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(57) ABSTRACT 

An oil System is provided for use with a rotating machine, 
for example an aircraft generator and associated transmis 
Sion. The oil system allows the generator to be run without 
lubrication for a short period of time. Such a situation is 
likely to occur when the aircraft is inverted or experiences 
Zero G conditions. 

The oil system includes an oil reservoir that Supplies oil to 
a first pump for Supplying oil for lubricating and/or cooling 
the generator and for lubricating a variable transmission 
asSociated with the generator. The oil reservoir also Supplies 
oil to a Second pump that provides oil for operating hydrau 
lic actuators for controlling the operation of the variable 
transmission. A return path is provided for the oil to the 
reservoir. The oil system further includes an oil fill inlet such 
that a single filling operation through the oil fill inlet causes 
oil to flow through the return path towards the reservoir 
causing air to be purged through the return path. 
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OIL SYSTEM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an oil system for 
use with a rotating machine, for example an aircraft gen 
erator and associated transmission. 

0003 2. Description of Related Art 
0004 Oil may be used within a single machine for many 
purposes. In the context of an electrical generator within an 
avionicS environment, the oil may be used to lubricate 
bearings and other rotating parts, to act as a coolant within 
the generator, and also to act as a control fluid within a speed 
conversion System (variable transmission) used to ensure 
that a variable input Speed is converted to a near constant 
generator Speed. 

0005 The space available for aeronautical devices is 
typically very limited, and the same applies to generators 
and their drive arrangement. Thus, for example, a generator 
designed to accept a variable input Speed from a gas turbine 
engine and arranged to provide an output in the region of 
90kVA may be constrained, with its variable speed trans 
mission, to fit within a space of 270 mmx466 mmx375 mm. 
For civilian aircraft, Such a generator can generally be 
assumed to work within a fairly well determined range of 
orientations Since civilian aircraft often fly level, do not 
undertake Steep ascents or descents or tight turns. Never 
theless, manufacturers and regulatory authorities require that 
the generator Sustain operation for at least 20 Seconds in a 
negative G environment, which might be encountered if the 
aircraft were to undergo a Steep dive or possibly if it 
encountered clear air turbulence. It is known, in the prior art, 
for a generator to have an actively Scavenged Sump with one 
pump provided to return oil to the oil System when the 
generator is in its normal (upright) orientation, and a second 
pump located So as to return oil to the oil System when the 
generator is in the inverted orientation. The applicant has 
realized that the provision of the Second pump is wasteful, 
adds complexity to the generator, and reduces the Space 
available within the housing for critical components or oil. 

SUMMARY OF THE INVENTION 

0006 According to a first aspect of the present invention, 
there is provided an oil management System for a rotating 
machine capable of being operated in an inverted orientation 
for no more than a predetermined period of time, in which 
the oil System comprises an oil reservoir, a first pump for 
pumping oil from the oil reservoir for cooling and/or lubri 
cation of the rotating machine, a gravity drain into a Sump 
and a Scavenge pump for returning oil from the Sump to the 
reservoir, wherein the Supply of oil to the rotating machine 
is interrupted when the machine is in its inverted orientation. 
0007. The applicant has realized that a machine which 
has been Subject to lubrication can in general, run without 
damage for a short period of time without further lubrica 
tion. Based on this observation, the applicant has realized 
that it is possible to run the generator without lubrication 
during the relatively short period for which it must be 
capable of withstanding Zero G conditions. By inhibiting the 
Supply of lubrication to the generator, the applicant has 
realized that it then becomes possible to rely on only one 
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Scavenge pump. This allows a rarely used component to be 
omitted from the machine thereby Saving weight and Space, 
which may be used for other components or for allowing 
more oil to be maintained in the lubrication System. 
0008 Preferably the interruption of the supply of lubri 
cating oil is achieved by placing the pump Supply duct in the 
reservoir at a position where it becomes uncovered (not in 
fluid flow communication with the oil) when the machine is 
inverted or in Zero G conditions. Thus the Supply duct is 
typically located along a lowermost wall of the reservoir, 
assuming that the reservoir is in its normal “upright' con 
figuration. However, mechanical means Such as gravity or 
electrically operated bypass valves might also be used for 
redirecting the outlet of the pump or opening up a "short 
circuit' flow path back to the reservoir under inverted or 
Zero G conditions. 

