
US 2005O232784A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0232784 A1 

Yates et al. (43) Pub. Date: Oct. 20, 2005 

(54) PUMPASSEMBLY (30) Foreign Application Priority Data 

(76) Inventors: Martin Kenneth Yates, East Haddon Apr. 19, 2004 (GB)......................................... O408600.5 
(GB); Andrew Gilbert Stiles, 
Birmingham (GB); Blair Geoffrey Publication Classification 
Charles Ramsay, Barford (GB) 

(51) Int. Cl." ............................ F04B 49/00; F04B 17/00 
Correspondence Address: (52) U.S. C. ................ 417/199.1; 417/410.3; 417/423.1 
ANDRUS, SCEALES, STARKE & SAWALL, 
LLP (57) ABSTRACT 
100 EAST WISCONSINAVENUE, SUITE 1100 
MILWAUKEE, WI 53202 (US) A pump assembly comprises first and Second gear pumps 

(10, 13), each of which has a respective driver gear (11,14) 
(21) Appl. No.: 11/108,439 and a respective driven gear (12, 15), wherein the driven 

gear (12) of the first gear pump (10) is arranged to drive the 
(22) Filed: Apr. 18, 2005 driver gear (14) of the Second gear pump (13). 

  



Patent Application Publication Oct. 20, 2005 

22 

. . . ... ....... 
. . . . . . . . . . . 

8 . . . . . -' . . ." . . . 

Sheet 1 of 5 

. . . . . 
. . . . . . 

US 2005/0232784 A1 

S 

ta 
2. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2005/0232784 A1 Sheet 2 of 5 Patent Application Publication Oct. 20, 2005 

  



Patent Application Publication Oct. 20, 2005 Sheet 3 of 5 US 2005/0232784 A1 

  

  



Patent Application Publication Oct. 20, 2005 Sheet 4 of 5 US 2005/0232784 A1 

s 

2 
t 

  





US 2005/0232784 A1 

PUMPASSEMBLY 

0001. This invention relates to a pump assembly, particu 
larly for use in a fuel Supply System for an aircraft. 
0002 Aircraft fuel Supply systems are known in which is 
provided a low preSSure centrifugal pump, and a positive 
displacement pump, in the form of a gear pump for the high 
preSSure Supply Stage. With Such a conventional gear pump 
System at relatively low engine power Settings, Such as 
cruise or descent, the gear pump delivers considerably more 
fuel flow than the engine requires. ExceSS fuel is recirculated 
around the gear pump and Since the pressure rise across the 
pump is quite high, in order to ensure that there is adequate 
force available to the variable geometry actuators, consid 
erable waste heat is added to the fuel. This heat energy is 
dissipated in the burnt fuel and must be managed to ensure 
fuel temperature does not rise to excessive levels. Hence low 
flow conditions, Such as idle descent, are often the critical 
conditions with regard to Sizing of the engine heat manage 
ment System. At these conditions the temperature rise acroSS 
the gear stage can be as high as 50 C. The heat rejection into 
the fuel from the gear pump also restricts the amount of 
additional heat which can be dissipated in the fuel for 
cooling other engine functions, Such as the lubricating oil, 
thus necessitating the use of air/oil heat eXchangers which 
add weight and complexity. 
0003. Fuel pumping arrangements are known in which 
two separate positive displacement pumps are used to reduce 
the heat rejection into the fuel by pressurising one of the 
pump outputs during periods of low fuel demand. Such a 
fuel system is shown in U.S. Pat. No. 4,245,964 which 
discloses a fuel System using two gear pump Stages of 
different displacements. However, the problem with Such 
prior arrangements is that they do not address the problem 
of providing a twin positive displacement pumping assem 
bly in which the weight increase over a Single pump System 
is minimised and an increase in the complexity of the drive 
arrangement from the associated engine accessory gearbox 
is avoided. 

0004. An object of the invention is to provided a pump 
assembly in which the above mentioned problem is miti 
gated. 

0005 According to a first aspect of the invention there is 
provided a pump assembly comprising a first gear pump, a 
Second gear pump, each gear pump having a respective 
driver gear and a driven gear, and the driver gear of the 
Second gear pump being arranged to receive drive from the 
driven gear of the first gear pump. 
0006 Preferably the pump assembly further comprises a 
rotodynamic pump arranged to receive drive from the driver 
gear of Said first gear pump. 
0007 Preferably the rotodynamic pump is a centrifugal 
pump. 

