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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 vurfle® BgicRAteS HHgh Snetyioas skBaAVaR tah§‘r6§sﬂfé"’ﬁ{r_ Bink aphigh ara@gd oOut
the engine through a center vent tube. Once the air/oil mxture exits the

sunp, it EFE Gom the gas stream to drive the compressor. In aircraft turbofan engines, a

low pressure turbine located downstream 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



depositing oil on the inside of the fan shaft. O " that i Y4dacaioss i n the
air/oil mxture -1 14 March 2006 is lost when it is unable to centrifuge
back into the sunp through 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, i nt egfoatetbniité ondbleeto bentiagetbdor MiGakimp Besigl the VORERI LS rapiiy
typically 653?%” &l En di aneter and longer in length than holes designed to
route vent \;\;/ wever, in other designs, the fan shaft has no dedicated
weep holes, only- vent hoI es- Fornming weep holes in fan shafts of the

latter dessogm c&fs‘g@s"alrbmcbrrou F@B&@‘rﬁwwfr@ vty houaélwhféh b.%tﬂa% b%ﬁd%e%%dﬂe woul d
be prohi bi, Acc there is a ne rrethodto

I nsi
recover oi %{O:lpﬁw}eaf i% 'ﬁate‘g B X f’i?{?cf? ﬁgtgéﬂ"ﬁns'frﬂ%d‘(‘egrmptf@“%ﬁ a%i’?agtrl ng
har dwar e. CBRBEM@DWRRWG@P@IGEHESmWENﬂImte@am longenipriengthrtbodhakeniesigmely  seek

to provideg &}U‘l’éﬂ%ﬁt fI?:WJEloW@\é# ﬂﬁ)tﬁerggﬁéﬁsaﬂhe‘(éﬂ%ﬁafp %@Q@dlcaﬁ&ﬂu@ﬂ%of@g re weep
passages pa assage. According to afirst asp t, there

r
is provi dea"@“’\ﬁée@"al"ad"ee&ﬁﬂ?? g ﬂﬁshags gehefaden %?s'g’yﬁﬁ%ﬂ?qwd'&?”u%ﬂfﬁa Vi ng
first and istatietved ireardenging woolddk prodtibitably axgeasiveand a wal |, said wal |l havi ng
i nner and outer surfaces, said inner surface defining a central passage
t heret hrou a fl ange di sposed adj acent said first end; at |east one
general |y “gi‘?'%\'ﬂgfvvé%%e (o’ Berfori? S1RH9E do repowasio nortsipg SUIPR BEistues wlpd wal | |
sai d weep npaifEapae exstagdamgaer om sai d fl ange to said second end; and
wherein said central passage has a first |ength-to-dianeter rati o, said
weep passage has a second |length-to-dianeter ratio, wherein said second
| engt h- t o ERIBEFBYBMARYIQRTHEINYEMIIQN than said first | ength-to-dianeter
ratio.

One or more embodiments may seek to provide a weep plug having a central vent passage

and one or more weep passages parallel to the 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. ' '




According to a second aspect, there is provided a “weep pl yg e do@lng a
generally cylindrical body having a |l ongitudinal axis and a wall, said wall
defining a central passage therethrough; at |east one weep passage

- disposed in said wall outer surface, said weep passage extending generally
parallel to said axis; and wherein said central passage has a first

| engt h-to-dianeter ratio, said weep passage has a second

| engt h- tornélpaégeﬁta{vem@waad né’\élﬁé:&bdbs%%r%éﬁiﬁpé}ﬂmh BEGR- afppars,lm@ er ratio is
greater net er rch 2006 The

a

o eoent o Felefonits e ihuitingat! G0 B epu Yo virpeie B Hoc ome

appar ent aspempanyiegdrawiggs-he f ol | owi ng detail ed description and the appended
claimse with reference to the acconpanying draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWRNIEF DESCRIPTICRE DF TREIDRAWINGS i S regarded as the invention is
particularly pointed out and distinctly clainmed in the concluding part of
t he speciThecabjedmatiFhtbat is vegatded s tHeomewtm, is Mctﬂmlytpemted duhgret didtiectly by