0009. By inhibiting the flow of oil to the rotating machine 
when it is inverted, the possibility of a build up of oil 
flooding the machine in its inverted configuration is pre 
vented. 

0010 Consequently, there becomes no need to arrange 
for oil to drain away from the rotating machine when it is 
inverted, thereby allowing use of only a Single Scavenge 
pump. 

0011 Preferably a further pump is in fluid flow connec 
tion with the oil reservoir in order to deliver oil therefrom to 
actuators forming part of a variable transmission which is 
part of a drive chain to the rotating machine. Advanta 
geously an oil flow duct to the further pump extends within 
the body of the reservoir to a central region thereof such that 
the duct remains covered by oil irrespective of the orienta 
tion of the reservoir. 

0012 Preferably oil is filtered before being returned to 
the reservoir. Thus a single filter effectively cleans the oil 
which is used by both the pump for Supplying lubricating oil 
and the pump for Supplying oil to the actuators of a control 
System. This results in a further space Saving and Simplifi 
cation of the oil System compared to prior art Systems. 

0013. According to a second aspect of the present inven 
tion, there is provided an oil system for an electrical gen 
erator, comprising: an oil reservoir Supplying oil to a first 
pump for Supplying oil for lubricating and/or cooling the 
generator and for lubricating a variable transmission asso 
ciated with the generator, Said oil reservoir also Supplying oil 
to a Second pump for providing oil for operating hydraulic 
actuators for controlling the operation of the variable trans 
mission; and a return path for the oil to the reservoir; the 
System further including an oil fill inlet Such that a single 
filling operation through the oil fill inlet causes oil to flow 
through the return path towards the reservoir thereby purg 
ing air through an oil cooler and the return path. 
0014 Preferably the oil reservoir has an overflow, and the 
height of the overflow is Selected Such that, during a filling 
operation, oil is introduced into the oil fill inlet until Such 
time as oil exits from the reservoir overflow. Once this has 
been achieved, the user can then be Satisfied that a Sufficient 
amount of oil has been introduced into the System during the 
filling operation. 

0015 The outlet of the first pump may not be directly 
connected to the return line, Since lubricating oil may be 
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pumped out of the gravity drain Sump via a Scavenge pump. 
Thus there can be an effectively unfilled portion of the 
system formed by the oil ducts downstream of the first pump 
but upstream of the Scavenge pump. However, the Volume of 
this ducting can be determined from the design of the 
lubricating System, and the height of the overflow is adjusted 
Such that Sufficient oil is introduced into the reservoir in 
order to fill these ducts which were not filled during the oil 
filling process without causing the oil level in the reservoir 
to drop below an acceptable value. 
0016 Advantageously fluid flow paths to external 
devices, Such as oil coolers, are designed Such that no air is 
trapped in these external paths during the filling process. 
Thus, for example, any bypass route around an oil cooler 
must either be open, or forced to be open during the filling 
proceSS in order that air can be purged from these passages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The present invention will further be described, by 
way of example, with reference to the accompanying draw 
ings, in which: 
0.018 FIG. 1 is a schematic cross-section through a 
constant Speed generator for use in an avionics environment; 
0.019 FIG. 2 is schematic diagram of the oil system of 
the generator shown in FIG. 1; 
0020 FIG. 3 is a representation of a twin chamber 
deaerator, which is located within the oil reservoir; and 
0021 FIG. 4 schematically illustrates the oil reservoir in 
greater detail. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022. The generator shown in FIG. 1 comprises a hous 
ing 1 which encloses a continuously variable transmission 
generally designated 2 utilizing a belt drive, a low pressure 
pump 4, a high pressure pump 6, a generator, generally 
designated 8, and an oil System disposed throughout the 
housing 1. The transmission 2 enables the variable speed of 
an input shaft 10 which receives a drive from a Spool of a gas 
turbine engine to be converted to a near constant Speed Such 
that the generator 8 can be run at a near constant Speed. In 
order to do this, a first shaft 12 of the belt drive mechanism 
carries a flange 14 which defines an inclined Surface 16 
against which a drive belt bears. The shaft 12 also carries a 
coaxially disposed movable flange 20 drivingly connected to 
the shaft 12 via a splined portion (not shown). The movable 
flange 20 defines a further inclined Surface 22 facing 
towards the Surface 16, which Surfaces serve to define a 
V-shaped channel whose width can be varied by changing 
the axial position of the flange 20 with respect to the fixed 
flange 14. The flange 20 has a circularly symmetric wall 24 
extending towards and co-operating with a generally cup 
shaped element 26 carried on the shaft 12 to define a first 
hydraulic chamber 28 therebetween which is in fluid flow 
communication via a control duct (not shown) with an 
associated control valve. Similarly, a fixed flange 30 and a 
movable flange 32 are associated with a second shaft 36 and 
are associated with a Second hydraulic control chamber 34. 
A Steel Segmented belt having a cross-section in the form of 
a trapezium, with the outer most Surface being wider than 
the inner most Surface is used to interconnect the first and 
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Second variable ratio pulleys formed between the pairs of 
fixed and movable flanges, respectively, in order to drivingly 
connect the flanges. The shaft 12 is in geared driving 
connection with the input shaft 10 via a step down gear, and 
the shaft 36 is connected to the generator 8 via a compound 
Step up gear. 