0008. The first gear pump is thus used as a step-a-side 
gearbox for the Second gear pump. 

0009 Preferably the second gear pump has a smaller 
displacement than the first gear pump. 

0.010 Preferably the first gear pump is disposed between 
the Second gear pump and the rotodynamic pump. More 
preferably the centrifugal pump is mounted on an extension 
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of the drive shaft, for example a link drive shaft, from the 
driver gear of the first gear pump. In a preferred embodiment 
the centrifugal pump is directly mounted on the extension, 
for example by Screw thread means. 
0011 Conveniently drive is transmitted to the driver gear 
of the Second gear pump from the driven gear of the first gear 
pump by a Second drive shaft. More conveniently opposite 
ends of the second drive shaft are provided with splines. 
0012 Advantageously internal leakage of fuel from the 

first gear pump is utilised to lubricate the respective Splines 
of the Second drive shaft at the driven gear of the first gear 
pump and internal leakage from the Second gear pump is 
utilised to lubricate the splines of the second drive shaft at 
the driver gear of the Second gear pump. 
0013 To achieve the fuel lubrication of the splines in the 
driver gear of the Second gear pump it is necessary either to 
provide a Seal at the end ace of the gear pump or to ensure 
that the driven gear of this pump does not have an axial 
through passage for fuel. Otherwise the internally leaked 
fuel will take the easier path through the driven gear and not 
flow through the Splines internal to the driver gear. 
0014. According to a second aspect of the invention there 
is provided a fuel System for a gas turbine engine incorpo 
rating a pump assembly in accordance with Said first aspect 
of the invention. 

0015 According to a third aspect of the invention there is 
provided a pump assembly comprising a first gear pump, and 
a Second gear pump, each gear pump having a respective 
driver gear and a driven gear, wherein for each of the first 
and Second gear pumps the timing of the meshing of teeth on 
the driver gear with teeth on the respective driven gear is 
controlled So that respective peak torques and/or peak pres 
Sures of the first and Second gear pumps occur out of phase. 
0016 Preferably the second gear pump has a smaller 
displacement than the first gear pump. 
0017 Preferably this third aspect of the invention, 
namely control of the timing of the meshing cycles of the 
two gear pumps, is applied to a pump assembly of Said first 
aspect of the invention and/or to a fuel System of Said Second 
aspect of the invention. 
0018. The invention will now be described, by way of 
example, with reference to the accompanying drawings, in 
which: 

0019 FIG. 1 is a diagrammatic view of a pump assembly 
of the invention, 
0020 FIG. 2 is a cut away interior perspective view of a 
pump assembly of the invention, 
0021 FIG. 3 is an exploded perspective view of the 
components of the pump assembly of FIG. 2, 
0022 FIG. 4 is a perspective view as in FIG. 2, but with 
casing structure of the pump assembly removed, and 
0023 FIG. 5 is a schematic interior sectional side view 
of the pump assembly of FIGS. 1 to 4. 
0024. Although a pump assembly of the present inven 
tion can have various applications, it is primarily intended 
for use in an aircraft fuel system, and will be described 
hereinafter in relation thereto. 
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0.025 AS described in the introduction, a problem with 
using conventional positive displacement gear pumps in 
aircraft fuel Systems is that there is excessive heat rejection 
as a consequence of the pump System delivering consider 
ably more flow than the engine requires at certain operating 
conditions. Accordingly a pump assembly of the present 
invention is designed to provide preSSurised fuel Supply to 
the aircraft engine and actuators at all Speeds and flight 
conditions with a minimum of exceSS heat being produced in 
the pump Stages and rejected into the fuel. 
0026. In particular a pump assembly of the invention 
comprises a low pressure centrifugal pump, and two gear 
pumps of different displacements for the high pressure Stage. 
At low engine power Settings, e.g. idle descent and cruise, 
the output from the Smaller of the two gear pumps is more 
than adequate to provide for the engine and actuator Sup 
plies, and therefore, only this Small displacement pump is 
pressurised. The very much larger volume fuel flow from the 
large displacement pump is recirculated acroSS a Small 
pressure drop (Sufficiently high to keep the fuel in liquid 
phase), and hence it generates very little waste heat input 
into the fuel. At take off and low speed Start conditions, 
where respectively the maximum Volume of preSSurised fuel 
is required and where the input drive Speed to the pumps is 
very low, both of the gear pumps are preSSurised. At each of 
these conditions however, Virtually no flow is recirculated 
and hence there is virtually no waste heat generated. A flow 
combining Spill valve is used automatically to Switch/com 
bine the outputs of the pumps and controls the level of 
recirculation. The combining Spill valve does not form part 
of the present invention, and will thus not be discussed 
further. 

