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Summnary

The high vacuum requirements of the Stanford Two-
Mile Iinear Electron Acceleratcr plus the radiation
produced by electron acceleration have made it
necessary to design special vacuum and isolation
components. Two of these are special purpose
valves capable of operating in a vacuum system at
107% torr, and the third is a group of guick-
disconnect couplings used for component installa-
tion in the beam switchyard area of The accelerator.
One valve 1s an all-metal, 50-megawatt, S-band
microwave valve used to isoclate an evacuated rec-
tangular waveguide feed system Trom exposure to

ajr during the replacement of a klystron drive tube
for the accslerator. The valve is built with a
=1ltable indium seal which provides for leak rates
on closure below 24 x 1078 std. cc He/sec. The
second valve is a fast-acting unit that was designed
for beam axis application within the disk-locaded
waveguide accelerator structure. This valve also
has an indium seal that ic remotely remeltable and
has a measured closing time of nine milliseconds.
Tne greup of quick-disconnect couplings, which are
6, 10 and 12-inch pipe sizes, are remotely operable,
nen-elastomer couplings used in the vacuum chamber
system of the beam switchyard. The radiation in-
tensity in this area is sufficient to make elasto-
mer seals impractical and to require that replace-
ment of switchyard components be done quickly and
remotely. Indium is also used as a reusable seal
for these couplings and can be re-formed mechani-
cally to extend seal life.

e

RF Waveguide Vacuum Valve

The klystron drive tubes for the two-mile
linear accelerator at Stanford are expected to
have a normal operating life of 2,000 hours. For
the 2L4-hour-per-day operatior envisicned zt SLAC
this means the replacement of each klystron every
12 weeks. In order to retain the 1078 torr cpera-
ting vacuum in the accelerator during klystren
replacement, two vacuum valves are closed, one in
the waveguide system, the other in the vacuum
manifold.

The waveguide vacuum valve (Fig. 1) is located
at the outpubt of each klystron. The manifold valve
is adjacent to a pumpout section which permits the
roughing down of the small volume tetween the klys-
tron window and waveguaide valve prior to valving
irto the main vacuum manifold.

The waveguide valve must operate at the rated
output powers of the klystrons (21 MW peak, 24 kW
average at 2856 Me) with low reflection and attenu-
ation. Tt must also provide = minimum of 30 vacuun
tight closures during the coursggof 10 years, and
be capable of operating in a 10 torr environment.
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This requirement is achieved by using low vapor
pressure metals such as stainless steel ard copper
(for all vacuum-exposed parts).

FPigure 2 is a cross-sectional representation
of this valve. The microwave structure consists
of a regsonant iris in the common broadwszll of the
twe adjscent waveguides. The fixed planes of the
shorting plates were determined empiricelly and are
the same in all valves. The positions were deter-
mined in cenjurncticn with the E-plane, 90° mitre
joints such that a bilateral standing weve ratio of
1.08 or less was obtaired at the operating fre-
quency. All productiorn units are tuned by squeez-
ing the wall of the inpubt and output waveguide so
that the VSWR is reduced to 1.02 or less. Attenu-
ation of the valve is less than 0.1 dB a2t
2856 Mc /sec.

Continuity of wall currents in the upper wave-
guide section is achieved through the copper gaske:
ard copper-plated mating surfaces in the backseat
region. The miter joints =zre gimilar to those
described in the referencesl»? with the exception
that a block only partially filling the corner is
uged (Fig. 1). The ratic of C/do is irn good
ment with the curves presented in the refererces.
HJowever, some matching is =mchieved in conjunction
with the shorting planes as mentioned sbove, No
breakdown at these corners was experienced up to
peak powers on the order of €0 MW, tne limit of
our tests.

The vacuum structure of the waveguide valve is
composed of the brazed body and plunger subassem-
blies. The vacuum seal between these subasserblies
is made by means of a crush seal jcint and a copper
gasket. The reusable vacuum seal for klystron re-
placement is made by forcing the plunger assemdly’'s
circular, stepped knife edge into an indium-filled
grcove concentric with the circuler resonant iris
in the common broadwall between the two waveguides.
The closing force is provided by a lead serew actu-
ator which attaches directly to the plunger assem-
bly. By using concentric machined steps, several
sealing edges are achieved. More than 200 zlosures
have been obtained on a single seal {l.e., with
leak rates < 24 x 107°% s5td ce He/sec) in test units.
The indium, however, which has a melting point of
156.6°C, can be remelted readily to provide a virtu-
ally infinite seal, by means of heater rods inserted
in the valve body. The remelting process reguires
approximately 1-1/2 hours (including cooldown) and
can be performed while the valve is installed and
under the accelerator vacuum.

Considerable attention was giver to schieve a
suitanle processing technique for casting good
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indium seals, i.e., achieving an indium-stainless
steel interfzce which is free of leak paths and -
stable under repeated closures. (The technigque is
being used both for this valve and for the fast-
acting valve described below).

