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Abstract

The Fusion Engineering Design Center (FEDC) is part of a
national design team that is developing the conceptual design
of the Compact Ignition Tokamak (CIT). To achieve a com-
pact device with the minimum major radius, a vertical preload
system is being developed to react the vertical separating force
normally carried by the inboard leg of the toroidal field (TF)
coils. The preload system is in the form of a hydraulic press.
Challenges in the design include the development of hydraulic
and structural systems for very large force requirements, which
could interface with the CIT machine, while allowing maxi-
mum access to the top, bottom, and radial periphery of the
machine. Maximum access is necessary for maintenance, diag-
nostics, instrumentation, and control systems. Materials used
in the design must function in the nuclear environment and in
the presence of high magnetic fields.

The structural system developed is an arrangement in
which the CIT device is installed in the jaws of the press. Large
built-up beams above and below the CIT span the machine and
deliver the vertical force to the center cylinder formed by the in-
board legs of the TF coils. During the conceptual design study,
the vertical force requirement has ranged between 25,000 and
52,000 t. The access requirement on top and bottom limits the
width of the spanning beams. Nonmagnetic steel materials are
also required because of operation in the high magnetic fields.

In the hydraulic system design for the press, several options
are being explored. These range from anvil-diameter jacks
operating at very high pressure {228 MPa (33 ksi)| to large-
diameter jacks operating at pressures up to 69 MPa (10 ksi).
Configurations with various locations for the hydraulic cylin-
ders have also been explored. The nuclear environment and
maintenance requirements are factors that affect cylinder loca-
tion.

This paper presents the configuration development of the
hydraulic press used to vertically preload the CIT device.

Introduction

The concept of preloading the TF coils of the tokamak to
achieve a more compact device has been advanced in other
tokamak design studies,'-2 each of which involves Ignitor con-
cepts. The CIT design studies have utilized those results and
have advanced the preloading concept through the use of a
totally external preloading system. Essentially, the concept
employed for the CIT design is to install the CIT tokamak in
the jaws of a hydraulic press. Hydraulic pressure is used to
apply a vertical preload tu the inner leg of the TF coils. The
amount of preload applied is calculated to be the force required
to react exactly the vertical separating force normally reacted
by the inner leg of the TF. Thus, the preload allows the in-
ner leg of the TF to have essentially zero vertical tensile stress
when the coils are carrying the maximum current during the
flat-top period of the operating cycle.

The evolution of the CIT design during the conceptual de-
sign phase has resulted in a number of different designs for but h
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the tokamak and the external hydraulic press. This paper cov-
en the development of the hydraulic press design during the
CIT design evolution and then focuces on the current baseline
design in some detail.

CUT Press Evolution

The evolution of the external press design parallels the de-
sign evolution of the CIT device. Over the life of the con-
ceptual design study for CIT, parameters for the device have
varied considerably. Physics and engineering issues resulted in
changes to the major radius and the field on axis, each of which
affected the press design. Table I summarizes changes in the
major radius, field on axis, and required preload.

Table 1. CIT design evolution

(m)
Field on axis

(T)
Preload required

1.08
1.22
1.32
1.75

12.6
10.4
10.3
12.0

25,000
25.000
23,000
52,000

The initial CIT design point at 1.08 m was the result of an
FEDC design study, which was recommended for the CIT. The
results of that study have been previously documented.* The
press design concepts for the 1.08-. 1.22-, and 1.32-m designs
all feature a "picture frame" press- structural design. The final
design point of the 1.75-rn design featured two options—the
"tension link" concept and the "column-and-sleeve" concept.

The Picture Frame Coacept

The picture frame concept uses laminated plates in two
stacks joined together by structural shapes to form a rigid
structure. An elevation view of the 1.22-m CIT device is shown
in Fig. 1. Figure 2 shows a plan view of the device with a mid-
plane section cut through the laminated plate structure. This
design was also used on the 1.32-m CIT.