0027. The basic elements of a pump assembly of the 
invention are schematically represented in FIG.1. Shown in 
this Figure is a first gear pump 10 having a driver gear 11 and 
a driven gear 12, a Second gear pump 13 having a driver gear 
14 and a driven gear 15, and a centrifugal or impeller pump 
16. AS with conventional gear pumps, the respective pinion 
teeth of the gears are arranged to mesh as the gears rotate, 
and as will be described hereinafter, appropriate timing of 
the two gear pumpS is possible in order to arrange for the 
peak torque and the preSSure from the two pumps to occur 
out of phase. As will be described, this can be effected by 
ensuring a predetermined angular relationship between the 
respective Sets of pinion teeth of the gears. 
0028 FIG. 1 also shows a drive shaft 17 which extends 
from an accessory gear box (not shown) on the aircraft 
engine. As will be described, this drive shaft 17 is provided 
with a Shear neck region to disconnect the pump in the event 
of a Serious jam, and thus prevent damage to the engine gear 
box. As shown in FIG. 1, the drive shaft 17 connects directly 
into the driver gear 11 of the larger displacement gear pump 
10 and continues via an extension, in the form of a link drive 
shaft 18 integral with the driver gear, to an input of the 
centrifugal pump 16. Extending from the driven gear 12 of 
the first, larger, gear pump 10 is a further drive shaft 19 
which extends into the driver gear 14 of the Second, Smaller, 
gear pump 13 to which it is connected. Accordingly the 
larger displacement gear pump 10 functions as a Step-a-side 
gear box for the Smaller gear pump 13. 
0029. The arrangement shown diagrammatically in FIG. 
1, is shown in detail in FIGS. 2 to 4, and the pump assembly 
will now be described in detail by way of those Figures. 
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0030 Firstly with regard to the outer casing of the pump 
assembly, there is shown in these Figures a mounting flange 
20 followed by a housing 21 for the second, smaller, gear 
pump 13, the housing 21 then being followed by a housing 
22 for the first, larger, gear pump 10. A centrifugal Stage 
back plate 23 acts as an end cover for the housing 22 and 
additionally as a back plate for the centrifugal pump 16. 
Finally at the end of the casing remote from the mounting 
flange 20 is a low pressure Stage housing 24 for the cen 
trifugal pump 16, this housing including the centrifugal 
Stage inlet. 
0031. As shown best in FIG. 3, the drive shaft 17 which 
extends from the engine accessory gear box has male Spline 
couplings 25 at each end. The drive shaft 17 is designed with 
a weak link, in the form of a shear neck region 26, to 
disconnect the pump in the event of a Serious jam or Seizure, 
and thus prevent damage to the engine gear box. This shear 
neck region 26 can be designed to provide far higher drive 
torque to the unit than is required during normal operation, 
and at the same time ensure that the Shear neck region will 
fail before the gear box is damaged. 
0032. As far as the gear pumps 10 and 13 are concerned, 
namely the high pressure Stage in the pump assembly, these 
are two twin pinion gear pumps with different displacements 
mounted for parallel pumping of high pressure fuel. The 
exact split in the displacements between the two pumps 
depends on the exact operating conditions of the engine. 
Something in the region of a 3:1 ratio in the displacements 
is envisaged. The aim is to ensure that at cruise flight 
conditions and below only the Smaller displacement pump 
13 is pressurised. 
0033. The drive shaft 17 connects directly into the driver 
gear 11 of the gear pump 10, and continues via the integral 
link drive shaft 18 to the input of the centrifugal pump 16. 
There is thus a common, in-line drive for the gear 11 and 
pump 16. This approach has been chosen as the most 
desirable configuration Since it allows the rotating elements 
of the centrifugal pump to be mounted on the driver gear of 
the large displacement pump. The driver gear is the more 
lightly loaded of the two gears in the larger gear pump 10, 
and has the required load carrying capacity to cope with the 
centrifugal pump loads. The bearings, to be described, in the 
Smaller gear pump 13 are not sized to have adequate load 
capacity to carry these centrifugal pump loads. 
0034. The centrifugal pump impeller assembly is directly 
mounted on the link drive shaft 18. Preferably the link drive 
shaft is brazed into the driver gear 11 and forms a seal 
between the fuel and the spline lubricant. The impeller 
assembly is Screwed on the extension, with the hand of the 
thread being Such as to tighten the assembly under normal 
rotation. A Secondary locking feature can be provided, this 
being a nut which clumps the impeller to the extension, with 
the hand of the threads such that should the impeller tend to 
loosen, the nut will tighten. Preferably a steel insert is 
bonded into the impeller, so that the threaded joint is 
Steel-on-Steel. 

