10

15

20

25

30

1

REVOLVING VANE COMPRESSOR and METHOD for its MANUFACTURE

Reference to Related Application
Reference is made to our international patent application filed on 28 June 2007 under

number PCT/SG2007/000187 for an invention entitled “Revolving Vane Compressor”
(“our earlier application”), the contents of which are hereby incorporated by reference

as if disclosed herein in their entirety.

Technical Field
This invention relates to a revolving vane compressor and to a method for its
manufacture and refers particularly, though not exclusively, to such a revolving vane

compressor and method where the vane is fixed relative to one of the rotor and the

cylinder.

Definition
Throughout this specification a reference to a compressbr is to be taken as including a

‘reference to a pump.

Background
One of the crucial factors affecting the performance of a compressor is its mechanical

‘efficiency. For example, the reciprocating pistoﬁ-cylindcr compressor exhibits good

mechanical efficiency, but its reciprocating action results in significant vibration and
noise problems. To negate such problems, rotary compressors have gained much
popularity due to their compactness in design and low vibration. However, as their parts
are in sliding contact and generally possess high relative speeds, frictional losses are
high. This has limited their efficiency and reliability.

In rotary sliding vane compressors, the rotor and vane tip rub against the cylinder
interior at high speeds, resulting in large frictional losses. Similarly, in rolling-piston
compressors, the rolling piston rubs against the eccentric and the cylinder interior

thereby resulting in significant friction losses.
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If the relative speeds of the contacting components in rotary compressors can be

effectively reduced, their overall performance and reliability may be able to be

improved.

Summary

According to an exemplary aspect there is provided a revolving vane compreésor
comprising: a cylinder having a cylinder longitudinal axis of rotation, a rotor mounted
within the cylinder and having a rotor longitudinal axis of rotation, the rotor
longitudinal axis and the cylinder longitudinal axis being spaced from each other for

relative movement between the rotor and the cylinder; a vane operatively engaged ina

- slot for causing the cylinder and the rotor to rotate together, the vane being mounted in

the slot with a two degree-of-freedom motion relative to the slot for enabling the rotor
and the cylinder to rotate with each other.

According to another exemplary aspect there is provided a revolving vane compressor
comprising a vane operatively engaged in a slot for movement relative thereto, the slot
being shaped to enable the movement to be a sliding movement and a pivoting

movement at the same time.

A further exemplary aspect provides a revolving vane compressor comprising: a
cylinder, a rotor mounted within the cylinder, a vane operatively engaged in a slot for
movement relative thereto for enabling the cylinder and the rotor to rotate together. The

vane comprises a portion of the rotor or the cylinder. It is either rigidly attached to or

‘integral with the rotor or the cylinder. The slot is in the other of the rotor and the

cylinder.

A et further exemplary aspect provides a revolving vane compressor comprising a vane
operatively engaged in a slot for movement relative thereto, the slot comprising an inner
portion, an intermediate portion forming a narrow neck, and an enlarged outer end

portion, the narrow neck have a clearance fit with the vane; the narrow neck comprising '

a pivot for a sliding and a non-sliding movement of the vane relative to the slot.
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The revolving vane compressor of the other exemplary aspect may further comprise a
cylinder having a cylinder longitudinal axis of rotation, a rotor mounted within the
cylinder and having a rotor longitudinal axis of rotation, the rotor longitudinal axis and
the cylinder longitudinal axis being spaced from each other for relative movement
betWeen the rotor and the cylinder; a vane operatively engaged in a slot for causing the
cylinder and the rotor to rotate together, the motion comprising a two degree-of-

freedom motion for causing the rotor and the cylinder to rotate with each other.

For the revolving vane compressor of the furth_er exemplary aspect, the cylinder may
have a cylinder loxigitudinal axis of rotation, and the rotor may have a rotor longitudinal
axis of rotation. The rotor longitudinal axis and the cylixider longitudinal axis may be
spaced from each other for relative movement between the rotor and the cylinder. The

vane and the slot may be capable of movement relative to each other. The movement.

may comprise a two degree-of-freedom motion.

The revolving vane compressor of the further exemplary aspect may further comprise: a
cylinder having a cylinder longitudinal axis of rotation, a rotor mounted within the
cylinder and having a rotor longitudinal axis of rotation. The rotor longitudinal axis and
the cylinder longitudinal axis may be spaced ﬁom’elach other for relative movement

between the rotor and the cylinder. The vane may be operatively engaged in a slot for

" causing the cylinder and the rotor to rotate together. The sliding and non-sliding

- movement may comprise a two degree-of-freedom motion.

