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EP 0 502 684 A1

Rotary positive displacement pump.

A mechanical vacuum pump comprising at
least one pumping chamber having mounted
therein on respective contra rotatable shafts a
pair of "claw" type rotors arranged for pump-
ing gas through the chamber during a pump
cycle from an inlet port to an outlet port, each
rotor having a substantially circular hub portion
about the shaft one surface of which communi-
cates with a wall of the chamber containing a
port but with a part of the hub portion cut away
for opening and closing the port at predeter-
mined intervals of the pump cycle and a claw
portion extending substantially radially from the
hub portion, wherein the surface of at least one
rotor which communicates with the port is en-
larged relative to the remainder of the rotor, and
to the hub portion in particular, and orifice
means are provided therein for communication
with the port.
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This invention relates to mechanical vacuum
pumps and more particularly to such pumps incor-
porating rotor pairs of the Claw type.

Vacuum pumps incorporating a pair of Claw
rotors mounted on respective shafts and positioned
for interengagement in a chamber of the pump as the
shafts are synchronously rotated in opposite direc-
tions are well known. Each pump may comprise one
or more such chambers with one rotor of each pair
being mounted on a first shaft and the other rotor of
each pair being mounted on a second shaft. A multi-
chamber pump may employ Claw type rotors exclu-
sively in each chamber or may also have a chamber
or chambers having Roots type rotors therein.

Gas being evacuated from a vessel or container
(or whatever) to which the pump is attached is drawn
into the pump chamber through an inlet and the gen-
eral function of each rotor pair of the Claw type is to
"sweep" a volume of such gas by trapping the volume
between the claws of the rotors during each cycle and
expel it from the chamber during a relevant part of the
rotor cycle, ie. when the swept volume communicates
with a pump outlet.

The maximum size, ie. cross-sectional area, of
the inlet to, and also the outlet from, the chamber is
dictated by the shape of the claw rotor profile. In par-
ticular, the shape and size of the inlet and outlet must
be such that:

i) they are positioned between the rotor shaft and

within the rotor base diameter,

ii) they are exposed only by the claw "cut-out" por-

tion,

iii) they extend circumferentially only during that

part of the rotor cycle when, in use, gas is being

drawn in or expelled from the inlet and outlet re-
spectively.

The shape of a typical inlet for an existing pump
design is shown schematically in Figure 1 which is a
transverse section through the pump. It shows two
contra-rotatable shafts 1, 2 having mounted thereon
respective claw rotors 3,4 which, in use, rotate in the
directions shown by the arrows within the confines of
the chamber walls 5.

The rotor 3 communicates, during part of its cycle,
with generally arcuate inlet port 6 in the uppermost
wall of the chamber and positioned about the shaft
and between (with clearances) the diameter of the
rotor hub (or base circle) 7 (completed by dotted lines
8) and the innermost part of the rotor cut-out 9. The
rotor 4 similarly communicates with an outlet port 10
in the lowermost wall of the chamber and positioned
in relation to the rotor 4 in a similar manner to the inlet
port 6 and the rotor 3. In use, therefore communication
between the rotors and the respective port occurs
when the rotating rotor exposes the port as the cut-out
part of the rotor passes across the port. That is the
basis of the pump cycle.

Suchrestrictions on the area of the inlet (and simi-
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lar restrictions on the area of the outlet) constitute an
impedance to the flow of gas into (and from) the swept
volume which generally results in a reduction of
volumetric efficiency and also in a higher power
requirement; the former applies particularly at low
pressures and the latter applies particularly at high
pressures.

The present invention is concerned with minimis-
ing or even removing such restrictions by allowing for
the size of the inlet and/or the outlet of such pumps to
be increased commensurate with the overall size of
the pump chamber(s).

In accordance with the invention, there is pro-
vided a mechanical vacuum pump comprising at least
one pumping chamber having mounted therein on
respective contra rotatable shafts a pair of "claw" type
rotors arranged for pumping gas through the chamber
during a pump cycle from an inlet port to an outlet port,
each rotor having a substantially circular hub portion
about the shaft one surface of which communicates
with a wall of the chamber containing a port but with
a part of the hub portion cut away for opening and
closing the port at predetermined intervals of the
pump cycle and a claw portion extending substantially
radially from the hub portion, wherein the surface of
at least one rotor which communicates with a port is
enlarged relative to the remainder of the rotor and to
the hub portion in particular and orifice means are pro-
vided therein for communication with the port.

