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I.. Introduction. .

ALl the . roots: blower roughing stations: around the. RGBS ring and
HEBTs have been.replaced with:ithe-Sargent-—Rkelch  (5-W) 4@ 1/s horiz—
mnbal turbopumps. in the last 4 years. RAverage pressuee:of 1#1g™~-5
Tore or:less.is desived incthe. ongoing. vacuum system upgrade . program.
Turbopumps with -high pumping sspeeds/comprassionratios, low blankoff
pressure andg. less il backstreaming willl certainly help, both - as.
vouphing . pumpscand. as. holding: pumps.

I this investigation, we have measured the blankoff pressure,
the pumping spesd and the oil backstreaming af-these 85~W rouphing .
stations as well as the.Balzer twbopumps which - are considered:.
excellent. turbopunps. by most vacuum:practitioners.. The informatiorn .
abhained enables us-bto selb  the ECUDE of the necessary: mndlfleatluns
of ocurroughing stations.

11, 8etuprand Frocedure

The blarkaff pressurerand.-the il backstreaming. were measured
at the inlet of the turbopump-using.a Bayard—-Alpert:ion gauge: (BRGE)
arnd arn UTI: Cl03 residual pas analyzer- (RBAY.. The test seatup 15,shawn'
schematically iﬂ%FiQ(ﬁl(a)fvThELBQGS”WEﬁEACBIibPBtEd Ffor absalute.
sensitivity against a standard . spin rotor gauge. The RBA was. used..
as received and . the peak hegights represgnt the relative abundarnce: .
orly. This UTI RBA has . sensitivity down:to 12713 Torr andiis
extremely useful @in determining: the composition . ofthe residual
gas. in the vacuum-system... :

To;measureathespumpiﬂg;speedwand%the.cgmpressiaﬂ-ratiafafmtha
turbopumps at-different pressures, a standard Fischer-Mommson dome®
(Fig. 1{b)) was used.. This dome is.mounted at the inlet of the turbo--
punip. and cconsists of "an upper gas inlet chamber and a: lower. measuring.
chamber. Thesea two-chambers: are. separated by an orifice with a;
conductance O of (B.633 1/5 for nitrogen.s High.purity (99.9%4) nitrogen:
or hydrogen was. fed rinto the upper chamber through a servo—-driven. -

*#Es Fischer and H. Mommsen, . Vacuum 17, 329-315(1967)..




bleed valve,. which - mairtains. the vacuum of the lower chamber at a
desired. level between 109 Torr-and: 1873 Torr forcomeasurementsd. The
total gas flow G into the lower chamber is caleoulated-by. .

G =0Cx Pl —F2)

here C is the conductance of the:orifice. for that gas; Pl and P2 are:-
the pressure-of the upper ard-the lower chambers, respectively.. The:
pumping. speed of the: turbopumps. is. then given by

S =07/ P2.

The compression.ratio,. K of "thesturbopump is. given by P3/PE, here
P32 is the inlet pressure of the mechanical pump. The accuragy- -af:
the measuwred K values is limited by the blankof{f pressure of the:
mechanical pump. and by the:lack of.gas aralysis:-at the inlet of:
mechanical: pump.

III.,Measuwement}aﬂd#Resulth

We have:tested. five . different turbopunps:
a: a 5=W 423 -1/s after two-years! intensive use at E7. for IFM
oo a-spare S—-W 48%- 1 /s inthe. vacuum-lab.
o & brand new Balzer 1720 1/s designated for HITL
ge an-used,. Balzer 112:1/s 4
@, arc-used Balzer 878 1/s5 which crashed in the middle:of test

The  following . operation conditions: were used in.cour blankoff - o

measuremant 3 ”

A« - asremoved fromadifferentisystemss pump. down.,

bio insitu bake of the.tuwrbo hody andithe manifold at ¢ 1o2%c For.
&~8 hours tosremove ail contaminations; vent to-aivoforone day;
pump. dowr o

c. noavent . between. aperations; ventoto air for onecday; puampedown <

ITIA. "The Ultimate Total and: Partial Pressure.

The pumpdowrn: of each {urbopump.over:several days was followed
by the BRE and. the :RGA. Typical RBA spectra are shown iv-Fig. & :
The major peaks from hydroger,: water, air and oil vapor are: labelleds
The totalispressure . .readings. of the BAG ‘and the peak heights: of the:
RGA spectra as: a function of pumpdown-timesare plotted-in Fig.3(a)-
3(dl). Allxthese turbopunps are capable of reaching low 168 Torry.
in.less than one days However the partial pressure levels: arersipnif-—
icankly. different from one to the sther, as well as: between vernt and.

oo vent jof the same turbopump. For the:8<W turbopumpsy the oil. partial.

pressure, as measured: by peak height.of mass. 41 (major pealk. from the
cracking. of mechanical pump.-oil), is about fifty times lower if

the turbopump is: vented bebtween:operation. as compared to no vent ~

(curve #2 .versus curve #1 din Fig:3()). After insitu bake at 1@d .C, .

further reducticon of abont tern times in the o0ll partial pressure was:
chserved: in:the 5-W turbopumps.

