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Description .

The invention relates to 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 hav-
ing opposing surfaces spaced a short distance apart,
atleast a portion of one of which surfaces is provided
with a vertical or spiral-shaped groove as further
defined in the preamble of claim 1.

A pump of this kind is known from EP-A 00 818
90. In this prior pump, the inner wall of the stator cas-
ing is provided with a spiral-shaped groove. The rotor
is dimensioned so that there is a relatively narrow gap
between the outer 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 atleast
a reasonable performance of the pump is required.
Furthermore, the pumping speed is not very high, and
the compression ratio, that is to say, the ratio between
the pre-vacuum pressure and the high-vacuum press-
ure (measured at the same moment) is relatively low.
To realize a good pumping speed and compression
ratio, a high rotary speed of the rotor should be main-
tained. 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. Further-
more, 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.

Itis an object of the invention to improve the prior
high-vacuum pump so that the problems outlined
above occur no longer, or at any rate to a considerably
lesser extent. )

The object contemplated is achieved, according
to the invention, with a pump according to the pream-
ble of claim 1 and characterised in that the pipes or
sleeves are cylindrical both on the inside and the ouf-
side and form together a labyrinth structure.

As rotor and stator each comprise at least one
coaxial sleeve in addition to the rotor or stator proper,
the pump according 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 accordig
to the invention this is impossible). As a result, back-
leakage, in particular of light gases, is prevented bet-
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ter 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.

It has to be mentioned that in US-A-2 730 297 a
high-vacuum pump is disclosed comprising of a
plurality of rotor sleeves and stator sleeves that fit
coaxially in each other. Said sleeves are at least at
one side frusto-conical shaped. The pump spaces
defined by adjacent and opposite rotor and stator ele-
ments are parallel to each other whereby the pump
capacity is doubled or, for example, quadrupled. Said
pump spaces do not define a labyrinth structure.

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 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
compression ratio 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 compres-
sion 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 espe-
cially 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 vibration during run-up and dur-
ing 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 construction, the good visual blind-
ness and the gradual transition towards a small
diameter have for their resuit that an effective pump
action is obtained, so that the rotation frequency need
not be extremely high to retain a reasonable nett
pumping speed at the high-vacuum side. As a resuilt,
the stress level in the rotor components will always
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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 suffi-
cient to have lower circumferential velocity and smal-
ler radial groove and rotation gap dimensions ; at the
pre-vacuum side, the specific dimensions are gener-
ally much smaller than at the high-vacuum side.

It is further noted that, 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 construc-
tion, 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 exp-
lained 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 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 com-
pressed 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 there-
after, 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 continu-
ously closed. The valves should preferably be desig-
ned so, and the choice of material should be such that
the leak-tightness per valve is much less than the
local volume rate of 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
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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 bear-
ing or magnetic bearing, can be used.

The invention is illustrated with reference 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.

In the figure, an embodiment of the pump accord-
ing to the invention comprises arotor 1. Rotor 1, which
is rotationally symmetrical, is only shown as to one
half (the half left of the axis of rotation, which is also
the axis of symmetry 2). The rotor 1 consists essen-
tially of a cylindrical casing 3, which at the bottom ter-
minates 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 interconnected 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
NL-A- 8303927.

Rotor 1 further comprises two cylindrical pipes or
sleeves 8 and 9, which pipes extend coaxially with the
cylindrical casing 3, have mutually different diame-
ters, larger than that of casing 3, and are fixedly sec-
ured fo disc 6.

Rotor 1 is journalled at the top in a magnetic bear-
ing 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 a helical 02 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 helical or 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 bottom.

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 helical or spiral-shaped grooves 18, 19, respect-
ively with decreasing depths in corresponding direc-
tions 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 inside of stator sleeve 14 and the outside of stator
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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
helical or 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 accommo-
dates the conical end 4 of rotor 1. The wall of the
recessed portion of the stator casing is provided with
a spiralshaped groove 24. The recessed portion pro-
vided with groove 24 forms an air bearing for the con-
ical 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 of the stator casing. Formed in
the fiat portion of the bottom of the recessed portion
is a duct 26, in which a non-return valve 27 is incor-
porated. 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 elec-
tric motor 28 disposed within the stator casing and a
driving ring 29, which is secured to the cylindrical cas-

- ing 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 bet-
ween pairs of opposing walls decreases from the out-
emost stator wall 12 to the cylindrical casing 3 of rotor
1.

Claims

1. A high-vacuum pump comprising a rotor (1)
arranged for high-speed rotation around a longitudinal
axis, and a stator (11) disposed coaxially with said
rotor, said rotor and said stator having opposing sur-
faces spaced a short distance apart, at least a portion
of one of which surfaces is provided with a helical or
spiral-shaped groove, (13) the rotor and stator each
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being built up, through part of their length, of coaxial
and cylindrical sleeves (8, 9) resp (14, 17) or pipes of
different diameters and having one free end, the sys-
tems 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 (12) of the system of stator sleeves, and at
least one of each pair of closely-spaced opposing sur-
faces of stator pipe or wall and rotor pipe or wall being
provided with a helical or spiral-shaped groove,
characterized in that the pipes or sleeves are cylindri-
cal both on the inside and the outside and form
together a labyrinth structure.

2. A high-vacuum pump as claimed in claim 1,
characterized in that the grooves in the surfaces con-
cerned 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 in that the radial dimension of the rota-
tion 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 having a non-return valve, and said
duct or ducts communicating with the surrounding
space or with a prevacuum pump.

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.

