
Bv •cc»p^nc» of Ihii article. the
publiiW' .«f recipient acknowledges
tha U.S.'dbv^rnment's right to
rauin a nonexclusive, royalty free
license in and to any copy'';;*:;
covering the article.

MASTER
DESIGN DESCRIPTION OF THE LARGE COIL tf.il IA

PULSE-COIL SUPPORT ANTFTRANSPORT"SYSTEM
C. C. Queen

Union Carbide Corporation Nuclear Division, Oak Ridqe, TN 37830
C

Abstract

In order to simulate the transient fields which
would be imposed on superconducting toroidal field
coils in an operating tokamak reactor, the Large Coil
Test Facility (LCTF) test stand includes a set of

pulse coils. This set of pulse coils is designed to
be moved from one test location to another within the
LCTF vacuum vessel while the vessel is operating
under vacuum *".! the test stand and test coils are at
an operating temperature of 4.2K. This operating en-
vironment and the extremely high magnetic loads have
necessitated some unique design features for the pulse

The number of coil sets was reduced from three to
one because of cost considerations. The single coil
set was still initially attached to the segmented
structural ring and spoke support system. This support
system made it necessary to warm the test stand from
its operating temperature, 4.2K, to ambient in order
to reposition the pulse coil from one test position to
another. Repositioning the pulse coil involved dis-
assembling a portion of the test stand structure and
some of the all welded liquid helium piping. During
the test, program, the pulse coil repositioning se-
quence would have to be repeated five times. The cost
and schedule disadvantages of this system led to the

coil support and transport system. The support structure development of a movable pulse coil system.
for the pulse coil must react high overturning moments
and axial loads induced on the pulse coil by the inter-
action of the pulse field with the field generated by
the large test coils. These loads are reacted into

the test stand support structure or "spider frame" by
an arrangement or six pedestals and a support beam. In
order to move the pulse coil set from one test location
to another, the support beam containing the pulse coili
must be driven across rollers mounted in the pedestals,
then clamped securely to react the loads. Because
these operations must be performed in a vacuum environ-
ment at cryogenic temperature, special consideration
was given to component design.
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Design Description

The present design consists of a set of solenoid
coils mounted in the bore of a test coil as shown in
Figure 2. These coils are attached to a structural
beam which can be moved to position the pulse coils in
each of the test coils.

At each test position, the structural beam (the
torque beam) is securely clamped into position. All of
the clcinping and driving mechanism was designed to be
as simple as possible and to utilize existing technology.
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FIGURE 1
Background

The pulse coil system of the LCTF provides a
transient vertical field to simulate transient poloidal
fields of a tokamak. During the conceptual design
phase, a configuration study was made to set the
geometry of the pulse coil system. As a result of
that study, the pulse coil was designed as a set of two
solenoid coils with vertical axis to be located in the
bore of the test coil. The conceptual design of the
LCTF test stand included three pulse coil sets supported
by an arrangement of a bolted structural ring and a
series of spokes attaching the ring to the bucking post
and "spider frame".

PULSE COIL SET
FIGURE 2

Torque Beam

With the pulse coil set located in the bore of the
tsst coil, it has magnetically induced loads and moments
of the magnitude shown in Table 1. These loads and
moments are reacted through a bolted interface into a
torque beam. The torque beam is a 304L stainless steel
welded curved beam. This beam has a "box"-shaped cross
section. The upper and lower plates of this beam are

"2 inches thick. The beam spans an arc of 210°. It has -
an outside radius of 108 inches. The torque beam is
connected at four points to a gear plate. The connec-
tions are made via 12-inch diameter, Schedule 160,
stainless steel pipes 32 inches long welded in place.
The gear plate is 3-1/2 inches thick and has 20°
involute gear te&th machined onto the outside diameter.
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This gear plate spans 360°. The 210° span under the
box beam is continuous; the remaining 150° is made in
three bolted segments to allow installation of the
pulse coil system after up to three of the test coils
are in Mace in the test stand. Figure 3 shows the
pulse coil set in place on the torque beam.
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FIGURE 3
•Pedestal Assembly

The torque beam weldment is supported at six
places by pedestal assemblies which are attached to
the LCTF base or "spider frame". The pedestals are
weldments made up of 12-inch diameter, Schedule 160,
304L stainless steel pipe welded to 304L stainless
steel plates at the top and bottom. These plates pro-
vide the bolted interface joints with the "spider frame"
at the bottom and with tha roller-clamping hardware at
the top.

This roller-clamping hardware consists of a
machined yoke, which is the major structural component,
a clamping wedge assembly, the wedge operator assembly,
and two bogie assemblies, each containing three rollers.

The yok? is machined from a 39 inch long, 22 inch
wide block of Nitronic 40 steel 21 inches high. This
material was selected because of its high tensile
strength.. The yoke has a slot through which the gear
plate passes, and is the base for ths clamping wedges.

