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14 March 2006 13.DV13980 WEEP PLUG BACKGROUND OF THE | NVENE Yo BbSs
invention relates generally to gas turbine engines and nore particularly to

. a weep pl Hf%r ecovering oil used to lubricate the bearings of a gas '
"~ turbine eﬂgg é,géés turbi ne engines typically include a core having a .
conpressor for conpressing air entering the core, a conmbustor where fuel

is mxed with the conpressed air and then burned to create a high energy
gas stream and a pressure turbine which extracts energy fromthe gas
streamto drive the conpressor. In aircraft turbofan engines, a |ow
pressure turbine | ocated downstredVEEP®IUChe core extracts nore energy from
the gas streamfor driving a fan. The fan provides the nain propul sive

t hrust generated by the engine. Bearings are used in the engine to.
accurately locate and rotatably nmount rotors with respect to stators in
the conpressor and high and | ow pressure turbines of the engine. The

beari ngs BACKGROBED OF THE INSENAI@NRTti ons of the engine called sunps. In
order to prevent overheating of the bearings, lubricating oil and' seals

nmust be ﬁ*ig\(i ded to prevent the hot air in the engine flowath from
reachi ng imventipp ielates gystally el spsutyrhina engiaesani mare particularly bea swekpi ci ent

to carry i t r.ngs. hecause of their
i gh 1ol o Beo AR B afto LG e bl oPE REBRIBESIIRET Re et hod
used to seal the engine sunps. The sealing mnethod nakes it necessary for

an air flows girbiveiengines ygicslly tnchide fal cvne hivihg aanthpeestorddr thepresdimgsir Thi s
flow ultimately.contains oil that is unrecoyerable unl ess adequately
separ at eder%?ml%%fic?re@r a&oB: BRo% HE?Wet%@dﬁﬁ%‘?‘eJW ¢ panpresipd A Yurati on
“the  for vweurfle® fgichRteS HMgh SnotEteas shBsALg tah?r%sﬂfé"’ﬁ{rﬁiinfa aphish Axha@fd out

the engine through a center vent tube. Once the air/oil mxture exits the
sunp, it FHEH fom 'thé;ﬂ_é% piEeany tfpﬂllVQ)thet ¢ranpragsote Iiopireth thebofasherfginesOh | t hat
i's contai e byt \Grthd (oQded Tbhitf&m from the core extracts more energy from the

gas stream for driving a fan. The fan provides the main propulsive thrust generated by

the engine.

Bearings are used in the engine to accurately locate and rotatably mount rotors with
respect to stators in the compressor and high and low pressure turbines of the engine.

The bearings are e_riclosed in oil-wetted portions of the engine called sumjjs.

In order to prevent overheating of the bearings, lubricating oil and seals must be
provided to prevent the hot air in the engine flowpath from reaching the bearing
e - sumps, and lubricating oil flows must be sufficient to carry away heat generated

internally by the bearings because of their high relative speed of rotation.

- 0il 'consumption arises from the method used to seal the engine sumps. The sealing
method makes it necessary for an air flow circuit to exist that flows into and out of the
sumps. This flow ultimately contains oil that is unrecoverable unless adequately

- separated and delivered back to the sumps. In one particular configuration the
forward engine sump is vented through the forward fan shaft and- out the engine
through a center vent tube. Once the airfoil mixture exits the sump, it. swirls,

' depositing oil on the inside of the fan shaft. Oil that is coﬂ_tained in the air/oil mixture



14 March 2006 is lost when it is unable to centrifuge backd4indrehbes sunp
t hrough the vent hole due to rapidly escaping vent air. Sone designs allow
for oil recovery by using weep holes, which are passages whose function is
"to provide a dedicated path for oil to re-enter the sunp, integrated into
the forward fan shaft design. Wep holes are typically smaller in dianeter

and | ongeris iost Wiendt i uidbiito berlteragediesk itetle stimp hatige theaBht HoleQilie tdiRipRIVET ,

ot her demeggaspp] tRg f.an shaft has no dedicated weep holes, only vent hoI es-
Form ng weep gles I'n fan shafts of the latter design after their
manufacture and -installation in an engine woul d be prohibitively

ex pe?SI ve. Soﬁ%&ﬁé@hd‘é}!b%forbl’ﬂ%’c@vdrﬁbﬁl %e ﬂ6|e§twlfrﬁﬁ E@%e&&géﬁﬁﬁﬁé@"fun@ﬁdn B:?In -
exl St ng uc | 1 N

