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LUBRICATION OF JOURNAL BEARING lubrication is to be applied when a gear train is operating in 
DURING CLOCKWISE AND either clockwise or counter - clockwise directions . 

COUNTER - CLOCKWISE ROTATION 
SUMMARY OF THE DISCLOSURE 

CROSS REFERENCE TO RELATED 
APPLICATIONS In one embodiment , a gear system is disclosed , compris 

ing : a shaft ; and a lubrication system , the lubrication system 
This present application is a national stage of and claims comprising : a gear including a gear bearing surface , the gear 

the priority benefit of PCT Application Serial No . PCT / operatively driven by the shaft ; and a pump operatively 
US2013 / 078435 , filed Dec . 31 , 2013 , which claims the 10 driven by the gear , the pump including a pump inlet and a 
priority benefit of U . S . Patent Application Ser . No . 61 / 769 , pump outlet ; wherein rotation of the gear below a predeter 
476 filed Feb . 26 , 2013 , the text and drawings of which are mined operational speed range in either direction causes the 
hereby incorporated by reference in their entireties . pump to transfer lubricant to the gear bearing surface . 

In another embodiment , a turbofan engine is disclosed , 
TECHNICAL FIELD OF THE DISCLOSURE 15 comprising : a fan ; a fan shaft operably coupled to the fan ; a 

gear including a gear bearing surface , the gear operatively 
The present disclosure generally related to lubrication of driven by the fan shaft ; and a pump operatively driven by the 

gear , the pump including a pump inlet and a pump outlet ; journal bearings and , more specifically , to lubrication of wherein rotation of the fan shaft in either direction causes journal bearings during clockwise and counter - clockwise 20 20 the pump to transfer lubricant to the gear bearing surface rotation . when the engine is in a non - operational mode . 
Other embodiments are also disclosed . BACKGROUND OF THE DISCLOSURE 

BRIEF DESCRIPTION OF THE DRAWINGS A gear - turbofan engine consists of an epicyclic gear 25 
system coupling the turbine to the fan . In this manner , both FIG . 1 is a partial cross - section of a gear - turbofan engine 
the fan and the turbine can operate at each component ' s own incorporating an auxiliary lubricant tank according to an 
optimum speed . The fan and the turbine may be coupled to embodiment . 
one another through a gear train that is supported by a FIG . 2 is a partial cross - section of a gear - turbofan engine 
journal bearing system . 30 showing a pump and lubricant passages for lubricating the 
During powered operation of the engine , lubricant is turbofan engine during wind - milling operation according to 

delivered to the journal bearings by means of one or multiple an embodiment . 
oil pumps . This lubricant develops a hydrodynamic film at FIG . 3 is a perspective view of a gear train arrangement 
the journal bearing surface between the gear bore and the for driving an auxiliary lubricant pump for lubricating a 
journal pin shaft in order to minimize wear as these surfaces 35 turbofan engine during wind - milling operation according to 
move with respect to one another . The oil pump ( s ) pump an embodiment . 
lubricant from an oil sump and deliver pressurized oil to the FIG . 4 is a perspective view of a pump inner housing 
journal bearings . At the journal bearings , oil is squeezed by according to an embodiment . 
the rotation of the gears and generates a hydrodynamic film FIG . 5 is a perspective view of rotary vane pump rotor 
which is necessary to prevent undesirable metal - to - metal 40 according to an embodiment . 
contact between the gear bore and the journal pin shaft . FIG . 6 is a cross - sectional view of a rotary vane pump 

During the non - operating condition of the engine , the oil according to an embodiment . 
pump ( s ) stop running . There is therefore no lubricant deliv - FIG . 7 is a perspective view of vanes of a rotary vane 
ered to the journal bearings and thus the gear bore is in direct pump according to an embodiment . 
contact with the journal pin shaft under the effect of gravity . 45 
Under this circumstance , any relative motion between the DETAILED DESCRIPTION OF THE 
gear bore inner surface and the journal pin outer surface can DISCLOSED EMBODIMENTS 
cause premature wear and undesirable damage to these 
surfaces . For the purposes of promoting an understanding of the 

