(19 DANMARK (100 DK/EP 3889431 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: F04 C 2/12(2006.01) F 04 C 18/16 (2006.01)
(45) Overseettelsen bekendtgjort den: 2024-03-18

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2023-12-20

(86) Europaeisk ansggning nr.: 20167088.2
(86) Europaeisk indleveringsdag: 2020-03-31
(87) Den europeaeiske ansggnings publiceringsdag: 2021-10-06

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Alfa Laval Corporate AB, P.O. Box 73, 221 00 Lund, Sverige
(72) Opfinder: CARGILL, Simon, 48 Manvers Road, EASTBOURNE, East Sussex BN20 8HJ, Storbritannien
(74) Fuldmaegtig i Danmark: Marks & Clerk LLP, 44 rue de la Vallée, BP 1775, L-1017 Luxembourg, Luxembourg
(54) Benaevnelse: ROTERENDE, POSITIV FORTRANGNINGSPUMPE
(56) Fremdragne publikationer:
KR-B1- 101 614 274

US-A1- 2014 065 002
US-A1- 2015 064 041



DK/EP 3889431 T3



DK/EP 3889431 T3

DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to rotary positive displacement pump. The invention
further relates to a method for assembling a rotary positive displacement pump and to a
method for providing maintenance to a positive displacement pump.

BACKGROUND

[0002] In the field of rotary positive displacement pumps, there is a continuous demand for
further improved reliability and reduced maintenance effort.

[0003] For example, rotary positive displacement pumps with front loading seals are known
and provides simplified maintenance.

[0004] US 2014/065002 A1 discloses a positive displacement pump in form of a circumferential
piston pump with a front-loading seal arrangement. The pump includes a gear case with a front
end that supports a pump body on a rear side of the pump body. An input torque is translated
and divided within the gear case into a pair of counter-rotational torques that are provided to a
pair of output shafts on the front end of the gear case. The pump body houses a pair of
intermeshed rotors that are received in an internal cavity of the pump body. The internal cavity
is defined by the walls of the pump body and the cover. A fluid inlet and a fluid outlet are
disposed on respective opposing lateral sidewalls of the pump body. A pair of hubs protrude
from the rear wall of the pump body. The pair of hubs each have an axially-extending opening
in which one of the pair of output shafts of the gear case is received. The pair of output shafts
are keyed such that the rotor received on the output shaft can be rotationally driven by the
rotation of the shafts. The rotor is received onto the shaft by telescopically inserting an opening
of a central portion of the rotor onto the shaft such that the central portion of the rotor is
disposed between the hub and the shaft. The rotors are spun in opposite directions about their
respective axes of rotation. Each rotor includes two wings. The rotor includes a disc-shaped
portion on the forward axial end of the rotor that links the central portion of the rotors to the
wings. In order to axially secure the rotor on the shaft, a fastening element engages both the
rotor and the shaft. On the end of the shaft furthest from the gear case, the shaft has a
threaded portion and a nut is fastened to the threaded portion so as to secure the rotor on the
shaft. The central portion of the rotor has an end surface abutting an axial abutment surface of
the output shaft. The central portion of the rotor extends into the hub. The end surface of the
central portion and the axial abutment surface of the output shaft are located inside the hub.

[0005] US 2015/064041 A1 discloses a similar positive displacement pump as US
2014/065002 A1 where the end surface of the central portion of the rotor has a groove
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receiving an o-ring. The end surface of the central portion provided with the o-ring abuts the
axial abutment surface of the output shaft. The central portion of the rotor extends into the
hub. The end surface of the central portion provided with the o-ring and the axial abutment
surface of the output shaft are located inside the hub. However, front loading seals may under
certain conditions result in reduced long term reliability and pumping efficiency and/or
increased manufacturing cost.

[0006] There is thus a need for a further improved rotary positive displacement pump in terms
of improved reliability, serviceability and pumping efficiency and/or reduced manufacturing
cost.

SUMMARY

[0007] An object of the present invention is to provide a rotary positive displacement pump, a
method for assembling a rotary positive displacement pump and a method for providing
maintenance to a positive displacement pump, where the previously mentioned problems are
avoided. This object is at least partly achieved by the features of the independent claims.

[0008] In particular, according to a first aspect of the present invention, there is provided a
rotary positive displacement pump for pumping a fluid product. The pump has a front side and
a rear side and comprises a main body providing rotational support to a pair of parallel, axially
extending, shafts with gears in constant mesh condition, such that the pair of shafts are
arranged to rotate in opposite directions. The pump further comprises a rotor case body
connected to a front side of the main body, wherein the rotor case body has a stationary
interior pumping cavity defined by an axial rear wall, a circumferential side wall, and a
removable front cover, a fluid product inlet opening, a fluid product outlet opening, and a pair
of cylindrical rotor case hubs extending from the rear wall, wherein each cylindrical rotor case
hub receives internally one of the pair of shafts. The further comprises a pair of rotors, each
having at least one rotor wing and a rotor drive element that is mounted torque proof on a rotor
seat at an end region of one of the pair of shafts, wherein each of the pair of rotor seats has an
axial abutment surface facing in an axial direction towards a front side of the pump and a
mounting surface facing radially outwards. The pump further comprises a pair of fasteners,
preferably threaded fasteners, each being engaged with a mating section, preferably a
threaded section, at the end region of one of the pair of shafts, and each exerting an axial
clamping force on one of the rotor drive elements against the axial abutment surface of one of
the rotor seats, wherein the axial abutment surface of each rotor seat is located axially outside,
towards a front side, of the associated hub.

[0009] Moreover, according to a second aspect of the present invention, there is provided a
method for assembling a rotary positive displacement pump for pumping a fluid product, the
pump having a front side and a rear side. The method comprises providing a main body giving
rotational support to a pair of parallel, axially extending, shafts with gears in constant mesh
condition, such that the pair of shafts are arranged to rotate in opposite directions. The method
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further comprises providing a rotor case body having: a stationary interior pumping cavity
defined by an axial rear wall, a circumferential side wall, and a removable front cover; a fluid
product inlet opening; a fluid product outlet opening; and a pair of cylindrical rotor case hubs
extending from the rear wall, wherein the rotor case body is located on a front side of the main
body, and wherein each cylindrical rotor case hub receives internally one of the pair of shafts.
The method additionally comprises providing a pair of rotors, each having at least one rotor
wing and a rotor drive element. Moreover, the method comprises mounting each rotor drive
element torque proof on a rotor seat at an end region of one of the pair of shafts, wherein each
rotor seat has an axial abutment surface facing in an axial direction towards a front side of the
pump and mounting surface facing radially outwards, and mounting a fastener, preferably a
threaded fastener, on an end region of each of the pair of shafts. Finally, the method
comprises tightening the fasteners for exerting an axial clamping force on each rotor drive
element against the axial abutment surface of one of the rotor seats, wherein the axial
abutment surface of each rotor seat is located axially outside, towards a front side, of the
associated hub, and mounting the removable front cover on the rotor case body.

[0010] In addition, according to a third aspect of the present invention, there is provided a
method for assembling a rotary positive displacement pump as described before, the method
further comprises mounting a first part of a first pair of seal assemblies, such as mechanical
face-seal assemblies, in a front seal seat of each cylindrical rotor case hub, and mounting a
second part of the first pair of seal assemblies, such as mechanical face-seal assemblies, in a
rotor seal seat of each rotor drive element.

