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INTRODUCTION

The tenet held by the SSC Central Design Group, given to BNL by Norbert
Engler of Fermilab in late July 19853, about the SSC beam tube is that the
beam tube ends will be positioned accurately and permanently, (except to
compensate for floor movement) thereby creating a situation where the beam
tube bellows shall have to accept neither radial nor torsional displacement.

Other factors which beat upon the beam tube bellows design are:

1) The beam tube and bellows will be within cryogenic He which could
reach a pressure of 300 psi during a magnet quench.

2) The beam tube will be copper plated or clad on its inner surface.

3) The accelerated beam should not “see” abrupt beam tube diameter
changes, such as the bellows.

4) Minimum life is 1000 cool-down-warm—-up cycles.

DESIGN CONCEPTS

The proposal given to me is to have co—axial bellows, the outer bellows
to withstand the 300 psi He, the inner bellows to contain the beam tube ul-~
tra~high wvacuum (UHV) and the space between the bellows to be connected to
‘the insulating vacuum.

It follows logically therefore that no joint, welded or brazed, should
stand alone between the He and the UHV (except the beam tube weld which
should be as ductile and safe as the base material but samples of which I
found to crack easily.)

The bellows assembly must not be difficult to install nor remove, it
must accommodate leak checking fixtures, welding and cut—out machines.
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BEAM TUBE - TO BELLOWS ASSEMBLY JOINT

The simplest joint is to have the bellows assembly ends the same as the
beam tube and butt weld them to the beam tube. This joint design.is object-
{onable because: 1) there is only one joint between the He and UHV; 2) there
is no way to fully inspect and test the finished weld. A slight welding
error could cause severe wall thinning, or a leak which would be difficult to
pinpoint and repair; 3) any damage to the plating in the beam tube and/or the
RF expansion joint cannot be ascertained.

A tubing lap joint has one advantage over a butt joint - alignment is
automatic, but the objections above are equally valid for a welded lap-joint.
A brazed lap~joint carries. objections 1) and 3}, part of 2) (leask pinpoint
and repair) and adds 4} brazing in this case requires a flux which cannot be
removed from the interior; 5) the bellows must be extra long to accommodate
travel equal to the laps at each end, travel which is not used during operat-
ion.

The conclusion drawn from this section is that a flange must be shop~
joined to the beam tube and a mating flange must be the ends of the bellows
assembly

FLANGE TO BEAM TUBE JOINT

In Figure la, the tube end weld 1s easy and safe, once the plating has
been removed thoroughly for some distance from the end. The second weld is a
lap-joint weld for which objections 1), 2) and 3) above are valid.

Figure 1b shows the same flange for a brazed joint., Note that the weld
tab is not required, thus it is a less expensive flange. Another advantage
gained by brazing is that only one set-~up is reguired to join the beam tube
and vent tube to the flange and only one leak-check operation is required.

The sequence for welding would be: weld flange to beam tube (plating
having been removed), leak check, weld vent tube to flange, leak check. Any
damage to the plating must be repaired in either case (the plating wmust be
replaced 1if a welded joilnt is used).

Brazed joints are commonly used at cryogenic temperatures, have a shear
strength of about 40,000 psi (two 1/8" wide bands around the beam tube perip—
-‘hery is a bit over one square inch) and can be easily undone in the shop, if
need be, with no damage to either the tube or the flange.

BELLOWS ASSEMBLY DESIGN AND INSTALLATION

Figure 2 18 & design which meets the criteria given to me (coaxial bel-
lows ete.) and to which none of the aforementioned obiections can be assign-
ed. The welding during the bellows installation will not make the flanges
hot enough to affect the brazed joints or the spring fingers of the RF
joint, )
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This design permits the vent tube to be shop-joined to the magnet and
shop leak tested. Also, having the vent tube parallel to the beam tube close
to the flange places it out of the way for the welding machine and the cut-
out machine: Indeed, the vent tube will act as a key for those machines. The
flange on the opposite end of the beam tube will have a blind hole for keying
the machines.,

The overall dimensions of the bellows assembly will depend upon which
outer bellows is chosen. Thin wall, straight sided bellows, such as the
inner bellows, will compress to 50% and extend to 125% of their relaxed con-
voluted length. The choice of the bellows will be a compromise between 0.D.
and relaxed length because, as the convolution helght increases, so does the
“allowable travel and pressure. Also, for a given convolution height, as the
wall thickness increases, the travel decreases.