In the engine non - operating mode , rotation of the rotor , 50 principles of the invention , reference will now be made to 
and hence the gears , can be caused by wind - milling , a certain embodiments and specific language will be used to 
phenomenon resulting from ambient wind blowing through describe the same . It will nevertheless be understood that no 
the engine , causing the turbofan engine to rotate due to limitation of the scope of the invention is thereby intended , 
forces imparted by the wind to engine surfaces . Depending and alterations and modifications in the illustrated device , 
on the wind direction , either toward the fan blade through 55 and further applications of the principles of the invention as 
the nacelle inlet or toward the turbine blade through the illustrated therein are herein contemplated as would nor 
exhaust duct , the rotor can rotate in either direction , clock - mally occur to one skilled in the art to which the invention 
wise or counter - clockwise with respect to the pilot view . relates . 

Currently , there are no known means to deliver oil effec - The present disclosure is applicable to all gear trains using 
tively to the journal bearings when the wind - milling phe - 60 a journal bearing as a means of supporting gear shaft 
nomenon occurs in both rotational directions . The present rotation . In an embodiment , lubricant is supplied to the 
disclosure is related to a system and method of supplying journal bearings of a gear - turbofan engine gear train when 
lubricant to the journal bearings of a gear - turbofan engine the fan rotor is subjected to a wind - milling condition in both 
operating with a gear train when the rotor is subjected to a directions , either clockwise or counter - clockwise . 
wind - milling condition in both directions , either clockwise 65 One embodiment of an engine , such as , for example , a 
or counter - clockwise . The presently disclosed embodiments gear - turbofan engine , is shown in partial cross - section in 
will also find applicability in other applications where FIG . 1 and indicated generally at 100 . The engine 100 
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comprises a PW 1000G Gear Turbofan Series engine manu travels from the gutter 404 outlet 408 to the pump inlet 406 
factured by Pratt & Whitney® . A fan blade 102 is attached through an oil inlet line 409 . In an embodiment , the gutter 
to a fan shaft 104 which rotates about an engine centerline 404 is not included , and the lubrication oil is collected by 
106 . An epicyclic gear - train includes a sun gear 108 , a ring other means , such as by a plurality of collector holes 405 and 
gear 110 , and a set of planetary gears 112 supported by a 5 oil inlet lines 409 . 
carrier frame 114 . Each planetary gear 112 is supported by FIG . 3 illustrates in greater detail how the pump 402 is 
a journal bearing system . The planetary gear 112 rotates powered by the fan shaft 104 . Power is extracted from the 
around a journal bearing 116 ( having a journal bearing fan shaft 104 through a gear train 300 to bring the speed of 
surface 118 ) that is supported by the carrier frame 114 at its the bi - directional pump to its optimum operational speed 
two ends as shown in FIG . 1 . 10 through a chosen gear ratio , as explained below . The engine 

During powered operation of the engine 100 , which fan shaft 104 includes a shaft gear 301 that drives an idler 
operates within a design operational speed range , lubricant gear 302 . The idler gear 302 in turns meshes with a driving 
is delivered to the journal bearings 116 by means of one or gear 304 that forms part of the driving mechanism of the 
multiple oil pumps ( not shown ) . At the journal bearings 116 , pump . In one embodiment , the driving gear 304 rotates 
oil is squeezed by the rotation of the planetary gears 112 and 15 about the pump rotor centerline 306 . The overall gear ratio 
generates a hydrodynamic film at the journal bearing surface of the idler gear 302 and driving gear 304 ( and any other 
118 . The hydrodynamic film is necessary to prevent unde - optional gears that may be used in the gear train ) is selected 
sirable metal - to - metal contact between the planetary gear to transition between an expected fan wind - milling speed 
112 and the journal bearing 116 . As explained above , during range , which is much less than the operational speed range 
the non - operating condition of the engine 100 , the oil 20 of the engine , and the speed at which the pump operates at 
pump ( s ) do not operate . As a result , no lubricant is delivered optimum efficiency . In some embodiments , the pump may 
to the journal bearings 116 and thus the planetary gear 112 be disengaged from the engine fan shaft 104 when the 
may come into direct contact with the journal bearing 116 . engine is in a non - operational mode . An operational mode 
Under this circumstance , any relative motion between the may be indicated by the engine being in a running state and 
planetary gear 112 inner surface and the journal bearing 25 producing power . For example , in one embodiment the 
surface 118 may cause premature wear and undesirable pump may be disengaged when an Engine - Start button is 
damage to either or both of these surfaces . activated , indicating that the engine is being placed into a 
When the engine 100 is in the non - operating mode , running state , to name just one non - limiting example . An 

