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(54) Pump

(57) A pump (10) including a pumping element (20),
which is mounted for relative rotation in a housing (14),
rotation of the pumping element (20) causing fluid to be
pumped from an outlet (40) provided in the housing (14),
the pumping element (20) including an axially extending
bearing part (34a), and there being a sealing part (30)
provided at the outlet (40), the sealing part (30) including
an opening which is generally axially aligned with the

axis of rotation (A) of the pumping element (20) and
which provides a main flow path for fluid flow through
the outlet (40), and the sealing part (30) including an
axially extending bearing part (30b), which lies adjacent
to the bearing part (34a) of the pumping element (20),
axially extending surfaces of the two bearing parts (30b,
34a) providing a seal between the outlet (40) and the
pumping element (20).
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Description

[0001] Thisinventionrelates to a pump, and more par-
ticularly to a pump including a pumping element which
is rotatable in a pumping chamber to pump fluid to an
outlet in the pumping chamber.

[0002] Pumps including a pumping element which is
rotatable in a pumping chamber are known and one ex-
ample is a pump in which the pumped fluid is carried
between the screw threads on one or more rotors such
that the liquid is displaced in a direction generally par-
allel to the axis of rotation of the or each rotor. Such a
pump is generally referred to as a screw pump.

[0003] Where more than one rotor is provided, the
pump is generally known as an intermeshing screw
pump. In this case, the main rotor is provided with one
or more helical grooves and at least one auxiliary rotor
is provided with one or more corresponding helical ridg-
es. The rotors are mounted in a pumping chamber within
a housing such that their longitudinal axes are parallel
and their helical screw threads mesh. Thus rotation of
one rotor with respect to the housing causes the other
rotor or rotors to rotate about its/their longitudinal axis
or axes.

[0004] Fluid is drawn into the pump at an inlet or suc-
tion end of the pump between the counter-rotating screw
threads. As the rotors turn, the meshing of the threads
produces fluid chambers bounded by the threads and
the pump housing. Fluid becomes trapped in the fluid
chambers and continued rotation of the screws causes
the fluid chambers to move from the inlet end of the
pump to a high pressure outlet end of the pump. High
pressure fluid is ejected from the pump at the outlet end
as fluid is displaced from the fluid chambers. Flow of
pumped fluid is thus parallel to the longitudinal axes of
the rotors.

[0005] Rotation of the rotors with respect to the hous-
ing may be achieved by connecting one of the rotors to
a driving means such as an electrical motor, such that
operation of the motor causes the rotor to rotate about
its longitudinal axis. Alternatively, relative rotation may
be achieved by connecting the pumping housing to the
driving means, or incorporating the pump housing with
a motor rotor, such that the pump housing rotates about
the longitudinal axis of a central, fixed, rotor.

[0006] In each case, it is preferable that the outlet is
axially aligned with the axis of rotation of the main rotor,
so that fluid need not change flow direction as it exits
the pump, as a change in direction could impede flow of
fluid out of the pump, and may lead to a reduction in the
pressure of the fluid.

[0007] Itis also preferable, however, where the pump
housing rotates around the central rotor, that a bearing
for the pump housing is provided at both the inlet and
outlet ends of the pump housing, in order to ensure the
stability and smooth running of the pump housing. Typ-
ically, the pump housing bears on the central rotor, ends
of which extend out of the pump housing and engage
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with an outer housing, in which case it is not possible
for an outlet to be axially aligned with the longitudinal
axis of the central rotor.

[0008] Moreover, where the pump housing rotates
around the central rotor, it is necessary to provide a seal
between a pump outlet and the pump housing to ensure
that the high pressure fluid passes through the pump
outlet. Conventional sealing arrangements typically re-
strict axial movement of the rotating pumping element
with respect to the remainder of the pump, and thus any
differential thermal axial expansion of the pump housing
relative to the remainder of the pump cannot readily be
accommodated.