0035. The centrifugal stage takes unfiltered fuel from the 
aircraft tank feed system (usually fed from the tank pump) 
often at very low preSSure and potentially in the form of a 
mixed liquid and vapour flow. The centrifugal pump 
increases the preSSure of the fuel Sufficiently to ensure that 
the high pressure Stage receives only liquid fuel, and thus 
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allows the gear pumps to operate Satisfactorily, taking into 
account interStage pressure losses associated with heat 
eXchangers, filters, etc. The centrifugal Stage has to provide 
Sufficient flow for both of the high pressure Stage pumps at 
the take-off condition (maximum flow). The large displace 
ment high pressure Stage pump 10 determines the maximum 
preSSure rise that the centrifugal Stage has to generate. It is 
highly desirable for the rotating elements of the centrifugal 
pump, i.e. the inducer/impeller, to be directly mounted on an 
extension of the driver gear 11 in the high pressure Stage 
which, in this embodiment, is provided by the link drive 
shaft 18. Mounting the inducer/impeller in this way elimi 
nates the need for Separate bearings which have to operate 
on contaminated (unfiltered) fuel. It also means that a 
splined drive shaft is not required. These lightly loaded drive 
shafts are often prone to wear due to fretting. Thus this 
method of mounting the inducer/impeller results in low parts 
count, excellent reliability, long life, minimum size, weight 
and cost, and short installation length. 
0036) As shown in FIG. 3, the further drive shaft 19 has 
male Splines 27 on its respective opposite ends. Accordingly 
one splined end of the further drive shaft 19 is engaged 
internally with the driven gear 12, whilst its opposite Splined 
end is engaged internally with the driver gear 14 of the 
Second, Smaller, gear pump 13, So that drive is directly 
transmitted from the driven gear 12 of the gear pump 10 to 
the driver gear 14 of the gear pump 13 without the need for 
any transfer gears etc. Thus as Stated previously, the large 
displacement pump 10 is used as a step-a-side gear box for 
the smaller pump 13. As will be described below, the splines 
27 are lubricated with fuel this significantly simplifying 
mechanical design of the pump assembly. 
0037. The first, larger, gear pump 10 incorporates, by way 
of bearings, two fixed bearing blockS 28 and two floating 
bearing blocks 29. The fixed bearing blocks abut against a 
rigid surface formed by the back plate 23 whilst the floating 
bearing blocks are Spring loaded against the respective side 
faces of the gears, this loading being augmented by hydrau 
lic forces generated by gear Stage discharge pressure, which 
is ported to a Sealed area outside an eccentric nose at the end 
of each bearing. AS far as the Smaller gear pump 13 is 
concerned, the bearings are of figure-of-eight designs 
rather than the Split bearing block designs used with the gear 
pump 10. 
0038. The two bearing blocks 30,31 for the gear pump 13 
are shown in FIGS. 2 to 4. Cardioid shaped elastomeric seals 
33 act on the back faces of the bearing blocks 30, 31, and for 
the bearing block 31 the respective Seals are received in Seal 
grooves in the inner end of the mounting flange 20. Similarly 
the pump housing 22 contains Seal grooves for the cardioid 
seals of the bearing block 30. 
0039) Although the bearing blocks 30, 31 are illustrated 
as being of figure-of-eight form, they could alternatively be 
of a split form Similar to the bearing blocks of the first gear 
pump 10, in which case the cardioid-shaped seals 33 can be 
omitted. 

