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Abstract

Two vacuum systemsvere designed anduilt for the
RFQ (Radio Frequency Quadrupoledavity in the
APT/LEDA (Low Energy DemonstrationAccelerator)
linac. The gadoad from the proton beanmequired very
high hydrogenpump speed anctapacity. The gatoad
from the high power RRvindows also requiredvery high
hydrogen pump speed for the RF window vaclaystem.

goalscan bemet. Therefore, itwas important toverify

the performance ofthe cryopumpsand NEGs to ensure
they would support the operationalequirements for
LEDA.

2 TEST SETUP

The pumpspeed andtapacity for the cryopumpnd the
NEG pump were measuredising testdomesbuilt to

Cryopumps were chosen for the RFQ vacuum system afstherican VacuunSociety Standardd.1 [1]. The pumps

ST185 sintered non-evaporable getter (NEGartridges
were chosen for the RF window vacuumsystem.
Hydrogenpump speed andcapacity measurementsere
carried out for a commercial cryopurapd aNEG pump.
This paper will discuss the tegtocedures anthe results
of the measurements.

1 INTRODUCTION

Cryopumps and NEGs are known for their higfdrogen
pumping speed andcapacity and are usedwidely in

acceleratorsaapplications. Cryopumpsvere selected for
the RFQ cavitydue tothe very highhydrogengas load

from the proton beam loss. A cost anal\®@iswedthat

for the same cost, cryopumpuld providetwice the

pumping speed comparegvith turbomolecularpumps.

NEGs were selectedor the RF windows because in
addition to the high hydrogenpumping speed,they are
relatively small in sizeandlightweight. Sizeandweight

wereimportantrequirements inthe RF window vacuum
system sincespace inthe waveguide areawvas very

limited.

The EbaralCP200 cryopump waselectedfor the RFQ
vacuum systenbecause ofts reasonableost, very large
hydrogen capacityand its flexible interface for remote
operation. The SAES CapaciTorr B1300 NE&tridge
pump utilizing the sintered ST188adeswas selected for
the RF window vacuunmsystem. The manufacturer
claims that the sintered ST1&fadeshasincreasecpump
speed and capacity at room temperature over other type
NEGs.

Since LEDA is a demonstration facility for AP Bgam
availability must be high to prove that ARJroduction

*Work performedunderthe auspices of the U.®epartment
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were testedising onlyhydrogen, since it is thprimary
gas load in APT. A schematic of the test setup is shown
in Figure 1.
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Figure 1. Test setup for pump speed measurement.

The pressure in the testome was measuredusing
Granville-Phillips 370 Stabil-ion gaugesThese gauges
were supplied with individual calibratiostata onmemory
modules thatwere downloaded into their controller.
Granville-Phillip claims the measurement uncertainty is
3%. The gaugeswvere calibrated atthe factory for
Nitrogen. All measurements were taken using féwtory
calibration and then corrected for hydrogen.

Gas flow into the test dome was established by charging a
known volume to a set pressure, then measuring the
change in pressumeith respect totime. The gadlow

intgP the test system wa®ntrolled by a Varian variable

Q .
fe2k valve. The pressure ithe known volume was

measuredusing an MKSBaratron. The Baratron is a
capacitance manometer with an accuracy of 0.5%.

The measurement of pumgpeedwas similar to the
flowmeter method as outlined in AVStandard4.1.
However,this method varies from AVSStandard4.1 in
that the flowrate drops off ashe pressure in the known
volume drops. The LabViewdata acquisition system
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measureshe pressure change ithe known volume via The hydrogen capacity athe cryopump wasneasured to
the Baratronandthe vacuum pressuréia the Stabil-ion pe gver 30 standard liters at an operating pressure of 4x10

gauge at prescribed time intervals. For a given short ti 1 o
interval, we assume that the floate is constant. The “QE@ Torr and athroughput of 2x10% Torr-liters/sec.

pump speed can then be calculatsihg theequation S = This flow rate is over two orders of magnitude higher than

Q/(P - R) wherethe throughput Q is thehange in the predicted gas load in APT/LEDA. Figure 3 shows the

pressure inthe known volumeduring the sample time
interval and P is the Stabil-iogauge pressure ithe test
dome. Ris the base pressure in the tdstne before the

test gas is introduced.

For the pumpspeedmeasurements, aertified 1 liter
volume was used as the known volume. dBipstituting
the 1 liter volume with dargervolume andchanging the
Baratron to ahigher range we usethe samelLabView
system to measure pump capacity. LabView then
calculated the total Torr-Liters of gasrbedversus pump
speed.

3 RESULTS AND DISCUSSION

Pump speed ancdcapacity were measuredor both the
cryopump and the NEG. LabViexgcorded aimestamp,
pressure in the test domemdpressure othe test gas in
the 1 liter volume.