[0009] According to the present invention, we
provide .a pump including a pumping element, which is
mounted for relative rotation in a housing, rotation of the
pumping element causing fluid to be pumped from an
outlet provided in the housing, the pumping element in-
cluding an axially extending bearing part, and there be-
ing a sealing part provided at the outlet, the sealing part
including an opening which is generally axially aligned
with the axis of rotation of the pumping element and
which provides a main flow path for fluid flow through
the outlet, and the sealing part including an axially ex-
tending bearing part, which lies adjacent to the bearing
part of the pumping element, axially extending surfaces
of the two bearing parts providing a seal between the
outlet and the pumping element.

[0010] Sealing between the relatively rotatable pump-
ing element and the housing is thus achieved by means
of the axially extending bearing parts, i.e. by means of
the interaction between two axially extending surfaces.
This sealing arrangement can therefore more readily ac-
commodate differential axial expansion of the pumping
element with respect to the housing, and does not intro-
duce undesirable axial loading on the pumping element.
[0011] Moreover, by virtue of the invention, a bearing
for the pumping element, may be provided adjacent the
outlet without interfering with flow of fluid through the
outlet along the axis of rotation of the pumping element.
[0012] Preferably, a fluid flow path is provided for flow
of a limited amount of fluid into a bearing chamber be-
tween the two bearing parts.

[0013] Such fluid flow is limited so that the bearing
parts provide a substantially, but not completely, fluid
tight seal between the outlet and the pumping element.
Flow of some pumped fluid into the bearing chamber
between the two bearing parts provides a hydrodynamic
bearing for the rotating pumping element, which may re-
duce energy losses due to friction between the main ro-
tor and the bearing.

[0014] Preferably, a resilient support part is provided
between the sealing part and the housing, the resilient
support part permitting some movement of the sealing
part with respect to the housing. Preferably the resilient
support part permits some movement of the sealing part
generally normal to the axis of rotation of the pumping
element, as well as axially.



3 EP 1 475 538 A2 4

[0015] By virtue of the provision of such a resilient
support part, a degree of misalignment of the pumping
element with respect to the housing can be accommo-
dated.

[0016] The pumping element may include a pump
housing in which are mounted a main rotor and at least
one auxiliary rotor, the rotors each being provided with
at least one generally helical screw thread and being
arranged in the housing such that the screw threads
mesh, the axis of rotation of the pumping element coin-
ciding with a longitudinal axis of the main rotor. In one
embodiment, the main rotor may be fixed, wherein the
pump housing is configured such that rotation of the
pump housing causes the or each auxiliary rotor to orbit
about the longitudinal axis of the main rotor.

[0017] Meshing of the screw threads thus causes the
auxiliary rotors to rotate about their longitudinal axis,
which causes pumping of fluid as described above.
[0018] Anembodimentofthe invention will now be de-
scribed with reference to the accompanying drawing in
which is shown an illustrative side view of a pump ac-
cording to the invention.

[0019] Referring now to the figure, there is shown a
pump assembly 10 including a pump 12 and an outer
housing 14 providing a fluid reservoir. The pump 12 in-
cludes a plurality of rotors 16, 18, 18' mounted in a pump
housing 20 for rotation relative to the pump housing 20,
the rotors 16, 18, 18' each carrying at least one screw
thread, the rotors being arranged in the pump housing
20 such that the screw thread mesh, and rotation of one
of the rotors 16, 18, 18' causes rotation of the other ro-
tors 16, 18, 18"

[0020] The outer housing 14 includes a side wall 14a
which encloses a generally cylindrical space, and first
14b and second 14c end plates which partially close the
first and second ends of the side wall 14a respectively.
The end plates 14b, 14c are connected to the side wall
14a by means of a plurality of bolts (not shown) which
are spaced around the circumference of the side wall
14a. The pump housing 20 is enclosed within the outer
housing 14.

[0021] Aninlet port 15 is provided in the side wall 14a
of the outer housing 14 adjacent to the second end plate
14c.

[0022] By virtue of the provision of the pump housing
20 within the outer housing 14, the pump assembly 10
is relatively compact and is thus suited for use in appli-
cations where space is restricted.

[0023] Inthisexample, three rotors 16, 18, 18'are pro-
vided - a central rotor 16 and two outer rotors 18, 18'.
The rotors 16, 18, 18' are elongate with longitudinal axes
A, B, and C respectively, and each carries a screw
thread.