[0011] In addition, according to a fourth aspect of the present disclosure, there is provided a
method for providing maintenance to a sealing arrangement of a rotary positive displacement
pump. The pump has a front side and a rear side and two parallel axially extending shafts,
wherein each shaft is carrying a rotor having at least one rotor wing and a rotor drive element.
The pump further has an interior pumping cavity including a pair of cylindrical rotor case hubs
extending towards the front side from a rear wall of the interior pumping cavity, wherein each
shaft has a rotor seat with an axial abutment surface facing in an axial direction towards a front
side of the pump. The method comprises: removing a removable front cover of the pump,
removing at least one of the pair of rotors from the associated shaft for enabling access to a
sealing arrangement configured for preventing leakage along a gap between the associated
shaft and the associated cylindrical rotor case hub, servicing the sealing arrangement,
mounting the at least one removed rotor on the associated shaft and abutting the rotor drive
element against the axial abutment surface of an associated rotor seat, wherein the axial
abutment surface of each rotor seat is located axially outside, towards a front side, of the
associated hub, and mounting the removable front cover on the pump.

[0012] The rotary positive displacement pump and associated method of assembly described
above not only enables reduced maintenance effort by means of the front loading seals, due to
the design wherein the axial abutment surface of each rotor seat is located axially outside,
towards a front side, of the associated hub, the rotary positive displacement pump and
associated method of assembly described above additionally enable increased dimension of



DK/EP 3889431 T3

the first and second shafts without negative effect on pumping volume or exterior pump
dimensions.

[0013] In particular, increased dimension of the first and second shaft, i.e. increased diameter,
has positive effects in many ways. For example, the increased dimension results in increased
shaft stiffness. As a result, the shafts, rotors and/or rotor case body may be manufactured in
less exotic materials without sacrificing operating reliability or risk for material fatigue. For
example, conventional stainless steel, such as duplex stainless steel, may be used to a larger
degree. In addition, thanks to the stiffer first and second shafts, the clearance between the
rotor wings and the radial and axial walls of the stationary pumping cavity may be reduced,
thereby resulting in reduced pump slippage and increased pumping efficiency.

[0014] Further advantages are achieved by implementing one or several of the features of the
dependent claims.

[0015] In some example embodiments, a mounting portion of each rotor drive element is
radially non-overlapping the associated cylindrical rotor case hub. Thereby, space for
increased shaft diameter may be accomplished.

[0016] In some example embodiments, a mounting portion of each rotor drive element
includes an axial abutment surface facing in an axial direction towards a rear side of the pump
and a mounting surface facing radially inwards, and the axial abutment surface of each
mounting portion is located axially outside, towards a front side, of the associated hub.
Thereby, space for increased shaft diameter may be accomplished.

[0017] In some example embodiments, the mounting portion of each rotor drive element does
not extend radially outside of an inner diameter of the associated cylindrical rotor case hub.

[0018] In some example embodiments, the torque proof connection between each of the rotor
drive elements and the associated shaft is a splined or keyed connection. Thereby, a robust
and reliable torque connection is accomplished.

[0019] In some example embodiments, each rotor drive element comprises an annular
projection extending towards the rear side of the pump, wherein the annular projection
comprises the axial abutment surface, and wherein each annular projection is arranged on a
portion of the associated shaft.

[0020] In some example embodiments, the pump further comprises a first pair of seal
assemblies, such as mechanical face-seal assemblies, each having a first part and a second
part with sealing surfaces pressed against each other, and each arranged to prevent fluid
product from escaping the stationary pumping cavity and flowing along one of the shafts
towards the rear side of the rotor case body. Thereby, a leakage-proof pump is accomplished.

[0021] In some example embodiments, each cylindrical rotor case hub has a front seal seat
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facing towards the front side of the pump, wherein the front seal seat is located at a front
region of each rotor case hub, and wherein each front seal seat has the first part of one of the
first pair of seal assemblies mounted therein. Thereby, front-loading of the seal is enabled.

[0022] In some example embodiments, the first part of each first pair of seal assemblies faces,
as seen in the radial direction, a circumferential outer surface of a portion of the associated
shaft. Thereby, a compact pump design with large diameter shafts is accomplished.

[0023] In some example embodiments, each rotor drive element has a rotor seal seat facing
towards the rear side of the pump, wherein each rotor seal seat has the second part of one of
the first pair of seal assemblies mounted therein. Thereby, the seals are easily accessible from
the front side of the pump.

[0024] In some example embodiments, the rotary positive displacement pump is configured for
front-loading of the first pair of seal assemblies. Thereby, improved serviceability is
accomplished.

[0025] In some example embodiments, an exterior diameter of each shaft in an axial region of
the front seal seat of each cylindrical rotor case hub is larger than an exterior diameter of each
shaft in an axial region of, and in contact with, the mounting portion of each rotor drive
element. Thereby, large diameter shafts are accomplished over a wider range.

[0026] In some example embodiments, the pump further comprises a second pair of seal
assemblies, such as mechanical face-seal assemblies, each having a first part and a second
part with sealing surfaces pressed against each other, and each arranged to prevent fluid
product from flowing along the shaft towards the rear side of the rotor case body. Thereby, the
sealing performance is further improved.

[0027] In some example embodiments, the method further comprising an intermediate step,
performed before mounting the rotor drive elements to the shafts, of mounting a first part of a
first pair of seal assemblies, such as mechanical face-seal assemblies, in a front seal seat of
each cylindrical rotor case hub, and mounting a second part of the first pair of seal assemblies,
such as mechanical face-seal assemblies, in a rotor seal seat of each rotor drive element.

[0028] The pump according to the invention can be arranged for pumping a variety of different
product fluids, in particular product fluids commonly known in dairy, food, beverage, pharma
and personal care markets.

[0029] In some example embodiments, the rotary positive displacement pump is a
circumferential piston pump or a lobe pump. Preferably, the rotary positive displacement pump
is a circumferential piston pump.

[0030] Further features and advantages of the invention will become apparent when studying
the appended claims and the following description. The skilled person in the art realizes that
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different features of the present disclosure may be combined to create embodiments other
than those explicitly described hereinabove and below, without departing from the scope of the
present invention as defined by the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0031] The disclosure will be described in detail in the following, with reference to the attached
drawings, in which

Fig. 1
shows schematically a side of a pump according to the invention,

Fig. 2
shows schematically a front view of the pump according to the invention,
Fig. 3
shows schematically a 3D view of an example embodiment of the rotor case hub,
Fig. 4
shows schematically a 3D view of an example embodiment of a rotor,
Fig. 5
shows schematically the functionality of the pump,
Fig. 6
shows schematically a cross-section of a front portion of an example embodiment of the
pump,
Fig. 7
shows schematically a close-in view of a portion of figure 6,
Fig. 8
shows schematically an alternative embodiment of the sealing arrangement,
Fig. 9
shows schematically still an alternative embodiment of the sealing arrangement,
Fig. 10, 11
show the basic steps of two example embodiments of the methods for assembling a
pump according to the invention,
and
Fig. 12
show the basic steps of an example embodiments of a method for providing
maintenance of a sealing arrangement of a pump according to the invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0032] Various aspects of the invention, will hereinafter be described in conjunction with the
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appended drawings to illustrate and not to limit the invention, wherein like designations denote
like elements, and variations of the described aspects are not restricted to the specifically
shown embodiments, but are applicable on other variations of the disclosure.

[0033] Figure 1 schematically shows a side view of a first example embodiment of the rotary
positive displacement pump 1 for pumping a fluid product according to the invention.

[0034] The pump 1 has a main body 2 including rotational support 3 to first and second
parallel shafts 4, 5, which extend in an axial direction 10. The rotational support 3 may for
example be provided in form of a set of annular rolling bearings, each of which surrounds a
shaft and is fastened to the main body 2. The first axially extending shaft 4 carries a first gear 6
and the second axially extending shaft 5 carries a second gear 7. The first and second gears
6, 7, i.e. gear wheels, are arranged in constant mesh condition, meaning that they are in
constant gear engagement with each other. Moreover, since the first and second gears 6, 7
are in directing engagement with each other they rotate in opposite directions.