The siot may be in the cylinder and ﬂie‘ vane may comprise a part of the rotor.
Alternatively, the slot may be in the rotor and the vane may comprise a part of the

cylinder.
The vane may be one of: rigidly attached to and integral with, the rotor or the cylinder.

The two degree-of-freedom movement may comprise a sliding movement and a

pivoting movement.
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The slot may comprise an inner portion, an intermediate portion forming a narrow neck,
and an enlarged outer end portion. The narrow neck may have a clearance fit with the

vane. The narrow neck may comprise a bivot for a non-sliding movement of the vane
relative to the slot. The inner portion may be chamfered. The inner portion and the

" intermediate portion may form a smooth curve. The enlarged outer end portion may be

bulbous. The pivoting contact between the vane and the neck may form a seal. One of

vt}he" rotor and the cylinder ﬁxay be operatively connected to a;‘dﬁ\'{e shaft. The operative

connection may be one of: rigidly connected to and integral with, the drive shaft.

According to a penultimate exemplary aspect there is provided a method for

manufacturing a revolving vane compressor as described above, the method comprising

- forming a front bearing pair and a rear bearing pair from a éingle piece of raw material

~ with all features of the front bearing pair and rear bearing pair required for correct

alignment of the front bearing pair and the rear bearing pair being formed
simultaneously. The features of the front bearing pair and the rear bearing pair may each

comprise a cylinder bearing and a rotor bearing.

According to a final exemplary aspect there is provided a method for manufacturing a
revolving vane compressor as described abo{re, the method comprising forming a
cylinder and a cylinder end plate from a single piece of raw material with all features of
the cylinder and a cylinder end plate required for correct alignment of the cylinder and a
cylinder end plate being formed simultaneously. The features of the cylinder and a
cylinder end plate may comprise end faces and a cylindrical journal.

For both the penultimate and final exemplary aspects, the raw material may be
machined to align a centre of gravity of the raw material with a rotational axis of the

raw material to thereby achieve dynamic balancing to reduce vibration.

Brief Description of the Drawings
In order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only exemplary
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embodiments, the description being with reference to the accompanying illustrative
drawings.

In the drawings:

Figure 1 is a front sectional view of an exemplary embodiment;

- Figure 2 is a side sectional view of the exemplary embodiment of Figure 1;

Figure 3 is a series of illustrations illustrating the operatmg cycle of the exemplary
embodiment of Figures 1 and 2;

Flgure 4 is an enlarged illustration of the vane-to—slot connection of the exemplary
embodiment of Figures 1 to 3; '

Flgure 5 is'a view corresponding to Figure 1 of another exemplary embodiment;
Figure 6 is a view correspondmg to Flgure 2 of the other exemplary embodlment of
Flgure 5; '

Figure 7 is a series of illustrations 1llustratmg the operatmg cycle of the other exemplary
embodiment of Figures 5 and 6; a

Figure 8 is a view corresponding to Figure 4 of a further exemplary embodiment;
Figure 9 is a schematic illustration correspondmg to Flgure 1 of an exemplary
embodiment after the manufacturing process;

Figure 10 is a schematic illustration of a first stage in the manufacturing process;
Figure 11 is a schematic illustration of a second stage m the manufacturing process;
Figure 12 is a schematic illustration of a third:stage in the manufacturing procéss;
Figure 13 is a schematic illustration of a fdurth stage in the mamifacturing process;
Figure 14 is a schematic illustration of a fifth stage in the manufacturing process;
Figure 15 is a schematic illustration of a sixth stagé in the manufacturing process;
Figure 16 is a schematic illustration of a seventh stage in the manufacturing process;
Figure 17 is a schematic illustration of a eighth stage in the manufacturing process; and
Figure 18 is a schematic illustration of a ninth stage in the manufacturing process.