ref er enceydified Hend QbAAA0HShS elsécﬁ.eatfoﬂkm inferfih) A&%&égromawbs Belihe

acconpanylng ramnng gures In di nal axi al
sect i onal"gFrERPHtYa "é%{gn‘ieu%lt% f‘éﬁylnﬁedﬁsﬁfd}w%dﬁ‘éﬁ"ﬁ iy canivespn Withugieof t he
present iavoentanying draiag figurdéin ahic006 13DV13980 Figure 2 is. an enlarged
fragnentary view of a region of the engine encl osed by dashed box 2-2 of

Figure. 1.
Figure 1 is a longitudinal axial sectional wew of a gas turbine engine incorporating a weep

plug of the present invention.
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Ff}gure 3 is a perspective view of a weep plug of the presepis, 'rc?hvﬁfbbi on.
Figure 4 is an end view of a weep plug of the present invention igure 5

is a side gé Z%éé&nal view of the weep plug of Figure 4. Figure 6 is a
cross- seciPBY ew taken along lines 6-6 of Figure 5. Figure 7 is a

perspective view of a weep plug constructed in accordance with an

al ternate enbodi nrent of the present invention. Figure 8 is a
cross-sectional view of a portion of a gas turbine engine fan forward
shaft having a weep plug of the present invention installed therein.

DETAI LED FigfseR i hh@lated Frpniehdbh\He @b fRetegioni of thd engidteendioded Bgdashber ei n
identical, reference nunerals denote the sane elenents throughout the
vari-ous vb@ﬁ%“ﬁﬁbﬂ?% 1 illustrates a gas turbine engine, gdenerally"
designated 10, in which is incorporated weep plug 90 of the present

i nventi onpioa% FRQ ?&rép@ctﬁ%t\%\ir of Qﬂ%@}gglﬁg%f HicbrestfintB@idIe 10 has a

| ongi t udi nal cent 't ne or axis ter stationary annul ar casing
14 di sposed concentrically about and coaxially along the axis A The

engi ne 10Fignesi4ides ead yieww efsnwecptidug obthe ptenitinvdntions conposed of a

nul ti-stage conpressor 18, a conbustor 20, and a high pressure turbine 22,

ei ther si B O 4 eteil&)aﬁ Eﬂ%%%]eﬂkgé’%réﬁﬂ%eq ﬁﬁéfal l'y about the

| ongi tudi'n axi's or cent e “engi 0 in a serial, axial

flow relationship. An annular outer drive shaft 24 fixedly interconnects
t he conprBge®r6 it 8 carsd-shétigimapriew saliea alonglinee 6AP0f FHipmedore 16 is effective
for generating conbustion gases. Pressurized air fromthe corrpressor 18.

d | th nbus d t th t
Combusti CHEYRbA 2SRRI IR G rEePoBoR L it ARG T A g

pressure gliride Sb6dimeRAT (ASHIeA? Ridention.

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



tur bi ne 22 which drives the conpressor 18. The renuai nder %Mﬁp‘%%‘oustion
gases are discharged fromthe core 16 into a | ow pressure turbine 26. An

i nner driﬁ s?gé% 38 is nounted for rotation relative to the outer drive
shaft 24 %RV @ beari ngs 32, differential bearings 40, and via suitable
forward bearings 42 interconnected to the outer stationary casing 14. The
i nner drive shaft 38, in turn, rotatably drives a forward fan shaft 62,
which in turn drives a forward fan di sk/booster rotor 44. Fan bl ades 48
and booster bl ades 54 are nounted to the fan disk/booster rotor 44 for
rotation tuftdne®R twhiclRafiesy theGonpresser F3.dfHecremaiddee 6L tHeSconkudtibs ghed t he
regi on of the gas (i]g_rbi e engine 10 where a conventional bearing sunp 58

