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Introduction

The principal function of the Princeton
Divertor Experiment (PDX) mechanical structure
is to provide support for the toroidal field
(TF) and the poloidal field (PF) coil systems.
These coil systems are subjected to forces
produced by the interaction of their currents
wi.th various magnetic fields. The structural
components are designed to support bhe coil
systems for gravity loading, operating forces,
and forces arising from fault conditions. In
addition the mechanical structure supports the
vacuum vessel and its internal components.
The TF coil support system accounts for most
of the structure. The mechanical structure
is complicated by the demountable design of
the TF coils and is described elsewhere.1 The
demountable design was adopted to permit easy
access for removal or rearrangement of the
divertor coils located within the bore of the'
TF coils.

An elevation view of the PDX device is
shown in Figure 1. The TF coils are not cir-
cular in shape, but consist of two straight
sections (legs! joined by two sard-circular arcs.
The largest forces in the PDX device are those
produced by the interaction of the TF coil
current with the self field from the TF coils.
This results in an inward force on the inner
le<j and an outward force on tho outer leg.
Since the toroidal field is greater at the
inner radius, a net imbalance results which
is called the centering force. This force of
1.8 million pounds is resisted by the mutual
support the TF coils give each other through
the wedge shaped inner legs.

Twenty individual TF coils are arranged
around a center column which is primarily de-
signed to provide a vertical clamping force,
t-.hereby reducing the tensile stresses on the
inner leg and lowering the bending moment in
the area of the TF coil joint. The outward
magnetic force on the outer leg of the TF
coil is supported by a coil case and two large
rings in horizontal planes encircling the TF
coils.

The interaction of the TF coil current
with the vertical components of the magnetic
fields from the plasma and various poloidal
fields, produces a moment that tends to rotate
the TF coil about its horizontal axis. This
overturning moment, approximately 520,000 ft-
lbs per coil, is transferred through the coil
cases to the shelves, and is resisted by the
torque frame. In addition to the coil case,
a portion of the overturning moment is trans-

ferred to the shelves through the TF coil joint
clamp. The joint clamp not only supports a
portion of the lateral forces, but provides
the necessary pressure for maintaining good
electrical contact.

Each of the PF coils lies in a horizon-
tal plane and is centered on the vertical axis
of the machine. All of the poloidal coils are
located inside the bore of the TF coils. The
PF coils are subjected to forces only in the
vertical direction. The PF coils located out-
side of the vacuum vessel are supported in a
cage-like structure that is independent of the
vacuum vessel. The PDX vacuum vessel, describ-
ed elsewhere2, is fabricated from stainless
=ueel with a 1/2 inch wall. The PF coils lo-
cated inside the vacuum vessel are supported
from the upper and lower hemispherical domes.
The vacuum vessel itself is supported on columns
directly connected to the lower shelf.

Toroidal Field Coil Support System

The TF coil structure supports the TF
coils under radial and circumferential magne-
tic forces, and all machine components for
gravity loads. The TF coil structure is also
designed to aid in the assembly of the demoun-
table TF coils. It permits the movement of
the coils in the radial and circumferential
directions during machine assembly. Nineteen
of the twei.ty coils are arranged so as to pro-
vide two opposing access areas for assembly
of the final coii. After all TF coils are as-
sembled they are moved to their correct circum-
ferential and radial position and bolted to
the structural shelves. Means for supporting
the vacuum vessel and PF coils during TF coil
assembly and movement is also provided.

Each TF coil has a coil case which encloses
the outer legs of the inner and outer turns
of each coil, see Figure 1. These cases con-
sist of rolled sections conforming to the I.
D. and O.D. of each coil and side plates v/hich
are bolted on after coil assembly. Adjustable
pressure pads are provided within ccich coil
case to individually adjust coil segments.
The cases are fastened to the upper and lower
main shelves by gibs which locate the coils
circumferentially and transmit lateral loads
to the main shelves. The coil cases are re-
strained from radial motion by stops at the
rear of the case which in turn anchor the case
to the shelves. Two large rolled rings mounted
30" above and below the machine centerline
restrain radial motion of the coil and case
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duo to outward magnetic pressure. The ring.'»
have a 6" x 6" cross-section and exert a force
of 80,000 lbs. at each coil location. If un-
braced tha outer legs of the TF coil would
have a maximum stress of 37,750 psi. The ef-
fect of the rings and coil case is to reduce
this stress to less than 5,000 psi.

The major machine components are suppor-
ted on upper and lower shelves which transfer
gravitational loads to the substructure and
transmit torque loads from the center column
and coil cases to the torque frame, see Fig-
ure 2. These shelves are of a box beam con-
figuration wilder" from 305 stainless steel.
Each shelf consists of two major welded sec-
tions two insulating sections and five exten-
sions which link to the torque frame. The
shelf surface adjacent to the coil cases is
used as a reference for locating and mounting
the TF coils. The lower shelf also supports
the vacuum vessel and poloidal field coils.
The substructure consists of si\ inner pylons
with cross bracing which support the main
shelves, and five outer columns which support
the shelt' extensions and torque frame. An
additional removable central structure is
provided to take the weight of the center col-
umn assembly.

The center column, see Figure 3, carries
a thrust assembly on each end like wheels on
an axle. Each of the twenty thrust screws in
the rim of each thrust assembly presses against
the inside knee of a TF coil to prevent it
from being distorted outward by the magnetic
forces. The two thrust assemblies thus load
the column in pure tension. The thrust screws
contact the coils at points which give a low
bending moment in the coils at the joints and
a low tensile stress in the center legs.