Such an arrangement allows the pump to operate
in the same manner as the normal pump but with the
ability to allow a greater throughput of gas by allowing
for a greater port cross-sectional area.

The invention is preferably put into effect by sec-
uring to the surface of a Claw rotor adjacent the port
adisc which by itself forms the surface of the rotor and
which defines the interface between the rotor and the
walll of the chamber containing the port.

Preferably, the disc has a radius which is larger
than that of the hub portion of the rotor itself, ie be-
tween the hub portion radius and the radius of the
rotor including the additional radial dimension of the
claw itself. The disc could be greater than the radius
of the rotor including the radial dimension of the claw
but this is generally unnecessary. Most preferably, the
disc has a diameter which is substantially equal to the
rotor including the radial dimension of the claw.

The orifice means in the enlarged rotor surface
preferably extends from the outer edge of the surface
of the disc to a position near the rotor surface and can
itself advantageously be approximately circular or
square in shape. The radial dimension of such an
orifice can therefore be much larger than that possible
in the usual rotor "cut-out" portion and, of course, the
radial dimension of the port itself may be made cor-
respondingly larger to effect a greater throughput of
gas through the port.

The invention is applicable to both the chamber
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inlet port and the chamber outlet port; preferably, it is
applied to each port. In multi-chamber vacuum
pumps, the invention can advantageously be applied
to both ports in all chambers, thereby effecting a lower
impedance to gas flow throughout the pump as a
whole.

It may be advantageous for the disc (or at least
the relevant surface thereof) to be made from a ma-
terial which minimises friction between it and the wall
of the chamber containing the port, for example car-
bon-graphite or a PTFE coating on the relevant sur-
face should the rotating member touch the stationery
members due to, for example, temperature expansion
effects. In such embodiments in particular, the rotors
of the pump can operate with small clearances rela-
tive to the pump walls and are thus able to reduce gas
leakage (gas slip) therebetween.

For a better understanding of the invention, refer-
ence will now be made for the purpose of exemplifi-
cation only, to the following drawings in which:

Figure 2 is a transverse section through a pump

of the invention, in particular afirst stage chamber

thereof

Figure 3 is an axial section through the pump of

Figure 2 along line llI-llI

Figure 4 is a transverse section through a mod-

ified pump of the invention, in particular a first

stage chamber thereof

Figure 5 is an axial section though the pump of

Figure 4 along the line V-V

Figure 6 is an axial section through a pump of the

invention in particular an intermediate or first

stage chamber thereof.

Figure 7 is a schematic representation of a mod-

ified plate for attachment to a rotor incorporated

in the pump of Figures 2 and 3 or Figures 4 and

5 hereof.

With reference to the drawings and in particular
Figures 2 and 3, the pump shown therein is in accord-
ance with the invention and incorporates a modified
rotor communicating with the first stage chamber inlet
in particular.

The pump comprises two contra-rotatable shafts
11,12 having mounted thereon respective Northey or
Claw type rotors 13,14 which, in use of the pump,
rotate in the directions shown by the arrows within the
confines of chamber walls 15.

The rotor 13 comprise a substantially circular hub
portion 16 having a cut-out portion 17 and claw portion
18. Rotor 14 has a similar construction and the basic
positioning and operation of this rotor pair within the
chamber walls 15 is standard for this type of vacuum
pump.

Figure 3 in particular shows an axial section of the
rotor arrangement shown in Figure 2. It also shows an
inlet port 19 in chamber wall portion 20 and an outlet
port 21 in chamber wall portion 22. Whereas the latter
is of standard generally arcuate shape and size, the
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generally arcuate inlet port 19 is substantially larger,
particularly in the radial dimension as clearly shown
in both Figure 2 and in Figure 3.

Figure 3 additionally shows a circular disc 23 sec-
urely attached to the surface of the rotor 13 which
communicate with the inlet port 19. The disc 9 is there-
fore adapted for rotation with the rotor 13 in use of the
pump within a circular cavity 24 in the chamber wall
portion 20 having a size corresponding to that of the
disc 23.