This concept was originally selected for its simplicity in
construction and because it allows maximum access :<> the top.
bottom, and outer periphery of the tokamab device. Each .»!'
the two plate stacks is composed of 11 or 13 layers of 2..?4-cm
fl-in.) plate, depending on the material selected. Nitmnir XI
steel (Armco low-nickel austenitic stainless) and 304 stainless
steel were used as referenre ma' ."rials. Eleven layers <>f nitrnnic
33 steel are used because it has higher mechanical properties
with a yield strength of- 379 MPa (55 ksi) and an ultimate-
strength of 689 MPa (100 ksi). Thirteen layers of 301 stain-
1&3B steel are required because it has corresponding properties
of 207 MPa (30 ksi) yield strength and 517 MPa i7.r> ksii ul-
timate strength. The higher cost of nitrnnic 33 steel and the
anticipated difficulty in treiding it suggest that it is probahiv
more cost effective to use the :{04 stainless. Each laypr in the
laminate is made by butt welding large plate ?e«ionfi together
to form a continuous piate in the shape of the picture frnnv.
The two stacks of plates are boiteri together hy using intercon-
necting I-beams with a depth of til cm '24 in.). The 1-beams
are located to prevent buckling of t.he lamin.itpd strurturi1. /
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Fig. 1. Elevation view of the 1.22-m CIT.

Fig. 2. Plan view of the 1.22-m CIT.

The hydraulic system features eight hydraulic jacks ar-
ranged in a circular array as shown in Fig. 2. The jacks hare a
piston diameter of 0.42 m (16.5 in.) and operate at a pressure
of 223 MPa (33 ksi); each jack produces a force of 3175 t. The
design jack height is 25.4 cm with a design travel of 6.35 cm.
The eight jacks are installed as a modular unit, which can be
removed using remote maintenance equipment.

The total weight of the picture frame concept is 4S3 t.
The cost estimate for the total press system for the 1.22-m
CIT machine is S? million.

Tension Link Concept

When the CIT parameters changed to a major radius of
1.75 m with a field on axis of 12 T, the press design changed
dramatically. The required preload more than doubled to
52,000 t. This load, coupled with the larger spans in the beams
necessitated by the larger machine size, demanded a structure
with more-efficient use of the mass in the structure. The ten-
sion link concept was adopted to meet that need.

An isometric view of the tension Unit concept is shown in
Fig. .1. It features three main beam structures—top. bottom,
and the base—with the top and but torn beams connected In-
tension links on each end. The base beam is mounted in the
floor of the CIT test ceil and supports the deadweight <i( the

Fig. 3. Isometric view of the tension link concept.

CIT machine plus the press structure. The beams are I-beam-
type construction, except ihat each has three webs connecting
the top and bottom flanges. Each of the three beams is con-
structed by welding thick wall plate stock. The beams have
an increasing moment of inertia from the ends to the center
because of the increasing beam depth. The three webs joining
the top and bottom flanges form a double box beam, which is
very rigid and stable. The flanges are 22.86 cm {9 in.) thick,
and the webi are 15.24 cm (6 in.) thick. The maximum bend-
ing moment is at the center in the top beam and is 1073 MN-m
(9.5 billion in.-lb), resulting in a maximum bending stress of
315 MPa (45 ksi). The material it nitroaic 33 stainless steeE.

The six tension links on each end are also nitronic 33 steel
and are 15.24 cm (6 in.) thick and 137.16 cm (54 in.) wide
at the midplane. The tension stress in each link is 205 MPa
(30 ksi). The tension links are joined to the top and bottom
beams by 50.8-cm-diam (20-in.-diam) shafts through 71.12-cm-
diam (28-in.-diam) sleeves fixed to the beams. The shafts
are made of a special alloy (Astralloy-V) shafting material.
It is a low-carbon mart ensi tic microstructure steel produced
as hot-rolled shafting, which is air hardened and tempered t<>
achieve mechanical properties of 1100 MPa (160 ksi) ultimate
and 860 MPa (125 ksi) yield strength.

The hydraulic system for this concept features two options.
The first option uses 27 hydraulic cylinders with a piston diam-
eter of 66.55 cm (26.2 in.) operating at 55.17 MPa (8000 psi).
The second option has three large hydraulic cylinders vrith a
piston diameter of 183.52 cm (72.25 in.) operating at a pressure
of 65.52 MPa (9500 psi). The height of the jacks was 'initially
assumed to be 40.64 cm (16 in.), but this height was later in-
creased to 76.2 cm (30 in.) to ailow clearance for removing
and installing the V-packine seais and bushings. The- design
travel of the jacks is 10.16 cm (4 in.). The hydrauiir svsierr.
applies a total preload of 52.0110 t to the TF inner le:;, produc-
ing a compressive stress of 246 MPa (35 ksi). The system has
a ble^d-off capability such that, when the TF inner lea grows
in height because of the temperature increase, a constant load
of 52.000 t is maintained.

