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ABSTRACT

In August 1984, Brookhaven National Laboratory submitted a proposal to the Department of
Energy (DOE) for the construction of a Relativistic Heavy Ion Collider (RHIC). Since then
funding has continued for the detailed design of RHIC.

The hardware for RHIC consists of two concentric rings of superconducting magnets in a 2.4
mile circumference with six intersections. Bunches of ions will travel in opposite directions in
each of the two rings and eventually collide head on at one of the six intersections.

The hardware design involves complicated facilities for liquid helium cryogens, cryostat design,
and pipe systems.

The greatest challenge however is the ion beam position relative to the geometric center of the
rings. There are three hundred and seventy two dipole magnets that are ten meters long and
weigh 4300 Kg (4.5 tons) each. Each dipole must be positioned in the ring to ± 0.5 mm. In
addition, there are four hundred and ninety two quadrupole magnets that must be positioned
to ± 0.1 mm which is a total position error. This total position error includes all the surveying
and part tolerance.

i
j

To accomplish this task requires detailed planning and design of the cryostats which contain j
each magnet and the tunnel assembly throughout the 2.4 mile circumference. The IDEAS' soft-
ware package provides a way to analyze this large scale problem.

*Work performed under the auspices of the U.S. Department of Energy.
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INTRODUCTION

Brookhaven National Laboratory (BNL) is a multidisciplinary lab that carries out research in
physical, biomedical and environmental sciences and in energy research. The laboratory is man-
aged by Associated Universities, Inc. (AUI). AUI is a group of nine universities that established
and have operated this major scientific laboratory since 1947. Today, BNL is under contract
with the U.S. Department of Energy.

The Accelerator Development Department (ADD) is involved in designing and building the new
generation of high energy and nuclear particle accelerators. At present, this department is man-
aging the construction of the Accumulator-Booster for the Alternating Gradient Synchrotron
(AGS) and the development of the RHIC. ADD is also contributing to the proposed Supercon-
ducting Super Collider (SSC).

ADD is split into four groups which include Accelerator Physics, Engineering, Magnet and Ad-
ministration. My areas of responsibility are in the Engineering division, primarily with the
RHIC cryostat design and analysis.

Within the ADD cryogenics group are six engineers and five designers, at present I am the only
IDEAS' user in the department and at this facility. The hardware in this department consists
of three Sun Microsystems 3/60 workstations operating with a file server, and one IBM AT.
We are licensed for one application of IDEAS and three for AutoCad. Output for I-DEAS is
plotted on a Hewlett Packard Draftmaster II plotter, or HP Ink Jet plotter. Photographs are
taken directly of the screen using a polaroid screen shooter or 35 mm camera.

I have been a steady user of SDRC's IDEAS' software for three years.

Technical Presentation

The entire facility for the Relativistic Heavy Ion Collider (RHIC) is a group of accelerators
joined by beam transfer lines which supply heavy ions such as gold at beam energies up to
100 GeV/u to the collider ring. The collision energies can range between ~ 1.5 GeV/u to 100
GeV/u, depending on the type of target used. Figure 1 is an aerial photograph of the RHIC fa-
cility. Heavy ions are supplied from either of two Tandem Van de Graaff generators which then
travel through a heavy ion transfer line and into the booster. In the booster heavy ion bunches
will be accelerated and stacked so that a group of ion bunches will orbit simultaneously in this
ring. When this acceleration cycle is complete the ion bunches will pass through a stripping
target to reach a higher charge state and then enter the Alternating Gradient Synchrotron
(AGS). In the AGS the particle bunches will be accelerated to higher energy (10.4 GeV/u for
Gold) and then transferred to the RHIC collider ring. Within a gold ion bunch are ~ l x 10s

ions.

Once the ion bunches have reached the collider ring they will be bent and focused by super-
conducting magnets arranged in two concentric circular rings. Figure 2 is an illustration of the



shape of the collider lattice. Within the lattice are three hundred and seventy two dipole mag-
nets and four hundred and ninety two quadrupole magnets which form the six arc and straight
sections of the inner and outer rings. A typical dipole magnet is ten meters long and weighs
approximately 10,200 pounds. Figures 3 and 4 are photographs of a dipole before and after in-
sertion into the vacuum vessel. The function of this magnet is to bend the ion beam around the
curved sextants of the ring. Within each straight section will be magnets allowing the opposing
ion beams to cross. At these intersections will be detectors to record the collision results.