i s defined® bgﬁgﬁfg? opdh6ertg 18dnteialgy nressurptBrbinged: i ng sunp 58 is generally
defined by an outer annular structure 60 which is interconnected to the
outer CaspAfRGnkg r Wets = hi hegl glk I Rtgrgconnect s
t he forvvaég enddg?gfléldgﬁ?én%er dr?ég&sﬁﬁ%?§£§%%%%ﬁge ?lgfgﬂvx(gjrl%e sfﬁgﬁﬁﬁg

di sk/ boostear beaings 2. difkzential Wearthgsad0,sival tviss Ryitdbdd figrwaed rbeatiegs M2t h an

i nner annular race. .4 of the.forward bearings, 42 rotates with the inner
ar 1 ve snaniapnbdEd s e Pyet Mpiodinitedna e dlfahuet ikl 3l 60 o
the bear ifogsblyRribd AMdeardifn SQRNES tiflch B tuAd Rkt 8 Tor ARV ERA disidkcosfeB of the
forward bearings_42. Conventional labyrinth air and oil seals 64, 66 are

provi ded 88rfdentan bladere4§ sndibpastembladesnik avomgurted ta theefantdigk/banstear d ends

of the r [ ing. outer annular structure 60 and the forward fan
shaft 62%@?&2@?@@%@\/&@ ‘end of the bearing sunp 58. G| is punped to

the forward bearings 42 and therefore into the sunp 58 through an oil

“supply cdefairing@®w fr Bigerer2, shete as illustatedjtectegibntaf thdrgad takhiné aidin@ilé seal 64
t hrough n air suppl onduit 70 in arder, to prevent il from|eaking
t hr ough t"ﬁléer? QWPY%{%WX%H eang%apmgéS lﬁ%ﬁgﬁ’eﬁq %h?ugfhetfﬂ’év"}r&jbéﬁl%ﬁﬁ%r g‘gguri zed

ai r whi chpeafih@rsaniphss h@ggehéiﬁnﬁ URBned tyusd obkr AP irhére khewRiAMsS8 in a
controlled manner in order to maintain sunfp pressure at
- 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 labyrinth oil
seal 66. C '

* 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



a proper bal ance. However, the pressurized air becomes m xggapist fpggarticl es
of the oil in the sunp 58.. Therefore, the forward fan shaft 62 has one or
nore vent 1I3 %9%6 -4 14 March 2006 13DV13980 extending through its

“thickness 1'n 'a generally radial direction. Typically, the fan shaft 62 has

a plurality of these holes 84 arranged in a band around its circunference.
The vent holes 84 provide a passage for air flowfromthe sunp 58 into a
vent plenum 78. and subsequently into the center vent tube 80. A cover 74
is attached to the forward fan shaft 62 with fasteners 76. Referring now
to Fi gur e8xignding thropghyitythiknes ihasgeaenally ratisl diedijord Typmallnghea fn shat end 96

d ; I ni ' 4 t endi th b .
Generar | y 52 Lafh Pyt BPUGT Bite® R Bithtecdin & B0 el B GieyRbRE g TBE ne. body
92 from t hentfhiolcst84gnevidO8 passad CorseCASE RSl tiRSunt) SLRRS 8kt ﬁa&%&% gﬁr head