Detailed Description of the Exemplary Embodiments

To refer to Figures 1 to 4, there is shown a revolving vane compressor 10 having a vane
12, arotor 14 and a cylinder 16. The x}ane 12 is rigidly fixed to or integral with the rotor
14. This has one advantage of reducing the number of components. The vane 12 may be

fabricated with the rotor 14, if desired. The vane 12 engages in a blind slot 18 in the
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cylinder 16. The vane 12 is located in the slot 18 such that it is a sliding and pivotal fit
within the slot 18 and is able to simultaneously move in a sliding and pivoting manner.
Both the vane 12 and the rotor 14 are housed in the cylinder 16. The head 20 of the vane
12 is rigidly connected to, or integral with, an external surface 22 of the rotor 14. The
slot 18 is located in an interior surface 23 of side wall 24 of the cylinder 16, the side
wall 24 being cylindrical and of a larger diameter than the rotor 14. This provides a
secure attachment of the vane 12 to the cylinder: 16. ‘

The rotor 14 is mounted for rotation about a first longitudinal axis 26 and the cylinder
16 is mounted for rotation about a second longitudinal axis 28 (Figure 2). The two axes
26, 28 are parallel and spaced apart such that the rotor 14 and the cylinder 16 are
assembled with an eccenﬁicity. In consequencé; durmg rotation of the rotor 14 and the
cylinder 16, a line contact 30 always exists between the external surface 22 of rotor 14
and the interior surface 23 of the side wall 24. Both the rotor 14 and the cylinder 16 are
supported individually and concentrically by journal bearing pairs 32. Both the rotor 14
and the cylinder 16 are able to rotate about their respective longitudinal axes 26, 28
respectively, the two axes 26, 28 also being the axes of rotation.

A drive shaft 34 is operatively connected to or integrated with the rotor 14 and is
preferably co-axial with the rotor 14. The drive shaft 34 is able to be coupled to a prime
mover (not shown) to provide the rotational force to the rotor 14 and thus to the cylinder

16 via the vane 12.

During operation, the rotation of the rotor 14 causes the vane 12 to rotate which in turn
forces the cylinder 16 to rotate due to the location of the vane 12 within slot 18. The
motion causes the volumes 36 trapped w1thm the vane 12, cylinder 16 and the rotor 14
to vary, resulting in suction, compression and discharge of the working fluid.

The cylinder 16 also has flanged end plates 38 that may be integral with the side wall

24, or may be separate components securely attached to side wall 24. As such, the end
plates 38 also rotate as the entire cylinder 16, including side wall 24 and end plates 38,
is made to rotate by the vane 12, and thus rotate with the rotor 14. By doing so friction
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between the vane 12 and the internal surface 22 of the side wall 24 is virtually
eliminated. However, it does cause the addition of a cylinder journal bearing at journal
bearing pair 32 to support the rotating cylinder 16 which results in additional frictional
losses. Those losses are of a lower magnitude as it is relatively easy to provide
lubrication to the journal bearing pairs.32. Also, frictional loss between the rotor 14 and
the cylinder end plates 38 is reduced to a negligible level, as will be explained below.

The entire cylinder 16, with the end plates 38, is éble to rotate. This reduces friction at
the sliding contacts between the end faces 38 of the cylinder 16, and the rotor 14. This is

- because the relative, sliding velocity between the end plates 38 and the rotor 14 is

significantly reduced.

Although known designs using fixed end plates simplify the positioning of the
discharge and the suction ports, they fesult in significant frictional losses. They have a .
stationary housing against which the rotor rotates, thus inducing large frictional losses.
This reduces the mechanical efficiency of the machine, and also reduces reliability due
to greater wear-and-tear. The heat generated by the friction also reduces the overall

compressor performance due to suction heating effects.

 As all the primary components of the compressor 10 are in rotation, the suction and

discharge ports are also-in motion. As described in our earlier application, the
compressor 10 may have a high-pressure shell 40 that surrounds the cylinder 16 and
rotor 14. The high-pressure shell 40 may be stationary, with the cylinder 16 and rotor 14
rotating within and relative to the shell 40.

The suction inlet 44 is along the rotor shaft 34 and co-axial with the axis of rotation 26
of the rotor 14 and is operatively connected to the suction pipe (not shown). The suction
inlet 44 has a first portion 46 that extends axially of the shaft 34; and one or more
second portions 48 that extend radially of the rotor 14 to the outer surface 22 of the
rotor 14 to provide one or more suction ports 52. The number of second portions 48 and

suction ports 52 may depend on the use of the compressor 10, and the axial extent of the

rotor 14.
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One or more discharge ports 54 are positioned in and through the side wall 24 of the
cylinder 16, preferably close to the slot 18. By close to it is meant next to, immediately
adjacent, or adjacent. This is to reduce to a minimum a “dead” volume between the slot
18 vane 12 and the discharge port(s) 54. As such the discharged gas or fluid is contained
within the hollow interior 56 of the shell 40 before exiting from the compressor 10
using a known exit apparatus. The discharge ports 54 each have a discharge valve
assembly (not shown) positioned over the discharge ports The discharge valve
assembly may have a valve stop securely mounted to the side wall 24 of cylinder 16 by

- afastener; as well as a discharge valve reed over the discharge port.