Anspriiche

1. Hochvakuumpumpe mit einem Rotor (1) fiir
Rotationen mit hoher Geschwindigkeit um eine
Léngsachse und einem Stator (11), der koaxial zum
Rotor angeordnet ist, wobei der Rotor und der Stator
gegeniiberliegende Oberflichen aufweisen, die in
geringem Abstand entfernt liegen, wobei wenigstens
ein Teilstlick einer dieser Oberflachen eine schrau-
ben- oder spiralférmige Ausnehmung (13) aufweist,
und wobei Rotor und Stator jeweils so aufgebaut sind,
daf sie liber einen Teil ihrer Lénge koaxiale und zylin-
drische Umhiillungen (8, 9, 14, 17) oder Leitungen mit
verschiedenen Durchmessern und einem freien Ende
aufweisen, wobei die Systeme der Rotorleitungen
und Statorumhiillungen gegenseitig gegeniiberlie-
gend ausgerichtet und passend ineinander angeord-
net sind, so daR eine Leitung des Systems der
Rotorleitungen zwischen zwei Leitungen oder zwi-
schen einer Leitung und der Wand (12) des Systems
der Statorumhiillungen angeordnet ist, und wenig-
stens eine von jedem Paar von in geringem Abstand
gegeniiberliegenden Oberflachen der Statoreitung
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oder -wand und der Rotorleitung oder -wand best{ickt
ist mit einer schrauben- oder spiralférmigen Ausneh-
mung, dadurch gekennzeichnet, daB die Leitungen
oder Umhiillungen sowchl innen als auch auRen
zylindrisch sind und zusammen eine Labyrinthstruk-
tur bilden.

2. Hochvakuumpumpe nach Anspruch 1,
dadurch gekennzeichnet, daR die Ausnehmungen in
den jeweiligen Oberflichen so bemessen sind, dal
die Tiefe der Ausnehmungen abnimmt von der Seite
des Hochvakuums in der Pumpe zur Seite mit hthe-
rem Druck.

3. Hochvakuumpumpe nach den Anspriichen 1
bis 2, dadurch gekennzeichnet, daR die radiale
Abmessung des Rotationsspaltes abnimmt von der
Seite des Hochvakuums in der Pumpe zur Seite mit
héherem Druck.

4. Hochvakuumpumpe nach den Anspriichen 1
bis 3, dadurch gekennzeichnet, daB eine AuslaBlei-
tung im Stator vorgesehen ist zwischen einem oder
mehreren Paaren aufeinanderfolgender Umbhiillun-
gen und/oder zwischen einer Umhiillung und einer
angrenzenden Wand, wobei die Leitung ein Riick-
schlagventil aufweist, und die Leitung oder die Leitun-
gen mit dem umgebenden Raum oder einer
Vor-Vakuumpumpe in Verbindung stehen.

5. Hochvakuumpumpe nach einem der Ansprii-
che 1 bis 4, dadurch gekennzeichnet, daR die letzte
Druckstufe auf der Vor-Vakuumseite als Luftlager
ausgebildet ist.

Revendications

1. Pompe a vide élevé comprenant un rotor (1)
agencé pour pouvoir toumer a une vitesse élevée
autour d’'un axe longitudinal et un stator (11) disposé
coaxialement audit rotor, ledit rotor et ledit stator pos-
sédant des surfaces opposées espacées d’une petite
distance, au moins une portion d’'une desdites surfa-
ces étant munie d’une gorge (13) de forme hélicoidale
ou spirale, le rotor et le stator étant composés chacun,
sur une partie de leur longueur, d’au moins des man-
chons (8, 9) ou tubes (14, 17) coaxiaux et cylindriques
de diamétres différents et possédant une extrémité
libre, les systémes de tubes du rotor et de manchons
du stator étant dirigés I'un en sens inverse de l'autre
et étant emboités I'un a l'intérieur de I'autre, de telle
maniére qu'un fube du systéme de tubes du rotor soit
disposé entre deux tubes ou entre un tube et la paroi
(12) du systéme de manchons du stator, et au moins
I'une des surfaces de tube ou paroi du stator et de
tube ou paroi du rotor qui sont mutuellement oppo-
sées et étroitement espacées, étant munie d'une
gorge de forme hélicoidale ou spirale, caractérisée en
ce que les tubes ou manchons sont cylindriques a la
fois sur la surface intérieure et sur la surface exté-
rieure et forment ensemble une structure de laby-
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rinthe.

2. Pompe a vide élevé selon la revendication 1,
caractérisée en ce que les gorges ménagées dans les
surfaces concemées sont dimensionnées de telle
maniére que la profondeur des gorges décroisse du
c6té du vide élevé de la pompe jusqu’au coté des
pressions plus élevées.

3. Pompe & vide élevé selon les revendications 1
et 2, caractérisée en ce que les dimensions radiales
du jeu de rotation décroit du cété du vide élevé de la
pompe jusqu’au cdté de la pression plus élevée.

4. Pompe 2 vide élevé selon les revendications 1
& 3, caractérisée en ce qu'un conduit de sortie est
prévu dans le stator entre les manchons successifs
d’une ou de plusieurs paires de manchons successifs
et/ou entre un manchon et une paroi adjacente, ledit
conduit possédant un clapet anti-retour et ledit ou les-
dits conduits communiquant avec 'espace environ-
nant ou avec une pompe & vide préalable.

5. Pompe & vide élevé selon les revendications 1
a 4, caractérisée en ce que le dernier étage de pres-
sion sur le c6té de vide préalable est construit sous
la forme d’un palier pneumatique.
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