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Summary

A stainless steel, six-inch valve cepable of
closing in approximately 10 milliseccnds has been
developed at the Stanford Linear Accelerator Center.
The valvs will be automatically and remotely oper-
able, allowing it to be used in the SLAC beam
switchyard area where high radiation levels will
prchibit personnel access. The problems of trigger-
ing mechanical release, valve gate acceleration and
deceleration, and vacuum sealing without elastomers
appear to be soclved.

The knowledge gained relating to this type of
gate valve predicts the future design of a valve
with a 2L-inch opening, capable of operating in
time irtervals of five tc six milliseconds.

Introduction

Consistent with advances of linear accelerators
cf the SLAC type, certain mechanical components in
the vacuum system complex had to be produced. This
wes necessitated oy the high probabllity of implo-
sive failure of a thin window in the vacuum complex
of such a high intensity particle accelerator, with
subsesquent pressure-shock waves in the beam tubes.
These pressure shocks, in the velocity range cf
Mach Wurmper = 2 - 7,7 urless valved off and iso-
lated, could damage sensitive and expensive equin-
ment .

Protection of such equirment in the beam switch-
yvarda of the Stanford accelerator will be obtained
by tne lccation of fast gate valves with closing
times approaching ten milliseconds. The six-inch,
stairless steel valve has been developed for auto-
matic and remote operation in a radiation field.
Initial prcblems of triggering mechanical release,
valve gate acceleraticn and deceleration, and
vacuuwr sealing without elastomers appsar to be
solved and are discussed below.

Valve Descripticn

The fast all-mesal six-inch valve is a gate
type, automatically and remctely contrclled, with
mester control position indication anda non-service
operation interval of 50C cycles. Figure 1 indi-
cztes the main subcomponent and general detail
assembly. Figure 2 presents certain mechanical
features of thne fast valve.

Figure 3, & graph cf total time interval in
milliseccnds plotted versus total gate travel
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distance in inches, clearly shows the requirements
of acceleration and deceleration. Velocities as
great as 120 feet per second are reached in closing
the gate. Buch velocities are necessary and gener-
ate interactions of the mechanical parts that occur
in time intervals of several hundred microseconds.

Deceleration magnitudes are many multiples
greater than acceleration magnitudes. This required
a sequential mass deceleration by three means.
First, the accelerating springs are isolated and
decelerated by impact rods which transmit the de-
celeration force into the upper part of the valve
to prevent impact distortion of the vacuur seat.
Second, the momentum of the rail and cam guided
gate assembly shown in Fig. 2 is split in two oOp-
posite directions by cam and roller action. Third,
the gate strikes an elastically supported seat with
sufficient impulse to coin the lead metal seal ring.

A spring accumulator system located in the
prneumatically controlled, zluminum cylinder piston
assembly permits automatic connecticn and retrac-
tion of the gate mechanism.

Solenold magnetic action initially triggers the
gate acceleration when a signal level electroric
pulse is received from the detection trarnsducers.

Open-closed position indication is achieved by
ricroswitches, lights and meters in the master con-
trol rocm. Substation actuation of each valve can
be made for circuit check purposes in the SLAC
installaticn.

Seguence of Valve Operation

As part of the valve system, pressure trans-
ducers are located approximately 100 feet from the
valves near the sensitive equipment ard instruments.
When a shock wave enters the switchyard beam tube
of the SLAC accelerator, a signal is generated and
electrically fed to the trigger circuit of the velve.

The trigger circuit releases the megnetic field
cf the valve solenoid. This action permits the
rail guided gate to be accelerated by the main
springs. The gate is cam guided tc =z vacuum seal
and autcmatically locked in this position by toggle
action.

The spring accumulator system located in the
pneumatically controlled upper aluminum cylinder
causes an automatic recoupling action of the re-
traction cylinder assembly.

At a command frem the master control room or
substaticns, the valve can be retracted ready for
another fast closure.
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Test Methods Present Results
Five different majcr <ypes of investigative Design o2 the valve was started ir June 1964
test metnods were employed in the development of and completed in February 1965. A successful de-
the valve with a view to theilr applicaticn in check- sign is indicated. The following remarks concern-
ing valve action for the total number of valves ing certain subcomponents may be of interest:
required.  These methods utilized the Tollowing
observational devices and techniques: 1. The vacuum bellows has completed 10,000

cycles of operation successfully. Further
R . . tests are planned.
1. Electronic oscillecscope plus polarcid
camera pictures. 2. The Jocking and relesse mechanisms ere made
B . . X X of tool steel.
2. Visual inspection coupled with rmechanical
precision measurement. 3. The drive springs are now vreset defore in-
. . i stallation into the valve.
3. Electro-optical photocells coupled with

: electrenic interval timers. L. The gate seat has withstood more than the

. required 500 cycles of cpsration. Further
4. Necessary vacuum test equipment. development work to increase the reliabil-
5. High-speed motion pictures. ity of the gate seat is planned.

Cost figures for this SLAC developed valve have

Because the first four methods are essentially been approximately cne-fifth tre cost of commercial

conventional, only the Tifth will Te briefly de- quotes.
=d . g-prism type high-speed movie

camera (RED LAKE) filmed the valve action at 16,000 Future Developnments
frames per sscond. From each 100 fee: of film ap-
proximately 20 feet were at the correct speed and A type of valve unique in valve technology has
useful. A ecre-millisecond timing mark was super- been procuced. The knowledge gained relating tc
imrosed on the f21lm to allow individual frame analy- this type of valve predicts the future desigr of =
sis and evaluation. These movies allowed detailed valve with a 24-inch opening, capable of operating
visual observation to be made. in time intervals of five to six milliseconds.

e TRIGGER
SOLENOID

== RETRACTION
SPRINGS

e PISTON

e RETRACTICN

N CYLINDER
MECHANICAL
CCUPLING ~MAN
" SPRING
CARRIAGE . e —GATE SEAT
e ROLLERS
SPRING
RECOH.
ROCS
~—GUIDE CAMS
BEAM ._
TUBE. —CASE
STRUCTURE

Fig. 1. Schematic arrangement of parts. Fige. 2. Valve cetails.
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