10

The compression cycle is shown in Figure 3. In'(a) the compressor 10 is at the
beginning of the suction phase to draw the working fluid into a suction chamber 66; and
the compression of the working fluid in a compression chamber 68. The vane 12
separates the working chamber 36 into the suction chamber 66 and the compreﬁsion

chamber 68. When the compressor 10 has reached the position in (b), the suction of the

 fluid into the suction chamber 66 and compression in the compression chamber 68 is

continuing. In (c) the suction process continues, and the discharge of the fluid through
discharge ports 54 occufs when the pressure inside the compression chamber 68 exceeds
that of the hollow interior 56 of the shell 40. At (d) i:he suction and discharge of the
fluid have almost completéd. As can be seen, the vane 12 has a sliding movement
relative to its slot 18 during the movement of the rotor 14 relative to cylinder 16. From
an external, fixed frame the line contact 30 appears stationary. But from within the
cylinder 16 the line contact 30 appears to move around the internal surface 23 of
sidewall 24 once every complete revolution of the cylinder 16 and rotor 14.

The vane 12 of Figures 1 to 6 is oriented radially to the rotational center of the rotor 14.
However, a non-radial straight vane or a curved vane may be used. This may be with the

radial slot 18 as shown, or with a non-radial slot.

In Figure 4 the details of the slot 18 are shown. The slot 18 has three portions: an inner
portion 18(a) immediately adjacent the interior surface 23 and which as
circumferentially chamfered; and intermediate portion 18(b) that has a reduced
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clearance ¢ to the vane 12; and an outer portion 18(c) that is enlarged or bulbous.
Preferably, the inner portion 18(a) and the intermediate portion 18(b) form a smooth
curve, as shown. The clearance § is to minimize frictional losses due to relative
movement between the vane 12 and the walls of slot 18. It also provides a narrow neck .
19. The sides of the slot 18 at narrow neck 19 are a pivot for the vane 12 to.allow for
relative movement between the vane 12 and the slot 18 other than a direct sliding
movement such as, for example, a pivoting movement. This can be seen by consideﬁng
Figure 3. In Figure 3(a) the tail 42 of vane 12 is oriented towards-the left side (that
closer to the discharge port 54) of slot 18. As the rotor 14 and cylinder 16 rotate, the
vane 12 moves relative to the slot 18 both in sliding manner and a pivoting manner so
that in Figure 3(b) the vane is still oriented toWards the left side of slot 18 but at a
reduced angle. By Figure 3(c) the tail 42 of vane 12 is bn'egted towards the right side of
slot 18 mirroring the angle of Figure 3(b). At Figili'e 3(d) the tail 42 of vane 12 is still
being oriented towards the right side of slot 18 mﬁrbﬁné the angle of Figure 3(a). As
such, the connection between the vane 12 and the slot 18 allows a two degree-of;
freedom motion through the use of the minimum clearance . The two degrees-of- -
freedom are sliding and pivoting, and are simultaneous. During the two-degree-of-
freedom motion, the vane 12 is in contact with either side of the neck 19 of the slot 18,
depending on interaction of the rotatory inertia of the cylinder 16 and the gas pressure

forces in the slot 18.

When the vane 12 contacts the neck 19 it forms a fluid-tight seal with the neck 19 thus
preventing fluid from using the slot 18 to move from the compression chamber 68 to the

suction chamber 66, or from the suction chamber 66 to the compression chamber 68.

The fixing of the vane 12 to the rotor 14 prevents friction-inducing motion of the vane
12 relative to the rotor 14 so that frictional losses occurring between the vane 12 and the
rotor 14 are also prevented. The sliding contact is at slot 18 between the cylinder 16 and
the vane 12. At the contact between the cylinder 16 and the vane 12, the contact force
arises due to the rotatory inertia of the cylinder 16, and not the pressure forces due to the
compression of the working fluid. As the magnitude of the contact force is much less

than the pressure forces, the contact force is alleviated. This effectively reduces the
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frictional loss. Furthermore, the friction force can be minimized by reducing the rotatory
inertia of the cylinder 16, such as provivding holes in the cylinder wall 24 to reduce the
amount of material needed for the thick wall cylinder. The principal source of friction is
at the bearings 32. These are able to be minimized. The inertia of the cylinder may

smooth the torque variations of the compressor 10.