[0024] Therotors 16, 18, 18" are arranged in the pump
housing 20, with the central rotor 16 between the two
outer rotors 18, 18' such that the screw threads mesh.
The longitudinal axes A, B and C of the rotors 16, 18,
18' are generally all parallel, and thus rotation of the cen-
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tral rotor 16 relative to the pump housing 20 about axis
A causes the outer rotors 18, 18' to rotate about their
longitudinal axes, B and C respectively.

[0025] In this example, the rotors 16, 18, 18' are each
provided with two generally helical threads which each
extend along substantially the entire length of the rotor
16, 18, 18', and which are interposed such that when
the rotor 16, 18, 18' is viewed in transverse cross-sec-
tion, one thread is diametrically opposite the other.
[0026] Also in this example, the central rotor 16 has
the shape of a generally cylindrical shaft with the threads
in the form of two generally helical ridges, extending ra-
dially outwardly of the shaft. The outer rotors 18, 18'
each have the shape of a generally cylindrical shaft with
the threads, in the form of two generally helical grooves,
extending radially inwardly of each shaft. It is possible,
however, for the threads of the outer rotors 18, 18' to
have the form of helical ridges, and the threads of the
central rotor 16 to have the form of generally helical
grooves.

[0027] The pump housing 20 is generally cylindrical
with an aperture for receiving the rotors 16, 18, 18' ex-
tending longitudinally of the housing 20 between an inlet
end 20a and an outlet end 20a of the housing 20. The
aperture is shaped such that, when contained within the
housing 20, the longitudinal axis A, B, C of the rotors 16,
18, 18' extend generally parallel to the longitudinal axis
of the housing 20, and there is minimum clearance be-
tween the walls of the aperture and the rotors 16, 18,
18' whilst still permitting rotation of the rotors 16, 18, 18'
about their axes A, B, C. The aperture is typically formed
by machining.

[0028] First 16a and second 16b end portions of the
central rotor 16 extend from the pump housing 20 and
engage with the first 14b and second 14c end plates of
the outer housing 14, thus preventing rotation of the cen-
tral rotor 16 about its longitudinal axis relative to the out-
er housing 14.

[0029] The firstend portion 16a of the central rotor 16,
which extends from the inlet end 20a of the pump hous-
ing 20, is mounted in a support collar 26 which is re-
ceived in an aperture provided in the first end plate 14b
of the outer housing 14. The support collar 26 is received
in a generally circular aperture in the first end plate 14b
and has an radially outwardly extending flange part 26a
which extends from an end of the support collar to en-
gage with a surface of the first end plate 14b which is
inside the outer housing 14, the flange part 26a thus pre-
venting the support collar 26 from being pushed out of
the aperture in the first end plate 14b from inside the
outer housing 14a. The first end 16a of the central rotor
16 is mounted in an aperture in a main body part 26b of
the support collar 26. The aperture and first end 16a of
the central rotor 16 are both provided with at least one
flat surface when viewed in transverse cross-section
and thus rotation of the central rotor 16 about its longi-
tudinal axis A relative to the support collar 26 is prevent-
ed.
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[0030] A first resilient support part 28 is provided be-
tween the support collar 26 and the end plate 14b, which
in this example is a rubber O-ring which is mounted in
a groove provided in the first end plate 14b around the
circumference of the support collar receiving aperture.
The support collar 26 is supported by the O-ring 28, and
thus, by deformation of the O-ring, some movement of
the support collar 26 relative to the outer housing 14 in
any direction normal to the longitudinal axis A of the cen-
tral rotor 16 is permitted.

[0031] The provision of the resilient support part 28
may reduce transmission of vibrations from the pump
rotors 16, 18, 18' to the outer housing 14, and may thus
reduce the noise generated by the pump assembly 10.
In addition, any mechanical misalignment of the central
rotor 16 with respect to the remainder of the pump as-
sembly 10 can be accommodated by deformation of the
resilient support part 28. The resilient support part 28
also provides a substantially fluid tight seal between the
central rotor 16 and the outer housing 14.

[0032] The second end 16b of the central rotor 16, is
unsupported, and does not extend beyond the outlet
end 20b of the pump housing 20.