0023 The position of each movable flange with respect to 
the associated fixed flange is controlled by the hydraulic 
actuators formed by each moveable flange and its associated 
hydraulic chambers. Since the interconnecting belt is of a 
fixed width, moving the flanges closer together forces the 
belt to take a path of increased radial distance. The inter 
connecting belt has a fixed length, and consequently as one 
movable flange is moved towards its associated fixed flange, 
the other movable flange must move away from its associ 
ated fixed flange in order to ensure that the path from an 
arbitrary Starting point, around one of the pulleys, to the 
Second pulley, around the Second pulley and back to the 
fixed arbitrary Starting point remains a constant distance. 
0024. It is important in such a pulley system that the 
position of the flanges can be well controlled. It is also 
important that the compressive force exerted upon the belt 
can be well controlled Since belt wear increaseS rapidly with 
compressive force but belt slippage is damaging to both the 
belt and the pulleys. Thus a controller or control system (not 
shown) is provided which controls both the drive ratio and 
the compressive load exerted on the belt. It is important that 
the controller can rapidly change the hydraulic pressures and 
fluid volumes within the hydraulic chambers 28 and 34, and 
this requires that the hydraulic fluid must have very little or 
no air entrained therein. This is because air bubbles are by 
their very nature compressible and the air bubbles will 
compress when an increase in hydraulic pressure is made in 
preference to movement of the actuating Surfaces. The 
hydraulic System may require hydraulic pressures in the 
region of 100 bar. This requires the use of a high pressure 
pump in order to achieve this hydraulic pressure. The action 
of pumping fluid to this pressure warms the fluid, and as a 
result it is not possible, within the limited Space available 
within an aircraft for these components, to utilize a dedi 
cated Supply of control fluid Since only a Small Volume of 
fluid could be provided and this would suffer unacceptable 
heat rejection problems. Therefore, in order that the heating 
of the control fluid does not become a problem, the lubri 
cating oil within the generator is also used as the control 
fluid for the continuously variable transmission. This solves 
the heat rejection problem, but does require the oil to be 
highly deaerated prior to its use within the belt control 
System. However, the oil is also sprayed onto bearings and 
gears in order to lubricate them and is also used within the 
rapidly rotating generator 8 as a cooling fluid. These uses 
allow air to be easily entrained within the oil. 
0025 FIG. 2 schematically illustrates the oil system 
within the power generation system. An oil reservoir 100 
acts to contain deaerated oil. The reservoir has a first outlet 
102 connected to an inlet of the high pressure pump 6 and 
a second outlet 104 connected to an inlet of the low pressure 
pump 4. An outlet 106 of the high pressure pump 6 provides 
oil which is ducted towards a primary piston 110 formed by 
movable flange 20 and the cup shaped element 26 (FIG. 1) 
thereby defining the first hydraulic control chamber 28 and 
a Secondary piston 112 (similar to the primary piston) which 
contains the second hydraulic control chamber 34. As shown 
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in FIG. 2, both the primary piston 110 and the secondary 
piston 112 can be regarded as being connected between a 
high pressure Supply line 114 and a low pressure return line 
116. The pressure in the high pressure line 114 is measured 
by a pressure Sensor 118 and Supplied to a controller (not 
shown). The controller uses a measurement of oil pressure, 
aero-engine drive Speed and/or generator Speed and electri 
cal demand to Schedule and/or control the hydraulic pressure 
acting in the primary and Secondary pistons. The Secondary 
piston 112 is connected directly to the high pressure line 114. 
However, the pressure within the high pressure line 114 can 
be controlled by Spilling pressurized lubricant from the high 
pressure line 114 to the low pressure return line 116 via an 
electrically controlled pressure control valve 120 connected 
between the high pressure and low pressure lines, respec 
tively. Thus in order to increase the hydraulic pressure 
within the Secondary piston 112, the preSSure control valve 
120 is moved to restrict flow therethrough, and in order to 
release pressure within the Secondary piston, the pressure 
control valve 120 is opened. A normally closed pressure 
return valve 122 is connected between the fluid port to the 
secondary piston 112 and the low pressure return line 116. 
The valve 122 is normally closed, but is set to open at a 
predetermined pressure in order to protect the hydraulic 
System in the event of System over pressure. 