In the interest to minimize the friction at the contact of vane 12 and the walls of slot 18,
in this exemplary embodiment the rotor 14 is preferably rigidly connected or integral

- with drive shaft 34. This enables the contact force at slot 18 to be almost entirely

independent of the pressure force of the fluid across the vane 12, thus of a lesser

magnitude.

However, the structure of the exemplary embodiment of Figufes 1 to 4 causes the vane

12 to protrude through the interior surface 23 of the side wall 24 of the cylinder 16, This

increases the effective diameter of the cylinder 16. This is especially so when the offset
distance between the axes 26, 28 of the rotor 14 and cylinder 16 is large as this increases
the sliding movement of the vane 12 relative to the slot 18. This may be undesirable as
more material is needed in the side wall 24 of the cylinder 16.

In Figures 5 to 7 there is illustrated another exemplary embodiment that may be
preferred when the offset distance between the axes 26, 28 is laige. Here, like reference
numerals are used for like components. As shown, the vane 12 is rigidly fixed or |
integral with the cylinder 16 instead of the rotor 14, and the slot 18 is now part of the
rotor 14. In addition, the cylinder 16 is operatively connected to or integral with the

drive shaft 34.

As such, the contact force at the sides of the vane 12 depends on the rotatory inertia of
the rotor 14. As the rotatory inertia of the rotor 14 is smaller than that of the cylinder 16
due to the smaller radius (rotatory inertia is proportional to the square of the radius), this
further reduces the friction forces. However, the bearings 32 are changed to

accommodate the direct connection of the cylinder 16 to the drive shaft 34. As shown in



10

15

20

25

30

11

Figure 6, the rotor 14 is now supported in a cantilevered manner, instead of being

simply supported on both ends.

In the interest to minimize the friction at the contact of vane 12 and the walls of slot 18,
in this exemplary embodiment the cylinder 16 is preferably rigidly connected or integral
with driveshaft 34. This enables the contact force at slot 18 to be almost entirely

independent of the pressure force of the fluid across the vane 12, thus of a lesser

magnitudé.

In all other respects, the construction and operation of the compressor are the same as
for the exemplary embodiment of Figures 1 to 4. The slot 18 remains the same, and its

relationship with the vane 12 is also the same.

Furthermore, the ‘clearance’ joint illustrated in Figure 4 may be replaced by a

conventional pair of hinge and slider joints for the vane 12 and slot 18 as shown in
Figure 8. A hinge joint 800 using a pin 804 coupled with a slider joint 802 would be
used. Although the coupled hinge-slider joint 800, 802 can perform the exact function
as the ‘clearance’ connection, it has more parts. It may also be more difficult for

fabrication and assembly.

The embodiments of Figures 1 to 8 may be used in all aréas of compressor and pump

applications, such as refrigeration and air compression.

In a compressor, besides good efficiency and reliability, the reduction in material and
ease of fabrication are the keys to the success of a compressor design. In order to
achieve the optimum performance of the compressor 10, precision manufacturing is
important. In particular, as there are two journal 'bearings pairs 32 the alignment of the

journal bearings 32 has an impact on the performance of the compressor 10. As such it

1is of advantage to have a method of manufacture such that the alignment of the journal

bearing pairs 32 may be obtained without minute tolerances.
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Figure 9 shows a central section of the compressor 10. The journal bearings pairs 32
have a front journal bearing pair 32 (a) and a rear journal bearing pair 32 (b). Each of
the front journal bearing pair 32(a) and the rear journal bearing pair 32(b) have two
journal bearings: the rotor bearings 70 and the cylinder bearings 72. In order to
minimize the frictional losses at the bearings 70, 72, each bearing 70, 72 must not be
over-sized, yet should be able to maintain 2 minimum oil film thickness capable of
preventing wear between the bearings 70, 72 and the bearing strfaces. Therefore, it is
important that precision of each bearing pair 32(a) and 32(b) be attained, including the
alignment between the front bearings 32(a) and the rear bearings 32(b). Furthermore, as
internal leakage of the fluid in the compressor 10 is sensitive to the offset distance
between the rotor and cylinéler rotational axes 26, 28 bearing centers, the accuracy of
individual bearing alignment are coupled to form a combined alignment of the overall

assembly of the compressor 10, which must be attained.

