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ABSTRACT

In this paper, we demonstrate the accomplishment of crealing a
vacuum-to-air transition to facilitate the Lawrence Livermore National
laboratory's Advanced Test Accelerator (ATA) electron beam 1-Hz pulse rate.
1t is ‘necessary that a pulsed particle beam go from a region at 10'6 torr
through a T-cm-diam maximum aperture into a region at 760 torr. This must be
accomplished without the use of windows or solid barriers.

Two tests will be conducted on the vacuum-to-air interface. The first
d .ermines pressure profiles through 1.0-mm- and 10.0-mm-diam orifices. The
second test employs an expendable foil and foil advancement mechanism. In
this paper, we present the experimental results of the orifice test and
compare the analytical results with the empirical results. The foil
advancement test will be documented after the test is completed. The
mechanism serves both as an orifice and as a fast-acting vacuum vaive. In
operation, the electron beam penetrates the thin foil, thereby creating an
aperture of minimum geometry. During the balance of the pulse cyrlz, after
the beam duration, the foil 1is advanced to seal the opening and recover the

altmost negligible loss in vacuum.

*Work performed jointly under the auspices of the L.S. Department of Energy
by the Lawrence Livermore National Laboratory under contract W-7405-ENG-48
and for the Department of Befense under Befence Advanced Research Projects
Agency ARPA Order No. 4395, monitored by Naval Surfacz Weapons Center under
documents N60921-86-POW0001; and N60921-86-POW0002 .




I. INTRODUCTION

The vacuum/air interface was designed to allow a viable vacuum-to-air
transition for ATA that can also be used on other experiments on other
machines. This interface has two components: a fast-action valve (< 250 ms)
that functions as a system shutter and a foil advancement mechanism that
functions as a vacuum barrier. The hardware is an initial differential
pumping design concept. The interface was designed to be compatible with the
ATA machine; hawe&er, with a flange change it can be compatible with any
mactine. The fast valve and foil seal operate at a 1-Hz repetition rate; the
pressure ranges from 1 torr to atmosphere. When the valve opens, the electron
beam passes through the foil and the valve opening. When the beam pulse is
complete, the valve closes and the foil advances 3 in. in readiness for the
next pulse and the system is pumped to 1 torr. During operation, the vacuum
system operates continually. It is necessary for the interface to be pumped

-

back down to 1 torr within 1 s.

~
I1. TEST PLAN

Bench testing i: being performed is verify whether or not this design can
operate in a 1-Hz mode. Figure 1 illustrates the first bench test setup.
Testing will be done in two experiments, as follows:

EXPERIMENT 1 PURPOSES
1.  To determine the system's pressure response over time as a result of:

a. Pressurization through orifice diameters of 10 mm and 1 mm



b, Time exposed to atmospheric pressure
2. To determine the fast valve cycle times in response to:
a. Varying the supply air pressure from 60 psi to 100 psi at 10-psi
increments
o. The pressure differential across the valve caused by the restricted

orifice flows of objective 1.a.

EXPERIMENT 2 PURPOSES
1. To determine the system foil transfer characteristics:
a.  Under vacuum conditions vs atmospheric testing
b. As a result of:
(1) Orifice size
(2) Time exposed to atmospheric pressure.
2. To determine the system pressure response over time as a result of:

a. Pressurization through orifice sizes of 10 mm and 1 mm. The
orifices are prepunched in the foil and spaced in alternating 2 in.
lengths.

b. Time exposed to atmospheric pressure.

3. To determine the fast valve cycle times in response to:

a. Varying the supply air pressure from 60 psi to 100 psi at 10-psi
increments

b. The pressure differental across the valve caused by the restricted
orifice flows of objective 2.a.

4, To establish and document system performance as compared to the findings

of Experiment 1, orifice testing, and from this to provide system optimization



recommendations for mechanism upgrading.
Orifices of 1 mm and 10 mm were used 1in these tests because they
represent two different electron beam diameters that cover the full beam

diameter range.