3.1 Cryopump Data

The cryopump reached a base pressuﬁe.?ﬁxlolo Torr
in the test dome. The pungpeedwas measured at over
2700 liters/sec. The pumppeedtest wasrepeated 5

times after the pump wasconditioned as stated in the

AVS Standard 4.1. (Pump Conditioning = pusgeed X
0.03 Torr-liters. Using thenanufacturer’s specification of
2200 liters per second [2], the pump veamditionedafter
66 Torr-liters.)
cryopump pump speed versus sorption. easurement
shows that themanufacturer’'s specification isvery
conservative.
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Figure 2.
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flow rate the test took 33 hours.
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Figure 3. Measured Cryopump Capacity at High Flow.

The cryopump was theregenerated andfter regeneration
the cryopump reached a base pressure.@9x1010 Torr.
The hydrogen capacity athe cryopump wase-measured
and found to be 38tandarditers at an operatingressure
of 1.0x10° (H2) Torr and a throughput of 2.0x0Torr-
liters/sec. This flowrate was still at least amrder of

magnitude higher than thepredicted gas load in
APT/LEDA. Figure 4 show the sorption plot at the

See Figure 2 for a typical plot ofiower flow rate. Atthis flow rate the test took 12i8ys

andthe resultsagreedvery well with the previous test at
the high flow rate.
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Figure 4. Measured Capacity at the Lower Flow Rate.
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3.2 NEG Data

The ST185 NEG, like all NEG pumpsloesnot pump
inert gases, therefore a small turbo pump added to the
The turbo was ¥arian V70LP and has a
specified hydrogerpump speed of 45liters/sec.
hydrogen pump speedwas measured inthe testdome
before the NEGartridgewas insertedand found to be 51

system

liters/sec.

The NEG cartridge pump was mounted in the optional 6”
diameter body rather than the standard 4” bo&gcording
to SAES, this would increase pump speed from about 700

liters/sec to 1200 liters/sec [3].

It was observed duringnstallation of thecartridge pump
in its heaterassembly that the thermocouplsed by the
NEG regeneration controller to control theeater was
mounted verynear the heaterelementand freestanding.
There was concern that the actual temperature of the NEG
pump would not be what the thermocouple wasding

A test of thehydrogen capacity ofhe NEG pump was
performed after aegeneration. The objective of this test
was to show that the NEG pump waapable ofsorbing
one standardliter of hydrogen atthe rated pump speed.
Onestandardliter was an arbitrary valuthat represents
several months of normal Riindow operation. As the
data shows in Figure 6, the pumppeedwas 1150
liters/sec after 700 Torr-liters.
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the view factor of the blade to theater issmall.

felt that a thermodynamic analysis was not in the scope of
this study, but itwould have beernteresting to mount
thermocouples directly on NE®Gladesand measure the

Eigure 6. Measured Capacity of ST185 Cartridge Pump.

4 SUMMARY

temperature gradient.Pump speeds coulcprobably be \ye havemeasuredhe pumpspeed anctapacity of the

further optimized by knowing this temperature gradient.

After the initial activation recommended ISAES of 500
C for 45 minutes, several pump speed measurernnenés
made, followed by a regeneration.
increasing the regeneration to iadicated550 C for 90
minutes producedhigher pumpingspeeds. This agrees

cryopump and NEG that are proposed for use in the RFQ
vacuum system for APT/LEDA. The results verify the
manufacturer’s specificatiorendgives usconfidencethat
these commercialpumps will provide the necessary

It wiasind that by \5cuum performance for the operation of LEDA.

ACKNOWLEDGMENTS

with tests performed by others [4]. Subtracting the pump
speed ofthe turbo, theaverage speed dhe NEG was Referenceherein to any specific commercial product,
1380 liters/sec. Figure 5 shows a typical sorpfdot process, or service by trade name, trademark,

for the NEG.
ST185 Cartridge in 6" Pump Body
Hydrogen Pump Speed
2000 ; ; ;
o
3 1500 R—\
@
2 P=2x10-7 Torr
= Q=7x10-4 Torr-liters/sec
T 1000 Turbo Hydrogen Pump Speed = 51 liters/sec |
§ NEG Hydrogen Pump Speed = 1380 liters/sec.
(%)
o
£
T 500
0 L L L L

0.5 1 1.5 2
Quantity Sorbed (Torr-Liters)

2.5

manufacturer, or otherwise, does not necessarily constitute
or imply its endorsement, recommendation, or favoring
by the United States Government or the University of
California.

The authors wish to thank Jim Bowman, Tony DeCosta
andMark Harper, Wolfgang Stoeftind Marshall Mugge
for their technical assitance.

REFERENCES

[1] M. H. Halblanian,“Recommended Procedure For
MeasuringPumping Speeds,” J. VacSci. Technol. A
5(4) July/Aug 1987

[2] Ebara ICP200 product data

[3] SAES CapaciTorr B1300 product data

[4] Y. Liet al., “Designand Pumping Characteristics of

a Compact Titanium-Vanadium Non-Evaporable Getter
(NEG) Pump”, accepted, to beublished, J. VacSci.

Figure 5. Measured Speed of ST185 Cartridge Pump. Tachnol 1998

626