The differernce betweern the S-We and the Balrer’s.is small if
both are: baked and.vented. . The BalZer ones clearly can achieve lower
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nltimate. pressurel(in the low 1879 Torr range) than the: S-W- ones.
This is due.ftothe all-metal comstruction and the all-metal seals.
useddin bthesRalzer pumnp, whichi have much lower hydropen andswater.
outgassing. - The tight . tolerance: between the Balzer twrbo blades:
gives higher compression raticsowhich also helps: to-achieve better..
ultimate vacuum. The presence of more hydrogen and: water is not:
desirable but 'is rot debrimental ssince-these S-W turbopumps. are-
mainly used.as roughing pumps. '

IT1Ig, Ramping Speed and. Compression.Ratio .

Most turbopumps should have a constant pumping: speed at the
molecular Flow vegion which is ( 187—4 - Torr in the present gsonetiry.
The: measuwread  punping. speeds at-different: pressures. are: plotted in
Fig 4+ The.rnitrogen pumping speed of the-Balzer turbopump is fairly
constant. over a wide pressuve;wange,mwhile'that’ofAthervagﬁuPbapumpwu
drops of f at both ends. The hydrogen pumping. speed of ‘both turbopumps:
trops: off rapidly:at the highsand-the low pressure ends, and . is. :
mainly due to non—molecular Flow and. backstreaming.

The: compression raticcis . a functior of geomstry,  the turbo rpm
arndthe molecular mass. The blankoff pressure of the mechanical. pump..
is typically arcund: 1#1@87—2 Torr which-limits. the accuracy of ithe -
measured compression ratio. Nevertheless, nominal values are aobbtained:
ag, Following: o

COMRRESSION RATIO K. (1@7~& to 1074 Torr)

S—W 4371 /5: Balzer 1102 1/s: Balzer 270 -1/s-
Mitroger - E=tralr, B A R 17 - ean oz oz S 70 R v/ 1
Hydrogen lag . S S@ae £ 13 S@Ba & L

The measured K-values: for nitrogen - of both types: of turbopumps
are: much lower than the manufacturerls stated values of V1075 and.
might. be due:to changes ivigas:conposition-at the inlet of the:
meachanical -pump..

V. Summary. and the Proposed Upgrades

The high vacuum compatibility and: the operation: procedures of .
oty present roughing station,. the 5-W 4801/ horizontal turbopumnp,
were questioned by ssveral participants of the. AGS Vacuum Workshop
held:in October, 1885, which gave the initial motivation of the.
presentsinvestigation. The: information abtained ‘can be summarized:
as. following: .

i, .The: ultimate  (blankoff) pressure of the S5-W turbopunps,is at. low.
1E~=8 ' Tarr-while that of the:Balzer turbopumps is at: low 1873 Torr.

2. In the 8-W turbopumps, the level of oil contamination can be-
reduced by a factor of 5@@, if-the:turbopump. and the manifoldiare -
baked: periodically and vented between cperation. The level of il
contamination of the Balzer turbopumps is slightly better-than -
that.of the S-W ores if both.are bakedi.and vented.'
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3. The pumping. speeds. for nitrogen of the &-W ones and the Balzeri.
ores: are aboub-30@. 1/% and. 128 1/s; respectively in 1@0°%-7 to 1&"~4
Tory rangae. THe compression rabios of the-Ralzer turbopumps are. :
higher than those of “the S-W ones: and -are due to higher rpm and -
tighter tolerance,. which resulted in better ultimate pressure..
However the more.rupged construction:of the S-W turbopump: will
enable it to survive urnder severe:operatiornal conditions sueh as
Ruman error or magor. leaks.:

Based on the above dnformatiorn, the following modifications. on

the existing roughing . stations are. planned/praoposed: -

1. The cost (about half million dollars) of -replacing. these: 30
roughing stations. with"the Balzer ones or.equivalent.can’t bhe.
Justified solely on o the:better ultimate pressure, since they are.
used mainly during-punp. downecand. conditioning don punmps.  Balzer
turbopumps. or equavalent should . certainly be used.as holding:
PUNPsS.

e Tﬁﬁough,thegexigtiﬂg‘mahifo}d~aﬂduthe cold: trap, the availableu
pumping rspeed. of. these roughing.stations is less than 2@ 1/ A°
view marii fold with -higher conductance: and 'withowt the cold i drapeis:

'naeded'to~imcwease;thevayailable.pumping speads . Components: for

baking and venting are also reguiredd.

3. Tominimize oil backstreaming, each wvoughing. station {(both.o
twrbos and manid fold) should. be. baked:to 188°C pericdically (i.e.,
avery - &-3 monthsl. A 68 how bake: is needed to:heat up the rotor
blades. thyrouph radiation. : ’

4. The:interlock of turboroperation with vacuum gauges  and: the:
automatically delayed vent after turbo off have: been implemented

inethe vacuum dinstrumertation.upgrade, which will help: prevent:the:

human error amd.minimize the il ‘backstreaming.
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