[0033] First32andsecond 34 generally annular pump
end plates are provided at the inlet 20a and outlet 20b
ends of the pump housing 20, the first end portion 16a
of the central rotor 16 extending through a generally
central aperture in the first pump end plate 32.

[0034] In this example, the first pump end plate 32 is
connected to the inlet end 20a of the pump housing 20
such that the end plate 32 rotates with the pump housing
20, typically by means of bolts. Sufficient clearance is
provided between the first end plate 32 and the central
rotor 16 so that rotation of the housing 20 with respect
to the central rotor 16 is permitted.

[0035] An annular ball or roller bearing 38 is mounted
around the first end portion 16a of the central rotor 16
between the first pump end plate 32 and the support col-
lar 26, and thus prevents movement of the pump hous-
ing 20 with respect to the central rotor 16 towards the
first end plate 14b of the outer housing 14. In this exam-
ple, the bearing 38 includes a first race which is located
around the central rotor 16, and a second race, against
which the first end plate 32 bears. A step is provided in
an exterior surface of the first end plate 32 so that the
first end plate 32 bears only on the second race, and
does not contact the first race. The second race may
thus either rotate about the longitudinal axis A of the
central rotor 16 with the pump housing 20, whilst the first
race is stationary, or both races may rotate about the
longitudinal axis A of the central rotor 16 with the pump
housing 20.

[0036] Inlet apertures 36 are provided at intervals
around the circumference of the pump housing 20 be-
tween the inlet end 16a of the pump housing 20 and the
first pump end plate 32, which permit fluid to flow from
the fluid reservoir to the pump rotors 16, 18, 18"
[0037] The second pump end plate 34 is connected
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to the outlet end 20a of the pump housing 20, and the
generally central aperture in the second pump end plate
34 provides an outlet for high pressure fluid from the
pump housing 20 which is axially aligned with respect
to longitudinal axis of the central rotor 16. The second
pump end plate 34 is provided with a first bearing part
34a which extends axially with respect to the longitudi-
nal axis of the central rotor 16, and which has a generally
annular transverse cross-section.

[0038] The ends of the outer rotors 18, 18' bear
against the two pump end plates 32, 34, and thus the
pump end plates 32, 34 provide plain bearings for the
outer rotors 18, 18'. Moreover, the start and end of each
thread provided on the rotors 16, 18, 18' is spaced from
each end of the rotors 16, 18, 18'. Spacing of the threads
from the pump end plates 32, 34 results in the formation
of fluid reservoirs at the inlet 20a and outlet 20b ends of
the pump housing 20.

[0039] The first bearing part 34a bears on a sealing
part 30 mounted in a generally circular outlet port 40
provided in the second end plate 14c of the outer hous-
ing 14. The sealing part 30 includes a generally central
aperture which is axially aligned with the longitudinal ax-
is A of the central rotor 16, and which permits flow of
fluid through the outlet port 40 in the outer housing 14.
[0040] A radially outward facing surface of a first end
30a of the sealing part 30 is provided with a groove in
which is received a second resilient biasing part 42, in
this example, a rubber O-ring. The O-ring 42 provides
a substantially fluid tight seal between the second end
plate 14c of the outer housing 14 and the sealing part
30, and also permits limited movement of the sealing
part 30 with respect to the outer housing 14 in a direction
generally normal to the longitudinal axis A of the central
rotor 16.

[0041] The provision of the second resilient support
part 42 may also reduce transmission of vibrations from
the pump rotors 16, 18, 18' to the outer housing 14, and
may thus reduce the noise generated by the pump as-
sembly 10. In addition, any mechanical misalignment of
the central rotor 16 with respect to the remainder of the
pump assembly 10 can be accommodated by deforma-
tion of the second resilient support part 42.

[0042] A second end 30b of the sealing part 30 pro-
vides a second bearing part which has a generally an-
nular transverse cross-section, and which, in this exam-
ple, has a sufficiently small outer diameter for the sec-
ond end 30b to fit within the outlet aperture in the first
bearing part 34a. The sealing part 30 thus supports and
provides a bearing for the second end 20b of the pump
housing 20.