The process is composed of twe steps; a casting
cr wetting of the indium inte the siainless-steel
groove in a dry hydrogen atmosphers, and a remelt-
ing of the indium while it is under a vacuum. The
first step ig performed at temperatures between
750¢ and £50°C.  The dry hydrcgen asmosphere re-
duces the oxides both on the indium and the stain-
lesg steel so that a wetting cr alloying of the
meta’s can take place. Two runs are mace with the
first using only a small amount of indium to wet
the surfaces oF the groove, and with the groove
£illed to the desired level in the second. This
entire process is visually mecnitcred since the
length of tims required and the temperature are not
easlly specified parameters. They are affected by
the dew point of the hydrogen as well as by the
initial conditions of the stainless steel, the in-
diun, and even the furnace.

Upcn corpletion of the furnace processing, the
essenbly is placed cn a vac-ion pumped vacuum sta-
tion where a remeslting of the new cast indium is
mads using exterral heaters. Vacuum levels on the
order of 107° torr are maintained throughout the
remelting, dut bursts of gas are detectable as the
indium melte. The release of these entrapped gases
is soretimes accompanied by sputtering of indium
onto the surrounding copper-plated surfaces. This
results in etching of these surfaces unless the
indium grcove is covered with a hood during this
first vacuum remelt. By performing this initial
vacutm remelt under controllable corditions, sub-
sequent remelting of the seal while the valive is

installed will not result in these violent reactions.

Throughout both processing steps, the amount of
plays an important,
the end result.
more thoroughly
still in the realm

care and degree of cortamination
but difficult to define, role in
Until the processes invcolved are
understood, these techniques are
of an art.

A71 va'ves are rescnant-ring tested at rI powers
of 60 MW peak and 24 kW average. In addition, each
valve is cycle-tested five times with a maxinum
zllowable lesk rate of 1 X 1078 std cc He/sec. Sev-
eral wits have been operating in test stations for
approximately cre-hall year; each having an excess
of 100 clesures on a single seal. The rf power
attained routirely is cn the order of 12 MW peak,
14 kW average.

Pact-Acting Vacuum Valve

A fast-acoing vacuum valve for application on
the beam 4
Approximately 20 of these valves are 2O be instal-
led in “he disk-loaded waveguide structure of the
accelerator at 330-Zoot intervals. In the event of
vacuun deterioration in any one sector of the ac-
celerator, o censicg device turns the electron
team off and mtically trips the valve at
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either end of that sector to isolate the sector
from the rest of the accelerator. Because the
vaelves are fast acting, they function to minimize
the portions of the accelerator that azre exposed
to pressure rise., This will reduce contamination
and damage to cther sectors of the accelerator and
the down time for repair. Each valve is required
to cloge in nine milliseconds in providing this
protection.

Previcug valvesg used for this kind of protec-
tion in an eccelerator have usually been valves
constructed with non-metalic sealing surfaces and
with sliding or rclling parts required to function
in a vacuum. The radiation environment that will
be present in the two-mile accelerator required
that all materials in these valves be radiation
regsistant. Also, because of the very high vacuum
and the long life and reliability requirements,
gliding and rolling parts with accompanying rapid
wear and galling have been eliminated from this de-
sign. Another problem with high cpeed valves of
large travel 1s severe closure impact resulting
in short valve life and reduced reliability.

The valve (Figs. 3 and 4) has a 13/16-inch
aperture through which the electron beam passes
under nermal accelerator operation. The covel digk
of the valve has a groove in which & remeltable
indium seal is loczted. When the valve is closed,
the knife-edge ring on the tube that forms the
aperture indents into the indium to effect the low
leak rate seal. With each cycle, the knife-edge
ring bites more deeply into the indium. When the
valve ig in its open posgition with the oval disk
down, a heater in the heater-can can be energized
remotely to remelt the indium so that its sealing
effect 1g renewed. The valve can be cycled open
and closed approximately 20 to 30 times before it
ig necessary to remelt the seal. (Under normal
circumstances, this is estimated to be well in ex-
cess of one year of accelerator operation.) The
heater is energized for approximately 1C minutes
to melt the indium. Approximately one hour is re-
quired to return the valve to operating temperature.

Other components of the valve include the valve
spring, which applies a force of 200 pounds, a
spring guide, a shaft assembly and bellows, a damp-
ing piston and cylinder, latching hocks ard a latch
bar, an actuating solencid, and microswitches that
provide remote indication of the status of the valve.
Wher. the valve receives a signal to close from the
vacuum sensing device, its sclenoid actuator dis-
engages the latching hooks. The valve spring forces
the shafit agsembly upward to close the valve by
forcing the oval disk into contact with the knife-
edge ring. The oval disk is suspended from the
shaft by two flexible members. In addition, the
disk hinges on two smaller flexible members lo-
cated at the opposite end of the disk from that
shown in Fig. 4. To reduce the impact tha%t occurs
between the disk and the ring when this action oc-
curs, the air cylinder and piston at the upper end
of the shaft assembly provide deceleration during
the final third of the shaft and piston travel.

for
have

After the valve has closed and the reascns
vacuun deterioration in the accelerator sector
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been determined and corrected, the sector is again
pumped down to 1078 torr, the operating vacuum of
the machine. At this time, 90 psi of air pressure
is applied through the air tube to the top of the
piston in the air cylinder. This depresses the
shaft assembly and forces the latch bar down into
position to engage the latching hooks. During both
the opening and closing cycle both microswitches .
are actuated to provide remote indication to the
Klystron Gallery of the status of the valve.