wind - milling , which is a phenomenon resulting from ambi - operational mode may also be indicated by the engine 
ent wind blowing through the engine 100 , may rotate the 30 operating within a predetermined operational speed range . 
rotor below the operational speed range , causing the plan - For example , in one embodiment the pump may be disen 
etary gears 112 and / or the engine 100 to rotate . Depending gaged when it is determined that the engine is not ( or soon 
on the wind direction , either aft toward the fan blade 102 will not be ) below the operational speed range , such as by 
through the nacelle inlet or stern toward the turbine blade using a spring mechanism ( not shown ) reacting to centrifu 
through the exhaust duct , the rotor can rotate in either the 35 gal force at a pre - determined disengagement speed , to name 
clockwise or counter - clockwise direction . just one non - limiting example . It will be appreciated from 

In some embodiments , the wind - milling lubrication sys - the present disclosure that the means used to disengage the 
tem disclosed herein consists of an auxiliary oil tank , an oil pump when the engine is in a non - operational mode is not 
gutter , a bi - directional pump , and gear train . The auxiliary critical . 
oil tank 202 may be located at the top of the epicyclic gear 40 In some embodiments , the pump 402 is of the rotary vane 
train so that oil will drip to the journal bearings 116 through type , consisting of a rotor and an internal housing which is 
oil line 204 by gravity . Although the embodiments disclosed connected to the outer housing by any desired means , such 
herein make reference to oil as the lubricant , those skilled in as a woodruff key ( not shown ) , a press fit , or a spline 
the art will recognize that any appropriate lubricant may be connection , to name just a few non - limiting examples . The 
used , whether naturally occurring or synthetic . Referring 45 manner in which the internal and external housings are 
now to FIG . 2 , lubricant supplied to the journal bearing 116 connected is not critical . As shown in FIG . 4 , the inner 
from the tank 202 moves by force of gravity to the bottom housing 500 of the auxiliary pump 402 is in some embodi 
of the epicyclic gear train , eventually collecting in gutter m ents a hollow cylinder having two ports : one oil outlet port 
404 , which may be located at the bottom of the epicyclic 502 and one oil inlet port 504 . In an embodiment , the two 
gear train below the engine centerline 106 . The gutter 404 50 ports are located generally opposite one another with the 
collects the lubrication oil after it drips from the gear train inlet port 504 located at the bottom . The oil inlet port 
through one or more collector holes 405 . communicates with pump inlet 406 , while the pump outlet 