The interaction of the TF current with
the field of the PF coils produces horizontal
forces on the toroidal field coils. These
forces must be supported to minimize the bend-
ing stresses in the inner leg of the coil.
Spacers between the inner legs of the coils
project inward to transfer these forces to a
keyway on the outer surface of a torque tube
which surrounds the center column. Splines
on the torque tube transfer the developed tor-
que to the thrust assemblies and in turn to
the shelves and the torque frame.

The torque frame, see Figure 2, resists
the overturning moment of the toroidal field
coils. It is a deflection limited design, the
criterion being to limit rotation of the TF
coils to less than two milliradians.

The overturning moment of the toroidal
fioId coil is transferred to the top and bot-
tom shelves by the combined action of the TF
coil clamp and TF coil case. Top and bottom
shelves are joined to the torque frame via
five inch diameter pins in single shear. The
torque frame has five identical panels.

One of the diagonal members in each panel
contains a box section which allows the other
diagonal to pass through it without coupling
the diagonals together. The diagonal members
are corrected to the torque frame with three
inch diameter pins in double shear. The five
vertical members of the torque frame, one at

each corner of the pentagon, are required for
assembly of the machine, but may be removed
once the torque frame is connected together.

The main components of the torque frame
are constructed from eight inch schedule 80
stainless steel pipe. In normal operation of
the machine the horizontal torque developed
is 4.6 x 106inch pounds, a torque which is
easily resisted by the torque frame.

Two major funstions roust be provided by
the TF coil joint. A minimum of 1500 psi
clamping pressure must be maintained across
the current carrying surfaces of the coil lap
joints. In addition a restraining force must
be provided which resists the lateral load of
the coil produced by its magnetic interaction
with the PF coils. At the coil joint the
forces are approximately 90 lbs/in under nor-
mal operating conditions and 220 lbs/in under
fault conditions.

The electrical contact pressure for the
joints in the TF coils is provided by a hy-
draulic clamping device, see Figure 4. The
clamp utilizes a pressure pad backed by a one
convolution metal bellows which extends over
most of the joint area. A pressure pad is
located on each side of the coil and a mini-
mum of 1500 psi clamp pressure is supplied by
a hydraulic system which interconnects the
two pads. The hydraulic pressure ivi each coil
joint clamp is thon isolated from the central
hydraulic system during a machine ^uise. The
pressure in each clamp is monitored so leak-
age or creep effects can be detected. The
entire clamp mechanism is mechanically isola-
ted from the remaining structure in order to
prevent the transmission of the lateral load
through the hydraulic clamp. This is neces-
sary to maintain a uniform and positive pres-
sure distribution through the coil joint.

The lateral loads which develop in the
clamp area are supported by piers located be-
tween coils, which transmit the forces to the
shelves by bolted connections, see Figure 4.
Externally adjustable wedges are used to pre-
load and clamp the coils at pads located eight
inches either side of the lap joint centerlinc.
In addition the coil cases are fastened to the
outermost pier to provide further lateral and
radial support of the coils. Design of the
gravitational support for the TF coils and
other related items in the coil clamp area
continues.

Poloidal Coil Support System

The poloidal field coils, which are all
located within the bore of the toroidal coils,
are divided into two groups structurally,those
coils interior to the vacuum vessel and those
outside of the vacuum vessel, see Figure 5.

The forces on the interior poioidal coils
are transferred to and carried by the vacuum
vessel itself. Each interior poloidal coil is
attached with metal straps to brackets that
carry the force to ten small I biiams bolted
to each dome of the vacuum vessel. These I
beams are located in the shadow of every sec-
ond toroidal field coil and are symmetrically
placed in the top and bottom dome. The maxi-
mum mid span deflection of any coil inside the



vacuum vessel is about ,010 inch for normal
operating conditions.

The exterior poloidal coils do not depend
on the vacuum vessel for support. These coils
are supported by a cage structure that is lo-
cated between the vacuum vessel and the toroi-
dal field coils. The vacuum vessel and the
cage are both supported by ten columns from
the bottom shelf, see Figure 1.

The cage structure consists of fcur pieces,
the lower arch assembly, the inner solenoid,
the outer solenoid and the û -per arch assem-
bly. The lower arch assembly which forms the
bottom of the cage is built up on ten radial
inverted arches which are located in the same
radial planes as the ten small I beams men-
tioned above. Ten support beams which carry
the weight of the PP structure are built into
the lower arch assembly in the form of a ten
sided figure with the corners ïoeated midway
between toroidal field coils so that they can
rest on top of the support columns. The upper
arch assembly is exactly like the lower arch
assembly except that it does not have struc-
ture to carry the dead weight loads. The up-
per and lower arch assemblies are connected
to each other by the inner and outer solenoids.

The innermost surface of the cage is for-
med by the inner solenoid. The inner solenoid
joins the inner rim of the upper and lower
arch assemblies together. The outermost cage
surface is formed by the oi'ter solenoid. This
structure consists of ten vertical posts which
are connected together azijnuthally by sectors
of rings. The outer solenoid joins the outer
rim of the upper and lower arch assemblies to-
gether.

The magnetic forces drive all the coils
toward the horizontal plane of the machine so
that the inner and outer solenoids are loaded
in compression. The natural tendency of the
arches to spread out is checked by constrain-
ing the ends of the arches. The outar ends
of the arches are constrained by straight ten-
sion members that form a ten sided figure hav-
ing corners at the arch ends. The inner ends
of the arches bear against an OH coil that acts
like a ring in compression. The maximum de-
flection of the exterior poloidal coils is
held to 0.10 inch by this structure.

Conclusion

Engineering and fabrication of components
continuas on the PDX mechanical structure. A
preassembly of mechanical components will begin
in July 1976. This will include five TF coils
but none of the PF coils. Assembly of the
devio- at its final location will commence in
September 1976.
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