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(54) POSITIVE DISPLACEMENT PUMP SYSTEM

(57) A positive displacement pump system (100)
comprises: a first positive displacement pump (132a)
comprising a rotatable element (144); a second positive
displacement pump (132b) comprising a rotatable ele-
ment (144); and an electric motor (152) comprising a
stator (154) and a rotor (156). The rotor (156) is coupled
to the rotatable elements (144) of the first and second
positive displacement pumps (132a, 132b) to provide

drive thereto. The rotor (156) is supported for rotation
by the rotatable elements (144) of the first and second
positive displacement pumps (132a, 132b). The rotata-
ble elements (144) of the first positive displacement
pump (132a) and the second positive displacement
pump (132b) each comprise pump shafts (147) which
are coupled to a rotor shaft of the rotor (156).
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Description
Field

[0001] The presentinvention concerns a positive displacement pump system, and particularly, but not exclusively, to a
gear pump system for pumping fuel or oil in an aero-engine (e.g., a gas turbine engine).

Background

[0002] A typical fuel pumping unit for an aero-engine comprises a low pressure (LP) pump operable to draw fuel from a
fuel tank, and supplying the fuel at boosted pressure to the inlet of a high pressure (HP) pump. The inter-stage flow
between LP and HP pumps is typically used to cool engine lubrication oil in a fuel/oil heat exchanger.

[0003] Commonly, the LP pump comprises a centrifugal impeller pump whilst the HP pump comprises a positive
displacement pump in the form of a twin pinion gear pump.

[0004] A twin pinion gear pump comprises first and second pinion gears mounted on parallel first and second gear
shafts, such that the gears mesh with one another. One of the first and second gear shafts typically extends externally to a
housing of the pump to form an input drive shaft. The input drive shaft is connected to an external drive, such as the
accessory gearbox of the engine or an electric motor, in order to pump the fuel. A rotating seal is typically required to avoid
leakage around the input drive shaft where it passes through the housing.

[0005] Itis desired to provide improvements in gear pump systems, and more generally positive displacement pump
systems, which aim to simplify their construction, assembly and maintenance, as well as providing enhanced perfor-
mance.

Summary

[0006] According to an aspect there is provided a positive displacement pump system comprising: a first positive
displacement pump comprising a rotatable element; a second positive displacement pump comprising a rotatable
element; and an electric motor comprising a stator and a rotor, the rotor being coupled to the rotatable elements of
the firstand second positive displacement pumps to provide drive thereto; the rotor is supported for rotation by the rotatable
elements of the first and second positive displacement pumps; wherein the rotatable elements of the first and second
positive displacement pumps each comprise pump shafts which are coupled to a rotor shaft of the rotor.

[0007] The electric motor may be supported solely by the rotatable elements of the first and second positive displace-
ment pumps. As a result, the electric motor does not require its own bearings to support the rotor.

[0008] The pump shafts and the rotor shaft may be connected by respective intermediate drive shafts extending
therebetween.

[0009] The pump shafts and the rotor shaft may be hollow and the intermediate drive shaft may be received within the
pump shafts and the rotor shaft.

[0010] The intermediate drive shaft may be connected with the pump shafts and the rotor shaft by splined connections.
[0011] The pump shafts and the rotor shaft may be connected by an external coupling. The external coupling may be a
flexible coupling.

[0012] Each pump shaft may be supported by a respective pair of bearing blocks.

[0013] One of each pair of bearing blocks may further support the rotor shaft.

[0014] Said one of each pair of bearing blocks may comprise an extension portion which supports the rotor shaft.
[0015] The first positive displacement pump, the second positive displacement pump and the electric motor may be
disposed within a common housing.

[0016] The electric motor may be at least partially immersed in a pumped liquid. In particular, the rotor of the electric
motor may be immersed in the pumped liquid and, optionally, the stator may also be immersed in the pumped liquid. The
pumped liquid may provide cooling to the electric motor. As the electric motor is immersed in the pumped liquid, it is not
necessary to provide rotary seals between the first and second positive displacement pumps and the electric motor.
[0017] Each of the first and/or second positive displacement pumps may be a gear pump and the rotating element may
be a first gear of the gear pump, the gear pump further comprising a second gear which meshes with and is driven by the
first gear.