The total press weight of the tension link ooncepi is iliWN 1.
The cost estimate for the total press system is Sit) millimi.



CoJsirass-amd-Sleeve Concept

The coiumn-and-sleeve concept is an extension of the ten-
sion liok concept and is considered the present baseline press
design. A hydraulic preoo design consultant reviewed the ten-
sion link concept and made recommendations to improve the
design. The existing concept is an outgrowth of recommen-
dations and design detailo in the consultant's final reports.''5

The recommendations essentially changed the members that
connect tL>; lap and boitom beams aad provided guides in
the base beam for those irasmbers. The recommendations also
strongly endorsed the use of 3 large hydraulic cylinders instead
of the 27 smaller cylinders. Figure 4 b an isometric view of
the resulting configuration, and Fig. 5 is aa elevation view.
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Fig. 4. Isometric view of the column-and-sleeve concept.

Fig. 5. Elevation view of CIT with the column-and-sleeve
concept.

The recommended method of connecting the top and but-
torn beams was to use a threaded column installed through
cylindrical sleeves with a solid nut on one end and a hydraulic
oil-filled nut on the other. Two columns on each end of the
beams are used. This results in a four-cotumm or four-post ar-
rangement, which is a traditional method used in many forging
presses in operation today. The sleeves are installed through
guides in the base beam and inserted into sleeved openings in
the top and bottom beams. The guides help ensure aa even
loed distribution from side to side. The columns are installed
through the sleeves and through the top and bottom beams.
The primary function of the sleeves is to serve as a compres-
sion member between the top and bottom beams. The hy-
draulic nuts on each end of the columns are used to preload
the columns against the top and bottom beams, with the sleeve
ia between the top and bottom beams.

The columns and sleeves are made of nitronic 33 stainless
steal because of the high-strength, nonmagnetic mfiteriai re-
quirements. The columns are 77.47 cm (30.5 in.) in diameter,
are 18.9 m (62 ft) long, end weigh 70 t (154,000 1b). The
sleeves have an outside diameter of 108 cm (42.3 in.), an inside
diameter of 80 cm (31.5 in.), a length of 16.3 m (53.5 ft), and
a weight of S3 t (117,000 1b). Both column and sleeve com-
ponents would be made by forging and final machining. The
columns have machined buttress threads on eath end and ere
rough machined to a 75-cm (29.5-in.) diameter.

Preloading the columns in tension during initial installation
of the press reduces the stress range, protecting the columns
from fatigue during it* life. Each column is preloaded tn a load
of 7480 t by using hydraulic oil-filled nuts. During preloading
of the CIT device, the final load in es± column is 13,032 t.
This results in a minimum stress in each column from the ini-
tial preload of 162 MPa (23.5 ksi) and a maximum stress of
322 MPa (46.7 ksi) during the CIT preloading. The hydraulic
oil-filled nuts will require a special design because their size
and load capacity are larger than any existing design.

The top, bottom, and base beams are basically the same de-
sign as the tension link design, except that the I-beam ends are
connected to two cylindrical sleeves on each end. The sleeves
arc sized to accept the sleeves that house the columns.

The hydraulic system is essentially the same as the tension
link concept, except that three large hydraulic cylinders are
used and the height of each cylinder is increased to 108 cm
(40.5 in.) to allow clearance for installing the V-pscking and
bushings. Design travel remains at 10.16 cm (4 in.}.

The total weight of the column-and-sleeve concept is 12921.
The cost estimate for this concept is $20 million.

Summary

To achieve a more compact device for the CIT, several op-
tions for totally external hydraulic press systems have been
evaluated during the design study. The challenge of each press
design was to produce a device that could effectively provide
the desired preload white allowing maximum access tn the ma-
chine for vital systems. Each press system described in this
paper has been integrated into the f IT design and has met
those objectives. The CIT design study is still in progress, and
further design evolution in both the CIT and the press systems
will undoubtedly occur.
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