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ABSTRACT 

In this paper, we demonstrate the accomplishment of creating a 
vacuum-to-air transition to facilitate the Lawrence Livermore National 
laboratory's Advanced Test Accelerator (ATA) electron beam 1-Hz pulse rate. 
It is necessary that a pulsed particle beam go from a region at 10 torr 
through a 1-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 valve. In 
operation, the electron beam penetrates the thin foil, thereby creating an 
aperture of minimum geometry. During the balance of the pulse cyrlc, after 
the beam duration, the foil is advanced to seal the opening and recover the 
almost negligible loss in vacuum. 

*Work performed jointly under the auspices of the 1/.S. Department of Energy 
by the Lawrence Livermore National Laboratory under contract W-7105-ENG-48 
and for the Department of Oefense under Defence Advanced Research Projects 
Agency ARPA Order No. 1395, monitored by Naval Surface Weapons Center under 
documents N60921-86-P0W0001; and N60921-a6-P0W0O02. 
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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; however, with a flange change it can be compatible with any 
machine. 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. 

II. TEST PLAN 

Bench testing is being performed to verify whether or not this design can 
operate 1n 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 cf 10 mm and 1 mm 
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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 

b. The pressure differential across the valve caused by the restricted 
orifice flows of objective l.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 3 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 
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recommendations for mechanism upgrading. 

Orifices of 1 mm and 10 mm were used in 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 1.18 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 3, the pump 
down tin., is 0.52 s. Because of the amount of gas load that has to be pumped 
from the interface, 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-l/s, and 
the time the pressure differential is 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 
21.3 s to 1 x 10~ 3 torr. 

The net pumping speed of the ballast tank is 1404 L/s, whicb is not 
adequate for prolonged use of this system. Taking 21.3 s to pump the ballast 

-3 to a 1 x 10 torr base pressure 1s too long to be effective for repetitive 

cycles. A larger amount of available net pumping speed is required for 
continuous operation on repetitive cycles because it does not take many cycles 
before the ballast 1s not able to keep up with the gas load. We expect that 

the fixed-orifice test can handle fewer repetitive cycles than the foil 
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mechanism test because the foil mechanism has a much more conductance-limiting 
design. Because 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-Cycle 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 beamline 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 t'le air side of the orifice is 
pressurized, the mass flowrate through the orifice becomes choked. Thus, the 
system pressurizes slowly until the trapped volume on the air side of the 
orifice is introduced to the system. As Fig. 1 shows, the 75-ms delay in 
pressure response from time zero (the beamline valve opening) is caused by a 
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lack of instrument sensitivity. At time zero, the system is evacuated to the 
high 10 torr range, and it takes 75 ms to pressurize to the low-millitorr 
range, which is the low range of the instrument. The 100-ms delay 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 
function 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 
increases as pressure increases, which 'c.iounts for the slight non'inearity. 

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

TEST RESULTS FOR THE 10.0-HH-DIAH ORIFICE 
1. Sinole cycle results 

Figure 8 is similar to the corresponding responses in Fig. 3. In 
contrast to the 1.0-mm orifice, the vacuum side of the 10.0-mm orifice 
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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. System 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-mm orifice, the system seems to be 
dependent primarily 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 stabilization pressure 
linear 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 higher pressures. System pressure responses can be extrapolated 
up io the system saturation value of 375 torr. 
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V. SUMMARY 

The first of our two tests showed a need for system design modifications. 
Based on the test results, 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. 

Empirical results 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. 
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Foil or orifice 
plate 

Blower/pump 
combination j 
Sp=666 CFM I 

Beam director 
vac/air interface 
bench test setup 

Side valve 

F i g . 1 Beam d i r e c t o r vacuum/air i n t e r f a c e bench t e s t se tup. 
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Time (s) 
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. 
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0 0.1 0.2 0.3 0.4 0.S 0.B 0.7 OJ 0.9 1.0 
Time is) 

A. Beam valve open command 
B. 77i Torr, 0.046 s 
C 749 Torr, 0.200 s 
D. Beam valve closure confirmed 
E. 730 Torr, 0.266 s (ballast system valve close command) 
F. Ballast system valve open confirmed 
G. 40.4 Torr, 0.400 s 

Fig, 3 Averaged results of system pressure response on air side of l.O-mmfl 

orifice. 80-psi valve actuator pressure. Single cycle. 

A- Seamllne valve open confirmed 
B. 0.117 Torr, 0.196 s 
C. Beam line valve close confirmed 
0. Ballast valve open command, 0.172 Torr, 0.2rifl s 
E. 0.202 Torr, 0.321 s 
F. Ballast valve open confirmed 
G. Steady state to 1.0 s 

0 0.1 0.2 0,3 0.4 0.5 0.6 17 0.8 0.9 1.0 
Time {s) 

Fig. 4 Averaged results of system pressure response on vacuum side 
!.O-mm0 orifice. 80-psi valve actuator pressure. Single cycle. 

of 
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A. Beamline valve open command 
B. 768 Torr, 0.0375 s 

. C Beamline valve close command 
D. Beamline valve close confirmed 
E. Ballast valve open command. 730 Torr, u 260 s 
F. Ballast valve open confirmed 
3. Beamline valve open cenmond. 2.3 Torr. 0.9553 s 
H. 767 Torr, 1.021 s 
j , Beamline valve close command 
J. Beamline valve close confirmed 
K. Ballast valve open command. 731 Ton. V247 s 
L. Dalfasi valve open confirmed 
M. Boamlin? vatve open command, 6.3 Torr, t.4/3 s 
N. 768 Torr, 2 005 s 
O. Beamline valve close command 
P. Beamline valve close confirmed 
O. Ballast valve open command. 731 Torr, 2.230 s 
R. Ballast valve open confirmed 
S. Beamline valve upen command, 8.0 Torr, 2 960 s 

ig. 5 Averaged results of system pressure response on air side of l.O-mmo 
orifice. BO-psi valve actuator pressure. Multiple cycles. 