0026. The primary piston 110 receives high pressure fluid 
from the high pressure line 114 via an electrically operated 
flow control valve 124. The valve 124 is in series with the 
pressure control valve 120 between the high pressure line 
114 and the low pressure line 116, and the primary piston 
110 is connected to the node between these valves. This 
configuration of valves means that the pressure control valve 
120 can be used to Simultaneously increase the pressure in 
both the primary and Secondary pistons in order to prevent 
belt slippage, whereas the balance of flow rates through the 
control valve 124 and the pressure control valve 120 sets the 
relative positions of the primary and Secondary pistons. Oil 
from the low pressure line 116 is returned to the Sump 152. 
0027. An outlet 140 of the low pressure pump 4 Supplies 
oil via Supply line 142 to oil cooling jets 144 for Spraying oil 
onto the moving parts of the continuously variable trans 
mission, to jets 146 for Spraying oil onto the gear train 
interconnecting the transmission to the generator, to jets 148 
for lubricating the windings and bearings within the gen 
erator and also along a cooling path 150 for cooling the 
Stator within the generator. 
0028. The generator 8 has a gravity drain to a dry Sump 
152. Oil collecting in the Sump 152 is pumped out of the 
Sump by a single Scavenge pump 154. The output line from 
the Scavenge pump connects with the low pressure return 
line 136 via an oil strainer 130, a remotely mounted oil 
cooler 132 and an oil filter 134. A pressure fill connector 156 
is in fluid flow communication with the low pressure return 
line 194 in order to allow the oil system to be filled. An oil 
cooler by-pass valve 158 is connected between the output 
from the strainer 130 and the line 136 in order to by-pass the 
oil cooler and oil filter during cold start or in the event of 
cooler, filter or external line blockage. The oil by-pass valve 
is normally closed and Set to open at a predetermined over 
preSSure. 

0029. In order to drain the system, a drain plug 170 is 
provided in the reservoir, Similarly a drain plug 172 is 
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provided for the Sump and a preSSure operated vent valve 
174 is provided in the generator in order to relieve the excess 
preSSure occurring within the generator. A manually oper 
ated vent valve 176 is provided to vent pressure from the 
generator. An automatic air inlet valve 178 is provided to 
allow air to enter the generator via an injector pump 196 to 
provide positive internal pressure. 
0030. In use, the oil in the return line 136 may have a 
velocity of up to 6ms". This flow is sufficient to enable the 
oil to be deaerated within a vortex aerator which is located 
within the reservoir 100. Vortex deaerators work by exploit 
ing the difference in density between the oil and an air 
bubble entrained therein. The oil, under pressure, is forced 
through a restricted aperture in order to increase its Velocity. 
The aperture is arranged to be tangential with the cylindrical 
wall of the aerator in order that the oil is spun into a helical 
path within the aerator. 
0031. The provision of a plurality of Smaller diameter 
deaerators each handling a proportion of the total deaeration 
task provides for better deaeration of the oil than in the prior 
art Single chamber Systems. The level of deaeration is 
important within the context of Speed control Systems using 
continuously variable transmission having belt drive of the 
type described herein before. 
0032 FIG. 3 schematically illustrates a suitable deaera 
tor which can be placed within the oil reservoir 100. The 
deaerator comprises two cylinders 200 and 202 defined by 
cylindrical walls 204 and 206, respectively. The walls 204 
and 206 abut and merge together in a central region 208. An 
inlet duct 210 extends horizontally from the base of the 
cylinders. The inlet duct is bifurcated by a knife edge such 
that it divides into two fluid flow paths. Each path tapers 
from a cylindrical to a rectangular croSS-Section, with the 
long axis of the rectangle extending vertically. The rectan 
gular channel Shape interSects with the circular cross-section 
of the inner of the chambers in order to define an injection 
region which is tangential with the walls of the chambers. 
Thus fluid introduced at pressure through the duct 210 is 
Split equally into two fluid flow paths and injected into the 
chambers 200 and 202 at increased velocity and tangentially 
in order to form a Vortex in each chamber. 