116 -havi ngqlfgsflat end, surface 118 is disposed at the first ‘en

Adj acent Yraeauentiinta the erates vant §abe SAyldacover A de attahed whileHonwmd a pai r

of opposegfhak g2 LGG n laterally opposite sides thereof An annul ar
groove 117 ssepar at es %ﬂ%ﬂ%ﬁégul ar head 116 and the flange 104 and provi des
a surface for a tool to pry against when renoving the plug 90. A generally
cyl i ndri cReferréigomyatociiigpes Si@n WD mug Bhtiss Hehiveebody P2 Bxvinghdirerdd 110

adj acent |.ange 104 n .distal .e 112 at the second end 98 of the

body 92. %é]n%%(ilr? eg “g?%%\?g’ gﬁ@“n%iagﬁ&é%ggﬁtepﬁ@gjt&}ﬁ@P?We%fAtg?@e’@llﬁngat ed

portion Mndﬂéhlkbﬂtrzﬁ';ﬁﬁ&%e 106 padyes 'aﬂ?aﬂl?@nbﬁ%h ﬁ{e%ﬁze}i ﬁ’&nttgtg ﬁ}#%ﬂ&]e_ 104
S

and extends axially _towar the second end 98 of the body . The rim 106
i s di vi detP forthe sespsd sad IBar sensralbneirawarthiead pebavingadhat tikswipedds flats

oo pl ug UEPARG AT 08 04 Adedell il R SRR B G 0 " 1

weep plug 9 ot her near
i nst al | edwhith has & peir ofloppesed TRital @8 foRmee GnilieRP @ppbatcHidiazha@tot Nen

el ongat e‘danrljlgfatr ig{')o%v% Q%7 se-li)g?ates the circular head 116 and the flange 104 and provides a
surface for a tqol to pry against when removing the plug 90. A generally cylindrical
elongated port‘ihan 102 extends between a prdximate end ii‘dadjacent 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-



-$lots 122 begin at the distal end 112 of the el ongated poryinp nd
extend partially down the length of the el ongated secti oﬂhﬁc&r%@fl ots

. 122 divi dg HSF %I %ngat ed portion 102 into two prongs 124. Each of the

" prongs 1. ARS8 pair of chanfered surfaces 120 forned at its distal end
112, on opposite sides of the prong 124. An annular protruding lip 126
extends fromthe distal end 112 of each of the prongs 108. Although the
illustrated exanple shows two slots 122, it should be noted that three.or
more slots 122 could be fornmed in the elongated portion 102, dividing it

i nt o t hr eéhecalongabdepoptian 82. 1AB beshisednaia Fig108£4 WRE D, Rahs AURwIRH ckempler med in
the outer ,surface 128 of. ' 1 4 rch 2006 13DV13980 the el ongated portion
102. As b8 WeehoRasspeeg; If0r wg in thedomn of graaves havins e senenllyxasmatiteularhe weep
passages &3 ' Vi | I 1L chr.cul ar

O ose- sect oy Seioh ittRul Y Siape D KE e TRE R SR Py BTLEN°Te an
outlet. 132dipessdsittheadistahendiofthalelongatedpottiva HRo et webppistdgenthtf2. The
weep pass s.the ext end axi al | owards the flange 104. At the_point
wher e the%\g\%%%aﬁlgggé‘&‘&r‘ai%éﬁ ﬁl"“f‘ﬁeem‘t‘tectd‘tt Pgih yybsre g’t"o‘?{?ﬁé’ napgages HaY turn at
a_corner iiddsanthd Aol desd [RHiRly tm QUL Wefdr 15£6A0 MRl Qe &Blv%g”' et 136
di sposed in the flange 104, in al i((i;_nrrent_vm'th the flat 108. e ep plug
90 i s nanf¥REEd teminding ah andelet 13 disprisedhini thedlapgblle4,dh alignrhertt avitithg  t he
tenperatupggsigarevailing in the sunp 58, which i's approximtely 149C (300F),
and resisting attack fromthe engine lubricating oil. Al so, because the fan
shaft 62 is a life-limted part whose characteristics nust not be

conpr o -s&bk webpe phigld) BOnamiictired fivhde naifterial Wil isadapabibio€ vithstahding sel f

wear rathgr tt han cause Weﬁ{a of the fa Shﬁqhﬁz Furt hernpre, the weight
of the pl 0§ 'SHPTRIULSrrayalRg il s a8.bwshich iy apprsamately (149 GEIWE i n t he