SUMVARY R fkl\?é%ﬁkii‘l“%if’ Eﬂépéf” Pﬂ?&”‘&h%%&'ﬂﬂ%ﬁﬁ%gr%@ @é‘gq@%r‘#i%'?a&e a weep
pl ug havi n'»igSlan déerprhales wesriypiqaiis Saajler in diachetsn endiipngepingengtraparpassaigsgnegar al | el
to the cengfale \!éﬂﬁf&%ﬁewe%ﬁi?fd#\é?geé@wsaﬁwb Eaﬁtshgere%%uea gb%oew#e% hereevanged a

weep plug co i S enpera Indrica avi n Irst and second
ends, a Ioﬁaﬂﬁ%ﬁl%ﬁgmﬁfﬁgpnﬁﬁﬂmé%‘ﬂéﬁ?Of@%FﬁaWEPS”ﬁ%ﬁﬁﬁﬂ”ﬁﬂﬁ@*m§ﬁﬂ dout er
surf aces, isgalidticanimar erginefwaald b efdhibitingly axpeesite; al passage theret hrough; a

fl ange disposed adj acent said first end; at |east one generally axial weep
passage di sposed in said outer surface of said wal |, said weep passage
ext endi ng PSRN, there ism geed fer 8 Aethod de GIravas i in esingREPR BRICE RSV bRVt  al
passage hasoddyifg the existiag @aiwére- di ameter rati o, said weep passage has a
second | ength-to-dianeter ratio, wherein said second | ength-to-dianeter

ratio is greater than said first length-to-dianmeter ratio. According to a
second as%’@i@" SUMMARY| QF FHRINVEMIN weep pl ug conprising: a general |y
cylindrical body having a longitudinal axis and a wall, said wall defining

a centr alonpas s@geerhitinednty si0dtck & plofias b wRBE P AiNidAs saviral BhSRRsRe in said
wal | outer n§ Hﬁer &(ﬁ%re @erdpa\é’fa%es Eé”}gl?‘em%he central passage.

According to afirst aspect, there is provided a weep plug comprising:

. ‘a generally cylindrical body having first and second ends, a longitudinal axis, and a
wall, said wall having inner and outer surfaces, said inner surface defining a central passage
therethrough;

-a flange disposed adjacent said first end;

at least one generally axial weep passage disposed in said outer surface of said wall,
. said weep passage extending from said flange to éaid second end; and

wherein said central passage has a first length-to-diameter ratio, said weep passage
‘has a second length-to-diameter ratio, wherein said second length-to-diameter ratio is greater
than said first length-to-diameter ratio.

~ According to a second aspect, there is provided a weep plug comprising: '

a generally cylindrical body having a longitudinal axis and a wall, said wall defining a-
central passage therethrough; | _

at least one weep passage dlsposed in said wall outer surface said weep passage
extending generally parailet to said axis; and

wherein said central passage has a first length-to-diameter ratio, said weep passage
has a second length-to-diameter ratio, wherein said second Ieﬁgth-to-diameier ratio is greater
than said first length-to-diameter ratio. '




ext endi ng general ly parallel to said axis; and wherein Sahﬂwﬁ%ﬁéc% passage -
has a first length-to-dianeter ratio, sai d weep passage has a second

| engt h-to-di ameter ratio, wherein said second | ength-to-diameter ratio is

- greater than said first length-to-dianeter ratio. -2 14 March 2006 The
present invention and its advantages over the prior art will becone

apparent upon reading the follow ng detailed description and the appended

% :4 EI g?eA Vvv\lv 1|\r|{a pfé%feﬁrrﬁeﬁt%nfaﬁd Itshﬁivarﬂﬁéé@ %Pé}ft% dr Q{@.Wb&%e aBEﬂrE,E uI;EtSCRI PTI ON OF
| hve IoNn IS
T Poa SPTama e BT e Glntbr At S aPoB AT W B eSO g wart of

t he specidccerepangng drifw@gs.nvent i on, however, may be best understood by
reference to the foll ow ng descri ption taken | n.conjunction with the
acconpanyBrIgr OESBRIPTIGN OHITHE DRAWIRGSh: Figure 1 is a | ongitudinal axial
sectional view of a gas turbine engine incorporating a weep plug of the
pr esent iTheenbjed matte2iaatlig rddardeth a8 G@GnvkBEN1i8 p&ficUlariy pointed dusandadistiectlyar ged

f ragnent afigmdd R¥@TcoRtildiyl Rt Gfind Qsecﬁ.e&uonen%ml,aﬁ.s# Meéﬁésp.sgb oY 2-2 of

Figure. 1. Figure 3 is a perspective view of a wee resent

i nvent i orPN9epiged dyareferenss fndhe,ifdipnise desqinipn pekey éﬂ‘ cpwenca?feg@mt hienvent. on.

