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The Acrylic Pseudosphere

An acrylic sphere can be assembled from spin-cast  acrylic cap pieces.

This note explores why and how.

Many neutrino experiments, existing and proposed, contain a large liquid tank, with a separate liquid target region  at the center.

The target region  has often additives such as salt, Gadolinium compounds, or scintillating dopants  which differ from the surrounding tank fluid.

Multiple concentric targets have also been proposed.

Acrylic containers of the required large size are assembled from pieces (“Caps”)  that are bonded together by acrylic polymer.

The caps  are often made by slumping flat pieces.

The flat acrylic is mostly made by casting on a flat plate with a dam around the edges.

The flat plate can be made by casting a thin acrylic or epoxy layer on a support plate, and applying mold release to prepare it for the casting of the product material.

This process yields stress free material with very good surfaces on both sides.

For the slumping process, a flat,  circular,  piece of cast acrylic is clamped at its edges and suspended inside an oven.

The temperature is slowly raised till the acrylic softens and slumps into a concave shape.

The shape may be determined by free slumping or by slumping into a mold.

Air pressure may be used to force the slumping.

Slumping has a number of possible disadvantages.

The slumping process can result in less than perfect surfaces and can leave stresses in the finished cap. The  blanks must be of circular shape  for even forming, and are trimmed to net shape after slumping, resulting in some loss of material.

One can assemble a closed form from spherical caps or from parabolic caps.

Spherical caps assemble into a true sphere, while parabolic caps can be assembled into a pseudosphere.  The shape of pseudospheres  differ from a true sphere by an amount that depends on how many caps are used in the assembly.

Parabolic caps can be made by  spincasting.

This is the same process as is used for casting flat plate, only it is done on a slowly rotating platform. The rotation speed determines the curvature of the resulting paraboloids.

Again, the mold can be prepared by spincasting an acrylic or epoxy layer on a rough form (e.g. made from stiff foam) and applying mold release.

When assembling a closed form from caps  it is important that all seams meet perfectly for maximum fit at the glue joints.  For spherical  caps that is not an issue.

For parabolic caps this can be achieved by the following method:
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Decide how many caps will be used to assemble the closed form.  Decision factors are the size of the finished form; the available size of the spin casting platform; weight of each cap; and requirements on sphericity of the final.  The number of caps must be selected from this list:   2; 4; 6; 8; 12;and 15, corresponding to the number of faces on one of the “Platonic Solids”.

b. Align the axis of each parabolic cap with the center normal of one of the faces of the selected Platonic Solid.

c. Assemble and bond together.

The symmetry of the Platonic Solid assures that all seams mate perfectly.

The caps can be cast on a rotating platform which has already dams at the required bonding edges; the parabolic shape will not suffer.  If the dams are accurate enough, no net shape cutting will be needed.  The dams can be located by projecting a flat laser beam from the cap center of curvature onto the form.

You may have noticed that the  lowest order (2) does not correspond to a typical Platonic solid.    It is the case where two parabolic caps face each other on a common symmetry line. The corresponding solid would have two vertices, no faces (it is an “anhedron”) and no edges.   The resulting pseudosphere differs as much as 12

 inches form a true sphere for a 96 inch diameter sphere.

Things get much better for the Tetrahedron  based 4-cap solution.  Here the deviation from a true sphere is  +0 -6 inches.

For a cube based 6-cap assembly, the deviations are reduced to +0-2 inches.

Al deviations can be symmetrized and reduced by judicious re-working of the parabolic curvature. 

By the way, the mold can be spin-cast at a slightly faster rotational speed than the final cap, to make the wall thickness more uniform.  The deviations for a 2 inch thick wall can be held to +- 1/8 inch. 
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