[0043] It would be possible, however, for the second
end 30b of the sealing part 30 to have a sufficiently large
inside diameter for the second end 30b to fit around the
first bearing part 34a.

[0044] The first bearing part 34a and second bearing
part 30b are configured such that there is a small clear-
ance, typically of the order of between 10um and 30um,
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between a radially inwardly facing surface of the first
bearing part 34a and a radially outwardly facing surface
of the second bearing part 30b, this gap forming a bear-
ing chamber. Thus, whilst the interaction between the
axially extending surfaces of the first 34a and second
30b bearing parts provides a substantially fluid tight seal
between the outlet port 40 and the pump housing 20,
some leakage of high pressure fluid at the outlet end
20a of the pump housing 20 between the first bearing
part 34a and the second bearing part 30b into the bear-
ing chamber is permitted. The clearance is, however,
sufficiently small that significant leakage of high pres-
sure fluid from the pump housing 20 is prevented.
[0045] Thus, engagement of the radially inwardly fac-
ing surface of the first bearing part 34a and the radially
outwardly facing surface of the second bearing part 30b
provides a seal between the pump housing 20 and the
outer housing 14 to ensure that the high pressure fluid
at the outlet end 20a of the pump housing 20 is directed
to the outlet port 40 and does not return to the fluid res-
ervoir in the outer housing 14. Since the bearing parts
34a, 30b extend axially with respect to the longitudinal
axes A, B, C of the pump housing 20 and the rotors 16,
18, 18', thermal expansion of the pump housing 20 par-
allel to its longitudinal axis can be accommodated, and
axial load on the pump housing 20 and rotors 16, 18, 18"
from the bearings is substantially eliminated.

[0046] Driving means 22, in this example an electric
motor, is provided to drive rotation of the rotors 16, 18,
18'. The electric motor 22 includes a stator 24 which is
provided with a plurality of electrically conductive wind-
ings arranged around and generally coaxially with the
pump housing 20. A plurality of magnets are mounted
around an outer surface of the pump housing 20 and
thus the pump housing 20 forms the motor rotor.
[0047] Integrating the pumping housing 20 with the
motor rotor further decreases the size of the pump as-
sembly 10.

[0048] The motor 22 is enclosed by the outer housing
14, and fluid in the fluid reservoir provided by the outer
housing 14 may thus flow over and around motor stator
24 and rotor 20. Thus, the electrically conductive wind-
ings of the stator 24 may be cooled by the fluid in the
fluid reservoir. Furthermore, by virtue of positioning the
inlet port 15 in the outer housing 14 adjacent to the sec-
ond end plate 14c, i.e. adjacent the outlet end 20b of
the pump housing 20, fluid that is drawn into the outer
housing 14 during operation of the pump 12 passes over
the stator windings before entering the pump housing
20.

[0049] The pump assembly is operated as follows.
[0050] Activation of the motor 22 causes the motor ro-
tor, i.e. the pump housing 20, to rotate about the central
rotor 16. Such rotation of the pump housing 20 causes
rotation of the outer rotors 18, 18’ about the longitudinal
axis A of the central rotor 16. As described above the
screw threads provided on the outer rotors 18, 18' mesh
with the screw threads on the central rotor 16, and as
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result, the outer rotors 18, 18' are forced to rotate about
their longitudinal axes B, C in addition to rotating about
the longitudinal axis A of the central rotor 16.

[0051] The consequent meshing and unmeshing of
the screw threads causes fluid to be drawn into the inlet
end 20a of the pump housing 20 between the threads
at the first ends of the rotors 16, 18, 18'. As the rotors
16, 18, 18' turn, the meshing of the threads produces
fluid chambers bounded by the threads and the pump
housing 20. Fluid becomes trapped in the fluid cham-
bers and continued rotation of the rotors 16, 18, 18’
causes the fluid chambers to move from the first end of
the rotors 16, 18, 18' to the second end of the rotors 16,
18, 18'. High pressure fluid is thus ejected from the
pump housing 20 at the outlet end 20b via the apertures
in the second pump end plate 34 and the sealing part
30, as a consequence of fluid being displaced from the
fluid chambers as the screw threads at the second end
of the rotors 16, 18, 18' mesh. The high pressure fluid
then passes through the outlet port 40 and out of the
outer housing 14.