[0018] According to another aspect there is provided a gas turbine engine comprising a positive displacement pump
system as described above. The positive displacement pump system may be part of a fuel or oil supply system of the gas
turbine engine.

[0019] The skilled person will appreciate that except where mutually exclusive, a feature described in relation to any one
of the above aspects may be applied mutatis mutandis to any other aspect. Furthermore except where mutually exclusive
any feature described herein may be applied to any aspect and/or combined with any other feature described herein.
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Brief description of the drawings
[0020] Embodiments will now be described by way of example only, with reference to the Figures, in which:
FIG. 1 is a sectional side view of a gas turbine engine;
FIG. 2 shows a cut away perspective view of the interior of a pump assembly of the gas turbine engine;
FIG. 3 shows an exploded perspective view of some components of the pump assembly of FIG. 2;
FIG. 4 is a cross-sectional plan view of a first example embodiment of a gear pump system; and

FIG. 5 is a cross-sectional plan view of a second example embodiment of a gear pump system.

[0021] The following table lists the reference numerals used in the drawings with the features to which they refer:

Ref no. Feature Figure
10 Gas turbine engine 1
" Principal and rotational axis 1
12 Air intake 1
13 Fan 1
14 Intermediate pressure compressor (IPC) 1
15 High pressure compressor (HPC) 1
16 Combustion equipment 1
17 High pressure turbine (HPT) 1
18 Intermediate pressure turbine (IPT) 1
19 Low pressure turbine (LPT) 1
20 Exhaust nozzle 1
21 Nacelle 1
22 Bypass duct 1
25 Mounting flange 2
27 Housing (for gear pump 30) 2
29 Housing (for gear pump 32) 2
30 Primary displacement gear pump 23
32 Secondary displacement gear pump 23
34 Centrifugal stage back plate 2
36 Centrifugal pump 2
38 Low pressure stage housing 2
40 Drive shaft 2
41 Secondary drive shaft 3
42 Linking drive shaft 3
44 Driver gear 23
45 Driven gear 23
46 Driver gear 23
47 Driven gear 3
48 Solid bearing block 23
50 Pressure-loaded bearing block 23
100 Gear pump system 4
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(continued)

Ref no. Feature Figure
129 Housing 4
132a First gear pump module 4
132b Second gear pump module 4
144 First gear 4
145 Second gear 4
147 Shaft 4
148 Bearing block 4
149 Shaft 4
150 Bearing block 4
152 Electric motor 4
154 Stator 4
156 Rotor 4
158 Shaft 4
160’ Male splined section 4
160" Male splined section 4
162 Coupling 4
164 Inlet 4
166 Outlet 4
200 Gear pump system 5
229 Housing 5
232a First gear pump module 5
232b Second gear pump module 5
244 First gear 5
245 Second gear 5
247 Shaft 5
248 Bearing block 5
249 Shaft 5
250 Bearing block 5
252 Electric motor 5
254 Stator 5
256 Rotor 5
258 Shaft 5
260’ Male splined section 5
260" Male splined section 5
262 Extension portion 5
264 Inlet 5
266 Outlet 5
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Detailed description

[0022] Aspects and embodiments of the present invention will now be discussed with reference to the accompanying
figures. Further aspects and embodiments will be apparent to those skilled in the art.

[0023] Withreference to FIG. 1, a gas turbine engine is generally indicated at 10, having a principal and rotational axis
11. The engine 10 comprises, in axial flow series, an air intake 12, a propulsive fan 13, an intermediate pressure
compressor 14, a high-pressure compressor 15, combustion equipment 16, a high-pressure turbine 17, an intermediate
pressure turbine 18, a low-pressure turbine 19 and an exhaust nozzle 20. A nacelle 21 generally surrounds the engine 10
and defines both the intake 12 and the exhaust nozzle 20.