Fi gur e 5 dcsordpanyisiedralviey adurerialvhich.ew of the weep plug of Figure 4. Figure 6
is a cross-sectional viewtaken along lines 6-6 of Figure 5. Figure 7 is a

perspective view of a weep plug constructed in accordance with an

al t er nat £'®HdE Friongituginak a¢al B gr@qﬁylewrpy@rgap d45bine engine incorporating a weep

plug of the present invention.
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Pigure 8 is a cross-sectional view of a portion of- a gas ﬁHR@%#F?ﬁﬁgi”e fan
forward shaft having a weep plug of the present invention installed

t herei n. ggﬁolég DESCRI PTI ON OF THE | NVENTI'ON Referring to the draw ngs
wherein i 18880 ef erence nunerals denote the same el enents t hr oughout
the various views, Figure 1 illustrates a gas turbine engine, generally
designated 10, in which is incorporated weep plug 90 of the present

i nvention, as shown in detail in Figures 3-8. The engine 10 has a

| ongi tudi nal center |ine or axis A and an outer stationary annul ar casing

14 di sposkEgueonsentenlegdd fiagatataty viewtbfeneyioal df Yheadipig: dridRsak b ddshed he
engi ne 10, i ncludes a gas generator core 16 which is conposed of a

mul ti -sta'@f@‘%&?ﬁf%%% - 18, a conbustor 20, and a high pressure turbine 22,
either single or multiple stage, all arranged coaxially about the

| ongi t udi figlre ﬁéiaﬁaegge&%t\%w Bf@@;eé:r ﬁlg'gb?ﬁle?gggeaﬁn%gnﬁdh a serial, axial

flow rel atrronshi p.” Ah annul ar out ive ft 24 tixedly interconnects
t he conpressor 18 and high pressure turbine 22. The core 16 is effective
f or generBigiwedt i anisod vicvnofpawesy. pldr eftha present inventionom t he  conpressor 18.
is mxed with fuel in the conbustor 20 and ignited, thereby generating

conbusti oi. S . rK.i orpt: gases by the high
pressurew}e%grscﬁﬁr%%‘%@oﬁﬂg%ﬁ%g%ggpyg Q?fg%ﬁlggh drives the conpressor
18. The remai nder of the conbustion gases are discharged fromthe core 16
into a | obigpredsis arceosswedtionel V6w takeniatongrlings bveofFighte 538 i s nounted for
rotation relative to the outer drive shaft 24 via rear bearings 32,

diff tial beari 40, and vi itabl e f d beari 42 .
it er connlBYq’ b FESISER S VISP By R SIS L afORERR Tk hat ¢ 3,

i'n turn, alfepiadd @lbydiflehVdIhéplintafenfig shaft 62, which in turn drives a
forward fan di sk/booster rotor 44. Fan bl ades 48 and booster blades 54 are

mounted to the fan di sk/booster rotor 44 for rotation therewth.
Figure 8 is a cross-sectional view of a portion of a gas turbine engine fan forward

shaft having a weep plug of the presant invention installed therein.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein identical reference numerals denote the same
elements throughout the various views, Figure 1 illusirates a gas turbine engine,
generally designated 10, in which is incorporated weep plug 90 of the ‘present
invention; as shown in detail in Figures 3-8. The engine 10 has a longjtudinal center
line or axis A and an outer stationary annular casirig 14 disposed cbncentrically about
and coaxially along the axis A. The engine 10 includes a gas generator core 16 which
is composed of a multi-stage compressor 18, a combustor 20, and a high pressure
turbine 22, either single or multiple stage, all arranged coaxially about the longitudinal
axis or center line A of the engine 10 in a serial, axial flow relationship. An annular
outer drive shaft 24 fixedly infercorinects the compressor 15 and high pressure turbine
- 22,

The core 16 is effective for generating combustion gases. Pressurized air from the
compressor 18 is mixed with fuel in the combustor 20 and ignited, thereby generating

combustion gases. Some work is extracted from these gases by the high pressure
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ﬁv‘&eferring now to Figure 2, there is illustrated the regi oy Q{

turbi ne engine 10 where a conventional bearing sunp 58 is erire about

t he. formigg{}?gééﬁgs 42. The bearing sunp 58 is generally defined by an
outer ann cture 60 which is interconnected to the outer casing 14
and the forward fan shaft 62 which rigidly interconnects the forward end
of the inner drive shaft 38 to the forward fan disk/booster rotor 44. The
forward fan shaft 62, being connected with an inner annular race 42A of
the forward bearings, 42 rotates with the inner drive shaft 38 relative to
the st at itartdny 20 uildch drines de cohipuesiol B8, BCheOfentalifleP 88 tHe\GnIFROD Gadehi Ch i's
connected tao n o é{ nnul ar. race 42B of the _forward bearings 42.
Conventl0"1‘?9Idlsl"gfﬂ'ﬁ’?‘iJ P the porg & ipfola lowqresspre uddneadte provi ded adj acent to
the forward bearings 42 and between the forward ends of the relatively
rotating r %h% o seal
the for m%%g%ﬁi%‘% %{g %%%r@ﬁ%ﬂéffgqogggn E‘)a?mje%\%lﬁjérrglgg gh f%rzvvxl/gr d

bear i ngs ®ar &oatingsedf differdntinl bedrimgsudh &8l tviwr cuigible aimrmrd tzeamngsy%ondui t