0040 AS far as lubrication of the pump assembly is 
concerned, it can be seen from FIG. 5 that the drive shaft 17 
is hollow, and this allows, in the direction of arrow A, one 
shot oil lubrication from the auxiliary gear box from which 
the drive shaft 17 extends, this oil lubrication being applied 
to the splines 25 at the end of the drive shaft 17 where it is 
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connected to the driver gear 11, as shown by the arrows 
exiting the end of the drive shaft just upstream of the 
extension 18. Some fuel leaks across the bearing faces of the 
driven gear 12 of the gear pump 10 (exhaust flow) and a 
lesser Volume leaks past the Smaller gear pump bearing 
faces. As shown by the arrows B in FIG. 5, the splines 27 
in the driven gear 12 of the gear pump 10 are lubricated by 
the bearing exhaust flow from both of the solid bearing 
blockS 28, which are adjacent to the centrifugal Stage. This 
exhaust flow passes down the hollow driven gear, through 
the Splines, and is collected in a cavity adjacent to the 
preSSure loaded bearingS 29. The Sealing arrangement 33 at 
the remote end of the Small displacement pump 13 ensures 
that the bearing exhaust flow from the bearing block 30, 
arrows C, lubricates the splines in the driver gear 14 by 
passing through the hollow driver gear, and hence through 
the Splines, before being collected in the same cavity as the 
bearing flow from the gear pump 10. If the Sealing arrange 
ment were not present, the preferred pathway for internally 
leaked fuel from the Small displacement pump would be 
through the axial hole in the Small displacement pump 
driven gear and not through the Splines of the driver gear. If 
the Small displacement pump driven gear is designed with 
out an axial flow pathway the inner cardioid shaped elasto 
meric seal will not be required. The use of fillet root side fit 
Splines means that there is a significant flow area through the 
splines which minimises the pressure drop. This flow of fuel 
provides lubrication and washes out any debris or contami 
nation that may be produced in the pump. 

0041. A drain 32, from said fuel collection cavity, is 
provided adjacent a centre region of the further drive shaft 
19 in order to return the lubrication/leaked fuel to the 
common input of the two gear pumps. Since the fuel 
lubricated splines are on the internal drive shaft between the 
two gear Stages, very close control of alignment can be 
maintained and hence the contact Stresses and sliding Veloci 
ties can be minimised. 

0042 A further aspect of the present invention, which 
may have application generally to twin Stage gear pumps of 
a configuration different from that shown in FIGS. 1 to 5, 
will now be described. It will however be appreciated that 
this third aspect has particular application to the pump 
assembly of the first aspect of the present invention. 

0043. In the arrangement so far described, additional 
loads are imposed on the gears in the first gear pump, Since 
in addition to having to transmit the pumping torque to the 
driven gear 12, it also has to transmit the total torque 
required by the smaller gear pump 13. However for most of 
the operating cycle (cruise) the loading on the large dis 
placement pump gear/bearings will be less than they would 
normally experience in a single gear pump System where the 
fill output of the gear pump will be preSSurised at all times 
with the exceSS fuel being Spilled back to low pressure. 

0044) The input torque to a gear pump varies with the 
position of the gears during the meshing cycle. By appro 
priate timing of the meshing cycles in the two gear pumps, 
it is possible minimise the additional peak torque which has 
to be transmitted through the gears in the larger displace 
ment pump, which is essential to maximising their life. 
Accordingly it is possible to minimise the Stresses on the 
gears in the gear pump 10 which have to transmit the 
pumping torque between the drive and driven gears, in 
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addition to the total torque required by the Small displace 
ment pump 13. This timing can be achieved by controlling 
the angular position of the internal Spline drives relative to 
the gear teeth, and by including a datum feature or a register 
in the drive, Such as by missing out one of the teeth on the 
spline. Male splines on the intermediate driveshaft will have 
mating registers, and the angular position of these registers 
will also be closely controlled relative to each other. As both 
gear pumps will have the same number of teeth (12 in the 
current design), the intention is to arrange for the peak 
torque of the two pumps to occur out of phase by ensuring 
a predetermined angular relationship between the respective 
sets of teeth. 