[0052] Thus, fluid is pumped along the pump 12 in a
direction generally parallel to the axis of rotation A of the
central rotor 14. The provision of the outlet port 40 gen-
erally axially aligned with the axis of rotation A of the
central rotor 16, thus ensures that the flow of pumped
fluid in this direction continues as the high pressure fluid
is ejected from the outer housing 14. In this way, pres-
sure losses resulting from the ejected fluid being forced
to change direction as it exits from the pump 12 are min-
imised.

[0053] Leakage of high pressure fluid into the bearing
chamber between the bearing parts 34a, 30b allows the
sealing part 30 to act as a hydrodynamic bearing for the
second end 20b of the pump housing 20, which may as-
sist in reducing energy losses due to friction between
the sealing part 30 and the bearing part 34a.

[0054] There are some energy losses associated with
the shear of the fluid between the bearing parts 34a,
30b, but the magnitude of such losses decreases sig-
nificantly with decreasing shear radius. In conventional
sealing arrangements, outlets are provided around the
second end 16b of the central rotor 16 which engages
with the outer housing 14, and the seal is effected be-
tween two surfaces generally normal to the axis of rota-
tion A of the pump housing 20 around the outlet. Thus,
the shear radius tends to be relatively high. By virtue of
the provision of the outlet along the axis of rotation A,
the shear radius, and hence shear losses, may be re-
duced in a pump according to the invention.

[0055] Owing toits compactdesign, a pump assembly
10 according to the invention is particularly useful in ap-
plications where high output pressure is required and
space is restricted, such as in automotive applications,
for example as an electrically operated power pack in
which the pump 12 is activated to produce pressurised
fluid and the pressurised fluid is used to move an actu-
ator member.
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It will be appreciated that the invention is not

restricted to use in a pump of the configuration de-
scribed above, and the invention may be applied to any
pump in which it is desired to provide a seal between a
rotating pumping member and an outlet in a housing, to
ensure that pumped fluid is directed through the outlet.

Claims

1.

A pump (10) including a pumping element (20),
which is mounted for relative rotation in a housing
(14), rotation of the pumping element (20) causing
fluid to be pumped from an outlet (40) provided in
the housing (14), the pumping element (20) includ-
ing an axially extending bearing part (34a), and
there being a sealing part (30) provided at the outlet
(40), the sealing part (30) including an opening
which is generally axially aligned with the axis of ro-
tation (A) of the pumping element (20) and which
provides a main flow path for fluid flow through the
outlet (40), and the sealing part (30) including an
axially extending bearing part (30b), which lies ad-
jacent to the bearing part (34a) of the pumping ele-
ment (20), axially extending surfaces of the two
bearing parts (30b, 34a) providing a seal between
the outlet (40) and the pumping element (20).

A pump (10) according to claim 1 wherein a fluid
flow path is provided for flow of a limited amount of
fluid into a bearing chamber between the two bear-
ing parts (30b, 34a).

A pump (10) according to claim 1 or 2 wherein a
resilient support part (42) is provided between the
sealing part (30) and the housing (14), the resilient
support part (42) permitting some movement of the
sealing part (30) with respect to the housing (14).

A pump (10) according to claim 3 wherein the resil-
ient support part (42) permits some movement of
the sealing part (30) generally normal to the axis of
rotation of the pumping element (20), and axially.

A pump (10) according to any preceding claim
wherein the pumping element (20) includes a pump
housing (20a) in which is mounted a main rotor (16)
and at least one auxiliary rotor (18, 18'), the rotors
(16, 18, 18') each being provided with at least one
generally helical screw thread and being arranged
in the housing (14) such that the screw threads
mesh, the axis of rotation of the pumping element
(A) coinciding with a longitudinal axis of a main rotor
(16).

A pump (10) according to claim 5 wherein the main
rotor (16) is fixed relative to the housing (14), and
the pump housing (20a) is configured such that ro-
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tation of the pump housing (20a) causes the or each
auxiliary rotor (18, 18') to orbit about the longitudinal
axis of the main rotor (16).
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