engi ne 10affeRsikiigd dtacRBdnl heRnpBink %ﬂﬁichﬂﬂ?@bi@ng%opﬁf@h%e Taﬁ iRt 6haflaShaft
62, especjally: if the plugf-QO shoul'd be’ i nproperly installed.. e suitable
mat er i al . §ifg-limited part whose characteristics must not be compromised, the plug 90 must be

made of a mate;ial which will itself wear rather than cause wear of the fan shaft 62.
Furthermore, é;e weight of the plug 90 is preferably miﬁifrﬁzed 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 aluminium or other relatively
sqft metals may also be suitable materials. The weep plug 90 inay be formed by any
known method, for example injection molding, compression fnolding a near-net shape

foli()wed 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



VESPEL pol yi mi de, available fromE.I. DuPont de Nemours aEg MOAPE6HS
Wl m ngton, DE 19898 USA. Anot her suitable material is PEEK

ol yet her # e, which is available fromVictrex USA Inc., 3 Cal edon
%ourt, Sﬁl}@@@eenvi |1 e, SC 29615 USA. In general, any material that

satisfies the requirenments described above may be used, for exanple

alum niumor other relatively soft netals may also be suitable materials.
The weep plug 90 may be formed by any known nethod, for exanple injection
nol di ng, conpression ol ding a near-net shape followed by nachining, or by
machi ni ng 102 con appsénksidds tiadesf.i dh. thinembedineabaté el 26 bhehdrRSENt

' ti is illyustrated in Figure 7. A weep plug 290 is simlar to weep
ol ug 0, RAVRES DhRigoresendcnp i figesd 06 Shedees Horteds conmioly | ange
104 havin [ i ad 41

enci rcl esg{(ﬁlgﬂbtg%;@gglg%;?mt@h@ %hghﬂg??o%%bf p& kgrf({%goﬁggg#o_%{agﬁéggﬁg aerFongat ed
portion 1d@medAn thd rimof06wEkpclpanelades akddcanel fomplhsadfabaof the raties surface

of- el onga 4o, 14 rch 20 3DV13980 102 on opposite sides thereof.
I'n thi sgetﬁﬁggfosé%et?‘{alﬁﬁo@%eﬁ %r‘?gg’ éf’wttﬂ hegve 62@% & woep Bas#SE  ext end
into the Pbéange 104. The flange 104 extends conpletely around the

circunference of the body 292. A pair of opposed channels 298 are . forned
in the rim 106, ., The channels 298 are recessed fromthe surface of the rim

106 and Wgél-{‘é?&é?eﬁiad%‘é‘? dgtatled visw of the tweep Ipbig Q(biwllﬂHerhn&@efo?mmrl]and t he
4 1Bl QUL ' t A il ed view.of the weep

e pasS BB RSB, 90 LUSLAIUAE g T Bl NGk

i nst al | eddirectione The wharhferel @Afaédsdﬂﬂtabﬁ'striﬁdliﬁxhﬂlgb ﬂé%bgg 92](ciblf Jl[ﬁﬁﬁvééimluﬁ' Ihe %0

. 0 i st i | i gni.ng the body. of _the weep plug

wi'eh the S MR SemFRIf AR, Rt pdtalien cand Rt Width RO edeHAROR gure 4

across tie ouredgsddate Rbs 14%is kiipfiyl@Batbsthah Uik BRFRurd PRSE hbe

diameter D (Figure 2) of the ‘
vent hole 84. The presence of the slots 122 allows the prongs 124 to flex inward

slightly as the weep plug 90 is installed. When the weep plug 90 is fully inserted and
the lips 126 clear the radially outward edge of the vent h(')le 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-fo-diameter ratio of