0.045. In addition to minimising the loading of the gears 
of the gear pump 10 by timing the two gear pumps, it is also 
possible to minimise the combined flow ripple generated by 
the two gear pump high pressure Stage. The flow delivered 
by a gear pump varies with the position of the gears in the 
meshing cycle. This flow ripple generates pressure ripple, 
the impedance of the pump and the hydraulic circuit into 
which it discharges determining the magnitude and phase 
shift of the resultant pressure ripple. Minimising the mag 
nitude of the pressure ripple is desirable Since it can 
adversely affect downstream equipment, Such as the fuel 
metering unit. Once again timing of the two gear pumps is 
required to minimise the peak pressure that results from the 
Superposition of the flows from the two pumps. There will 
likely be a compromise between the minimising of peak 
input, torque, and output flow ripple due to the flow char 
acteristics of the outlets and components downstream of the 
pump assembly, the exact relationships only being capable 
of calculation when the housings and connections are fully 
developed. Accordingly in this third aspect of the invention, 
for one or both of the first and Second gear pumps, the timing 
of the meshing of teeth on the driver gear with teeth on the 
driven gear is controlled So that respective peak torques 
and/or peak preSSures of the first and Second gear pumps 
occur out of phase. Whilst this could be at 180 out of phase, 
this is not necessarily the case. 

1. A pump assembly comprising a first gear pump, and a 
Second gear pump, each gear pump having a respective 
driver gear and a driven gear, and the driver gear of the 
Second gear pump being arranged to receive drive from the 
driven gear of the first gear pump. 

2. A pump assembly according to claim 1, further com 
prising a rotodynamic pump arranged to receive drive from 
the driver gear of Said first gear pump. 
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3. A pump assembly according to claim 2, wherein the 
rotodynamic pump is a centrifugal pump. 

4. A pump assembly according to claim 2, wherein the 
first gear pump is disposed between the Second gear pump 
and the rotodynamic pump. 

5. A pump assembly according to claim 4, wherein the 
rotodynamic pump is mounted on an extension of the drive 
shaft from the driver gear of the first gear pump. 

6. A pump assembly according to claim 5, wherein the 
centrifugal pump is directly mounted on the extension. 

7. A pump assembly according to claim 1, wherein the 
Second gear pump has a Smaller displacement than the first 
gear pump. 

8. A pump assembly according to claim 1, wherein drive 
is transmitted to the driver gear of the Second gear pump 
from the driven gear of the first gear pump by a Second drive 
shaft. 

9. A pump assembly according to claim 8, wherein 
opposite ends of the Second drive shaft are provided with 
Splines. 

10. A pump assembly according to claim 9, wherein 
internal leakage of fuel from the first gear pump is utilised 
to lubricate the respective splines of the Second drive shaft 
at the driven gear of the first gear pump and internal leakage 
from the Second gear pump is utilised to lubricate the Splines 
of the Second drive shaft at the driver gear of the Second gear 
pump. 

11. A pump assembly according to claim 1, wherein for 
each of the first and second gear pumps, the timing of the 
meshing of teeth on the driver gear with teeth on the 
respective driven gear is controlled So that respective peak 
torques and/or peak pressures of the first and Second gear 
pumps occur out of phase. 

12. A gas turbine engine incorporating a pump assembly 
as claimed in claim 1. 

13. A pump assembly comprising a first gear pump, and 
a Second gear pump, each gear pump having a respective 
driver gear and a driven gear, wherein for each of the first 
and Second gear pumps the timing of the meshing of teeth on 
the driver gear with teeth on the respective driven gear is 
controlled So that respective peak torques and/or peak pres 
Sures of the first and Second gear pumps occur out of phase. 

14. A pump assembly according to claim 13, wherein the 
Second gear pump has a Smaller displacement than the first 
gear pump. 