- As shown in Figure 10, for the manufacture of the bearings 32(a) and 32(b), the raw

material 76 is clamped by jaw clamps 74 and held by centering chuck 80. It is then
machined with the entire cylindrical face 84 being machined using cutting tool 82 to
align the centre of gravity 86 of the material 76 with the rotational axis 87 to thereby
achieve dynamic balancing to reduce vibration. The tentatjve positions of the front

bearing 32(a), rear bearing 32(b) and the two bearing legs 78 are shown in faint lines.

In Figure 11 end face 90 is machined to achieve flatness and bearing dowel holes 88 are
formed. Parting of the bearings legs 78 is then performed on parting line 92 (Figure 12).
The parted-off material 96 has its second end face 94 machined using end face 90 as a

- reference to achieve parallelism between the two surfaces 90, 94 (Figure 13).

Of the remaining material 98, end face 100 is machined to achieve flatness, and end
faces 102 and 104 are formed (Figure 14) such that they are both flat, parallel and
perpendicular to the rotational axes. This also means that the cylindrical surfaces 106
are formed simultaneously and are thus correctly aligned. Dowel holes 108 are then
formed in the one action for the front bearing 32(a) and rear bearing 32(b). This means
that the dowel holes 108 in the two bearings 32(a) and 32(b) are correctly aligned.
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The rotor bearings 70 are then formed, again in the one action for both the front bearing
32(a) and the rear bearing 32(b) thus providing correct alignment. The front bearing
32(a) is parted-off on parting line 110 to thus give separate front bearing 32(a) and rear
bearing 32(b). Final finishing can then take place.

As such the front bearing pair 32(5) and the rear bearing pair 32(b) are formed together
and simultaneously to provide correct alignment. -

The manufacture of the bylinder 16 and the flanged end plate 38 for the cylinder‘is ina
similar manner, as is shown in Figures 16 to 18. The raw material 120 is clamped by
jaw clamps 74 and held by centering chuck 80. It is then machined with the entire
cylihdricél féce 122 being machined using cutting tool 82 to align the centre of gravity
86 of the mateﬁal 120 ﬁth the rotational axis 87 to thereby achieve dynamic balancing
to reduce vibration. The tentative positions of the ._cylinder 16 and end plate 38 are

shown in faint lines.

End face 124 is machined to achieve flatness and perpendicularity frorh the rotational
axis. Cylindrical journal 126 is then formed in the cylinder 16 and end plate 38 again in
the one action to achieve correct alignment (Figure 17).

End faces 128, 130 are formed perpendicularly from the cylinder journal 126. Dowel
holes 132 are formed on both the cylinder 16 and end plate 38 simultaneously and in the
one action (Figure 17). The cylinder plate 38 is then parted off (Figure 18) and the
hollow interior 134 of the cylinder 16 is formed as is slot 18. The final finishing can
then take place.

For the front bearing 32(a) and the rear bearing 32(b), by maﬁufactming them from the
one piece of raw material, and with all features required for correct alignment being
formed together, the two bearings will inherently be correctly aligned when the
compressor 10 is assembled. Similarly, for the cylinder 16 and the cylinder end plate 38,
by manufacturing them from the one piece of raw material, and with all features
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required for correct alignment being formed together, the two Wwill inherently be

correctly aligned when the compressor 10 is assembled.

Whilst the foregoing description has described exemplary embodiments, it will be
understood by those skilled in the technology concerned that many variations in detail$
of design, construction and/or operation may be made without departing from the

present invention,



Lisf of Reference Numerals |
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10 Compressor 12 Vane
14 | Rotor 16 Cylinder
18 Slot 19 Neck
20 Head of 12 .
22 External surface of 14 24 Side Wall of 16 .
26 | Longitudinal axis of 14 28 Longitudinal axis of 16“
30 Line contact 32 Journal bearing pairs
34 Drive shaft 36 Volumes
38 | Flanged end plates 40 High pressure shell
42 Tail of 12 44 Suction inlet
46 | Axial portion of 44 48 Radial portion of 44
50 52 Suction ports
54 Discharge ports 56 Hollow interior of 40
58 60
162 64
66 Suction chamber 68 - Compression chamber
70 | Rotor bearings 72 -Cylinder bearings
74 | Jaw clamps 76 Raw material
78 Bearing legs 80 Centering chuck
82 | Cutting tool 84 Cylindrical face
86 Centre of gravity 87 Rotational axis
88 | Bearing dowel holes 90 . | End face
92 | Parting line 94 | Second end face
96 Parted-off material . 98 Remaining material
100 . | End face l 102 End faces
104 | End face 106 Cylindrical surfaces
108 | Dowel holes 110 Parting line
112 114
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16 | 118 |
120 | Raw material 1122 Cylindrical face
124 | End face | 126 Journal