0033. The uppermost portions of each wall 204 and 206 
have Semicircular portions cut out from the wall to define 
Semicircular lips of reduced height. One of the lips is 
indicated generally as 212. As shown in FIG. 3, the lips face 
away from each other. These lips provide a controlled 
discharge route for oil at the uppermost region of the 
deaerators. Each deaerator also has a axially positioned dip 
tube 214 and 216 which extends downward into the aerator 
and finishes at a plane just above the uppermost portion of 
the tangential channel. The dip tubes 214 and 216 extend 
above the upper Surface of the aerator, and in use pass 
through and extend above a baffle plate. 
0034. The oil reservoir 100 is shown in greater detail in 
FIG. 4. The deaerator 200 is shown sectioned through the 
line A-A of FIG.3, and consequently the rectangular nature 
of the nozzle 220 is clearly shown as is the relative position 
of the dip tube 214, and the fact that its lower end 218 lies 
just above the uppermost portion of the channel 220 through 
which oil is introduced into the chamber. An upper end 222 
of the dip tube vents into a plenum chamber 224 defined 
above a baffle plate 226. The plenum chamber vents to the 
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generator via a duct 228. Once oil has escaped over the 
upper edge of the dc-aerator, it collects in the reservoir from 
where it can flow through the outlet 104 to the low pressure 
pump and via the pipe 102 to the high pressure pump. The 
outlet 104 is formed in the lower wall of the reservoir 100, 
whereas the feed for the high pressure pump is taken from 
the center of the reservoir. Thus, should the reservoir 
become inverted during flight, the feed for the high pressure 
pump remains within the oil, whereas the feed for the low 
preSSure pump rises above the oil. This is important Since oil 
Supply to the control actuators for the continuously variable 
drive must be maintained at all times. However, oil flow to 
the generator must be inhibited Since otherwise the generator 
would start to fill with oil since the gravity drain to the Sump 
cannot work when the generator is inverted and windage 
losses would increase dramatically, possibly causing failure 
of the generator. The position of the feed 104 in the lower 
wall of the oil reservoir ensures that oil flow to the generator 
is automatically cut should negative G or inversion occur. 
The reservoir includes a drain 230 and an overflow 232. 

0035. The overflow is significant since it enables the oil 
System to be filled in a single operation. In order to fill a 
previously drained or unfilled lubrication system, overflow 
232 is opened and then oil is injected via connector 156 of 
FIG. 2. This causes oil to flow from the connector up one 
arm of the low pressure return line through the strainer 130, 
the oil cooler 132 the filter 134 and into the reservoir via the 
line 136 and the vortex de aerator. Some of the lubrication 
System does not participate in the flow of oil from the 
connector to the reservoir. In particular, the line 142 at the 
output of the low pressure pump and paths to the gear train 
jets 146 and cooling jets 144 are not flooded with oil during 
the filling process. Neither does oil flow along path 116. The 
Volume of oil entrained in these paths is generally not 
significant, but nevertheless the height of the overflow 
should be selected in order to account for the oil that will be 
“lost” from the reservoir into this previously unfilled volume 
once the pumpS Start turning. Similarly, care should be taken 
to ensure that no air remains entrained in the route to the 
remotely mounted oil cooler. It is thus possible to ensure that 
a single filling operation will be sufficient to correctly fill the 
oil system associated with the generator and transmission. 
0036) A particular advantage of the oil system described 
hereinabove is that it only requires one oil filter. This 
compares with prior art Systems which have required an oil 
filter associated with each pump. The use of a Single oil filter 
not only Saves Space but Saves a considerable amount of cost 
to the operator. Oil filters for use with avionics Systems can 
cost Several thousand dollars each. Thus the move towards 
having only a Single oil filter rather than two is particularly 
beneficial. Furthermore, the use of-only a single component 
in place of two previous components can also give rise to 
increased reliability since the opportunity for leaks is 
reduced. 