[0035] The main body 2 has an axial direction 10, a first lateral direction 11 that is
perpendicular to the axial direction 10, and a second lateral direction 12 that is perpendicular
to both the axial direction 10 and the first lateral direction 11. The main body further has a front
side 13 and a rear side 14, as seen in the axial direction 10. An end portion 9 of one of the first
and second shafts 4, 5, such as for example the first shaft 4, may extend out through a wall of
the main body 2 in the rear side of the main body 2 for rotational connection with a rotational
torque source, such as for example a motor, for powering the pump 1.

[0036] The main body 2 may be made of metal, such as for example cast iron, steel or
aluminium alloy, and the first and second shafts 4, 5 may be made of steel.

[0037] The main body 2 may additionally include a support structure 8 for enabling attachment
of the main body to an exterior support surface, for example by means of threaded bolts or
other type of fasteners. The main body may be made in one piece or composed of multiple
sub-parts.

[0038] In the example embodiment of the pump illustrated in figure 1, the pump 1 further
comprises a rotor case body 15 connected to the main body 2 at the front side 13 of the main
body 2. The rotor case body 15, which for example is made of stainless steel, may be
removably fastened to the front side 13 of the main body 2 via a suitably fastening
arrangement. For example, the rotor case body 15 may be clamped against the front side 13
of the main body 2 by means of a plurality of threaded bolts or nuts 16 or similar threaded
members. Alternatively, the rotor case body 15 may be permanently attached to the front side
13 of the main body 2, of integrally formed within the main body 2.

[0039] The assembled pump 1 including the main body 2 and the rotor case body 15 has a
front side 17 and a rear side 18, and the pump 1 of figure 1 is shown from a front side in figure
2. As can be seen in figure 2, the plurality of threaded bolts or nuts 16 used for clamping the
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rotor case body 15 may extending through the entire rotor case body 15 and by visible from
the front side 17 of the pump 1.

[0040] In the example embodiment of figures 1 and 2, the rotor case body 15 comprises an
axial rear wall 20, a circumferential side wall 21 and an axial front wall 22, which jointly defines
a closed stationary interior pumping cavity.

[0041] Since the rotor case body 15 includes first and second rotors 23, 24 located within the
interior pumping cavity, the rotor case body 15 is openable for enabling access to the interior
pumping cavity. In the example embodiment of figure 1 and 2, this access is made possible by
making the rotor case body 15 in two parts: a rotor case rear housing 25 including the axial
rear wall 20 and circumferential side wall 21 of the rotor case body 15, and a front cover 26
including the axial front wall 22 of the rotor case body 15, wherein the removable front cover
26 is removably fastened to the rotor case rear housing 25 by suitable attachment
arrangement.

[0042] A schematic 3D view of an example embodiment of a rotor case rear housing 25
according to the disclosure is provided in figure 3, as seen partly from a front side of the rotor
case rear housing 25.

[0043] The removable front cover 26 may be clamped against the rotor case rear housing 25
by means of the same plurality of threaded bolts or nuts 16 that are used for clamping the rotor
case body 15 against the front side 13 of the main body 2. Alternatively, separate attachment
arrangements may be provided for attaching the front cover 26 to the rotor case rear housing
25.

[0044] In the example embodiment of figures 1-3, the rotor case body 15 further includes a
fluid product inlet opening 30 for enabling a fluid product to enter, e.g. being sucked into, the
interior pumping cavity, and a fluid product outlet opening 31 for enabling the fluid product to
exit, e.g. being pumped out of, the interior pumping cavity.

[0045] As mention above, the rotor case body 15 furthermore includes the first and second
rotors that are configured for generating the pumping functionality of the pump. The first rotor
23 is rotationally fastened to a front end of the first shaft 4 and the second rotor 24 is
rotationally fastened to a front end of the second shaft 5. Consequently, the first and second
rotors 23, 24 are configured to rotate in mutually opposite directions, as illustrated by solid
arrows in figure 5.

[0046] The first and second rotors 23, 24, which may have substantially identical design, are
schematically illustrated in figure 1 and 2, and a 3D view of a rotor, as seen partly from a rear
side, is provided in figure 4. Each of the first and second rotors 23, 24 has at least one, and
preferably a plurality of, rotor wings 32 and a rotor drive element 33 that is configured to be
mounted torque proof on a rotor seat of an associated shaft 4, 5. In particular, the rotor seat is
located at a front end region of each shaft 4, 5.



DK/EP 3889431 T3

[0047] The rotor drive element 33 of each rotor 23, 24 may be substantially disc-shaped or
sleeve-shaped and including a central hole or recess 44 for mounting on the associated shaft
4, 5. The hole or recess 44 may be defined by a cylindrical mounting surface 48 having splines
45, or by a non-circular mounting surface for enabling torque proof mounting of the rotor on
the rotor seat of the associated shaft 4, 5. The rotor drive element 33 of each rotor 23, 24 may
additionally include an annular rotor seal seat 46 facing towards the rear side 18 of the pump 1
and configured for housing a seal. The annular rotor seal seat 46 may for example be
implemented in form of a groove machined or otherwise manufactured in a rearwards facing
surface of the rotor drive element 33 of each rotor 23, 24.

[0048] With reference to figure 5, in this example embodiment of the pump 1, during operation
of the pump 2, the rotors are configured to rotate in opposite directions with the same
rotational speed. The rotors are configured to define a pumping volume within a space 35
restricted by the neighbouring rotor wings of the same rotor and the walls 20, 21, 22 of the
interior pumping cavity. Moreover, during rotation of the rotors 23, 24, the fluid product is
configured to be conveyed from the fluid product inlet opening 30, along an outer side of each
rotor 23, 24 and to the fluid product outlet opening 32, illustrated by the dashed arrows in
figure 5.

[0049] In particular, when the rotor wings (pistons) rotate around the circumference of the
pumping cavity, this continuously generates a partial vacuum at the product inlet opening as
the rotors unmesh, causing product fluid to enter the pump. The fluid is transported around the
pumping cavity by the rotor wings, and is displaced as the rotor wings re-mesh, generating
pressure at the discharge port. Direction of flow is reversible.

[0050] The specific form and number of rotor wings 32 may vary considerably and the specific
rotor twin-wing design illustrated in figures 2, 4 and 5 is merely one example embodiment of
rotor wings, and the pump may thus have rotors 23, 24 with other types of rotor wing designs
according to the disclosure.

[0051] With reference to figure 3, the rotor case body 15 comprises a first cylindrical rotor case
hub 36 extending from the rear wall 20, and second cylindrical rotor case hub 37 extending
from the rear wall 20. The first and second hubs 36, 37 are essentially hollow cylindrical
sleeves that are open towards both axial sides thereof. Moreover, an axial direction of each
cylindrical hubs is aligned with the axial direction of the pump 1.

[0052] The first rotor case hub 36 is configured to receive the first shaft 4, and the second
rotor case hub 37 is configured to receive the second shaft 5. In other words, in an assembled
state, the first rotor case hub 36 is aligned with the first shaft 4, and the second rotor case hub
37 is aligned with the second shaft 5. The first and second hubs 36, 37 are thus displaced from
each other in the first lateral direction 11.

[0053] Prior to assembly of the main body 2 with the rotor case body 15, the front ends of the
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first and second shafts 4, 5 protrude forwards beyond the front surface 13 of the main body.
Subsequently, upon assembly of the main body 2 with the rotor case body 15, said front ends
of the first and second shafts 4, 5 are inserted from a rear side into the first and seconds hubs,
respectively, and a rear side of the rotor case body 15 comes into contact with the front surface
13 of the main body 2. In this state, the front ends of the first and second shafts 4, 5 extend
through the complete axial length of the first and seconds hubs 36, 37, as schematically shown
in figure 6.