The beam position in the collider is maintained by the magnetic field center along each magnet,
which must stay within one half of a millimeter or 0.020 inches to the calculated beam path.

The installation of over eight hundred large magnets stretched over 2.4 miles to the above tol-
erances will be accomplished with state-of-the-art survey equipment. The beam position must
be maintained during the life of this machine (20 years) and the magnets must withstand some
catastrophic events which may occur during this lifetime.

Figure 5 is a typical cross section of a dipole magnet illustrating the support hardware for the
magnet and the survey targets used on the exterior of the vacuum tank.

In the floor of ths collider tunnel are permanent stainless steel sockets which are called sec-
ondary monuments. These monuments are the reference to the calculated beam path. It is the
distances between these monuments and the cryostat targets that determine the physical posi-
tion of each magnet in the tunnel.

Using electronic theodolites a survey team can measure angles and distances to 0.1 milliradians
and 0.0001 inches respectively. Two or more theodolites can be coupled to a computer to take
several measurements on one point or angle. In the RHIC survey, a group of floor monuments
will be used to define one or more points on each magnet. This requires an optical geometry or
"Net" that measures several distances and angles related to one point. The survey computer
will receive and store these measurements and then calculate the position of the target point.

Figure 6 illustrates the 'tunnel net' geometry and the survey sightings needed to position a full
cell. At the present time, a solid model of the full cell test and one sextant of the collider ring
is being made. A line of sight study of the survey sightings in a string of magnets will be done
to check for visual obstructions and the design of the target receptacle.

At the present time, the hardware for a 'full cell' of RHIC is being assembled for a test at the
end of this year. A string of two dipole and two quadrupole magnets will be joined and op-
erated as a string for the first time. In the short time that the ADD Engineering group has
had the I-DEAS solid modeling software, many components of this upcoming test have already
been analyzed using I-DEAS.

There are three conditions that can affect the position of magnets in the RHIC collider.

Before magnets reach the tunnel they are assembled and transported, and during this rigging
process a magnet could be distorted. Solid finite element models of the magnet and cryostat



have shown the effects of various loads on the shape of the magnet. Figure 7 illustrates a dipole
and cryostat separated, and Figures 8, 9 and 10 are examples of the results.

During operation of the collider there are conditions that could lead to catastrophic failures in
the magnets. A quench condition occurs when a hot spot in the superconducting windings in-
creases until a section of the windings are no longer superconducting. The large heat flux from
this area is beyond the cooling capacity of the liquid helium cryogen, which eventually results
in a large gas pressure build-up inside the magnet cold mass. The result can be a large near
instantaneous force (12,500 pounds) pushing the magnet out of the vacuum tank. Solid finite
element models have been used to design the anchors used to hold the magnets on their mounts
inside the vacuum tank, and the stands that transfer the quench loads to the floor. Figure 11 is
an example of a cast carbon steel magnet stand.

The third condition arises from the device used to join magnets together. A stainless steel bel-
lows (Figure 12) is welded to both ends of connecting magnets which permits small misalign-
ment and seals the cryogen in the passages of the magnet cold mass. When operating the in-
ternal pressure of the bellows will be 15 atmospheres (220 psi). If the bellows is not stable, any
changes in pressure can cause a squirm or buckling. The squirm condition will result in axial
and normal loads at the ends of each magnet. These loads could break the thermal insulators
that separate the superconducting mass (4.2 K) from the room temperature vacuum tank. A
great deal of analytical studies have been done on bellows to predict this behavior and under-
stand the stability. Failures of bellows identical to the type used on RHIC have also occurred.
Currently, a study of this problem is being done using I-DEAS Geomod and Supertab to study
the reaction of a solid model bellows. Shortly thereafter a test of these conditions will be done.

CONCLUSION

The advantage of solid modeling in mechanical design is clear in the RHIC program. Compli-
cated structural models that would not have been solved numerically can now be done. The
graphics power of this software and todays computers permits "visual analysis", the collider
ring survey is an example. Finally, a complete package of information is presented to the user
on the particular problem at hand.

The power and speed of solid modeling is certainly beneficial to any mechanical design applica-
tion, especially the tough ones. What is not obvious is the usefulness of solid modeling on the
simple problem^ that usually occur daily. A mechanical designer or engineer always strives for
the simplest solutions which many times can be analyzed out of a text book. The text book is
a necessary step in checking work, however a well used solid FEM model can represent a text-
book with unlimited solutions.
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Figure 2. RHIC lattice layout.
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Figure 6. Tunnel net and survey sightings.
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