128 | End face 1130 End face

132 | Dowel holes 134 Hollow interior
800 | Hinge joint - 802 Slider joint

804 | Pin
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The Claims

o

(V8]

A revolving vane compressor comprising: a cylinder having a cylinder
longitudinal axis of rotation, a rotor mounted within the cylinder and having a
rotor longitudinal axis of rotation, the rotor longitudinal axis and the cylinder
longitudinal axis being spaced from each other for relative movement between
the rotor and the cylinder; a vane operatively engaged in a slot for causing the
cylinder and the rotor to rotate together, the vane being mounted in the slot with
a two degree-of-freedom motion relative to the slot for enabling the rotor and the
cylinder to rotate with each other, the slot comprising an intermediate portion
forming a narrow neck, such that during the two degree-of-freedom motion of
the vane relative to the slot, the vane is configured to selectively contact either
side of the narrow neck depending on interaction of rotary inertia of the cylinder
and gas pressure forces in the slot so as to form a fluid-tight seal, the two
degree-of-freedom motion of the vane being relative to the intermediate portion
of the slot forming the narrow neck.

A revolving vane compressor comprising a vane operatively engaged in a slot
for movement relative thereto, the slot being shaped to enable the movement to
be a sliding movement and a pivoting movement at the same time, the slot
comprising an intermediate portion forming a narrow neck. such that during the
sliding and pivoting movement of the vane relative to the slot, the vane contacts
cither side of the narrow neck depending on interaction of rotary inertia of the
cylinder and gas pressure forces in the slot so as to form a fluid-tight seal,
wherein the sliding movement and the pivoting movement at the same time
comprise sliding movement and pivoting movement relative to the intermediate
portion of the slot forming the narrow neck.

A revolving vane compressor comprising: a cylinder, a rotor mounted within the
cylinder. a vane operatively engaged in a slot for movement relative thereto for
enabling the cylinder and the rotor to rotate together; the vane comprising: a
portion of one of the rotor and the cylinder, and being one of: rigidly attached to
or integral with, the one of the rotor and the cylinder; the slot being in the other
of the rotor and the cylinder, the slot comprising an intermediate portion forming

a narrow neck, such that during a two degree-of-freedom motion of the vane
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relative to the slot, the vane is configured to selectively contact either side of the
narrow neck depending on interaction of rotary inertia of the cylinder and gas
pressure forces in the slot so as to form a fluid-tight seal.

A revolving vane compressor comprising a vane operatively engaged in a slot
for movement relative thereto, the slot comprising an inner portion, an
intermediate portion forming a narrow neck, and an enlarged outer end portion,
the narrow neck have a clearance fit with the vane; the narrow neck comprising
a pivot for a sliding and a non-sliding movement of the vane relative to the slot
such that during the sliding and non-sliding movement of the vane relative to the
slot, the vane contacts a first side of the narrow neck or an opposing, second side
of the narrow neck depending on interaction of rotary inertia of the cylinder and
gas pressure forces in the slot so as to form a fluid-tight seal.

A revolving vane compressor as claimed in claim 2, further comprising a
cylinder having a cylinder longitudinal axis of rotation, a rotor mounted within
the cylinder and having a rotor longitudinal axis of rotation, the rotor
longitudinal axis and the cylinder longitudinal axis being spaced from each other
for relative movement between the rotor and the cylinder; a vane operatively
engaged in a slot for causing the cylinder and the rotor to rotate together, the
motion comprising a two degree-of-freedom motion for causing the rotor and the
cylinder to rotate with each other.

A revolving vane compressor as claimed in claim 3, wherein the cylinder has a
cylinder longitudinal axis of rotation, and the rotor has a rotor longitudinal axis
of rotation, the rotor longitudinal axis and the cylinder longitudinal axis being
spaced from each other for relative movement between the rotor and the
cylinder; the vane and the slot being capable of movement relative to each other.
A revolving vane compressor as claimed in claim 4 further comprising: a
cylinder having a cylinder longitudinal axis of rotation, a rotor mounted within
the cylinder and having a rotor longitudinal axis of rotation, the rotor
longitudinal axis and the cylinder longitudinal axis being spaced from each other
for relative movement between the rotor and the cylinder; the vane being

operatively engaged in a slot for causing the cylinder and the rotor to rotate
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together, the sliding and non-sliding movement comprising a two degree-of-
freedom motion.