[0054] More in detail, figure 6 shows a cross-sectional side view of a front portion of an
example embodiment of the pump 1 in an assembled state including a front portion of the main
body 2, the rotor case body 15 composed of the rotor case rear housing 25 and the front cover
26, threaded fasteners 16 for clamping the rotor case body 15 against the front surface 13 of
the main body 2, and first and second rotors 23, 24 being mounted torque proof on the rotor
seats 34 of the first and second shafts 4, 5, respectively.

[0055] Figure 6 also shows a space 35 that is restricted by the neighbouring rotor wings of the
same rotor, the axial rear wall 20, the circumferential side wall 21, the axial front wall 22, and
the first rotor case hub 36. Clearly, although not showed in figure 6, also the second rotor 24
defines spaces 35 between neighbouring rotor wings 32 of the same rotor 24.

[0056] In addition, figure 6 also shows that each of the first and second rotors 23, 24 are
secured to the rotor seats 34 of the associated shaft 4, 5 by means of a fastener 38, preferably
a threaded fastener, that is engaged with a mating section 39, preferably a mating threaded
section, at an end region of the associated shaft 4, 5. Specifically, each of said fastener 38 is
configured to exert an axial clamping force on a centre portion of the associated rotor 23, 24
for clamping the rotor 23, 24 against an axial abutment surface of the rotor seat of the shaft 4,
5.

[0057] Figure 6 further shows that each of the first and second rotor case hubs 36, 37 is
provided with a annular sealing arrangement 40 for preventing fluid product located within the
space 35 from leaking out along the first and second shafts 4, 5 towards the rear side of the
rotor case body.

[0058] Each annular sealing arrangement 40 may for example be implemented in form of a
seal assembly having two main sealing parts. A first annular sealing part is associated with the
rotor case hub and a second annular sealing part is associated with the rotor. Preferably, the
seal assembly is a mechanical face-seal assembly. Then, the first and second sealing parts are
held in sealing contact against each other in the axial direction while allowing relative rotation.
One or both of the first and/or second annular sealing parts may have square-shaped, L-
shaped, I-shaped or P-shaped cross-sectional shape, or any other shape, as seen in a plane
extending through a centre of the annular sealing arrangement 40 and aligned with the axial
direction 10.

[0059] In general, mechanical face seal technology involves having one seal ring remaining
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stationary as a shaft with a corresponding mating seal ring rotates. Thus, a dynamic seal is
established between the contact faces of the seal ring and mating seal ring. However, the
sealing arrangement 40 may be implemented using other types of seals. For example, an
elastic seal, such as an o-ring or lip seal, may be associated with the rotor case or rotor case
hub thereof and a sleeve may be associated with the rotor. Optionally, the elastic seal may be
mounted on a housing associated with the rotor case hub.

[0060] Figure 7 schematically shows an enlargement of the area 41 marked with dashed
rectangle in figure 6 for better illustrating the details of the seat 34 of the first shaft 4, the first
rotor 23, the sealing arrangement 40 and the first rotor case hub 36, according to an example
embodiment of the pump. The dashed-dotted line 60 lines refers to a rotational centre axis of
the first shaft 4. The same design applies also to the second rotor 24, the second shaft 5 and
the second rotor case hub 37. However, the specific design of the sealing arrangement
illustrated and described with reference to figure 6 and 7 merely represent example
embodiments of the sealing arrangement and other configurations and implementations of the
sealing arrangement are possible within the scope of the invention as defined by the present
claims.

[0061] The rotor seat 34 of the first shaft 4 has an axial abutment surface 42 facing in an axial
direction 10 towards a front side 17 of the pump 1 and a mounting surface 43 facing radially
outwards, i.e. in a direction perpendicular to the axial direction 10. In the assembled state of
the pump 1, a mounting portion 47 of each rotor drive element 33 is located in the rotor seat
34 of one of the first and second shafts 4, 5. The mounting portion 47 of each rotor drive
element 33 is indicated by a dashed circle in figure 6.

[0062] The mounting surface 43 of the rotor seat 34 may be provided with splines, a key-
connection, a non-cylindrical surface, or the like for rotational engagement with corresponding
splines 45 or the like provided on an interior mounting surface 48 of the rotor drive element 33.

[0063] A threaded fastener 38, such as a nut, may be engaged with a mating threaded section
39, such as a threaded pin-shaped section, at the end region 49 of the shaft 4 and configured
for axially pressing the rotor drive element 33 against the axial abutment surface 42 of the
rotor seat 34. This may also be achieved by means of a screw or bolt, possibly accompanied
by a disc (similar to a washer), screwed into a threaded axial hole at the end region 49 of the
shaft 4.

[0064] The first annular sealing part 51 is located in a front seal seat 53 of the first hub 36, and
the second annular sealing part 52 is located in the annular rotor seal seat 46 of the rotor drive
element 33, which annular rotor seal set 46 is facing towards the rear side 18 of the pump 1.
Moreover, a rearward facing sealing surface 54 of the second annular sealing part 52 is axially
pressed against a corresponding forward facing sealing surface 55 of the first annular sealing
part 51 via a suitable axial pressing arrangement, such as some type of spring or resilient
element, in a conventional manner.
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[0065] As a result, product fluid that has flowed from the interior pumping cavity and having
entered a gap 57 between the first rotor case hub 36 and the rotor drive element 33 is
prevented from flowing further, and in particular prevented from entering a gap 56 between the
interior surface of first rotor case hub 36 and an exterior surface of the first shaft 4, because
this could otherwise result in leakage of the product fluid out from the interior pumping cavity.

[0066] The location of the sealing arrangement 40 between the rotor 23, 24 and a front region
of the associated rotor case hub 36, 37 also enables simplified maintenance because the
sealing arrangement 40 is more accessible for maintenance thereof. In particular, access to
the sealing arrangement 40 is accomplished by merely removing the removable front cover 26
and thereafter removing the first and/or second rotor 23, 24. Thereafter, the sealing
arrangement 40 is fully accessible for cleaning, replacement or maintenance, or the like, all
without the need for removing the entire rotor case body 15 from the main body 2. This is also
referred to as front loading seals, or front loading sealing arrangement.

[0067] Furthermore, the rotary positive displacement pump 1 according to the invention,
besides enabling reduced maintenance effort by means of the front loading seals, additionally
enables improved reliability, improved pumping efficiency, improved cleanability and hygiene
without disassembly, also called Clean In Place (CIP), and/or reduced manufacturing cost by
means of increased dimension of the first and second shafts 4, 5, all without negative effect on
pumping volume or exterior pump dimensions.

[0068] This is accomplished by a rotary positive displacement pump 1 for pumping a fluid
product according to figures 1 - 7 of the present disclosure, wherein the pump 1 comprises a
main body 2 that provides rotational support to a pair of oppositely rotating, parallel, axially
extending, shafts 4, 5 with gears 6, 7 that are in constant mesh condition. The pump 1 further
includes a rotor case body 15 connected to a front side 13 of the main body 2. The rotor case
body 15 comprises a stationary interior pumping cavity defined by an axial rear wall 20, a
circumferential side wall 21 and a removable front cover 26. The rotor case body 15 further
comprises a fluid product inlet opening 30, a fluid product outlet opening 31 and a pair of
cylindrical rotor case hubs 36, 37 extending from the rear wall 20, wherein each cylindrical
rotor case hub 36, 37 receives internally one of the pair of shafts 4, 5.