The rotor speed under a wind - milling condition is a port 502 communicates with pump outlet 412 . 
fraction of the engine operational speed range , therefore the As shown in FIG . 5 , the core of the pump consists of a 
bi - directional pump disclosed herein is configured to operate 55 cylindrical rotor 600 that rotates on a pump shaft 602 . The 
below the operational speed range . A schematic representa - pump shaft 602 rotates about the pump centerline 306 . The 
tion of one embodiment auxiliary oil pump system is indi - cylindrical rotor 600 includes a number of vane slots 604 
cated generally at 400 . The pump 402 is driven by the fan formed therethrough . One embodiment comprises four vane 
shaft 104 through the idler gear 302 during wind - milling slots 604 that carry four moving vanes 702 ( see FIG . 6 ) , 
rotation ( as described in greater detail hereinbelow with 60 although other embodiments may have a fewer or greater 
respect to FIG . 3 ) , and delivers oil from the gutter 404 back number of vane slots and vanes . 
to the auxiliary oil tank 202 ( see FIG . 1 ) . The pump outlet As shown in FIG . 6 , the pump 402 rotor 600 is mounted 
412 is coupled to an inlet on the auxiliary oil tank 202 to eccentrically with respect to the pump inner housing 500 by 
resupply oil to the top of the engine 100 . A check valve 410 a distance e . In the embodiment of FIG . 6 , the cross - section 
at the pump outlet 412 prevents backflow of oil through the 65 of the pump 402 inside contour of the inner housing 500 is 
pump 402 . The pump inlet 406 is positioned below the gutter of a non - circular geometry . Other embodiments may have 
404 outlet 408 to provide a positive suction head as oil other geometries , including circular . Each vane slot 604 
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carries a vane 702 therein ( described in greater detail here - present disclosure . At high speed , the disconnectable mecha 
inbelow with respect to FIG . 7 ) . The vanes 702 are free to nism is engages the pump 402 from the idler gear 302 , thus 
slide within the vane slots 604 and are biased toward the protecting the pump 402 from wear and tear . 
inside surface 704 of the inner housing 500 . While the invention has been illustrated and described in 

Considering positive rotation as clockwise in the view of 5 detail in the drawings and foregoing description , the same is 
FIG . 6 , the rotor 600 and the pump inner housing 500 have to be considered as illustrative and not restrictive in char 
generally zero gap between the rotor 600 and the inner acter , it being understood that only certain embodiments 
surface 704 between the angles of + and - about the have been shown and described and that all changes and 
pump centerline 700 . In the illustrated embodiment , is 45 modifications that come within the spirit of the invention are 
degrees , but those skilled in the art will recognize from the 10 desired to be protected . 
present disclosure that may be less than or greater than 45 What is claimed : 
degrees . Additionally , the + and - angles do not have to 1 . A lubrication for a gas turbine engine , the gas turbine 
be equal in all embodiments . In some embodiments , the + engine comprising a fan , a fan drive gear system , a fan shaft 
angle is greater than the - angle because the + region that drives the fan and that is driven by the fan drive gear 
relates to clockwise rotation of the engine rotor ( as discussed 15 system , and 
further below ) , and a turbofan engine will wind - mill in the the lubrication system providing lubrication to the fan 
clockwise direction more often than in the counterclockwise drive gear system , the lubrication system comprising : 
direction , as wind blowing on the fan is more likely to rotate a pump gear rotationally coupled to the fan shaft to be 
the engine than wind blowing into the exhaust duct . continuously driven by the fan shaft when the fan shaft 

Consider cases in which 11245 degrees . A positive angle 20 rotates in either rotational direction due to operation of 
[ + ] is for clockwise rotation of the pump rotor , while a the fan drive gear system in one rotational direction and 
negative angle [ - ] is for the reverse rotation case . Within this windmilling of the fan in another rotational direction ; 
angular range , oil is pushed out of the oil outlet 502 at the and 
top to the pump outlet 412 . During rotation of the pump rotor an axially eccentric rotary vane pump coupled to the 
600 , the vanes 702 tend to slide out of their respective vane 25 pump input gear to be continuously driven by the pump 
slots 604 under the effect of centrifugal force , while the input gear , 
radial motion is restrained by the interaction with the inner the rotary vane pump comprising : 
surface 704 of the pump inner housing 500 . ( i ) an axially elongated cylindrical housing that remains 