vent hole 84. The presence of the slots 122 allows the prQ@ﬂ%r gt 0 f1ex
inward slightly as the weep plug 90 is installed. Wen the weep & ug 90 is
. fully insqriﬁﬂgﬁgg the lips 126 clear the radially outward edge of the
“vent hol e '8 : 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 nove radially outward. This
causes the rim 106 of the flange 104 to bear against the radially inner

edge 300 ebout!R8. Vihixt gfeater LAY ratiedliowt ahd1ofli6 MR Rphthe Gy S%da?ér%reg l}gﬁnt e
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about 8. 89%may(hesslecied yelatiwstol the dignieter D bethgtvent ol 8an®1@ke alcidakanceof about
an sha t DR eH e RERSTF 8% a8 HE boi Ppcreatmespidaitensi nnlueor o o | he
130 and then theeugn Ehe onorng el O scapihe TG, OThe BontiReR) hop2a0es

r ecover edeleaancarfiipe Wyststederanple ismbpwid). 177 osf0r@fdu).exanpl e the weep
passages 130 have a length 1 of about 21 mm (0.83 in.) and a width Wof

about 0. 7Phdeé ' ; L-0Q..] | engt h-t.o-di aneter. ratio of 14
March 2006 13 D_\;%L)%Igg §0% Mise f"%ﬂ%‘?g’%ﬁggﬁ LEREHS GO5ms AP GhLtT: S| ¢ o
flow up tieycheismplpés aplemeit30Thevivel plugb @on@natief seémbleld\ont fdld fhpieef ai r
:sunp 58; -1 1. woul d..be w thout the ep. plug 90. Additionally, the
'di anet er ‘gﬁ%ﬁ Ek{eﬁ@”e%ﬂﬁ’&ﬁ%ﬂg% the Wr%%?“@f"eﬁhgﬂww obthergaginse
sel ect ed medm!pavigcil dkBRpR HFBLSImBly Qf _ :
cl earance etlt/veen t he vie)n.t hol e nél?fyan(g&??elﬁ%{%g@(%gg%%l ?%:Ar g%ﬁlrlllga an
addi t i ondPtahghER deles gsuligd in about an 8% reduction in overall engine oil consumption,
The optimum gqmber of plugs 90 will vary for each particul_ar_ application. If there are

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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di anetrical clearance of the illustrated exanpl e i s about nm (0. 007

in.). The weep plug 90 as disclosed herein provides a tangible oil

“consunption benefit and is yet sinple to.inplement. The weep plugs 90 can

be assenbled on field engines while they are still nmounted on the aircraft
with ver €ILAFMBe di sassenbly of the engine. In one particular exanple, the
assenbly of four plugs into the forward fan shaft in a total of 22 holes

resulted,in a O‘Ef?@??,ﬂ“ %‘g&b@qﬁﬁ#l on in overall engine oil consunption. The

opti mum AUnbe vary for each particular application. If
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| ongi t udisamlfirstlength-to-dmmettearat@al |, said wal | having inner and outer surfaces,
sai d I nner surface defini n? I

2. The weep plug of claim 1 further comprising at least one generally annular lip

- extending radially outwardly from said 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 oemprising a pair of recesses formed in said rim so as to define opposed
channels, said channels extending generally perpendicularly to said longitudinal ams



cent'r al passage therethrough; a flange di sposed ad-j acent qglmgaé end; at
| east one generally axial weep passage di sposed in said outer sur ace of
sdid wall, said weep passage extending fromsaid flange to said second

- end; and wherei n said central passage has a first length-to-dianmeter ratio,
said weep passage has a second |length-to-dianeter ratio, wherein said
second |&ngt HFlicowekipaplag eif alngtdno dfshe lpmédmg toledins, ®@ediof $aid flange has

| engt h-t o- dlageter ratio. The of clalmlfurther conmprising at

we
| east origoegiedpimed, bt Fa s iq Beﬁw R R A AT I A

out er SWhidaR e sarPilAs Yabldifd gaRtAlyTREMRMo.AM 10hRRIGRS axi3- The weep plug of
claim!| or 2, further conprising ag, least two generally axi al slots

di sposed in said wall at said second end of said weep plug, said slots
di vi di nd-a porermplugicomprigingal | into at |east two axially extending
prongs. 4. The weep plug of claim3 wherein each of said prongs has a pair

of chanter o0« RGeS uh AR o tﬁﬂﬂ%ﬁ%ﬁ iR ARSRAOY wah, S Gafocond enc.