RF EXPANSION JOINT

As stated in the introduction, the aceelerated beam should not “see”
abrupt changes in its vacuum chamber. A sgimple tube within the bellows would
be acceptable except that its ends must slide within the beam tube. Sliding
in a vacuum is not good and the cold surfaces make it worse.

Figure 3a shows the basic RF expansion joint I devised which eliminates
friction and still hides the bellows from the beam.  Figure 3 suggests one
method of manufacture, wires fastened to short tubes. Other methods are to
photo etch a tube or photo-etch {or stamp) a flat development of the tube,
then roll it tubular and spot weld the edges to hold it tubular: Fig. 3b.

The maximum percent of open space to conductor and the maximum dimen-
sions of the open spaces must be determined by tests such as those performed
by S. Gilordano for the ISABELLE UHV pump stations. 90%Z open, 1/4" square
hole screen was found to be acceptable in that case.

Figure 4 shows four possible RF connections between the beam tube I1.D.
copper and the RF expansion joint.  Considering ease of assembly, cost and
number of contact points, Figure 4c is my cholce as best of the four. The RF
expansion joint and contacts can be made of any of many materials, plain or
plated.

LIFE TEST

Bellows assembly life tests, at about 5 cycles per minute, should be
done on several assemblies as proposed and manufactured by each of several
vendors. Because we found that belows manufacturers are conservative in
rating their product, T will be surprised if any of the bellows tested fails
before 10,000 cycles if the recommended stroke is not exceeded. To save some
money, perhaps the first life tests should be done using only the ocuter bel-
lows. It has been suggested that a life cycle test of the bellows with the
external 300 psi He at room temperature would be a more stringent test than
if the test were to be run with the He at about 4"K, but I believe that it
would be imprudent to accept a design as final without its having been tested
under operating conditions (of course, except for cycle time).



The Rf expansion joint should be life tested assembled to the bellows.
A tube mounted within, and electrically insulated from the RF expansion joint
will signal if part of the RF expansion joint leaves its allowable space.

The vacuum within the bellows will be continuously monitored by a leak
detector. If several bellows assemblies are tested together the bellows
interiors will be manifolded to the leak detector and each valved off when
it leaks and the test stopped when the last bellows in the test leaks.

Figure 5 illustrates one type of bellows life cycle test rig. The air
cylinders counterbalance the up to 3000 lb. axial force exerted by the bel-
lows., Without a counterbalance, a large and wasteful gear motor would be
needed as a driver.

A FEW QUESTIONS

If the outer bellows starts to leak -
1) how will the leak be noticed?
2} how much He will enter the insulating vacuum before the leak
must be repaired?

One answer to question 1 ig to extend the bellows vent with a plastic
tube to the outside through a sniffer valve on the vacuum jacket. A "T" in
the plastic tube must be open adjacent to a vacuum gauge which monitors the
insulating vacuum, thus, a rise in pressure would signal a problem. & leak
detector can then be attached to the sniffer valve and 1f He is present, it
is probably the bellows which has sprung a leak.

Someone else will have to answer question 2.

WELDING AND CUT-OUT MACHINES

The welding machine for installing the beam tube bellows will be a motor
driven torch carrier, be clamped and keyed to the beam tube and have remov—
able rollers which will align to two flanges radlally for the first weld
{refer to Fig. 2). One machine will be able to make the three welds.

The cut—out machine will also be clamped and keyed to the beam tube and
be motor-driven, but will have to be heavier than the welding machine. It
may be necessary to make chips when removing the short plece of tubing (again
refer to Fig. 2) but, collecting all the chips with a vacuum cleaner will not
be difficult. The inner weld will be parted with a tubing cutter wheel on
the cut-out machine. Becsuse this wheel will make metal dust, the chip va—-
cuum cleaner will be used here also because debris must be kept out of the
between bellows space.
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