A revolving vane compressor as claimed in claim 1, wherein the slot is in the
cylinder and the vane comprises a part of the rotor.

A revolving vane compressor as claimed in claim 1, wherein the slot is in the
rotor and the vane comprises a part of the cylinder.

A revolving vane compressor as claimed in claim 8, wherein the vane is one of:
rigidly attached to and integral with, the rotor.

A revolving vane compressor as claimed in claim 9, wherein the vane is one of:
rigidly attached to and integral with, the cylinder.

A revolving vane compressor as claimed in claim 1, wherein the two degree-of-
freedom movement comprises a sliding movement and a pivoting movement.

A revolving vane compressor as claimed in claim 1, wherein the slot comprises
an inner portion, an intermediate portion forming a narrow neck, and an enlarged
outer end portion, the narrow neck having a clearance fit with the vane; the
narrow neck comprising a pivot for non-sliding movement of the vane relative to
the slot.

A revolving vane compressor as claimed in claim 1, wherein the narrow neck
has a clearance fit with the vane.

A revolving vane compressor as claimed in claim 4, wherein the inner portion is
chamfered.

A revolving vane compressor as claimed in claim 4, wherein the inner portion
and the intermediate portion form a smooth curve.

A revolving vane compressor as claimed in claim 4, wherein the enlarged outer
end portion is bulbous.

A revolving vane compressor as claimed in claim 4, wherein the pivoting
contact between the vane and the neck forms a seal.

A revolving vane compressor as claimed in claim 1, wherein one of the rotor and
the cylinder is operatively connected to a drive shaft. the operative connection

being one of: rigidly connected to and integral with, the drive shaft.
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A revolving vane compressor as claimed in claim 1, wherein the slot and the
vane are configured such that during the two-degree-of-freedom motion, the
vane is in contact with cither side of the neck of the slot.

A revolving vane compressor comprising: a vanc operatively engaged in a slot
for movement relative thereto, the slot being shaped to enable the movement of
the vane within the slot to be a sliding movement along a radial path and a
pivoting movement relative to the radial path at the same time, wherein the
radial path is a trajectory of the vane in the slot only in the sliding direction,
wherein the slot is formed on one of an interior surface of a cylinder or an
interior surface of the cylinder on an interior surface of a rotor, wherein the vane
is operatively engaged in a slot for causing the cylinder and the rotor to rotate
together, and wherein the slot comprises an intermediate portion forming a
narrow neck, such that during the sliding and pivoting movement of the vane
relative to the radial path, the vane is configured to selectively contact either side
of the narrow neck depending on interaction of rotary inertia of the cylinder and
gas pressure forces in the slot so as to form a fluid-tight seal.

The revolving vane compressor of claim 21, wherein the radial path is curved
relative to a radial axis.

A revolving vane compressor comprising: a cylinder; a rotor at least partially
housed within the cylinder and being eccentrically mounted relative to the
cylinder, the rotor having a longitudinal axis of rotation; and a vane operatively
engaged in a radially extending slot for causing the cylinder and the rotor to
rotate together, wherein the slot is formed on one of an interior surface of the
cylinder or an interior surface of the rotor, and wherein the slot comprises an
intermediate portion forming a narrow neck, such that during a two degree-of-
freedom motion of the vane relative to the slot, the vane is configured to
selectively contact either side of the narrow neck depending on interaction of
rotary inertia of the cylinder and gas pressure forces in the slot so as to form a
fluid-tight seal.

A revolving vane compressor comprising: a cylinder having a cylinder
longitudinal axis of rotation; a rotor mounted within the cylinder and having a

rotor longitudinal axis of rotation, the rotor longitudinal axis and the cylinder
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longitudinal axis being spaced from each other for relative movement between
the rotor and the cylinder; and a vane operatively engaged in a slot for causing
the cylinder and the rotor to rotate together, the vane being mounted in the slot
with a two degrees-of-freedom motion relative to the slot for enabling the rotor
and the cylinder to rotate with each other, wherein the slot is formed on one of
an interior surface of the cylinder or an interior surface of the rotor, and wherein
the slot comprises an intermediate portion forming a narrow neck, such that
during the two degree-of-freedom motion of the vane relative to the slot, the
vane is configured to selectively contact either side of the narrow neck
depending on interaction of rotary inertia of the cylinder and gas pressure forces

in the slot so as to form a fluid-tight seal.