68. P d.a ted to the | g th 64, t.hr ough
i 7 suppl PeCBRHERES 0T, ShEERpt ek e ihash dRRG LhriBUGHEL e

| abyr i nt hotitdbly 880ds HorwArdIR a6 fwHidteini tﬁine(ﬁ-h%ﬁ'a%ﬁv%?dlfdnzcﬁﬂdﬁddste‘ﬂh' ch
enters the bearing sunp 58 nust be vented fromthe sunp 58 in a controlled

manner i folrdtr Fan hlares 48 And bapstpr blades ¥4 are maunged fre thebfah afigéboastsmever
t he pres%fdrngbla#?rtah (‘t&ggﬁlqp xed with particles of the oil in the sunp
for a

58.. Therefore n shaft 62 has one or nore vent holes 84 -4
14 Mar ch 2006 13DV13980 ext endi ng through its thickness in a generally

"~ nadi al diR@‘cm‘ingmovﬂ' SqDFigateI&,thd:rbés ﬂhlstrsﬂadfﬂte refdnhdthagp turtdhd tiygiod 10 hese
hol es 84 ran in and aroun nf er.e ce vent es 84
provi de aa*beégé vae?r’(g'ron‘?;ll eaf‘?%\ﬁ}l‘PP ﬁgﬁg@%@g@ﬁe PoVa \b@ﬂ‘l‘nﬁﬁl“@nﬂ. and

subsequerdehding Rufpt bE i6 SRh&HI y%ﬁn&&t@ 80 oufer CSlar &fhubidreakd AGHEH 50 t he
forward fan shaft 62 with fasteners
interconnected to the outer casing 14 and the forward fan shaft 62 which rigidly
interconnects the forward end of the inmer drive shaft 38 to the forward fan
disk/booster rotor 44. The forward fan shaft 62, being connected with an inner annular
race 42A of the forward bearings, 42 rotates with the inner drive shaft 38 relative to
the stationary outer annular structure 60 of the bearing sump 58 which is connected to

an outer annular race 42B of the forward bearings 42.

Conventional labyrinth air and oil seals 64, 66 are provided adjagent' to the forward

- bearings 42 and between the forward ends of the relatively rotating outer annular
structure 60 and the forward fan shaft 62 to seal the forward end of the bearing sump
38. Oil is pumped to the forward bearings 42 and therefore into the sump 58 through
an oil supply conduit 68. Pressurized air is injected to the labyrinth air seal 64 through
an air supply conduit 70 in order o prevent oil from leaking through the Iabyrmth oil
seal 66. o

* A portion of the injected pressurized air which enters the bearing sump 58 must be
vented from the sump 58 in a controlled manner in order to maintain sump pressure at
a proper balance. However, the pressurized air becomes mixed with particles of the oil

in the sump 58. Therefore, the forward fan shaft 62 has one or more vent holes 84



"~ through the bo

EEferring now to Figures 3-6, a meeb plug 90 has a unitarys gy Sshghaving a

first end 96 and a second end 98, defining an axis 94 extendl ng

t her ebet nerally cylindrical central passage 100 passes axially
“ﬁ%ﬁnm§$§§2 fromthe first end 96 to the second end 98. A

generally circular head 116 having a flat end surface 118 is di sposed at

the first end 96. Adjacent the head 116 is a generally annular flange 104

whi ch has a pair of opposed flats 108 forned on | aterally opposite sides

t hereof An annul ar groove 117 separates the circular head 116 and the

f1 ange 102xtgRding tsoughdiés tiicksensfin@ezehorally radid| diteotiqr. \Typiallyishe Weshaft enovi ng

the plu I i.ndgj cal l.onqgat ed por.tjon 102 extends between
a prgxi ﬁagghg%gﬁﬂftgg#glgg%bo@%@]apm 13 3 pand grpund dfs cirgpmferepce dhgy ¢ e

~second enderfidolk S4trovidely pAgsagdorai bRl BRVE@mpLSR il 5 ReSEMleRim R

junction of the elongated portion 102 and the flange 104. ATim106 is
di sposed ¥ tbecquentiyinta the eenter venicivlie 88xidaroxer T4 vapdachedéo twcfondardnd 98 of

the body £3%hafl BE wilh L 5. divided into two annul ar sections by the
presence of the oppog%%gﬁ¥%zgs 108 of the flange 104. The flats 108 provide

a clearance space between the weep plug 90 and other nearby structures
when the Refepring nayv @0Figeres A, al weep.plég BAhas finigdrpbedyl 32 havifg hdhstrddi n

Si t ' th t ed ti 02, Th | ots 122 begi t th |
GPPoal  ondh $48 atecbif o) SROBEnE G axihod s ieatipeceishitvpsi: Acksmlionn ¢ he
| engt h of cytlindried] B4 9 w86 10O Zba%s aﬁ&ﬁ¥ HheBhish ﬂr%a)ogiy‘f%%otﬁnﬁe gt eg

portion 102 into two prongs 124. Each of the prongs”1. as a palr o
chanf er ed”0 9 ihe sewad £ 9B o reencsallyl eirculiirdead L bmbaving s fahenppogice d18i des of

15 5 Coasigps s oRTB B B AGLRShe e N1 LB b e Bh s o

sl ot s 122which hehaphil of eppated dlath b8 fotmee ofllaterilly @ppbafessided hGostt dape for med
in the elan it into three or nore prongs ‘108.

