in July 1974. The vertical columns were
then installed, and shims added to complete
the connections to the upper and lower torque
tubing. The diagonal struts, with their res-
pective triangular gussets pinned in place,
were mounted in position on the structure.
When the alignment between gussets and struc-
ture was correct, the weld was completed with
diagonals in place.

Upon the successful completion of the
preassembly, some 9 weeks after the reaming
operation on the wedge castings began, the
structure was disassembled in the following
manner: Shelves were separated into halves
by removing the connecting wedge castings.
Diagonal bracing was disconnected from the
torque frame by removing the gusset connecting
pins. The components of the structure were
then moved to the final erection site.

Lower Structural Assembly at Final Site

The first task at the final machine site
was to drill 10 holes, 2 inches in diameter,
through the concrete floor. These holes,which
continue through the entire lower structure,
provide laser diagnostic access to the plasma
from a stable position in the basement. The
machine base plates, two 5 ft. x 23 ft. carbon
steel plates were positioned and leveled at
the site see Figure 3. The base plates house
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mechanisms, discussoci below, which raise the
elevation of the machine by 1/8" to permit
machine separation and insertion of the vacuum
vessel. AddiLion of the u-coil shelves and
the support pylons, see Figure 3, completes
the lower structural assembly. The lower
shelf halves were then installed on support
pylons in late August 1974.

Toroidal Field Coil Installation
and Torque Structure Completion

The; w-.dqa shaped nose section of the to-
roidal tn:lU coils provides support against a
magnetic inward radial load of 3 million lbs.
per coil.' Fit-up of this wedge surface with
its neighbors was the most important objec-
tive during the installation of the toroidal
field coils. To insure that the wedge sur-
faces were in good contact with each other,
special assembly tools were designed to aid
in coil positioning. Figure 4 shows a device
which is capable of lifting, as well as rota-
ting a coil in very small increments. One of
the assembly tooks, shown attached to the
coil nose in Figure 4, was used to locate the
wedge faco perpendicular to the lower shelf.
The use of these two tools provided the means
by which good contact surface between neigh-
boring wedge faces was ensured. Each coil
was then placed on the lower shelf and moved
into its correct radial position with refer-
ence to the machine structure. Final nesting
of the wedge faces was accomplished by magne-
tic centering forces when the coils were ener-
gized. '

The absence of the center column again
necessitated finding an alternate means of
support during uppe'' shelf installation. The
vertical columns were used as support and le-
veling points, despite the relatively long
distance from the center of gravity of the
upper shelf, see Figure 1. Diagonal bracing
was then installed to complete the structure.

Vacuum Vessel and Poloidal Coil Installation

Vacuum vessel installation was initiated
in late îiovember 1974, after the first, phase
of toroidal field coil power tests. The mec-
hanical structure was successfully split into
halves in early December. This was accomp-
lished by raising the u-coil shelves 1/8"
relative to the machine base plates. Pres-
surized air hoses between the two structural
components provided the lift, and roller baur-
ir.qs allowed the split halves to be rolled a-
part some 10 to 12 feet, see Figure 3. The
working volume of the toroidal field coils
war, now accessible for the insertion of the
two halves of the vacuum vessel. A circular
track was use I to roll each half of the ves-
sel into its respective side of the structure,
see Figure 5. The entire machine was ther.
returned to its original, closed position.

Installation of the inner poloidal coils
began in February 1975, the assembly of which
is described elsewhere.k Coil installation
schedule was hampered by positioning problems
as well as support hardware misalignment.
Outer group coils, 'foloiclal coils occupying
the outer half of the toroidal field bore),

were started in August 1975 and their comple-
tion is scheduled for late October 1975. Struc-
tural force tests will be initiated at this
time to determine the integrity of the mecha-
nical structure.

Conclusion

The preassembly sequence was an effec-
tive proving ground for structural fit-up.
Reaming operations on the upper and lower
shelves were successfully completed during
this phase. Alignment, spacing, and leveling
of the upper and lower shelves was accomplish-
ed at this time. Positioning of the torque
frame diagonal bracing was also a successful
operation.

Structural assembly at the final site
proved relatively trouble-free. Exemplary of
final site operations was the positioning of
the toroidal field coils, which were install-
ed in two weeks. This was roughly half the
time allotted for this task. Vertical and
diagonal bracing installation was easily ac-
complished at the final site. The mechanical
rtructure was successfully separated and re-
joined, for vacuum vessel installation.

The overall structural assembly task was
accomplished within a time schedule accept-
ably close to the original estimate. Labor,
and therefore, costs, were also well antici-
pated.

Acknowledgements

This work was supported by U.S. Energy
Research and Development Administration
(formerly AEC) E(11-1)-3073.

References

1. R.E. Marino, J. Citrolo, J. Frankenberg,
PLT Toroidal Field Coil Power Tests
Proceedings of Sixth Symposium on Engi-
neering Problems of Fusion Research, San
Diego, California, November 1975, to be
published.

2. J. Citrolo, Center Column Design for PLT,
Proceedings of Sixth Symposium on Engineer-
ing Problems of Fusion Research, San Diego
California, November, 1975 to be published.

3. J.C. Citrolo, P. Bonanos, J. Frankenberg,
Description of the Support Structure of
the PLT Proceedings of the Fifth Sympo-
sium on Engineering Problems of Fusion
Research, Princeton, N. J. (IEEE N.Y.
1973 p. 357-359

4, H.G. Johnson, Design Aspects of OH -.nd
SF Coils for the PLT Machine, Proceed-
ings of the Fifth Symposium on Engineer-
ing Problems of Fusion Research,
Princeton, N. J. (IEEE N.Y. 1973 p.343-49