In the illustrated embodiment , the vanes 702 exist in pairs stationary during rotation of the pump input gear in and 
and are positioned generally opposite to one another . As 30 between either rotational direction , the housing having 
shown in FIG . 7 , in an embodiment , in order to overcome the an axially extending inlet slot and an axially extending 
lack of centrifugal force due to low wind - milling speed ( i . e . , outlet slot circumferentially centered on opposing ends 
when the speed of rotation of the pump shaft 602 is low ) , an of an axis extending radially through the housing , the 
extension device , such as a compressed spring 800 is placed inlet slot having a circumferential span that is less than 
between each pair of opposing vanes 702 , such that the 35 a quarter of a circumference of the housing and larger 
expanding force of the spring 800 is always urging the pair than a circumferential span of the outlet slot , 
of vanes 702 away from one another and toward engagement ( ii ) an axially elongated and axially eccentric cylindrical 
with the inner surface 704 of the pump inner housing 500 . rotor within the hosing , the rotor having a rotational 
It will be appreciated by those skilled in the art in view of axis that is closer to the housing outlet slot than the 
the present disclosure that the extension device may com - 40 housing inlet slot , the rotor being driven by the pump 
prise any device operative to force the vanes away from one input gear , the rotor the having a plurality of axially 
another , such as a chamber filled with an incompressible elongated slots , the plurality of rotor slots being greater 
fluid , to name just one non - limiting example . The extensions than two slots circumferentially spaced about the rotor 
802 on each vane 702 serve to limit the amount of travel of to circumferentially divide the rotor into circumferen 
the vane 702 toward the center of the rotor 600 . 45 tially equal segments , 
When the wind blows toward the fan blade 102 through ( iii ) a plurality of axially elongated vanes extending 

the nacelle , the rotor rotates in the normal operating direc through the rotor slots toward the housing , the vanes 
tion . Assuming the normal rotating direction is clockwise , being spring - biased from the rotational center of the 
the vane 702 at location A ( see FIG . 6 ) will extend , sweeping rotor to continuously and directly contact the housing , 
the inlet oil and compressing it , and as the pump rotor 600 50 
rotates the vane to location B , the compressed oil is deliv whereby when the fan shaft rotates in either direction , the 
ered to the oil outlet 502 located at the top . plurality of vanes rotate about the center of the rotor 
When the wind blows toward the turbine blade through and the pump transfers lubricant from the pump outlet 

the exhaust duct of the engine , the rotor rotates in the in the housing to the fan drive gear system . 
opposite direction of the normal operating condition ( i . e . , in 55 2 . The system of claim 1 , further comprising : 
the counter - clockwise direction ) . The same phenomenon a tank for holding a quantity of lubricant , the tank 
occurs in the reverse direction . Vane 702 at location A will including a tank inlet and a tank outlet , the tank outlet 
extend , sweep the inlet oil and compress it , and as the pump operative to supply the lubricant to the gear bearing 
rotor 600 rotates the vane to location C , the compressed oil surface by force of gravity ; 
is delivered to the oil outlet 502 located at the top . 60 a gutter for collecting lubricant from the gear bearing 
One option of preventing wear and tear of the pump 402 surface , the gutter including a gutter outlet ; 

during normal ( powered ) operational conditions is to a lubricant inlet line coupled to the gutter outlet and the 
decouple the pump 402 from the driver . In an embodiment , pump inlet for transfer of lubricant therebetween ; and 
the pump 402 may be connected to the idler gear 302 a lubricant outlet line coupled to the pump outlet and the 
through a disconnectable mechanism such as a spring - 65 tank inlet for transfer of lubricant therebetween ; 
frictional disc or equivalent system ( not shown ) , as will be wherein wind - milling of the fan drive gear system causes 
appreciated by those skilled in the art after reading the rotation of the shaft , which powers the pump , causing 

and 
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that is less than a quarter of a circumference of the 
housing and larger than a circumferential span of the 
outlet slot , 

( ii ) an axially elongated and axially eccentric cylindrical 
rotor within the hosing , the rotor having a rotational 
axis that is closer to the housing outlet slot than the 
housing inlet slot , the rotor being driven by the pump 
input gear , the rotor the having a plurality of axially 
elongated slots , the plurality of rotor slots being greater 
than two slots circumferentially spaced about the rotor 
to circumferentially divide the rotor into circumferen 
tially equal segments , 

( iii ) a plurality of axially elongated vanes extending 
through the rotor slots toward the housing , the vanes 
being spring - biased from the rotational center of the 
rotor to continuously and directly contact the housing , 
and 

20 

lubricant to be transferred from the gutter outlet , 
through the lubricant inlet line , to the pump inlet , to the 
pump outlet , through the lubricant outlet line to the tank 
inlet . 