[0024] The gas turbine engine 10 works in the conventional manner so that air entering the intake 12 is accelerated by
the fan 13 to produce two air flows: afirst air flow into the intermediate pressure compressor 14 and a second air flow which
passes through a bypass duct 22 to provide propulsive thrust. The intermediate pressure compressor 14 compresses the
air flow directed into it before delivering that air to the high-pressure compressor 15 where further compression takes
place.

[0025] The compressed air exhausted from the high-pressure compressor 15 is directed into the combustion equipment
16 where itis mixed with fuel and the mixture combusted. The resultant hot combustion products then expand through, and
thereby drive the high, intermediate and low-pressure turbines 17, 18, 19 before being exhausted through the nozzle 20 to
provide additional propulsive thrust. The high 17, intermediate 18 and low 19 pressure turbines drive respectively the high-
pressure compressor 15, intermediate pressure compressor 14 and fan 13, each by suitable interconnecting shaft.
[0026] Othergas turbine engines to which the presentinvention may be applied may have alternative configurations. By
way of example such engines may have an alternative number of interconnecting shafts (e.g. two) and/or an alternative
number of compressors and/or turbines. Further the engine may comprise a gearbox provided in the drive train from a
turbine to a compressor and/or fan.

[0027] FIG.2 shows a cutaway perspective view of the interior of a dual stage pump assembly of a fuel supply system of
the engine 10, and FIG. 3 shows an exploded perspective view of displacement gear components of the pump assembly of
FIG. 2. The pump assembly has in sequence: an outer casing comprising a mounting flange 25; a housing 27 for a smaller
primary displacement gear pump 30; a housing 29 for a larger secondary displacement gear pump 32; a centrifugal stage
back plate 34 which acts as an end cover for the housing 29 and additionally as a back plate for a centrifugal pump 36; and
finally at the end of the casing remote from the mounting flange 25 a low pressure stage housing 38 for the centrifugal pump
36, this housing including the centrifugal pump inlet. The centrifugal pump forms the low-pressure stage of the dual stage
pump assembly, and the two gear pumps form the high-pressure stage of the assembly. Typically, the small primary
displacement pump 30 is pressurised at all flight conditions, while the large secondary displacement pump 32 is
pressurised for high power (above cruise) conditions, and for low speed starting.

[0028] A drive shaft 40 which accepts power from an engine accessory gearbox (not shown) has male spline couplings
at each end. The drive shaft 40 accommodates for misalignment and connects directly into a driver gear 44 of the
secondary gear pump 32, and continues via a linking drive shaft 42 to the impeller and inducer of the centrifugal pump 36. A
secondary drive shaft 41 transfers power from the secondary pump to the primary pump 30 and also accommodates for
misalignment. More particularly, one splined end of the secondary drive shaft is engaged internally with the driven gear 45
of the larger, secondary displacement pump, whilst its opposite splined end is engaged internally with the driver gear 46 of
the smaller, primary gear pump, which drives the driven gear 47 of the primary gear pump.

[0029] Each displacement pump gear 44-47 has a respective solid bearing block 48 and a respective pressure-loaded
bearing block 50 which are adapted to receive a bearing shaft or journal of the gear.

[0030] FIG. 4 shows a first example embodiment of a gear pump system 100 (more generally referred to a positive
displacement pump system). The gear pump system 100 includes similar features to the gear pump 32 described above
and corresponding features which be labelled appropriately to denote this.

[0031] The gear pump system 100 generally comprises a first gear pump module 132a, a second gear pump module
132b and an electric motor 152 which are disposed within a common housing 129. Each of the first and second gear pump
modules 132a, 132b comprise first and second gears 144, 145 which are disposed on shafts 147, 149 respectively. The
ends of each of the shafts 147, 149 are received in openings formed in bearing blocks 148, 150 (which may be solid and
pressure-loaded bearing blocks, as described previously) such that the first and second gears 144, 145 are axially
disposed (i.e., sandwiched) between the bearing blocks 148, 150. The shafts 147, 149 are hollow.