f:lt ed Qori' on 102, diyiding it

At | east BHERERSBALL ScReraShthecieRlartiond Homd thflangsli sndeprovidens 1 4
Mar ch 2006 APk RSk I: e k- Lgures 4
and 5, in_the ilﬁﬁgr{g:%g%gxa Ig&l {é%ge&vl\%gég;%‘]:gﬁ%gsg%eg %%%%ﬁ]ﬁdlgag form
of . grooveiengatedi negtien §&hextahds/beswatrca peasimiate end 110 adjacent the flange 104

and a distal end 112 at the second end 98 of the body 92. An annular groove 114
disposed at the junction of the elongated portion 102 and the flange 104. A rim 106 is
disposed on the flange 104 and extends axially towards the second end 98 of the body
92. The rim 106 is divided into two annular sections by th_e presence of the opposed |
flats 108 of the flange 104. The flats 108 provide a clearance space between the weep
plug 90 and other nearby structures when the weep plug 90 is installed.

A pair of slots 122 are formed in opposite sides of the elongated portion 102. The
slots 122 begin at the distal end 112 of the elongated portion 102 and ext.end. partially
“down the length of the'elongated section 94. The slots 122 divide the elongated
portion 102 into two prongs 124. Each of the prongs 124 has a pair of chamfered

_ surfaces 120 formed at its distal end 112, on opposite sides of the prong 124. An
. annular protruding lip 126 extends from the distal end 112 of each of the prongs 108.
Although the illustrated example shows two slots 122, it should be noted that three or
more slots 122 could be formed in the elongated portion 102, dividing it into three or

‘more prongs 108, At least one weep passage 130 is formed in the outer surface 128 of

5-



-ér-oss-section, a'Ithough ot her shapes may be used. -The weegdrmpé?a@ have an
outlet. 132 disposed at the distal end of the elongated portion 2. The

. weep passaI%@ 1%%2@ extend axially towards the flange 104. At the point

“ where the 3{) sages 130 intersect the annular groove 114, they turn at
a.corner 134 and then extend radially outward, termnating at an inlet 136
di sposed in the flange 104, in alignment with the flat 108. The weep pl ug
90 is manufactured froma material which is capable of withstanding the
tenperatures prevailing in the sunp 58, which is approximtely 149C (300F),

and resi sthexjomgatedajorfisroh0l. has bagiseed ih Fgireat and 50inl the AlBRatebegansie the fan
shaft 62 i,s a Ilfellmted part whose characteristics nmust not be
conpr oni 8, VEHL PSS JF Ondretinghe fopmyef grooyesrhewng 4 gengrallytsewisircularsel f

wear rat hegy, t I wei ght

of the pl uos%g@;?gﬁg%glf%gﬁg ;/39%111 Pgnmfgge ?1{1 I@ av%&géstsgger Iﬁ%ﬁ%n éﬁt?et i'n the

engl ne 1olgbd§p@ﬂeﬂ>&t ﬂmﬁsmbemi ﬁ:ﬂha(dk)ngmtbdlpartm 120 blten®edppdsiiged tianshaf t
espeC| lly if.the 0 sh mprop ly installed. One suitable

rrat eri al ’gtemi// { ‘8&915 Sr‘i%%l g@# aig‘lt ¢ PO E"Eiﬁefe tePusRP prSsagerdals and

Conpany, inférkav migs axmm%&&%?ﬁwaeey BRAPLNS Lomidl 19PLAd @Pén%&@dd ﬂaaggﬂg!fK

pol yet her et her ketone, which is available fromVictrex USA I don
Court, SPvarda teryipatingiataa inlst Podiymsebin theflagan 864 lin ahgynmwem @k that
_SatISers Akeg requirements descri bed above may be used, for exanple

al um ni um or other relatively soft nmetals may al so be suitab_le materi al s.
The weep plug 90 nay be fornmed by any known nethod, for exanple injection
nol di ng, Etmmeqspiugr90rm|mam@amm¢@ronnemm¢rm@mémisl@p@tﬂelafuﬁmianmngg, or by
machl ni ng,froma bl ank of. .mater.i al ggt her errbodl nent of fr esent

inventi ont teIPP?rﬁ $Spreypiling g Hl?rw lﬁIaBEfOX‘z%elemg Gi3®W T o weep
plug 90, Radresigdy AALK FroRPHE QBmb %H?&aﬁ‘ﬁ’g @i'l 0R%A! B&kaRQy tlﬁab e shifl o lgif | ange

104 havi nlg a . rim106, and a circular head 116. An annular groove
enci r cl eslifeq W%Owcwtth@tmuﬂrmbc kemptaamiged, Tgxplag @0 et bk ongat ed