[0069] The rotary positive displacement pump 1 further includes a pair of rotors 23, 24, each
having at least one rotor wing 32, preferably a plurality of rotor wings 32, and a rotor drive
element 33 that is mounted torque proof on a rotor seat 34 at an end region 49 of one of the
pair of shafts 4, 5. The torque proof connection between each of the rotor drive elements 33
and the associated shaft 4, 5 may be a splined or keyed connection. Alternatively, the first and
second shaft 4, 5 may have a non-cylindrical shape at said end region 49, such as triangular-
shaped, square-shaped, polygon-shaped, oval-shaped, or the like, for enabling the desired
torque proof connection between the rotor drive element 33 and the shaft 4, 5.

[0070] Moreover, each of the pair of rotor seats 34 has an axial abutment surface 42 facing in
an axial direction 10 towards a front side 17 of the pump 1 and a mounting surface 43 facing
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radially outwards.

[0071] Furthermore, the pump 1 comprises a pair of fasteners 38, such as threaded fasteners
38, each being engaged with a mating section 39, such as a mating threaded section 39, at the
end region 49 of one of the pair of shafts 4, 5, and each exerting an axial clamping force on
one of the rotor drive elements 33 against the axial abutment surface 42 of one of the rotor
seats 34, and the axial abutment surface 42 of each rotor seat 34 is located axially outside,
towards a front side 17, of the associated hub 36, 37.

[0072] Alength of the gap 57 between the axial abutment surface 42 of each rotor seat 34 and
an axial end surface 66 of the associated hub 36, 37, in the axial direction 10, may for example
be about 0.05 - 5 mm or more, or within a range of about 0.05 - 50 mm, specifically 0.1 -25
mm, more specifically 0.1 -10 mm, or even more specifically 0.1 - 5 mm, or yet more
specifically 0.1 - 1 mm.

[0073] Consequently, since the axial abutment surface 42 of each rotor seat 34 is located
axially outside, towards a front side 17, of the associated hub 36, 37, the first and second
shafts 4, 5 may have a relatively large diameter 63 over a wider range 73, and in particular
further towards the front side 17 of the pump 1, thereby enabling increased shaft stiffness
without negative effect on pumping volume or exterior pump dimensions.

[0074] As mentioned above, increased shaft diameter 63 enables manufacturing of the shafts
4, 5 in less exotic materials without sacrificing operating reliability or risk for material fatigue.
Moreover, stiffer shafts 4, 5 generally enables pump design with reduced clearance between
the rotor wings 32 and the radial and axial walls 20, 21, 22 of the stationary pumping cavity
because stiffer or larger diameter shafts typically result in reduced shaft deflection. Reduced
rotor wing clearance may be directly linked with reduced pump slippage and thus increased
pumping efficiency. Stiffer shafts 4, 5 also reduces the risk for undesired interference between
the first and second rotors 23, 24 during pumping operation.

[0075] The rotary positive displacement pump 1 according to the invention thus not only
enables reduced maintenance effort by means of the front loading seals, the rotary positive
displacement pump 1 additionally enables increased dimension of the first and second shafts
4, 5, all without negative effect on pumping volume or exterior pump dimensions.

[0076] As a result of having the axial abutment surface 42 of each rotor seat 34 being located
axially outside, towards a front side 17, of the associated hub 36, 37, a mounting portion 47 of
each rotor drive element 33 is radially non-overlapping the associated cylindrical rotor case
hub 36, 37.

[0077] The term "mounting portion" herein refers to the portion of the rotor drive element 33
that is radially limited on the inside by the interior mounting surface 48 of the hole or recess 44
of the rotor drive element 33 and on the outside by the annular rotor seal seat 46. Hence, the
mounting portion 47 of each rotor drive element 33 does certainly not extend radially outside of
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an inner diameter 62 of the associated cylindrical rotor case hub 36, 37. By having a mounting
portion 47 of each rotor drive element 33 radially non-overlapping the associated cylindrical
rotor case hub 36, 37, larger diameter shafts 4, 5 may be used over a wider range within the
rotor case body 15, as seen in the axial direction 10.

[0078] The mounting portion 47 of each rotor drive element 33 includes an axial abutment
surface 61 facing in an axial direction 10 towards a rear side 18 of the pump 1 and a mounting
surface 48 facing radially inwards. The axial abutment surface 61 of each mounting portion is
located axially outside, towards a front side 17, of the associated hub 36, 37, in particular
axially outside of the axial end surface 66 of the associated hub 36, 37. Thereby, larger
diameter shafts 4, 5 may be used over a wider range within the rotor case body 15, as seen in
the axial direction 10.

[0079] In figure 7, a large diameter portion 73 of the first shaft 4 is indicated and extends
forwards until the axial abutment surface 42 of the rotor seat 34, and a smaller diameter
portion 74 of the first shaft is indicated and extends from the axial abutment surface 42 of the
rotor seat 34 to a front end of the first shaft 4.

[0080] Consequently, an exterior diameter 63 of each shaft 4, 5 in an axial region of the front
seal seat 53 of each cylindrical rotor case hub 36, 37, is larger than an exterior diameter 64 of
each shaft 4, 5 in an axial region of, and in contact with, the mounting portion 47 of each rotor
drive element 33.

[0081] The mounting portion 47 of each rotor drive element 33 comprises an annular
projection 65 extending towards the rear side 18 of the pump 1, wherein the annular projection
65 comprises the axial abutment surface 61 of the rotor drive element 33, and wherein the
annular projection 65 of each rotor drive element 33 is arranged on a portion of the associated
shaft 4, 5, namely on the mounting surface 43 of the rotor seat 34.

[0082] With reference to figures 6 and 7, the pump 1 may comprise a sealing arrangement 40
in form of a first pair of seal assemblies, such as mechanical face-seal assemblies, i.e. one
seal assembly associated with the first rotor case hub 36 and one seal assembly associated
with the second rotor case hub 37.

[0083] As mentioned above, each seal assembly may include a first part 51 and a second part
52 with sealing surfaces 54, 55 pressed against each other, and each seal assembly may be
arranged to prevent fluid product from escaping the stationary pumping cavity and flowing
along one of the shafts 4, 5 towards the rear side of the rotor case body 15.

[0084] Each cylindrical rotor case hub 36, 37 has a front seal seat 53 facing towards the front
side 17 of the pump 1. The front seal seat 53 is located at a front region of each rotor case hub
36, 37, and each front seal seat 53 has the first part 51 of one of the first pair of seal
assemblies mounted therein.
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[0085] More in detail, the front seal seat 53 may correspond to a recess having at least an
axial support surface 67 facing towards a front side 17 of the pump 1 for providing an axial
support to the first sealing part 51. In addition, the recess of the front seal seat 53 may include
a radial support surface 68 facing towards the associated shaft 4, 5, for providing radial
support to the first sealing part 51.

[0086] As a result of the location of the front seal seat 53 adjacent the axial end surface 66 of
the associated hub 36, 37, the first sealing part 51 of each first pair of assemblies faces, as
seen in the radial direction, a circumferential outer surface 71 of a portion of the associated
shaft 4, 5.

[0087] In particular, the first sealing part 51 of each first pair of seal assemblies may even
face, as seen in the radial direction, a circumferential outer surface 71 of the large diameter
portion 73 of the associated shaft 4, 5.

[0088] Each rotor drive element 33 has a rotor seal seat 46 facing towards the rear side 18 of
the pump 1, and each rotor seal seat 46 has the second part 52 of one of the first pair of seal
assemblies mounted therein.

[0089] The rotor seal seat 46, which may be implemented in form of a groove or recess in a
rearwards facing surface of the rotor drive element 33 of each rotor 23, 24, may include an
axial support surface 69 facing towards a rear side 18 of the pump 1 for providing axial support
to the second sealing part 52. In addition, the groove or recess of the rotor seal seat 46 may
include at least one radial support surface 70 facing radially inwards and/or outwards for
providing radial support to the second sealing part 52.