[0032] The electric motor 152 comprises a stator 154 and a rotor 156. The stator 154 is cylindrical and the rotor 156 is
disposed within the stator 154.

[0033] The electric motor 152 may be any type of electric motor, such as a switched reluctance, permanent magnet or
induction type motor.

[0034] A shaft 158 extends through the rotational axis of the rotor 156. The shaft 158 is hollow and projects from either
side of the rotor 156.

[0035] Anintermediate drive shaft extends between the rotor 156 and each of the shafts 147. Each intermediate drive
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shaft has male splined sections 160’, 160" either end. The male splined section 160’ is received in the hollow shaft 158 of
the rotor 156 and engages with a female splined section formed therewithin. Similarly, at the opposite end, the male splined
section 160" is received in the hollow shaft 147 of the first/second gear pump 132a, 132b and engages with a female
splined section formed therewithin. Each intermediate drive shaft provides rotational engagement between the rotor 156
and the first gear 144 of each of the first and second gear pump modules 132a, 132b. A further external coupling 162 may
be provided between the shaft 158 of the rotor 156 and each of the shafts 147. The coupling 162 is configured to transfer
(radial) load and allow for articulation to accommodate misalignment. The coupling 162 may be a flexible coupling (e.g., a
bellows coupling) that allows for angular misalignment, axial misalignment, and/or eccentricity.

[0036] As will be appreciated, the rotor 156 is supported by the first and second gear pump modules 132a, 132b and so
the motor 152 does not require its own bearings. This simplifies the design and reduces the size and mass.

[0037] The electric motor 152 may be activated to cause rotation of the rotor 156. The rotation of the rotor 156 causes
rotation of the first gears 144 via the intermediate drive shafts and, in turn, this causes rotation of the second gears 145as a
resultofthe meshing between the firstand second gears 144, 145. Thefirstgears 144 thus form drive gears and the second
gears 145 thus form driven (or idler) gears.

[0038] The rotation of the first and second gears 144, 145 acts to draw fuel from an inlet 164 formed in the housing 129
which opens into an area between the first and second gears 144, 145. The fuel is forced around the outside of the firstand
second gears 144, 145 towards and out of an outlet 166 which is diametrically opposed to the inlet 164. The housing 129
may include internal features (e.g., galleries) which divide a common inlet flow into two separate flow paths which supply
the inlets 164 of the first and second gear pump modules 132a, 132b. Similar features may be provided to combine the fuel
from the separate outlets 166 into a common outlet flow. Alternatively, the flow may be separated and/or recombined
externally to the housing 129.

[0039] Theelectrical motor 152 isimmersed in fuel from the firstand second gear pump modules 132a, 132b and/or from
a separate supply of fuel (e.g., in a cooling circuit). The fuel may be used to cool the electrical motor 152. As the electrical
motor 152 is immersed in fuel, there is no need to provide rotary shaft seals between the electrical motor 152 and the first
and second gear pump modules 132a, 132b (i.e., on the shafts 147, 158). Such seals are prone to leaking on conventional
pumps and so lead to in-service disruption while they are removed and replaced.

[0040] The use of two gear pump modules allows the pump to be operated at a higher speed for a given inlet pressure.
This results in reduced size and mass. Further, by timing the two gear pump modules 132a, 132b, itis possible to dampen
the flow ripple introduced into the system. The low speed of an electric motor driven pump will reduce low frequency flow
ripple which might interact with the engine dynamics hence being able to tune the magnitude of the flow ripple is a
significant benefit. In other examples, the two gear pump modules 132a, 132b may be effectively timed through the
configuration of the inletand outlet pathways (e.g., by having differentlengths) so as to provide a phase difference between
the respective flow ripples which leads to destructive interference.