Some of the design considerations in the de-
velopment of this valve were that high strength
materials be used effectively for the moving parts.
Accelerations of 200 to 300 G's occur during oper-
ation of the valve. Also, where components such
as the latching hooks and the latch bar are sub-
jected to high localized forces at points of en-
gagement, hardened materials had to be used to
prolong their life and reliability. The corners
of the hooks and the bar were also rounded slightly
to prevent excessive stressing of the materials and
early failure.

The shaft assembly travels in two bearings and
is lubricated by a coatinz of molybdenum disulfide,
a permanent lubricant that is unaffected by the
radiation environment. The bellows permits the
shaft assembly to operate in air at its upper end
and in vacuum within the valve body. Molybdenum
disulfide is also used as a permanent lubricant
for the piston which operates within the cylinder
without seals. The air holes in the side of the
cylinder provide release of vacuum damping under
the piston during valve closing and also prevent
pressure buildup under the piston when it is forced
dovnward to open the valve., An adjustable restric-
tion located in the air fitting on the top of the
valve regulates air escape to achieve the desired
damping during valve closure.

The valve solencid is actuated to close the
valve through a control circuit in the Klystron
Gallery. When vacuum deterioration is detected by
a sensing device, it energizes a tripping circuit
which causes a charged capacitor to send an actuat-
ing pulse to the solenoid.

Experience with the valves to date has shown
that that the sealing effect was such that the leak
rate was less than 107° std cc He/sec as measured
with a mass spectrometer leak detector. In most
instances, the rate was less than 1/100th of that
rate, and a reliable valve life of more than 1000
cycles has been obtained.

Quick-Disconnect Vacuum Couplings

One of the requirements in the Beam Switchyard
(BSY) at SIAC is that the various pieces of equip-
ment along the beam lines be remotely removeable
and replaceable. These items in general are magnets,
instruments, and drift pipes. They all either con-
tain or are themselves a vacuum chamber. Joining
all of these components together into one continu-
ous vacuum system is the function of the quick-
disconnect vacuum couplings. These couplings are
being built in 6, 10 and 12-inch pipe sizes.
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The high radiation level in the Beam Switch-
yard precludes the use of any elastomers in the
couplings. The radio-activity hazard imposes the
requirement that the couplings be remotely and
rapidly operable. The maximum allowaeble leakage
per joint is 1 X 107° std cc He/sec.

To compensate for the lateral and angular
misaligmment of adjacent pieces of apparatus, the
couplings are used in pairs, separated by a bellows
as shown in Fig. 5.. This arrangement accomplishes
several things such as providing an allowance for
a 3/16-inch lateral misalignment, 3~ angular mis-
alignment, and a 1/4-inch variation in the axial
location of apparatus.

All pieces of equirment have a male coupling
half on each end of their vacuum chambers. The
bellows are welded between two female flange halves.
This allows for maximum flexibility in the place-
ment of equipment and also permits inspection of
the female flange halves of all joints which are
uncoupled regardless of the equipment being re-
moved or installed.

The individual couplings are basically two
flanges (Fig. 6), one containing an annular groove
filled with indium. The other flange has a cir-
cular knife edge of a stepped, triangular cross
section protruding from a flat face. The diameter
of the circular knife or ridge is the same as the
diameter of the groove in the female flange. The
two flanges are pulled together forcing the knife
edge into the indium, thus making a seal.

The flanges are forced together by twe rings
which bear against the backs of the flanges at six
places equally spaced about the rings. These rings
are pulled together by two cam hooks which are
operated simultaneously by rotating shafts extend-
ing vertically from the cam hooks. As the rings
deflect, they distribute the load to the flanges
at the six points of contact as shown in Fig. 6.
The cam hocks are further spring-loaded by Belle-
ville washers to compensate for the cold flow of
the indium and to maintain 2 nominal loading of
100 1b/inch of seal.

Preliminary testing showed that several
closures of a joint could be made without re-
forming the indium. In three different test runs,
more than 50 closures were made without exceeding
a leakage rate of 1 X 107™sts cc He/sec. The leak-
age rate diminished for the first few days of clo-
sure, and, in several instances, was an immeasure-
able amount. Further evaluation testing is in pro-
gress.
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Fig. 1. RF vacuum valve,
partially disassembled.
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Fig. 2. Waveguide valve assembly,
crogss-sectional view.
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Fig. 3. Assembled fast closing
vacuum valve.
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Fig. 5. Typical Arrangement of
quick-disconnect couplings and
BSY components.
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QUICK DISCONNECT VACUUM COUPLING

Fig. 6. Cross-section view of
quick~disconnect vacuum coupling.