III. ANALYTICAL RESULTS

Analytical results show that it takes 1.1B s to pump the 12.6-L
vacuum/air interface volume down to 1 torr from atmosphere. These results are
based on a valve cycle time of 0.55 s; for a cycle time of 0.25 5, the pump
down tince is 0.52 s. Because of the amount of gas load that has to be pumped
from the interfaze, a separate ballast tank is required to maintain the
interface vacuum requirements during repetitive cycles. The gas load that
leaks through a 1-cm orifice during an operation cycle is 11,200 T-1/s, and
the time the pressure differential s across the plate is 0.4 s. At the end
of the operation cycle, the ballast tank pressure is 7.7 torr. It requires
1.7 s to pump down to 1.0 torr, 4.2 s to 0.1 torr, 9.2 s to 0.01 torr, and
21,35 to 1 % 1073 torr.

The net pumping speed of the ballast tank is 1404 L/s, which is not
adequate for prolonged use of this system. Taking 21.3 s to pump the ballast
to a 1 x 10_3 torr base pressure is too long to be effective for repetitive
cycles. A larger amount of available net pumping speed 1is required for
continuous operation on repetitive cycles because it does not take many cycles
before the ballast is not able to keep up with the gas load. We expect that

the fixed-orifite test can handle fewer repetitive cytles than the foil



mechanism test because the foil mechanism has a much more conductance-limiting
design. Becaus2 of space and cost considerations, the ballast tank we are

using is small, but it is adequate to run our tests and prove the principle of

the design.

Iv, EMPIRICAL RESULTS

TEST RESULTS FOR THE 1.0-MM-DIAM ORIFICE

1. Single-fycle Results

Pressure profile results exhibited in Figs. 2 through 6 show similarities
that allow their results to be generalized.

Upon initialization of beamline valve cycling, note the immediate
pressurization of the airside of the orifice to atmospheric pressure in less
than 50 ms, This response indicates that the b=amline valve is minimally
effective unless it is cycled in less than 50 ms. Any cycle time greater than
this allows the trapped volume to be completely pressurized to atmosphere.
The trapped air is distributed throughout the system when the ballast valve is
opened, Between 190 ms and 270 ms, the beamline valve closes. Note the
slight depressurization shown in Fig. 3.

Data for the system pressure response on the vacuum side of the orifice,
shown in Fig. 4, show that once the volume on the air side of the orifice is
pressurized, the mass flowrate through the orifice beccmes choked. Thus, the
system pressurizes slowly until the trapped volume on the air side of the
orifice is introduced to the system. As Fig. 4 shows, the 75-ms delay in

pressure response from time zero (the beamiine valve opening) is caused by a



lack of instrument sensitivity. At time zero, the system is evacuated to the
high 10—5 torr range, and it takes 75 ms to pressurize to the low-millitorr
range, which is the low range of the instrumeni. The 100-ms deiay between the
time when the ballast valve opens and the time when the instruments register
the pressure increase from the trapped air volume is a function of the ballast
tank volume.

Referring to Fig. 7 for the vacuum side of the orifice, note that the
system stabilizes at 2.65 torr between 500 ms and 600 ms from the beamline
valve opening. The final pressure seems to be primarily a function of the
entrapped volume of air on the air side of the orifice, only secondarily a
functicn of orifice diameter.

2.  Multicycle Results

The multicycle results shown in Figs. 5 and 6 demonstrate that the system
pressure response is dependent upon the entrapped air volume on the air side
of the orifice, after beamline cycling. Figure 6 shows that constant pressure
increases at the system stabilization points during multicycling. These
points are nearly linear, except for the point at which pump efficiency
tncreases as pressure increases, which aczcounts for the slight nonlinearity.

Pressure response is constant for each cycling, and exirapolation of the
system responie to any number of cycles can be made up to the time of system
saturation.