[0041] FIG. 5 shows an alternative embodiment of a gear pump system 200. In this embodiment, the bearing block 250
comprises an extension portion 262 which supports the shafts 247 of the first and second gear pump modules 232a, 232b
and the shaft 258 of the rotor 256. The extension portion 262 therefore replaces the coupling 152 of the first embodiment.
[0042] Although the embodiments above have been described with reference to external gear pumps, it will be
appreciated that it may be applied to other positive displacement pumps. In particular, it may be used with rotary pumps,
such as internal gear pumps, screw pumps, peristaltic pumps, vane pumps, lobe pumps, etc., as well as reciprocating
pumps (which have arotating drive component which can support the rotor of the motor), such as diaphragm pumps, piston
pumps, plunger pumps, etc. and any combination of such pumps.

[0043] Whilstitis envisaged thatthe presentinvention may find use in the context of a fuel supply system for a gas turbine
engine, the present invention may be applied in other contexts in aerospace and other industries to pump other liquids
(e.g., oil).

[0044] It will be understood that the invention is not limited to the embodiments above-described and various
modifications and improvements can be made without departing from the concepts described herein. Except where
mutually exclusive, any of the features may be employed separately or in combination with any other features and the
invention extends to and includes all combinations and sub-combinations of one or more features described herein.

Claims
1. A positive displacement pump system (100) comprising:
a first positive displacement pump (132a) comprising a rotatable element (144);
a second positive displacement pump (132b) comprising a rotatable element (144); and

an electric motor (152) comprising a stator (154) and a rotor (156), the rotor being coupled to the rotatable
elements (144) of the first positive displacement pump (132a) and the second positive displacement pump (132b)
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to provide drive thereto;

wherein the rotor (156) is supported for rotation by the rotatable elements (144) of the first positive displacement
pump (132a) and the second positive displacement pump (132b); and

wherein the rotatable elements (144) of the first positive displacement pump (132a) and the second positive
displacement pump (132b) each comprise pump shafts (147) which are coupled to a rotor shaft of the rotor (156).

The positive displacement pump system (100) of claim 1, wherein the electric motor (152) is supported solely by the
rotatable elements (144) of the first positive displacement pump (132a) and the second positive displacement pump
(132b).

The positive displacement pump system (100) of claim 1 or 2, wherein the pump shafts (147) and the rotor shaft are
connected by respective intermediate drive shafts extending therebetween.

The positive displacement pump system (100) of claim 3, wherein the pump shafts (147) and the rotor shaft are hollow
and the intermediate drive shaft is received within the pump shafts (147) and the rotor shaft.

The positive displacement pump system (100) of claim 3 or 4, wherein the intermediate drive shaft is connected with
the pump shafts (147) and the rotor shaft by splined connections.

The positive displacement pump system (100) of any preceding claim, wherein the pump shafts (147) and the rotor
shaft are connected by an external coupling (162).

The positive displacement pump system (100) of claim 6, wherein the external coupling (162) is a flexible coupling.

The positive displacement pump system (100) of any preceding claim, wherein each pump shaft (147) is supported by
a respective pair of bearing blocks.

The positive displacement pump system (100) of claim 8, wherein one of each pair of bearing blocks further supports
the rotor shaft.

The positive displacement pump system (100) of claim 9, wherein said one of each pair of bearing blocks comprises an
extension portion (262) which supports the rotor shaft.

The positive displacement pump system (100) of any preceding claim, wherein the first positive displacement pump
(132a), the second positive displacement pump (132b) and the electric motor (152) are disposed within a common
housing.

The positive displacement pump system (100) of claim 11, wherein the electric motor (152) is at least partially
immersed in a pumped liquid.

The positive displacement pump system (100) of any preceding claim, wherein each of the first positive displacement
pump (132a) and/or second positive displacement pump (132b) is a gear pump and the rotating elementis a firstgear
(144, 244) of the gear pump, the gear pump further comprising a second gear (145, 245) which meshes with and is
driven by the first gear.

A gas turbine engine (10) including a positive displacement pump system (100) of any preceding claim.

The gas turbine engine (10) of claim 14, wherein the positive displacement pump system (100) is part of a fuel or oil
supply system.
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