[0090] A further embodiment of the sealing arrangement 40 is schematically illustrated in
figure 8, wherein some more details of an example implementation are included. For example,
the sealing arrangement 40 may include a first elastic sealing ring 75 sandwiched between a
rear side of the first sealing part 51 and the axial support surface 67 and/or radial support
surface 68 of the front seal seat 53 for improved sealing performance and providing more
flexibility in terms of positioning and tolerances of the first sealing part 51. Moreover, the first
sealing part 51 may be rotationally fixed relative the first rotor case hub 36 for preventing any
relative rotation between the first sealing part 51 and first rotor case hub 36. For example, the
rotational connection may be accomplished with a pin 76 or the like connected to the first rotor
case hub 36 and configured to interact with the first sealing part 51 for preventing any relative
rotation of the first sealing part 51 and first rotor case hub 36.

[0091] The sealing arrangement 40 may also include a second elastic sealing ring 77
sandwiched between the second sealing part 52 and the rotor seal seat 46 for improved
sealing performance and providing more flexibility in terms of positioning and tolerances of the
first sealing part 51. One of the first and second sealing parts 51, 52, for example the second
sealing part 52 as illustrated in figure 8, may additionally be axially preloaded with an axial
spring 78.
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[0092] Similar to above, also the second sealing part 52 may be rotationally fixed relative the
rotor 23, 24 for preventing any relative rotation between the second sealing part 52 and the
rotor 23, 24, for example by means of a pin 79 or the like rotationally connected to the rotor 23,
24 and configured to interact with the second sealing part 51 for preventing any relative
rotation.

[0093] Still a further embodiment of the sealing arrangement 40 is schematically illustrated in
figure 9, wherein the sealing arrangement 40 further comprises a second pair of seal
assemblies, such as mechanical face-seal assemblies. Hence, each rotor case hub 36, 37 is
provided with two internal seal assemblies, a first seal assembly 80 located adjacent the front
end of the rotor case hub 36, 37, and a second seal assembly 81 arranged further towards the
rear side 18 of the pump 1. The first seal assembly in figure 9 may have the same
configuration as described with reference to figure 8.

[0094] Each second seal assembly 81 of the second pair of seal assemblies, such as
mechanical face-seal assemblies, includes a first sealing part 82 having a first sealing surface
84, and a second sealing part 83 having a second sealing surface 85 pressed against each
other, and each second seal assembly 81 is arranged to prevent fluid product from flowing
along the shaft towards the rear side of the rotor case body 15.

[0095] The second seal assembly 81 may include a first elastic sealing ring 86 sandwiched
between a rear side of the first sealing part 82 and an axial support surface 87 of the shaft 4
for improved sealing performance and providing more flexibility in terms of positioning and
tolerances of the first sealing part 82. Moreover, the first sealing part 82 may be rotationally
fixed relative the shaft 4 for preventing any relative rotation between the first sealing part 82
and first shaft 4. For example, the rotational connection may be accomplished with a pin 88 or
the like connected to the first shaft 4 and configured to interact with the first sealing part 82 for
preventing any relative rotation there between.

[0096] The second seal assembly 81 may also include a second elastic sealing ring 89
sandwiched between the second sealing part 83 and the first rotor case hub 36 for improved
sealing performance and providing more flexibility in terms of positioning and tolerances of the
second sealing part 83. One of the first and second sealing parts 82, 83, for example the
second sealing part 83 as illustrated in figure 9, may additionally be axially preloaded with an
axial spring 90.

[0097] Similar to above, also the second sealing part 83 may be rotationally fixed relative the
first rotor case hub 36 for preventing any relative rotation there between, for example by
means of a pin 91 or the like connected to the first rotor case hub 36.

[0098] However, the second pair of seal assemblies may be implemented using other types of
seals. For example, an elastic seal, such as an o-ring or lip seal, may be associated with the
rotor case or rotor case hub thereof and a sleeve may be associated with the shaft. Optionally,
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the elastic seal may be mounted on a housing associated with the rotor case or rotor case hub
thereof.

[0099] The pump shown in the drawings is a circumferential piston pump.

[0100] The disclosure also relates to a method of assembling a rotary positive displacement
pump for pumping a fluid product as described above. With reference to figure 10, the method
comprises a first step S1 of providing a main body 2 giving rotational support 3 to a pair of
parallel, axially extending, shafts 4, 5 with gears 6, 7 in constant mesh condition, such that the
pair of shafts 4, 5 are arranged to rotate in opposite directions. The method further comprises
a second step S2 of providing a rotor case body having a stationary interior pumping cavity
defined by an axial rear wall, a circumferential side wall, and a removable front cover, a fluid
product inlet opening, a fluid product outlet opening, and a pair of cylindrical rotor case hubs
extending from the rear wall, wherein the rotor case body 15 is located on a front side 13 of the
main body 2, and wherein each cylindrical rotor case hub 36, 37 receives internally one of the
pair of shafts 4, 5. In addition, the method comprises a third step S3 of providing a pair of
rotors, each having at least one rotor wing, preferably a plurality of rotor wings, and a rotor
drive element. Moreover, the method comprises a fourth step S4 of mounting each rotor drive
element torque proof on a rotor seat at an end region of one of the pair of shafts, wherein each
rotor seat has an axial abutment surface facing in an axial direction towards a front side of the
pump and mounting surface facing radially outwards. Finally, the method comprises a fifth step
S5 of mounting a fastener 38, such as a threaded fastener 38, on an end region of each of the
pair of shafts 4, 5, a sixth step S6 of tightening the pair of fasteners for exerting an axial
clamping force on each rotor drive element against the axial abutment surface of one of the
rotor seats, wherein the axial abutment surface of each rotor seat is located axially outside,
towards a front side, of the associated hub, and a seventh step S7 of mounting the removable
front cover on the rotor case body.

[0101] Clearly, the consecutive order of at least some of the steps may change without in
significant change of effect, such as for example in particular the first, second and third steps.

[0102] In addition to above, the method may further comprise an intermediate step, performed
before mounting the rotor drive elements to the shafts, of mounting a first part of a first pair of
seal assemblies, such as mechanical face-seal assemblies, in a front seal seat of each
cylindrical rotor case hub, and mounting a second part of the first pair of seal assemblies, such
as mechanical face-seal assemblies, in a rotor seal seat of each rotor drive element.

[0103] Here again the consecutive order of at least some of the steps may change without a
significant change of effect. For example, the step of mounting the second part 52 of the first
pair of seal assemblies in the rotor seal seat of each rotor drive element 33 may be performed
any time after having provided the rotor.

[0104] The disclosure also relates to another method of assembling a rotary positive
displacement pump, such as a circumferential piston pump or rotary lobe pump, for pumping a
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fluid product as described above. With reference to figure 11, the method comprises a first step
R1 of providing a pump having two parallel axially extending shafts, an interior pumping cavity
and a pair of cylindrical rotor case hubs extending towards the front side from a rear wall of the
interior pumping cavity. The method further comprises a second step R2 providing a pair of
rotors, each having at least one wing, preferably a plurality of wings, connected to a central
rotor drive element, and a third step R3 of mounting a first part of a first pair of seal
assemblies, such as mechanical face-seal assemblies, in a front seal seat of each cylindrical
rotor case hub, and mounting a second part of the first pair of seal assemblies, such as
mechanical face-seal assemblies, in a rotor seal seat of each rotor drive element. The wing(s)
may in case of a lobe pump be denoted lobe(s). The method additionally comprises a fourth
step R4 of mounting one of the pair of rotors on each shaft, wherein each shaft has a rotor
seat with an axial abutment surface facing in an axial direction towards a front side of the
pump. Finally, the method comprises a fifth step R5 of abutting each rotor drive element
against the axial abutment surface of an associated rotor seat, wherein the axial abutment
surface of each rotor seat is located axially outside, towards a front side, of the associated hub,
and a sixth step R6 mounting a removable front cover on the pump.