0037. It should further be remembered that, in a two oil 
filter system, failure of either oil filter renders the system 
unusable. The removal of duplicated or unnecessary com 
ponents from the oil System, in this case a Second Scavenger 
pump and a Second oil filter frees up space within the limited 
Space available allowing important components to be manu 
factured bigger and Stronger, and also for more oil to be 
provided within the lubrication system itself. This is impor 
tant Since each time the oil is worked by taking one complete 
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cycle around the lubrication System it becomes slightly 
degraded. Put simply, by having more oil, any given volume 
of the oil is worked leSS frequently and consequently the 
Service intervals between oil changes can be extended. Thus 
the oil system described hereinabove provides for a simpli 
fication of the System to cope with limited periods of 
inversion, and also enables a single filling operation to be 
sufficient to fill the system, rather than multiple filling 
operations as is known with the prior art in order to ensure 
that trapped pockets of air have been purged from the 
System. 

I claim: 
1. An oil management System for a rotating machine 

capable of being operated in an inverted orientation for a 
predetermined maximum period of time, the oil System 
comprising an oil reservoir, a first pump for pumping oil 
from the oil reservoir to the rotating machine, a gravity drain 
into a Sump and a Scavenge pump for returning oil from the 
Sump to the reservoir, wherein the Supply of oil to the 
rotating machine is interrupted when the machine is in its 
inverted orientation. 

2. An oil management System according to claim 1, 
wherein the interruption of the supply of oil is achieved by 
placing a Supply duct for the first pump in the reservoir at a 
position where it is not in fluid flow communication with the 
oil when the machine is inverted or in Zero G conditions. 

3. An oil management System according to claim 2, 
wherein Said Supply duct is located along a wall of the 
reservoir, Said wall comprising a lowermost wall of the 
reservoir when the machine is in its non-inverted orienta 
tion. 

4. An oil management System according to claim 1, 
wherein mechanical means is provided to interrupt Said 
Supply of oil. 

5. An oil management System according to claim 4, 
wherein Said mechanical means includes one Selected from 
a gravity and an electrically operated valve. 

6. An oil management System according to claim 1, 
wherein a bypass Valve redirects an outlet of the first pump 
to a flow path back to the reservoir when the machine is in 
its inverted orientation. 

7. An oil management System according to claim 1, 
wherein a Second pump is provided in fluid flow connection 
with the oil reservoir to deliver oil therefrom to actuators 
forming part of a variable transmission which is part of a 
drive chain to the rotating machine. 

8. An oil management System according to claim 7, 
wherein an oil flow duct to the Second pump extends within 
the body of the reservoir to a central region thereof such that 
the duct remains covered by oil irrespective of the orienta 
tion of the reservoir. 

9. An oil management System according to claim 1, 
wherein said oil is filtered before being returned to the 
reservoir. 

10. An oil management System according to claim 9, 
wherein only a single filter is provided. 

11. An oil System for an electrical generator, comprising: 
an oil reservoir Supplying oil to a first pump for Supplying 

oil to the generator and to a variable transmission 
asSociated with the generator, Said oil reservoir also 
Supplying oil to a Second pump for providing oil for 
operating hydraulic actuators for controlling the opera 
tion of the variable transmission; and 
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a return path for the oil to the reservoir, the system further 
including an oil fill inlet wherein a single filling opera 
tion through the oil fill inlet causes oil to flow through 
the return path towards the reservoir thereby purging 
air through an oil cooler and the return path. 

12. An oil system according to claim 11, wherein the oil 
reservoir has an overflow, the height of the overflow being 
Selected Such that during a filling operation oil is introduced 
into the oil fill inlet until Such time as oil exits from the 
reservoir overflow, thereby ensuring that a Sufficient amount 
of oil has been introduced into the System during a filling 
operation. 
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13. An oil System according to claim 11, wherein fluid 
flow paths to external devices connected to Said oil system 
are arranged to ensure that Substantially no air is trapped in 
Said external paths during the filling process. 

14. An oil System according to claim 13, wherein Said 
fluid flow paths include one or more bypass fluids around 
Said external devices, each Said bypass route being either 
open, or forced to be open, during a said filling process, 
thereby allowing air to be purged from Said fluid flow paths. 


