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€ High-vacuum pump.

@ A high-vacuum pump comprising a rotor {1} arranged for
high-speed rotation around a longitudinal shaft, the rotor and
the stator being each built up, through part of their length,
of one or more coaxial sleeves or pipes (8, 9, 12, 14, 17) of
different diameters and having one free end, the systems of
rotor pipes and stator sleeves being mutually oppositely
directed and fittingly disposed one within the other, so that
a pipe of the system of rotor pipes is disposed between two
pipes or between one pipe and the wall of the system of
stator sleeves, and at least one of each pair of closely-spaced
opposing surfaces of stator pipe or wall and rotor pipe or wall
being provided with a helical or spiral-shaped groove (13, 15,
16, 18, 19).
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Title: High-vacuum pump

The invention felates to a high~vacuum pump comprising
a rotor arranged for hlgh speed rotation around a
longitudinal axis , and a stator dlsposed coax1a11y
with said rotor, said rotor and said stator hav1ng
opposing surfaces spaced a short distance apart, at
least a portion of one of which surfaces is provided
with a vertical or spiral-shaped grdove._

A pump of this kind is known from Netherlands patent
application 8105614. In this prior pump, the inner wall
of the stator casing is provided with a spiral-shaped

- groove. The rotor is dimensioned so that there is a

relatively narrow gap between the outef wall of the
rotor and the inner wall of the stator casing.

One problem encountered with the prior pump is that
the volume of the pump should be large, if atrleast a
reasonable performance of the pump is required. Furthermore,
the pumping speed is not véry high, and the compression
ratio, that is to say, the ratio between the.pre¥vacuum
pressure and the high-vacuum pressure (measﬁred at the
same moment) is relatively low. To realize a good pumping
speed and compression ratio, a high rotary speed‘bf the
rotor should be maintained. Owing to the size of the
rotor, this leads to a very high velocity of the outer
surface of the rotor, and hence to substantial mechanical
stresses. Furthermore, both during starting-up and‘during
nominal operation, a relatively low pre- pressure is required,
which means that starting is only possible after‘the
pressure in the entire system has, in one way or another,
already been decreased to a given low value.

It is an object of the invention to imprdvekthe
prior high-vacuum pump so that the problems outlined
above occur no longer, or at any rate to a considerably
lesser extent.
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The object contemplated is achieved,according to
the invention, with a pump in which the rotor and the
stator are each built up, through part of their length,
of one of more coaxial sleeves or pipes of different
diameter and having one frggrend, the systems of rotor
pipes and stator sleeves Béing mutually oppositely
directed and fittingly disposed one within the other,
so that ‘a pipe of the system of rotor pipes is disposed
between two pipes or between a pipe and the wall of the
system of stator sleeves, and at least one of each pair
of closely-spaced opposing surfaces of stator pipe or
wall and rotor pipe or wall is provided with a helical
or spiral-shaped groove.

As rotor and stator each comprise at least one
coaxial sleeve in addition to the rotor or stator proper,
the pump accofding to the invention comprises at least '

-three pairs of opposing surfaces, at least one of which

is provided with a helical or spiral-shaped groove. For
such a length of surfaces, the prior pump needs a larger
height™ (about twice the length of the coaxial sleeve
more). The pump according to the invention can thus be
constructed in more compact form. As the fitting sleeves
form a labyrinth structure, the pump according to the
invention is further much better optically blind than
the prior pump (In the prior pump, a gas molecule present
at the pre-vacuum side "sees' the high vacuum side -
in the pump according to the invention this is impdssible).
As a result,back-leakage, in particular of light gases,
is prevented better than in the prior pump, which for
light gases was found not to have a good pumping speed in
practice, just because of the occurring back-leakage.

| In the pump according to the invention, when a
plurality of pipes are used, the rotor-connected pipes
or sleeves having the smaller or smallest diameters will
have a lower surface velocity at a given rotation frequency
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than the pipes of larger diameter located more outwardly.
As a consequence, the smaller pipes are subjected to
lower mechanical stresses during rotation, and will
expand to a lesser extent than do the larger pipes.

As a result, the walls (of the stator sleeves) adjoining

the smaller pipes will adjoin the rotor pipes more
closely. This also results in a high compressionnratio
of the pump. Indeed, in a preferred embodiment of the
pump according to the invention the radial dimension
of the rotation gap decreases from the side of high
vacuum in the pump to the side of higher pressures.
Furthermore, in the pump according to the invention,
the grooves in the surfaces concerned will preferably
be dimensioned so that the depth of the grooves decreases
from the side of high vacuum in the pump to the side
of higher pressures. This, too, contributes towards
improving the compression ratio and hence the pumping
speed. '

In the above suitable embodiment of the pump according
to the invention, at the high-vacuum side, where especially
the pumping speed is of importance, the construction
is dimensioned more liberally, and the tolerances with
regard to the dimensions are much larger than at the
pre-vacuum side, where it is especially the compression
ratio which is important, and where the dimensions of
grooves and the rotation gap are much smaller.