[0105] In addition to above, the disclosure also relates to a method of providing maintenance
to a sealing arrangement 40 of a rotary positive displacement pump 1 as described above.
With reference to figures 1 - 7, the rotary positive displacement pump 1 has a front side 17 and
a rear side 18, two parallel axially extending shafts 4, 5 each carrying a rotor 23, 24 having at
least one rotor wing 32, preferably a plurality of rotor wings 32, and a rotor drive element 33.
The rotary displacement pump 2 further has an interior pumping cavity including a pair of
cylindrical rotor case hubs 36, 37 extending towards the front side 17 from a rear wall of the
interior pumping cavity, wherein each shaft 4, 5 has a rotor seat 34 with an axial abutment
surface 42 facing in an axial direction towards a front side 17 of the pump 1. With reference to
figure 12, the method comprises a first step T1 of removing a removable front cover 26 of the
pump 1, and a second step T2 of removing at least one of the pair of rotors 23, 24 from the
associated shaft 4, 5 for enabling access to a sealing arrangement 40 configured for
preventing leakage along a gap 56 between the associated shaft 4, 5 and the associated
cylindrical rotor case hub 36, 37. The method comprises a third step T3 of servicing the sealing
arrangement 40, and a subsequent fourth step T4 mounting the at least one removed rotor 23,
24 on the associated shaft 4, 5 and abutting the rotor drive element 33 against the axial
abutment surface of an associated rotor seat 34, wherein the axial abutment surface of each
rotor seat 34 is located axially outside, towards a front side 17, of the associated hub 36, 37.
Finally, the method comprises a fifth step T5 of mounting the removable front cover 26 on the
pump 1.

[0106] Clearly, the method of providing maintenance to a sealing arrangement 40 of the rotary
positive displacement pump 1 may include steps of removing both the first and second rotors
23, 24 from the associated shafts 4, 5, servicing of the sealing arrangements 40 associated
with both the first and second rotors 23, 24, and subsequent remounting of both the first and
second previously removed rotors 23, 24 on the associated first and second shafts 4, 5 while
abutting each rotor drive element 33 against the axial abutment surface of the associated rotor
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seat 34, wherein the axial abutment surface of each rotor seat 34 is located axially outside,
towards a front side 17, of the associated hub 36, 37. Many additional alternative sequences
for performing the maintenance steps of the pump are possible, such as removing the first
rotor, servicing its sealing arrangement and mounting of the first rotor, and subsequently
performing the corresponding steps of the second rotor and its sealing arrangement 40, or still
other sequences resulting from other mixing of the steps/actions of the method.

[0107] The term "enabling access to a sealing arrangement 40" herein refers to the fact that a
sealing arrangement 40 is arranged in a front region of each of the cylindrical rotor case hub
36, 37 and thereby is easily accessible by service personnel from a front side of the pump 1
upon removal of the first and second rotors 23, 24, thereby eliminating the need to dismount
the rotor case body 15 or rotor case rear housing 25, such that simplified servicing and
maintenance of the pump is accomplished.

[0108] Furthermore, the term "servicing" of the sealing arrangement 40 herein refers to
actions such as inspection, measurement, cleaning and/or replacement of the sealing
arrangement 40 and/or associated seal seats, such as the front seal seat 56 and/or rotor seal
seat 46. For example, the step T3 of servicing the sealing arrangement 40 may include
removing a second part 52 of a seal assembly, such as a mechanical face-seal assembly, of
the sealing arrangement 40 from a rotor seal seat 46 of the at least one removed rotor 23, 24,
removing a first part 51 of the seal assembly, such as the mechanical face-seal assembly, from
a front seal seat 53 of the associated cylindrical rotor case hub 36, 37, mounting a new second
part 52 of a new seal assembly, such as a new mechanical face-seal assembly, in the rotor
seal seat 46 of the at least one removed rotor 23, 24, mounting a new first part 51 of the new
seal assembly, such as the new mechanical face-seal assembly, in the front seal seat 53 of the
associated cylindrical rotor case hub 36, 37.

[0109] It will be appreciated that the above description is merely exemplary in nature and is not
intended to limit the present disclosure, its application or uses. While specific examples have
been described in the specification and illustrated in the drawings, it will be understood by
those of ordinary skill in the art that various changes may be made without departing from the
scope of the present invention as defined in the claims. Furthermore, modifications may be
made to adapt a particular situation or material to the teachings of the present invention
without departing from the scope as defined in the claims.

[0110] Therefore, it is intended that the present invention not be limited to the particular
examples illustrated by the drawings and described in the specification as the best mode
presently contemplated for carrying out the teachings of the present invention but that the
scope of the present invention will include any embodiments falling within the scope of the
appended claims. Reference signs mentioned in the claims should not be seen as limiting the
extent of the matter protected by the claims, and their sole function is to make claims easier to
understand.
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-1-
ROTERENDE, POSITIV FORTRANGNINGSPUMPE

PATENTKRAV
1. Roterende, positiv fortrangningspumpe (1) til pumpning af et fluidprodukt, hvilken pumpe (1) har
en forside (17) og en bagside (18) og omfatter:

et hovedlegeme (2), der tilvejebringer rotationsstette til et par parallelle aksler (4 ,5), der strackker
sig aksialt, med tandhjul (6, 7) i konstant indgrebstilstand, saledes at parret af aksler (4, 5) er indrettet til at
rotere i modsatte retninger,

et rotorhuslegeme (15) forbundet med en forside (13) af hovedlegemet (2) og med:

- et stationert, indre pumpehulrum defineret af en aksial bagveag (20), en periferisk sidevag
(21), og en aftagelig frontafdekning (26),

- en fluidproduktindlebsibning (30),

- en fluidproduktudlebsabning (31), og

- et par cylindriske rotorhusnav (36, 37), der strekker sig fra bagvaggen (20), hvor
hvert cylindrisk rotorhusnav (36, 37) indvendigt modtager ét af parret af aksler (4, 5),

et par rotorer (23, 24), der hver har mindst ¢én rotorvinge (32) og et rotordrivelement (33), der er
momentfast monteret pa et rotorsade (34) i et endeomrade af ét af parret af aksler (4, 5),

hvor hvert af parret af rotorsader (34) har en aksial anlagsflade (42), der vender i en aksial retning
(10) mod en forside (17) af pumpen (1), og en monteringsflade (43), der vender radialt udefter,

hvor pumpen (1) endvidere omfatter et par fastgorelsesanordninger (38), der hver er i indgreb med
en tilsvarende sektion (39) i endeomradet af ét af parret af aksler (4, 5), og hver udever en aksial spandkraft
pa ét af rotordrevelementerne (33) mod den aksiale anlaegsflade (42) af ¢t af rotorsederne (34), og

kendetegnet ved, at hvert rotorsaedes (34) aksiale anlegsflade (42) er placeret aksialt udenfor mod
en forside (17) af det tilhorende nav (36, 37).
2. Roterende, positiv fortrangningspumpe (1) ifelge krav 1, hvor en monteringsdel (47) af hvert
rotordrivelement (33) er radialt ikke-overlappende med det tilherende, cylindriske rotorhusnav (36, 37).
3. Roterende, positiv fortrengningspumpe (1) ifelge krav 1 eller krav 2, hvor en monteringsdel (47)
af hvert rotordrivelement (33) indbefatter en aksial anlegsflade (61), der vender i en aksial retning mod en
bagside (18) af pumpen (1), og en monteringsflade (48), der vender radialt indad, og hvor den aksiale
anlegsflade (61) af hver monteringsdel er placeret aksialt udenfor, mod en forside (17) af det
tilhegrende nav (36, 37).
4, Roterende, positiv fortrengningspumpe (1) ifelge et hvilket som helst af de foregaende krav 2-3,
hvor monteringsdelen (47) af hvert rotordrivelement (33) ikke straekker sig radialt uden for en indvendig
diameter af det tilherende cylindriske rotorhusnav (36, 37).
5. Roterende, positiv fortreengningspumpe (1) ifelge et hvilket som helst af de foregaende krav 3-
4, hvor hvert rotordrivelement (33) omfatter et ringformet fremspring (65), der straekker sig mod pumpens
(1) bagside (18), hvor det ringformede fremspring (65) omfatter den aksiale anlegsflade (61), og hvor
hvert ringformet fremspring (65) er anbragt pa en del af den tilherende aksel (4, 5).