5.. The weep ny one o reced I'ng clalns her” conprising a
gener al |dgfigingeudentralipasmigé trenatlroagh;sai d first end of said weep plug, said
generally ~circular head separated from sai d fl ange by a generally annul ar
groove. b. Th?l {a gl of aﬁ@é ne of .t he. ed|n cl.ai ns,..,wherein said
weep plug cénprtsel®d” SPoprd, i) 0'5? SH{ACEm i fweepp e

pr ecedi Ip@ss@g@emndlﬂé'@érﬁtdmmraﬂllefﬂoaslﬁﬂﬂixmcﬁff@r' Ses a general l'y annular rim
facing said second end of said weep plug and further canprising a pair of

_recesses for r&'?-{n so as_to define opposed channel s, said
channel s ext g@ Dassegenbandr dstalengthrie-diameten wHgi pAGIWRSP axis. -9

14 Marc Iﬂa.?sggeﬁhas a second length-to-diameter ratio, wherein said second length-to-diameter

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 ' portlon 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 generally perpendlcularly to said 1ong1tud1nal axis.

-10-



8. The weep plug of any one of the preceding clains, whergifsaishol! ange
has recesses fornmed therein so as to define a pair of flats disposed on
opposite sides of said flange, said flats extending generally parallel to
said |longitudinal axis. 9. A weep plug conprising: a generally cylindrical
body haviﬂg a longitudinal axis and a wall, said wall defining a centra
passage t¥eretHieoWgRP RIYD (06 Ry @i Ofedaimp ot dagth, ovhaseis espid rweeR Blugal | out er
surface, gmifisée8PolyRReSage extending generally parallel to said axis; and
wherein said central passage has a first length-to-dianmeter ratio, said
weep passage has a second length-to-dianeter ratio, wherein said second

| ength-to-diameter ratio is greater than said first |ength-to-dianeter
ratio. 10.. The weep plug of claim9 further conprising a generally annul ar
flange disposed at a first end thereof. 11. The weep plug of claim9 or
10, further conprising at |east one generally annular |ip extending
radially outwardly froman outer surface of said wall at a second end
thereof. 12. The weep.plug of claim 1l further conprising at |east 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 |east two
axially extending prongs. 13. The weep plug of claim 12 wherein each of
said prongs has a pair of chanfered surfaces forned on opposite sides

t hereof at said second end. 14. The weep plug of any one of clainms 10 to
13, further conprising a generally circular head fornmed at said first end
of said weep plug, said generally circular head separated fromsaid flange
by a generally annul ar groove. 15. The weep plug of any one of clainms 10 to
14, wherein said flange conprises a generally annular rimfacing said
second end of said weep plug and further conprising

11




ﬁ“pair of recesses forned in said rin1sb as to déﬁine oppos ethrehz0mael s,
sai d.channel s extending generally perpendicularly to said |ongitudinal

axis. -10 %ﬁ)\%rggg 2006 16. The weep plug of any one of clains 9 to 15,
wherein sddY’ plug conprises a polyner. 11 WEEP 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 may be recovered. FIG 3

' ' WEEP PLUG

ABSTRACT

The present invention provides a weep plug (90) for an oil sump having a central vent
passage and one or more weep passages (130) parallel to the central passage (100).
. The weep passages (130) allow oil to flow back into the sump where it may be

recovered.

FIG. 3
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