3 . The system of claim 1 , further comprising 
a shaft gear coupled to the fan shaft and an idler gear 
mesh - wise coupled to the shaft gear to be continuously 
driven by the fan shaft when the fan shaft rotates in 
either rotational direction , and 

the pump input gear being mesh - wise coupled to the idler10 
gear so as to be operatively driven by the fan shaft in 
either rotational direction . 

4 . The system of claim 1 , wherein the rotary vane pump 
further comprises : a compression spring disposed between 15 
two of said vanes ; wherein the compression spring is opera 
tive to bias the two vanes away form one another . 

5 . The system of claim 1 , wherein the lubricant comprises 
oil . 

6 . A gas turbine engine comprising : 
a fan , 
a fan drive gear system , 
a fan shaft that drives the fan and that is driven by the fan 

drive gear system , and 
a lubrication system providing lubrication to the fan drive 25 

gear system , the lubrication system comprising : 
a shaft gear coupled to the fan shaft and an idler gear 
mesh - wise coupled to the shaft gear to be continuously 
driven by the fan shaft when the fan shaft rotates in 
either rotational direction due to operation of the fan 30 
drive gear system in one rotational direction and wind 
milling of the fan in another rotational direction , 

a pump input gear rotationally coupled to the fan shaft to 
be continuously driven by the fan shaft when the fan 
shaft rotates in either rotational direction due to opera - 35 
tion of the fan drive gear system in one rotational 
direction and windmilling of the fan in another rota 
tional direction , and 

an axially eccentric rotary vane pump coupled to the 
pump input gear to be continuously driven by the pump 40 
input gear , 

the rotary vane pump comprising : 
( i ) an axially elongated and cylindrical housing that v elongated and cylindrical housing that 

remains stationary during rotation of the pump input 
gear in and between either rotational direction the 45 
housing having an axially extending inlet slot and an 
axially extending outlet slot circumferentially centered 
on opposed ends of an axis extending radially through 
the housing , the inlet slot having a circumferential span 

whereby when the fan shaft rotates in either direction , the 
plurality of vanes rotate about the center of the rotor 
and the pump transfers lubricant from pump outlet in 
the housing to the fan drive gear system . 

7 . The engine of claim 6 , further comprising : 
a tank for holding a quantity of lubricant , the tank 

including a tank inlet and a tank outlet , the tank outlet 
operative to supply the lubricant to the gear bearing 
surface by force of gravity ; 

a gutter for collecting lubricant from the gear bearing 
surface , the gutter including a gutter outlet ; 

a lubricant inlet line coupled to the gutter outlet and the 
pump inlet for transfer of lubricant therebetween ; and 
a lubricant outlet line coupled to the pump outlet and 
the tank inlet for transfer of lubricant therebetween ; 

wherein wind - milling of the engine causes rotation of the 
fan , which causes rotation of the fan shaft , which 
powers the pump , causing lubricant to be transferred 
from the gutter outlet , through the lubricant inlet line , 
to the pump inlet , to the pump outlet , through the 
lubricant outlet line to the tank inlet . 

8 . The engine of claim 6 , wherein : 
the pump input gear being mesh - wise coupled to the idler 

gear so as to be operatively driven by the fan shaft in 
either rotational direction . 

9 . The engine of claim 6 , wherein the rotary vane pump 
further comprises : 

a compression spring disposed between two of said vanes ; 
wherein the compression spring is operative to bias the 

two vanes away from one another . 
10 . The engine of claim 6 , wherein the lubricant com 

prises oil . 