~portion 1191 fh%'téna?&vh}‘@l @HP%%%@ o r%tgn%r At c%lusS Qvga%'dof]tﬂe %he 2 t6ej’ surface _

of el ongate port I on
Furthermore, the weight of the plug 90 is preferably nummlzed both to avoid extra

weight in the engine 10 generally, and to preclude imbalahce problems in the fan shaft
62, especially if the plugs 90 should be improperly installed. One suitable material is
VESPEL polyimide, available from EI DuPont de Nemoﬁrs and Company,
Wilmington, DE 19898 USA.  Another suitable material is PEEK
polyetheretherketone, which is available from Victrex USA Inc., 3 Caledon Court,
Suite A, Greenville, SC 29615 USA. In general, any materialr that satisfies the
- requirements described above may be used, for example alunumum or other relatively
soft metals may also be suitable materials. The weep plug 90 may be formed by any
known method, for example injection molding, compression moldmg a near-net shape

foliowed by machining, or by machining from a blank of material.

Another embodiment of the present invention is illustrated in Figure 7. A weep plug
- 290'is similar to weep plug 90, having a body 292 comprising an elongated portion
102, a flange 104 having a rim 106, and a circular head 116. An annular groové 114
encircles _the body 292 at the junction of the flange 104 and the elongated portion 102;

A pair of weep passages 294 are disposed in the outer surface of elongated portion



_i'\'\BD\'/13980 102 on opposite sides thereof. In this enbodi rreg%Mat_fﬁ_?zéq'g ets 296
of the weep passages 294 do not extend into the flange 104. e ange 104

extends c ~around the circunference of the body 292. A pair of
opposed cﬁ%€f§%8 are . fornmed in the rim106. The channels 298 are

recessed fromthe surface of the.rim 106 and provide additional area for
oil to flowto the groove 114 and the weep passages 294. Figure 8
illustrates a nore detailed view of the weep plug 90 installed in the
forward fan shaft 62. The weep plug 90 is installed in the vent hole 84
from the réied bppositaesidesdhtreot.i dn. thhembbdifiear, atle Shlefsa®s ot 20 arghSt i n

aligning the bo 92 of the weep . plug 90 with the vent hole 84. In the

uni nst al | 88533%‘?'??% %hn thextendgntp W(%“@Er1@44yh%ﬂﬁ%sm4w¥é€lﬁﬁtcempi@@lﬁs of the
lips 126 i | gt r I a eIl fobhe  vent
holoe 84. '?f\oéﬁ grﬁge%ggge?a%cﬁeo@{ﬂgtrb s?tdg%gél Pkg\hgi Et‘ﬁe[‘pgb%#g%%%? ?t9 - ¥Fex

i nward s forgied ip taesrimhid6wEbgpclpinngs 308 aee recsstal frad thaMeface bEtheadn 1pbug 90 i s
fully ins d he lips_ 126.clear t radi al |y outward edge of the
vent yhoI e @11%9@% ?)4‘%?105@ ?Ig? dorotf B’ ﬁPWetPgie‘% SYOQVﬁéIIXﬁB‘i the; WrCRPRESSA T

agai nst t@eq4radially outer edge 302 of the vent hole 84, retaining the

weep plug 90 in the vent hole 84. In operation, the weep plug 90 rotates

wth the ! orm%dlfan shaft 62 and tends to nove radially outward. This
causes t h&'§GP Uisiatss appere detated vieguok de ecsp phug?hinstatledin tdifatvard | nner
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passage. In operation, ah-airr/oll mXxture exi

central pdiseciige. The chimfetddesurfaess 1201gsiGn alignind ewrbddy 92 be tas wespspligr ked B
~in Figureg8.. . the illustrated: exanple the length L _of the weep plug 90
i's about %@“g C’T‘?@"l@ﬁ.%' g’n e upunstplletheondition they widgh W igvrg| 4) sekpsage i s
about 8. 8theTou(d edBesi dF-the lipLBM ik isBGhtiyerRatbLiah fid Rzt Bt 19pof about
3.5. The m xture '?ehen svvilf?I S, 1dgpgjsitl ng oi l o'r‘l3 t?irgél nsi(gﬁguf)%?)t%@hgormrd
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i nl ets 13644k A0S St w9 Lhe, lLengh b the weep, passages
130, and t Wg‘n yt ‘rﬁgug eﬂtk]lgg o §taﬁ§cp o HE weep plu % is Rl.flly msert\f,:\g agd |
: the lips 126 clear the radially outward edge of the vent hole 84, the prongs return to

their original position and bear against the radially outer edge 302 of the vent hole 84,
retaining the weep plug 90 in the vent hole 84. In operation, the weep plug 90 rotates
with the forward fan shaft 62 and tends to move radially outward. This causes the rim
106 of the flange 104 to bear against the radially inner edge 300 of the vent hole 84
and retain the weep plug 90 in the vent-passage. '

In operation, an air/oil mixture exits the sump 58 through the central passage 100 of
the weep plug 90, as shown by the arrows marked B in Figure 8. In the illustrated
example the length L of the weep plug 90 is about 30.5 mm (1.2 in.) and the diameter