The dimensions of the rotation gap are partly
determined by the dynamic behaviour of the rotor, in
particular wobble and Wibration during run-up
and during particular conditions, such as the ingress
of air. The use at the top of a magnetic bearing with
a high radial stiffness is favourable in this case. A
magnetic bearing has additionally good properties from
the point of view of vacuum engineering.

The compact instruction, the good visual blindness
and the gradual transition towards a small diameter have
for their result that an effective pump action is obtained,
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so that the rotation frequenéy need not be extremely
high to retain a reasonable nett pumping speed at the
high-vacuum side. As a result, the stress level in the
rotor components will always have a tolerable level.

Towards the pre-vacuum side, the required pumping
velocity becomes lower as the pressure is increasing;
for this reason, therefore, it is here sufficient to
have lower circumferential velocity and smaller radial
groove and rotation gap dimensions; at the pre-vacuum
side, the specific dimensions are generally much smaller
than at the high-vacuum side.

It is further noteéd fhat,'if desired, the pump
according to the invention can be provided with a rotor
having a bladed wheel, for example, as described in
Netherlands patent application 8303927.

In a very suitable embodiment of the pump according

. to the invention, an outlet duct is provided in the stator

between one or more pairs of successive sleeves and/or
between a sleeve and an adjacent wall, said duct having
a non-return valve, and said duct or ducts communicating
with the surrounding space or with a pre-vacuum pump.
Such a construction, in which there is always an outlet
duct with non-return valves between successive pairs
of walls, makes run-up of the pump simpler and permits
this to be effected more rapidly. This can be further
explained as follows.

When, at high pressures in the space to be evacuated,
the pump is started, the pump is capable of building
up a pressure higher than 1 bar already after one single
compression stage, depending on the pressure in the space
to be evacuated and on the rotation frequency. As soon
as, for example, the pressure at the end of the first
pair of walls is higher than 1 atmosphere, the first
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non-return valve is opened automatically, mechanically
or electronically, and the gas is pumped at a high rate,
even during run-up. In this way it is avoided that the
gas must be compressed still further for it to be
transported, i.e., pressed, through the ducts which
ultimately become very narrow. As the same time it is
thus achieved that even at reasonably high pressures

the pump can yet be started up. ‘

When the pressure in the high-vacuum space decreases
during the starting-up procedure or thereaftef, the pressure
at the first valve will also decrease below 1 bar, and
the valve will close automatically. A process similar
to that described for the first valve will subsequently
be repeated at the second valve. Thus successively all
valves will be closed as evacuation is increasing, except
for the last valve, and this will often be effected already
before the operational speed is reached. When the pump
is switched off, all valves,including the last one will
normally be continuously closed. The valves should preferably
be designed so, and the choice of material shpﬁld be
such that the leak-tightness per valve is much less than
the local volume rate 6f the pump. ‘

It is even possible for the pump to be constructed
with rotation gaps and grooves which are so small that,
at the high-pressure side, the pump directly pumps to
the outside pressure of 1 atmosphere.

In the pump aCcording to the invention, the last
pressure stage (at the side of the high pressures) may,
if desired, function as an air bearing. If this is not
done,a conventional bearing, for example, a ball bearing
or magnetic bearing, can be used. -

The invention is illustrated with reférence to the
accompanying drawing, in which the single:figure is a
cross-sectional view of part of an embodiment of the
high-vacuum pump according to the invention, |
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In the figure, an embodiment of the pump according
to the invention comprises a rotor 1. Rotor 1,which is
rotationally symmetrical, is only showh as to one half
(the half left of the axis of rotation, which is also
the axis of symmetry 2 ). The rotor 1 consists essentially
of a cylindrical casing 3, which at the bottom terminates
in a frusto-conical end 4. At the top, rotor 1 comprises
a cylindrical portion 5 of a diameter larger than that
of casing 3. Casing 3 and cylindrical portion 5 are inter-
connected by disc 6. On the outer wall of the cylindrical
portion 5, blades 7 may be provided in known manner,
which blades 7 with cylindrical portion 5 form a bladed
wheel with the function described in Netherlands patent
application 8303927.