The disc 23 has a cut-out portion 25 which at the
inner end has a shape and size corresponding sub-
stantially to the shape and size of the cut-out portion
17 of the rotor 13 and which at the outer end extends
to the periphery of the disc 23 as shown in Figure 2
in particular.

In use of the pump of the invention, its operational
cycles are essentially identical to that of a standard
pump of known design. Thus, a volume gas being
evacuated by the pump is drawn into the inlet port 19,
is "swept" by the rotating rotor claws in particular and
is expelled through the outlet port 21.

In contrast to standard pumps, however, the pre-
sence of the disc 23, having the effect of enlarging the
surface of the rotor 13 which communicates with the
inlet port 19 and thereby allowing the cut-out portion
in that surface, and hence the inlet port itself, both to
be greater than in a standard pump. Clearly this effect
is accomplished without changing the dimensions of
the pump overall or of the volumes, etc formed in the
pumping chambers.

The benefit of the invention can conveniently be
applied not only to one port of a chamber of a vacuum
pump of the invention but to both ports. Figures 4 and
5 show a modified pump to that shown in Figures 2
and 3 in that a second disc 26 is securely fixed to the
surface of the rotor 14 which communicates with the
outlet port 21. The outlet port 21 can therefore be
enlarged on the same basis as inlet port 19. The disc
26 rotates with the rotor 14 within the confines of a
cavity 27 in the chamber wall portion 22. In the case
of the plate 26, it contains a central aperture to allow
the presence of the shaft 12.

Turning to Figure 6, this shows an intermediate
chamber of a multiple stage pump with both the inlet
port 19 and the outlet port 21 having the benefit of
associated discs 23 and 26 respectively. In this case,
both the discs contain a central aperture to allow for
the presence of the shafts 11 and 12 respectively.

Finally, Figure 7 shows an alternative disc for use
either in conjunction with an inlet port or an outlet port
in which the cut-out portion 17 does not extend to the
periphery of the disc but has the shape shown with a
retained circumferential strip as an outer edge to the
cut-out portion.

With reference to the discs themselves, these
could generally be made of any suitable material.
However, they are preferably made from a low friction
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or self lubricating material (at least on the side com- 8. A pump according to any preceding claim in
municating with the chamber wall containing the port). which relevant surfaces of the disc are made from
PTFE coatings or carbon graphite are preferred in this a material which minimises friction between it and
respect. the wall of the chamber containing the port.
5

9. A pump according to Claim 8 in which the relevant

Claims surfaces have a PTFE or carbon-graphite coating
thereon.

1. A mechanical vacuum pump comprising at least
one pumping chamber having mounted therein 10
on respective contra rotatable shafts a pair of
"claw" type rotors arranged for pumping gas
through the chamber during a pump cycle from an
inlet port to an outlet port, each rotor having a sub-
stantially circular hub portion about the shaftone 15
surface of which communicates with a wall of the
chamber containing a port but with a part of the
hub portion cut away for opening and closing the
port at predetermined intervals of the pump cycle
and a claw portion extending substantially radially 20
from the hub portion, wherein the surface of at
least one rotor which communicates with the port
is enlarged relative to the remainder of the rotor,
and to the hub portion in particular, and orifice
means are provided therein for communication 25
with the port.

2. A pump according to Claim 1 in which a disc is
secured to the surface of a Claw rotor adjacent
the port which disc by itself forms the surface of 30
the rotor and which defines the interface between
the rotor and the wall of the chamber containing
the port.

3. Apumpaccording to Claim 2 in which thedischas 35
a radius which is larger than that of the hub por-
tion of the rotor itself, ie. between the hub portion
radius and the radius of the rotor including the
additional radial dimension of the claw itself.
40
4. Apump according to Claim 2 or 3 in which the disc
has a diameter which is substantially equal to the
rotor including the radial dimension of the claw.

5. A pump according to any preceding claim in 45
which the orifice means in the enlarged rotor sur-
face extends from the outer edge of the surface
of the disc to a position near the rotor surface.

6. A pump according to Claim 5 in which the orifice 50
means is approximately circular or square in
shape.

7. A pump according to any preceding claim in
which the surface of both rotors communicating 55
with a port is enlarged in accordance with the
invention.
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FIG.6.
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