Z L J _ 1 . 1 J _ L J J _ I . U . J ! I J I I 
0.2 0.4 0,6 1.0 1.2 1.4 1.6 2.0 2.2 2.4 2.6 3D 

Time (s) 

A. Beamline valve open command 
B. 0.01 Torr, 0.099 B 
C. Seamllne valve close confirm 
D. C.22 Torr, 0.319 s 
E. Ballast valve open confirmed 
F. Stabilized system pressure after cycling, 2.65 Torr, 0.5B? s 
G. Beamline valve open command, 2.53 Torr, 0.995 s 
H. Stabilized system pressure after cycling, S.23 Torr, 1.52n i 
I. Beamline valve open command, 5.01 Torr, 1 970 s 
J. Stabilized system pressure after cycling, 7.70 Torr, 2.473 s 
K. 7.39 Torr, 3.000 8 

g. 6 Averaged results of system pressure response on vacuum side of 

l.O-mm p orifice. 90-psi valve actuator pressure. Multiple cycles. 
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Averaged results of system pressure response on 
vacuum side of 1.0-mm orifice 80-psi valve 

actuator pressure. Single cycle. 
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0,4 0.5 0.6 

Time (s) 

0.8 0.9 1.0 

A. Beamline valve open command 
B. Beamline valve close confirmed 
C. Ballast valve open confirmed 
D. 1.05 Torr, 0.372 s 
E. Highest system pressure after cycling, 2.65 Torr, 0.570 s 
f. 2.60 Torr, 0.750 s 

F i g . 7 Averaged r e s u l t s of b a l l a s t system pressure response on a i r s ide of 

1.0-nrn v o r i f i c e . 80-ps i va lve a c t u a t o r p ressure . S ing le c y c l e . 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Time (s) 

A. Beamllne valve open command 
B. 762-Torr, 0.048 s 
C. Beamlltis valve close command, 746 Torr, 0.1BB 9 
0. Beamlfne valve close confirmed, 590 Torr, 0 250 s 
C. Ballast valve open com-narJ, S43 Torr. 0.271 3 
F. Ballast vjlve open con:. Tied, 50 Ton. 0.370 s 

Fig. 8 Averaged results of system pressure response on air side of 10.0 mm 
$» orifice. 80-psi valve actuator pressure. Single cycle. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Tfnuf fsj 

A. Beamllne valve open command 
B. Beamline valve close command, 7.97 Torr, 0.190 s 
C. Beamline valve close confirmed, 6.70 Torr, 0.250 s 
D. Ballast valve open command, 6.12 Terr, 0.276 s 
E. 3.25 Torr, 0.346 s 
F. Ballast valvp open confirmed 
G. Highest system pressure afler cycling, 3.93 Torr, 0 524 s 
H. 3.73 Torr, 1.00 & 

Fig. 9 Averaged results of system pressure response on vacuum side of 
10.0-mm <t> orifice. 80-psi valve actuator pressure. Single cycle. 
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A. Bfamline valve open command 
B. 760 Torr, 0.037 s 
C. Beamline valve close command. 745 Torr, 0.174 5 
D. Beamline valve close confirm 
E. Ballast valve open command, 542 Torr, 0.261 s 
F. Ballasl valve open confirmed 
G. Beamline valve open command 
H. 7G0 Torr, 1.030 S 
I. 745 Torr, 1.167 s 
J. 544 Torr, 1.260 s 
K. Beamline vaive open command 
L. 760 Torr, 2.024 s 
M. 746 Torr, 2.163 s 
N. 543 Torr. 2.249 s 
O. Seamline valve open command 

Fig. 10 Averaged results of system pressure response on a i r side of 10.0 ;rm 

0 o r i f i c e . 80-psi valve actuator pressure. Mult iple cycles. 
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2.0 2.2 2.4 2.6 3.0 

A. Beamllne valve open command 
B. Beamllne valve closs com. >and, 7.97 Torr, 0.169 • 
C. Beamlme valve close confirmed 
D. Ballast valve open command, 6.14 Torr, D.265 s 
E. 3.26 Torr, 0.333 s 
F. Ballast valve open confirmed 
G. Syr-tern stabilization afler cycling, 3.92 Ton, 0.506 s 
H. Beamline va!/e open command, 3.72 Ton*, 1 996 s 
I. 8.27 Torr, 1.172 s 
J. 7.31 Torr, 1.259 s 
K. 6.55 Torr, 1.398 s 
L. System stabilizes, 7.81 Torr, 1.459 s 
M. Beamlme waive open command, 7.44 Torr, 1.987 s 
N. 10.50 Torr, 2.17? f 
O. 10.30 Torr, 2.2-a' s 
P. 10.00 Torr, 2.27a s 
Q. System stabilizes, 11.50 Torr. 2.423 s 
R. 11.u Torr, 2.976 s 

Fig. 11 Averaged results of system pressure response on vacuum side of 
10.0-mm <p orifice. 80-psi valve actuator pressure. Multiple cycles. 
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Fig. 13 Foil mechanism internal view assembly. 
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Fig. 14 Vacuum/air interface assembly with f o i l mechanism assembly. 
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Fig. 15 Vacuum/air interface assembly with orifice assembly. 
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