¢ of the central passage' is about 8.8 mm (0.35 in.), resulting in a length-to-diameter
ratio of about 3.5. The mixture then swirls, depositing oil on the inside of the férward

~ fan shaft 62. Oil that is contained in the air/oil mixture flows into the inlets 136 of the
- weep passages 130, along the length of the weep passages 130, and then through the
outlets 132 into the sump 58 where it can be recovered, as shown by arfows C. In the
illustrated example the weep passages 130 have a length 1 of about 21 mm (0.83 in.)
‘and a width W of about 0.76 mm (0.03 in.), resulting in a length-to-diameter ratio of



outlets 132 into the sunp 58 where it can be recowvered, a&ﬂgpgpp%(ﬁ% arrows
C.Inthe illustrated exanple the weep passages 130 have a I'enginh. 1 of

. about 21 W;:ﬁéin.) and a width Wof about 0.76 mm (0.03 in.), .
“resulting. ™M a Hgt h-to-diameter ratio of 14 March 2006 13Dv13980 about
28. This greater LIDratio allows the oil to flow up the weep passages 130
w t hout being affected by the flow of air sunp 58, as it would be w t hout
the weep plug 90. Additionally, the diameter d of the el ongated portion
102 of the weep plug 90 may be selected relative to the dianmeter D of the
vent hol eaBantt23. [Thiss greater LADrate alloRe L6 thRow @Bt thBQl&pShsaids tihg pl ug
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90 wi || velFgrancsofdbgillusaated example ismbpitchl 77omm (O007tie).e are too few plugs' .
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pl ugs areThs&ded B ' ri the .flow through vent holes
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. too few plugs , the benefit of reduced oil consumption will not be realized. If too

many plugs are used they may excessively restrict the flow through vent holes 84,
upsetting the sump pressurization balance. Analysis of another possible configuration
has shown that 12 plugs used in a possible of 20 holes would result in the optimum
reduction i1_1 oil consumption while minimally affecting éngine system pressurization
characteristics. . It might also be desirable to use a reduced numbei of plugs, for
example 10, or the equivalent of one plug every other hole, to provide simplified

installation.

The foregoing has described a weep plug having a central vent passage and one or
‘IMOre weep passages. While specific embodiments of thé present invention have been
described, it will be apparent fo those skilled in the art that various modifications
thereto can be made without departing from the spirit .and s’cﬁpc of the invention as

. defined in the appended claims.
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-m)dlflcatlons thereto can be nade wi thout departing fromt sprrrt and

~scope of the invention as defined in the appended clains. 14 March 2006
- CLAIMS: 1. A weep plug conprising: a generally cylindrical body having

first and second ends, a longitudinal axis, and awall, said wall having
i nner an€IoAKMS: surfaces, said inner surface defining a central passage
t heret hrough; a flange di sposed adjacent said first end; at |east one
general | y axi e i sposed in said outer surface of said wall,
sai d wegp 2‘5‘5’ @xg S’gggingrom said flange to said second end; and
wher ei n sai d central passage has a first length-to-dianeter ratio, said
weep passage Ia@netallﬁ eylmchhchbb@iyﬁammﬁamfbwcp@d pads, aengifudingd A¥Ssecond

| engt h-to- eat er nmet er
ratio. anéi' ‘i) ‘?ﬁ?‘df ﬁ‘? ?%scl’:ﬁgr“fls@nlg a¥ | eas Mg%
general | Yegtiil phddhg éﬂlgreﬂﬁagﬁgﬁldl ng radially outwardly fromsaid outer surface

of said wall at said second end thereof. 3. The weep plug of claiml or 2,

further conpr iaSafiyg deposee adjscetiwaid shendal | y axial slots disposed in said
wal | at said second end of said weep plug, said slots dividing a portion

of said wall into, at B ofREQESoe of saidh, saRep pl ug
of claim3 Whea?F sﬁonea%ﬂgrg!@a%'al da@% ng@é bl f of chanfsear‘ ed surfaces

f or ned onve@ppaﬁaae@xtsnwéfomé@@@?geais éeffnég’bdoﬁ'%l end. 5.. The weep plug of
any one of the preceding clains, further conprising a generally circular

nead {0rTed, tyapcolch i kk8hes et MRERoBikaer e diganey koo e 1 cul o0
pl ug of pmecwelew orangredn s S ol SABeR! A A ees
a pol ynersaid first length-to-diameter ratio.
2. The weep plug of claim 1 further comprising at least one generally annular lip
- extending radially outwardly from sﬁd outer surface of said wall at said second end

thereof. -

3. The weep plug of claim 1 or 2, further comprising at least two generally axial
slots disposed in said wall at said second end of said weep plug, said slots dividing a
portion of said wall into at least two axially extending prongs.

4. The weep plug of claim 3 wherein each of said prongs has a pair of chamfered

surfaces formed on opposite sides thereof at said second end.

5.. The weei) plug of any one of the preceding claims, further comprising a
'genefally circular head formed at said first end of said weep plug, said generally
~ ¢ircular head sepﬁrated from said flange by a generally annular groove.