TEST RESULTS FOR THE 10.0-MM-DIAM ORIFICE

1. Sinale cycle results

Figure 8 1c¢ similar to the corresponding responses in Fig. 3. In

contrast to the 1.0-mm orifice, the wvacuum side of the 10.0-mm orifice



experiences an immediate pressurization response that lasts for 150 ms. The
mass flow rate becomes choked at 8 torr, as shown in Fig. 9. After 150 ms and
during the beamline valve closing sequence, the vacuum side of the orifice
experiences a parallel depressurization. Sysiem stabilization is attained
upon opening the ballast valve. At the time of system stabilization, note
that the 10-mm orifice accounts for approximately a 1.25-torr difference in
stabilization pressures as compared with the 1.0-mm orifice.

As shown in Fig. 3 for the 1.0-nm orifice, the system seems to be
dependent primariiy on the entrapped air volume on the air side of the orifice.
2. Multicycle Results

Figures 10 and 11 are similar to the 1.0-mm orifice results shown in
Figs. 5 and 6, thus confirming similar conclusions and responses.

Figure 10 illustrates the consistent system response on the air side of
the orifice, whereas Fig. 11 illustrates the system siabilization pressure
tinear response caused by the constant air volume absorption by the tank after
each cycle. Again, the slight nonlinearity is caused by greater pump
eff ‘ciency at highar pressures. System pressure responses can be cxtrapolated

up io the sy-tem saturation value of 375 torr.



V. SUMMARY

The first of our two tests showed a need for system design modifications.
Based on the test vresults, two major design considerations need to be
addressed: reduction of the entrapped air volume on the air side of the
orifice and an increase in the ballast system pumping capacity. Results also
indicate that minimizing the orifice diameter and increasing the beamline
valve operation speed would help optimize system operation.

Empiriral resﬁlt; for the second experiment are not available at this
time because the tests are in progress; however, they will be published as an
addendum to this paper when they are available. Figures 12 through 15

illustrate the foil advance mechanism used in Experiment 2.



Foil or orifice
plate

Vac/air
inei(ace

Side valve

A h'—jﬂr—- ] e ‘

i | V- { | tank
o0t
LT“.Lli | I |
-
Blower/pump ‘ Beam director
combination : vac/air interface
Sp=666 CFM | bench test setup

Fig. 1 Beam director vacuum/air interface bench test setup.



-1¢ -

T llllfllll‘]—l"—r

,[]”

Signal voltage

C A
|

2 IEL: | T R B!
102 6.3 04 05 06 07

Time (s)

o

0

A. Beamline valve open command, 0.000 s
B. Beamline valve close confirmed, 0.223 s
C. Ballast system valve open confirmed, 0.343 s

Fig. 2 Valve timing response. Single pulse.



-1n -

1000 g T T T T T T T 7
500 o
8008 € -

700 b 7E -
A, Beam valve open command
600 -1  B.77iYors, 0086 s
C. 748 Torr, 0.200 s
_‘ D. Beam valve closisre contitmed

System pressure (Torr)
on air side of oritice
[°.]

o
o

00 E. 739 Tarr, 0.26B s {ballast system valve close command)
300 - F. Baliast system valve open confirmed
G. 404 Tom, 0.400 s
zooJi .
F
100 -
oA 8 s
0 0% 02 03 04 05 05 07 08 09 1.0
Time (s)
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£ig. 15 Vacuum/air interface assembly with arifice assembly.



DISCLAIMER

This rcport was prepared as un accouns of work speasored by an agency of the United States
Government. Neither the Uanited States Government nor any agency therzof, nor any of their
employces, inakes any warranty, cxpress or implied, or assumes any legal liability or responsi-
bility fot the accuracy, completeness, ar usefulness of any infermation, apparatus, product, or
process disclosed, or represems that its use would not infringe privatcly owned rights. Refe
cuce herein to any specific commercial product, pracess, or service by teude nane, trademark,
manufacturer, or otherwise does not it { of imply its end recom-
mendation, or favaring by the United States Gavernment or any agency theseof. The views
ana opinions of authors expressed herein do nol necessatily state or reflect those of the
United States Governmem or any agency thereof,