6. Roterende, positiv fortrengningspumpe (1) ifelge et hvilket som helst af de foregaende krav, og som
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-2-
endvidere omfatter et forste par teetningsanordninger, der hver har en forste del (51) og en anden del (52) med
taetningsflader (54, 55) presset mod hinanden, og hver er indrettet til at forhindre, at fluidprodukt slipper ud
fra det stationzre pumpehulrum og strommer langs én af akslerne (4, 5) mod bagsiden af rotorhuslegemet
(15).
7. Roterende, positiv fortreengningspumpe (1) ifelge krav 6, hvor hvert cylindrisk rotorhusnav (36, 37)
har et forreste tatningssade (53), der vender ind mod pumpens (1) forside (17), hvor det forreste taetningsade
(53) er placeret ved et forreste omrade af hvert rotorhusnav (36, 37), og hvor hvert forreste teetningssade (53)
har den forste del (51) af ét af det forste par af tatningsanordninger monteret deri
8. Roterende, positiv fortrengningspumpe (1) ifelge et hvilket som helst af de foregaende krav 6-7,
hvor den forste del (51) af hvert forste par af tatningsanordninger vender, set i den radiale retning, mod en
periferisk udvendige flade (71) af en del af den tilherende aksel (4, 5).
9. Roterende, positiv fortreengningspumpe (1) ifelge et hvilket som helst af de foregaende krav 6-8,
hvor hvert rotordrivelement (33) har et rotortaetningss@de (46), der vender mod pumpens (1) bagside (18),
hvor hvert rotortetningssade (46) har den anden del (52) af ét af det forste par tatningsanordninger monteret
deri.
10. Roterende, positiv fortrengningspumpe (1) ifelge et hvilket som helst af de foregaende krav 6-9,
hvor den roterende, positive fortrangningspumpe (1) er konfigureret til montering forfra af det forste par
taetningsanordninger.
11. Roterende, positiv fortrengningspumpe (1) ifolge et hvilket som helst af de foregaende krav 7-10,
hvor en udvendig diameter (63) af hver aksel (4, 5) i et aksialomrade af det forreste taetningsade (53) af hvert
cylindrisk rotorhusnav (36, 37) er storre end en udvendig diameter (64) af hver aksel (4, 5) i et aksialt omrade
af, og 1 kontakt med, en monteringsdel (47) af hvert rotordrivelement (33).
12. Roterende, positiv fortreengningspumpe (1) ifolge et hvilket som helst af de foregaende krav 6-11,
og som endvidere omfatter et andet par tatningsanordninger, der hver har en forste del (82) og en anden del
(83) med taetningsflader presset mod hinanden, og der hver er indrettet til at forhindre et fluidprodukt i at
stromme langs akslen mod bagsiden af rotorhuslegemet (15).
13. Fremgangsmade til samling af en roterende, positiv fortreengningspumpe (1) til pumpning af et
fluidprodukt, hvilken pumpe (1) har en forside (17) og en bagside (18), hvor fremgangsmaden omfatter:

tilvejebringelse af et hovedlegeme (2), der yder rotationsstotte til et par parallelle aksler (4 ,5),
der streekker sig aksialt, med tandhjul (6, 7) i konstant indgrebstilstand, saledes at parret af aksler (4, 5) er
indrettet til at rotere i modsatte retninger,

tilvejebringelse af et rotorhuslegeme (15) med:

- et stationert, indre pumpehulrum defineret af en aksial bagveag (20), en periferisk sidevag

(21), og en aftagelig frontafdekning (26),
- en fluidproduktindlebsabning (30),
- en fluidproduktudlebsabning (31), og
- et par af cylindriske rotorhusnav (36, 37), der strekker sig fra bagvaggen, hvor

rotorhuslegemet (15) er placeret pa en forside (13) af hovedlegemet (2), og hvor hvert cylindrisk rotorhusnav
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(36, 37) indvendigt modtager ¢t af parret af aksler (4, 5),

tilvejebringelse af et par rotorer (23, 24), der hver har mindst ¢én rotorvinge (32) og et
rotordrevelement (33),

momentfast montering af hvert rotordrivelement (33) pa et rotorsede (34) i et endeomrade af ét af
parret af aksler (4, 5), hvor hvert rotors@de (34) har an aksial anlagsflade (42), der vender i en aksial retning
mod en forside (17) af pumpen (1) og en monteringsflade (43), der vender radialt udefter,

montering af en fastgerelsesanordning (38) pa et endeomrade af hvert af parret af aksler (4, 5),

stramning af parret af fastgorelsesanordninger (38) for udevelse af en aksial spandkraft pa hvert
rotordrivelement (33) mod den aksiale anlegsflade (42) af ¢t af rotorsaderne (34), hvor hvert rotorsades (34)
aksiale anlagsflade (42) er placeret aksialt udenfor, mod en forside (17) af det tilherende nav (36, 37), og

montering af den aftagelige frontafdaekning (26) pa rotorhuslegemet (15).
14. Fremgangsmade ifelge krav 13, og som endvidere omfatter et mellemtrin, der udferes for montering
af rotordrevelementerne (33) pa akslerne (4, 5), eller montering af en forste del (51) af et forste par
teetningsanordninger i et forreste tatningssade (53) af hvert cylindrisk rotorhusnav (36, 37) og montering af
en anden del (52) af det forste par af tatningsanordninger i et rotortatningssade (46) af hvert rotordrivelement
(33).
15. Fremgangsmade for tilvejebringelse af vedligehold til en tetningsanordning (40) af en roterende,
positiv fortreengningspumpe (1) med en forside (17) og en bagside (18), to parallelle aksler (4, 5), der strackker
sig aksialt, og som hver barer en rotor (23, 24) med mindst én rotorvinge (32) og et rotordrevelement (33),
og et indvendigt pumpehulrum indbefattende et par cylindriske rotorhusnav (36, 37), der straekker sig mod
forsiden (17) fra en bagvag af det indvendige pumpehulrum, hvor hver aksel (4, 5) har et rotorsaede (34) med
en aksial anlagsflade (42), der vender i en aksial retning (10) mod en forside (17) af pumpen (1),
fremgangsmaden omfatter:

fiernelse af en aftagelig frontafdakning (26) til pumpen (1),

fjernelse af mindst ¢t af parrene af rotorer (23, 24) fra den tilherende aksel (4, 5) for at muliggore
adgang til en tetningsanordning (40) konfigureret til at forhindre lackage langs en abning (56) mellem den
tilherende aksel (4, 5) og det tilherende, cylindriske rotorhusnav (36, 37),

servicering af tetningsanordningen (40),

montering af den mindst ene fjernede rotor (23, 24) pa den tilherende aksel (4, 5) og at lade
rotordrivelementet (33) ligge an mod den aksiale anlegsflade (42) af et tilherende rotorsade (34), hvor hvert
rotorsaedes (34) aksiale anlegsflade (42) er placeret aksialt udenfor, mod en forside (17) af det tilherende nav
(36, 37), og

montering af den aftagelige frontafdekning (26) pa pumpen (1).
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