The rollers are simple cylinders 3.12-inches in
diameter and 2 inches long with a hole bored through

the center for a bushing and axle. The rollers are
made of Nitronic 40 and the bushings are Molalloy
which is a bearing material capable of withstanding high
loads without requiring lubrication. The bottom of the
gear plate rests on the rollers of the bogie assemblies.
The inside diameter of the gear plate is guided by 12
sets of radially positioned rollers.. These rollers
allow the torque beam plus the two coils of the pulse
coil set (a total of 24 tons) to be moved from one test
position to another.

Once the pulse coil has been moved into position,
the entire assembly is lifted off the rollers and
clamped into place against the yoke by a set of six
wedge assemblies driven by a set of helium actuated
pneumatic cylinders. These cylinders are mounted inside
an evacuated enclosure with a bellows seal to prevent
any helium leakage of the cylinder from entering the in-
sulating vacuum of the I.CTF. The actuators are con-
nected to the wedges through toggle linkages which
offer increased mechanical advantage plus provide
across center type of locking.
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The design of 'he wedge actuators and linkages
were designed based on a coefficient of friction equal
to .5 in instances where friction offers resistance
to the actuation and equal to .0 in areas where friction_
may actually resist the magnetically applied loads.

The sliding surfaces of the wedges will be lubri-
cated with a dry film type of lubricant.

Drive Mechanism

The drive mechanism is located at one pedestal
assembly. The drive mechanism consists of a ratchet
driven pinion gear which mates with the gear teeth
of the gear plate. The pinion is designed to exert
a 5000-pound tangential load on the gear plate. The
ratchet is a machined assembly made of Nitronic 60
and is driven by a helium driven pneumatic cylinder
enclosed in an evacuated enclosure in the same manner
as the clamping cylinders. The ratchet hss a reversing
cylinder attached which will allow the system to be
driven in either direction (see Figure 5).

Coolant Transfer System

The pulse coils are cooled with liquid nitrogen
supplied through metal bellows hoses 50 feet long.
There are two supply and two return hoses which allow
the torque beam to move 150° in each direction from a
neutral position where the hoses are fed onto the
torque beam. As the beam moves away from this neutral
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position, the hoses wrap themselves onto the beam. As
the beam returns toward the neutral position, the hose
is unwrapped under constant tension by the hose take-up
assembly (schematically shown in Figure 6). This system
is attached to the test stand torque ring structure and
consists of four sets of stationary take-up reels or
pulleys and one moveable set. The moving set has a
guided weight suspended from it to provide the constant
tension.

Remote Electrical Leads

The electric current for the pulse coils is pro-
vided by an arrangement of three stationary sets of
contacts and two sets of contacts mounted to the moving
torque beam. As the torque beam is moved into position,
one of the moving sets of contacts mates with one of
the three sets of stationary contacts. The other sets
of stationary and moving contacts are open. A contact
pair is schematically shown in Figure 7. Each stationary
contact is made up of six beryllium copper leaf springs.
The moving contacts are copper blocks shaped such that
they will depress the spring contacts of the stationary
assembly as they are moved into place. The current is
supplied to the contacts from the vacuum vessel wall
by 2 inch by 1 inch cross-section copper bus cooled by
liquid nitrogen tracing. The buswork is insulated
from the supporting structure by NEHA Grade G-10
insulation.
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Special Design Considerations

Due to the fact that once the LCTF vacuum vessel
is closed and the test stand is cooled to 4.2K, the ex-
pense and time involved in wanning all equipment up to
ambient and opening the vessel is prohibitive, special
precautions were taken to assure trouble-free operation
of the pulse coil support and drive system. All welds
were designed to be full penetration welds and all
mechanisms were designed to be simple. Clearances and
tolerances were carefully chosen to allow for the
thermal gradients, etc. Special design considerations
were given to certain key components to assure their
proper operation under the extreme environment of high
vacuum, low temperature and high magnetic fields.

As previously mentioned, the clamping wedges were
analyzed for two extremes of friction factors. Where
friction was resisting the proper operation, a high
friction coefficient was used; where friction was re-
sisting the magnetically induced load, the assumption
was made that the coefficient was zero. Due to great
concern about galling or cold welding of surfaces,
any surface which moved relative to a mating surface
was coated with a dry film lubricant. Four such lubri-
cants were selected as being compatible with the en-
vironment. Efforts were made to eliminate potential
helium and nitrogen leaks by minimizing the number of
actuators and enclosing the ones that were used.

A number of components such as the ratchet assembly,
the ratchet actuator, the coolant transfer hoses, and
die electrical contacts were identified as items which
should be tested prior to installation. These tests
will be performed under simulated operating conditions.

Reviews were held during the design phases to
identify and eliminate potential problem areas and
to provide a design which satisfies the operating
requirements.
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