N The weep plug of any one of the preceding claims, wherein said weep plug

comprises a polymer.

7.  The weep plug of any one of the preceding claims, wherein said flange
comprises a generally annular rim facing said second end of said weep plug and
farther oémprising a pair of recesses formed in said rim so as to define opposed
channels, said channels extending generally perpendicularly to said longitudinal ams



7:- The weep plug of any one of. the preceding clains, wheygip Sfbshe | ange
conprises a generally annular rimfacing said second end of salrd weep pl ug
arid further conprising a pair of recesses forned in said rimso - as to

- define opposed channels, said channels extending generally perpendicularly
to said longitudinal axis. -9 14 March 2006 8. The weep plug of any one of
t he prededi ngitel weepsplughdrany rons aifdhé lpesegding afaims ewhag@ssad flamgt hdser ei n so
as to define air.of flats di,sposed on osite sides of. said flange,
Sai d 11 APESERIRime GO & I3 Iget Per of dalsdapeset snirurTin S . 9. A
weep pl UgidRIRE,| i dWits BtBRARE BerleYalataET 1oG@d 1BREYdRRY bijg. @ | ongi t udi nal
axis and a wal'l, said wall defining a central passage therethrough; at

| east one weep passage disposed in said wall outer surface, said weep

passage 9exten"dWﬁ@’B’é‘ﬁé>ﬂﬁlﬂm§msar allel to said axis; and wherein said central
passage has a first length-to-diameter ratio, said weep passage has a

second | engt B- { Q=G ®tiRl I i j I h-t o- di;anet er
ratio is gr eat%r ﬁgr@sﬁér&&ﬁb?gj{ h%ﬁ%? hie?%ﬁiglgﬂ gﬁe%%fegrhq‘fi a%e?%f.l’ %&)v‘%ﬂe weep

pl ug of defipinga@entuaitpassage thepathrsilgly a general |y annul ar flange di sposed at
a first end thereof. 11. The weep plug of claim9 or 10, further conprising

at | east one nerally annul ar Lip extendi adi,al |y .outwardly from an
out er surfaceaggff'aségf“a War | Paspaes ‘i‘@gogﬁ% n egﬁlﬁpg’ﬁgr%‘g?r. S'%%%’Tf?é \/%%’B pl ug of

cl ai m 1bafsdpé BaendionpinetdlyPadillel @aid dxiw aggneral |y axial slots disposed in
said wall at said second end of said weep plug, said slats dividing a

~portion of said wall_ into at |least twg axjally extendi n% prongs. 13. The
weep plug of hekgipnsaid pessagschasor fus lgngihdagliamater wligasaid Jfeepchant er ed

SUr f acepadsafRa LOARPRAE Ao Aifde 168 | (o GRCERGN S0 The weep
pl ug of Spansyéone of clal n%thl% to 1%, ?dﬁﬁ%@hggﬁpsg?m ng hg@ﬁleafr;e ry
ratio is greater than said first length-to-diameter ratio.

.10.  The weep plug of claim 9 further comprising a generally annular flange
disposed at a first.¢nd thereof.

11.  The weep plug of claim 9 or 10, further comprising at least one generally
annular lip extending radially outwardly from an outer surface of said wall at a second

end thereof,

12.  The weep plug of claim 11 further comprising at least two generally axial slots
disposed in said wall at said second end of said weep plug, said slots dividing a

i - portion of said wall into at least two axially extending prongs.

13.  The weep plug of claim 12 wherein each of said prongs has a pair of

chamfered surfaces formed on opposite sides thereof at said second end. '

14, The weep plug of any one of claims 10 to 13, further comprising a generally
~ circular head formed at said first end of said weep plug, said generally circular head

separated from said flange by a generally annular groove.

15, The weep plug of any one of claims 10 to 14, wherein said flange comprises a
generally annular rim facing said second end of said weep plug and further comprising
a pair of recesses formed in said rim so as to define opposed channels, said channels

extending genérally perpendicularly to said longitudinal axis.
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C| rcular head fornmed at said first end of said weep plug, 1:§ﬁfafch9ﬁi66ral ly
circular head separated fromsaid flange by a generally annular groove.

15. The weep plug of any one of claims 10 to 14, wherein said flange
conprises a generally annular rimfacing said second end of said weep pl ug
and further corrpr|5| ng a pair of recesses forned in said rimso as to
define opiPosed hen¥eaRIRug é’éladl‘yc%ﬁélcéa'méxQ dadiSagvhpseiarsaid yveser pbiadi cul arly
to said |l@ngprkeshpalym@xi s. -10 14 March 2006 16. The weep plug of any one
of clainms 9 to 15, wherein said weep pl ug conprises a polyner. 11 V\EEP
PLUG ABSTRACT The present ‘invention provides a weep plug (90) for an oil
sunp having a central vent passage and one or nore weep passages (130)
parallel to the central passage (100). - The weep passages (130) allow oil
to flow back into the sunp where it nay be recovered. FIG 3
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