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A NEW DRY VACUUM ROUGHING PUMP

Introduction

It has been known for years that conventional oil mechanical roughing pumps
are a source of hydrocarbon contamination in vacuum systems. Special foreline
traps only partially reduce this contamination. As vacuum techniques became
more sophisticated, 'clean' vacuums were achieved by first roughing systems
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with cryopumps, using some form of molecular sieve, and then using electronic
capture pumps in the form of Bayard-Alpert gauges, Penning cells, or getters to
achieve high vacuum.

Sorption roughing pumps (e.g., cryosorption pumps) have their limitations,
however. The most significant limitation is that they will pump only a finite
quantity of gas prior to becoming saturated and, as a consequence, limit the base
roughing pressure of the system. To minimize the roughing gas load, particularly
when pumping large volumes, preliminary bulk gas roughing of systems is some-
times accomplished through use of carbon vane pumps or gas aspirators, capable
of roughing to pressures of approximately 25 ~ 150 torr, prior to "valving in"
sorption pumps.

A metal bellows fabricating ﬁrrn3 is presently manufacturing a bulk roughing
pump operating on the principle illustrated in Fig. 1: a reciprocating bellows with
reed valves, and of all stainless steel construction. OQutline dimensions of the

particular model tested at SLAC, for possible application in the SAD high tempera-

ture furnace, are given in Fig. 2.

Test Procedures, Results, and Interpretation

The apparatus used in preliminary evaluation of the pump is illustrated in Fig. 3,
which is self-explanatory. Fig. 4 gives results of several pumpdown tests using a
23 liter test volume. Calculated optimum pumpdown to be expected if using a Gasp
(a commercial aspirator pump) is also shown in this figure.
Rate-of-pressure-rise tests were conducted with the bellows pump turned off
in an effort to establish the leak rate of the reed valves as a function of pressure,

QL(P), to aid in finding the analytical expression for SP’ the pump speed (a
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constant as defined in most elementary vacuum handbooks). However, on analysis
of this data in conjunction with pumpdown data (Fig. 4) it was determined that
actual QL(P) was two orders of magnitude greater than predicted by the above
rate-of -rise tests. .

The familiar equation™ for pumpdown is:
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P(t) =P, + (P, - P
where
P(t) = pressure in torr as a function of time t in seconds.
Pi = initial pressure
Pb = base pressure of system
V = volume of system in liters
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Validity of this equation is based on the assumption that QL(P) is also a constant,

pump speed in liters per second, assumed a constant

which is generally not the case.

Our objective is to be able to predict P(t) for any system on the basis of the
above tests. If we arbitrarily use (1) to define Sp(P, t) with Pi = 750 torr and
Pb = 165 torr, and solve for Sp(P) in (1) using data of Fig. 4, we find that the

measured pumping speed, Sm’ is a linear function of pressure, or
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where
Si = initial pump speed (e.g., at atmosphere)
Sb: base pressure pump speed (e.g., speed @ ~165 torr)
If we define Si = Sp as the "constant' pump speed, then measured pump speed

Sm may be expressed as:

S, =85 +f(P) (3)
where
Si- Sb
{P)=(P - P)) I:‘,‘Tﬁ‘l; (4)
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Through use of (1), (3), and (4) we may express, to a very close approximation,
pressure as a function of time in any system for this particular type pump as:

‘ 8, t S, \ -8tV
P(t)sz+(Pi—Pb)epr—~—\-f- 1- l—é—b e (9)

Figure 5 shows actual bulk gas pumpdown data for the SAD high temperature
furnace (volume ~ 170 liters), and the predicted pumpdown curve based on (5).

The roughing pump is shown in the lower right-hand corner of Fig. 6, attached to
the roughing manifold of the high temperature furnace.

From data given it is determined that speed of the all-metal reciprocating
bellows pump varies as a linear function of pressure. Pump speed values at ulti-
mate and atmospheric pressure are 0.71 {/sec and 1. 07 {/sec respectively. Ulti-
mate pressure, ~ 160-170 torr, is slightly greater than the Gasp pump (110 -

140 torr) and most carbon vane pumps (50 - 100 torr). Vibration proved significant,
requiring that the pump be securely fastened to the floor and coupled to the vacuum
system through a flexible metal hose.

Equipment cost ($115) is approximately one-third that of the Gasp pump. In-
stallation costs are also significantly less, as only 110 V ac is required for opera-
tion of the metal bellows pump as opposed to a high-pressure, high-mass-flow gas
source required for the Gasp pump. This pump should prove a most useful tool,
particularly to those people having vacuum requirements necessitating preliminary

roughing with cryosorption pumps.
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FIG. 1*--Reciprocating bellows roughing pump principle of operation.
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FIG. 2*--OQOutline dimensions of reciprocating bellows roughing pump.
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FIG. 3--Schematic representation of apparatus used in preliminary
evaluation of reciprocating bellows pump.
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FIG. 4--Reciprocating bellows pump and gasp pumpdown
characteristics using a 23 liter test volume.
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