Rotor 1 further comprises two cylindrical pipes
or sleeves 8 apd 9, which pipes extend coaxially with

"the cylindrical casing 3, have mutually different diameters,

larger than that of casing 3, and are fixedly secured
to disc 6. Ny _
Rotor 1 1is journalledwat the top in a magnetic bearing
10. Such magnetic bearings are generally known.
Disposed coaxially with rotor 1 is stator 11.
Stator 11 comprises an outermost wall 12 which at the
inside is provided with spiral-shaped groove 13. Groove
13 has a depth which decreases from the side opposite
blades 7 on cylindrical portion 5 of rotor 1 to the bottom
of the casing formed by stator 11.
Disposed coaxially within the outermost wall 12
of stator 11 is sleeve 14, which extends outwardly from
the bottom of the stator casing. Sleeve 14 is provided
on opposite sides with a spiral-shaped groove 15, 16,

~ respectively. The depth of groove 15 at the outside of

sleeve 14 decreases from the bottom to the free end of
sleeve 14. The depth of groove 16 on the inside surface
of sleeve 14 decreases from the free end to the bottomn.
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Disposed coaxially within sleeve 14 is sleeve 17,
which extends upwardly from the bottom of the stator
casing. Sleeve 17 is also provided on opposite sides
with spiral-shaped grooves 18, 19, respectively with
decreasing depths in corresponding directions as with
grooves 15, 16, respectively,in sleeve 14. ‘

Rotor pipes 8 and 9 extend into the system of
stator sleeves 14 and 17 and stator wall 12. Rotor pipe
8 thus opposes wall 12 and the outside of stator sleeve
14 at a short distance. Rotor pipe 9 opposes the_iﬂside
of stator sleeve 14 and the outside of stator sleeve
17 at a short distance. The inside of stator sleeve 17

is spaced a short distance from the outer wall of cylindrical

casing 3 of rotor 1. As shown in the figure, at least
one of each pair of opposing walls of rotor parts and
stator parts is always provided with a spiral-shaped
groove. ;

In the bottom of the stator casing, outlet ducts
20, 21 are provided, which respectively connect the space
between wall 12 and sleeve 14, into which rotor pipe
8 extends, and the space between sleeve 14 and sleeve
17, into which rotor pipe 9 extends, with the surrounding
space or with a pre-vacuum pump. Duct 20 may be provided
with a non-return valve 22 and duct 21 with a non-return
valve 23.

Formed in the bottom of the stator casing, in the
centre thereof, is a recessed portion which accommodates
the conical end 4 of rotor 1. The wall of the recessed
portion of the stator casing is provided with a spiral-
shaped groove 24. The recessed portion provided with
groove 24 forms an air bearing for the conical end 4
of rotor 1. The end 4 is provided with a small cone 25,
the end of which rests on the flat bottom of the recessed
portion. Cone 25 prevents the bearing surfaces of the
conical end 4 of rotor 1 from seizing to the air bearing
formed by the grooved, recessed portion of the bottom
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of the stator casing. Formed in the flat portion of the
bottom of the recessed portion is a duct 26, in which

a non-return valve 27 is incorporated. Duct 26 communicates
with the surrounding space or with a pre-vacuum pump.

In the embodiment of the pump according to the
invention shown, rotor 1 is driven by means of an
electric motor 28 disposed within the stator casing and
a driving ring 29, which is secured to the cylindrical
ca51ng 3 of rotor 1.

The parts of the pump according to the invention
consist of materials which are conventional for the
purpose. Thus rotor pipes 8 and 9 may consist, for example,
of stainless steel and have a thickness of several tenths
to half a millimeter and more. The stator walls and sleeves
preferably consist of an easily machined material, for
example, of aluminium. The dimensions of rotor, rotor
pipes, stator wall and stator sleeves are further such
that the distance between pairs of opposing walls decreases
from the outermost stator wall 12 to the cylindrical
casing 3 of rotor 1.
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CLATIMS.

1. A high-vacuum pump comprising a rotor arranged for
high-speed rotation around a longitudinal axis, and

a stator disposed coaxially with said rotor, said rotor

and said stator having opposing surfaces spaced a short
distance apart, at least a portion of one of which surfaces
is provided with a helical or spiral-shaped groove, '
characterized in that the rotor and stator are each built
up, through part of their length, of one or more coaxial
sleeves or pipes of different diameters and having one

free end, the systems of rotor pipes and stator sleeves
being mutually oppositely directed and fittingly disposed
one within the other, so that a pipe of the system of

rotor pipes is disposed between two pipes or between

a pipe and the wall of the system of stator sleeves,

and at least one of each pair of closely-spaced opposing
surfaces of stator pipe or wall and rotor pipe or wall

is provided with a helical or spiral-shaped groove.

2. A high-vacuum pump as claimed in claim 1, characterized

in that the grooves in the surfaces concerned are dimensioned

so that the depth of the grooves decreases from the side
of high vacuum in the pump to the side of higher pressures.

3. A high-vacuum pump as claimed in claims 1-2, characterized

inthat the radial dimension of the rotation gap decreases
from the side of high vacuum in the pump to the side

of higher pressure. ,

4. A high-vacuum pump as claimed in claims 1-3,
characterized in that an outlet duct is provided in the
stator between one or more pairs of successive sleeves
and/or between a sleeve and an adjacent wall, said duct
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having a non-return valve, and said duct or ducts
communicating with the surrounding space or with a pre-
vacuum pump. 7

5. A high-vacuum pump as claimed in claims 1-4,
characterized in that the last pressure stage at the

pre-vacuum side is constructed as an air bearing.
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