: STe3e, Vz, SLh6&Tz7; 13DV13980 WEEP PLUG BACKGROUND OF THE | NVENTION  This

i nvention B#\@r%%ﬁ generally to gas turbine engines and nore particularly to
a weep pl Jé Bcoveri ng oil used to lubricate the bearings of a gas
turbine engine. Gas turbine engines typically include a cor e””m'

conpressor for conpressing air entering the core, a conbusto MMWWM'S
m xed with the conpressed air and then burned to create a high engigy gas
stream and a pressure turbine which extracts energy fromthe gas streamto
drive the conpressor. In aircraft WEEB#AMGengi nes, a | ow pressure turbine
| ocat ed downstream fromthe core extracts nore energy fromthe”mwmﬂmmﬂm

for driving a fan. The fan provides the main propul sive thrust mm)y
the engine. Bearings are used in the engine to accurately | ocate &g+
rotatably nmount rotors with respect to stators in the conpressor and high
and | ow PBACKGROUND OFSTHE INVENTPDONe. The bearings are enclosed in
oil-wetted portions of the engine called sunps. In order to prevent

over heating, of the bearings, |ubricatjng oil and seals must be provided to
prevent t HaisHaYension relates gencaallyi taeas [shina engipeRd BRI YAl 188a¥5Ry sunps,
and | ubri i b ifel ¥indWaYinPeat generated

i nternall ﬁ%ym?ﬁgb%eé% %E%g@%&lggggﬁgiﬁettﬁgﬁ%shc?fg ?(Ealfraltn?veglg peed of
rotation. Ol consunption arises fromthe nmethod used to seal the engine
sunps. Th&as éabinegngeh bppieatlk duclide nearedwving af eompaessal for ichmprassing @int t o
exist that fl.o into and.,out of th umps. Thi.s.fl ow ul ti | v ,cont ai ns
ol “that  FRelff D aprntiios el b B iR e B erac B B0 M back 1o
t he sunpsbuned abecreas tal Bigh ahefnfdsgitieatn, Gdth présquirvantbinghivh urdtsi S
vented through the forward fan shaft and out the engine through a center
vent t ube EngOBY: &ropth theggas/syieamyip driye dhe gpmprossrs. dumyeraft tushefan nginesdsi ti ng

oil on the. jnsi ?Qai j t ' j ir/oil

m xture - oW Bﬁég%&ﬁ%@%ﬁﬁg&?&& sgﬁaﬁﬁlo%ﬁ%ncgbf% %g{s?el%%ﬁ%éggg%lc ¢ into
the sunp ghy aregm fohdriviagta thnl Ehedfar ptavideaphalhgiresropydsivg thwesttgeaenmted Syme
designs allow for oil recovery by using weep holes, which are passages
whose funfi§¥¥Mes to provide a dedicated path for oil to re-enter the sunp,
integrated into the forward fan shaft design. Wep holes are typically

smal | er | Beghiadieireusé@nth thenR@gineitd ac@Rgely lobas aho retatabBsingietchotdds Mot € vent
fl ow. However, in other designs, the fan shaft has no dedi cated weep hol es,
only vent I¢5pe@do shrsimibe wemprasspreandihich and lomapressusy turbipes of the engiggi gn
after thei f -' ' ' ' be
ot o bi 1 Vo SR et GRIRAE AEhBloebirhnd O APCARM BN 2, |y (g
recover oil in existing sunp structures wthout nodifying the existing
har dwar e. IBRIrdEF tSUWBARY o@ErthEing dIVENTbEngs, lubricating oil and seals must be

provided to prevent the hot air in the engine flowpath from reaching the bearing

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.

Oil 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 air/oil mixture exits the sump, it swirls,

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



The above-nentioned need is net by the present invention, which provides a
‘weep plug 15ﬁ<i(]ﬁa%@®ncentral vent passage and one or nore weep passages

paral l el t tral passage. The present invention and its advantages
over the prior art will becone apparent upon reading the follow ng detailed
description and the appended clains with reference to the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS The subject matter that is
regarded as the invention is particularly pointed out and distinctly

cl ai med i s ldsewheanit lisichabie pasehtrifigd beekdmechd swuap tlroughlthe vemvieodd daeto
however, may ]l&e best understood by reference to the foll owm ng description
taken in 66‘%? (FEEAPYI Y 't he acconpanying drawi ng figures in which: Figure
1 is a longitudinal axial sectional view of a gas turbine engine

i ncor por atgofft desWaSRIIWYSr & _réd&@er?ﬂﬁ&fb’fﬁg WBMERS1EQ Rvhiclare ph3ddyds3W#0sei gure 2
is an enlarged fragnentary view of a regil on of the engine encl osed by
dashed boxXuiktipnds tomprguide aidedicagd methafor o1ldo peertpetheisympyintsgrased intolsp pl ug

of the pr iV i on.  Fiygur i n.e vi ew of .a wee ug of the
o esont 1 OSHES KRR Bigns Pehled fe LSRG S 6 ABmERE Bod byl g o
Figure 4. Idrigthitianthdlés desidned Yo S66tei venaklow. eWotvaka irdbtheg dedip®s the Gnof

Figure 5. Figure 7 is a perspective view of a weep plug constructed in
accor danc&haif bas nmdedieatsd e haleso aniyeient bgles. neorpring waep holowin fapshafts gure 8
S 2 CT OSSTSAE diRAesikh GifePihck AARLGANP i iRRIalitts B AR BMlNGoli@Nd O var d
shaft having a weep pFfug of the present I1nvention instal t herein.

DETAI LED DEsSbitiPdly €kpediSivEHE | NVENTI ON Referring to the draw ngs wherein

i dentical reference nunerals denote the sane el ements throughout the

vari ous Views.,,.Fi e 1 illustrates. .a gas turbine engine, generall

desi gnat edFarie ke nutetf 7R GRuielBisskt Lol gn g R RE pdS Fhlhis

i nventi On,wiﬁﬁ)uﬁﬂ‘m@&ﬁyihgt}ﬁéﬁ;@étingih@rdﬁrag&reS 3-8. The engine 10 has a

| ongi tudi nal center line or axis A and an outer stationary annul ar casing
14 di sposed concentrically about and coaxially along the axis A The engi ne
10 i ncl udM%ﬁQWﬁ&%ﬂﬁ?TE@E‘Y@Wp@ﬁ i s conposed of a nulti-stage

conpressor 18, a conbustor 20, and a high pressure turbine 22, either
single or THldbbPd-mchtidh nddlilis At HYIBE QRN AveMiAD MicH Prov]RPal Jig nal
axis or center line A of the enginé 10°in a serial, axial flow

rel ati onsiplyg havingaraghtal vant grassdeé wad shafar Mdref Weepdpassiges avdiehéxthe t he
corrpressorce&@al%ggagé' gh pressure turbine 22.

The present invention and its advantages over the prior art will become apparent upon
reading the following detailed description and the appended claims with reference to

the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter that is regarded as the invention is particularly pointed out and
distinctly claimed in the concluding part of the specification. The invention, however,
may be best understood by reference to the following description taken in conjunction

with the accompanying drawing figures in which:

Figure ! is a longitudinal axial sectional view of a gas turbine engine incorporating a

weep plug of the present invention.



The core 16 is effective for generating conbustion gases. Pressurized air
fromthe cmﬁ 18 is mxed with fuel in the conbustor 20 and ignited,
t her eby ge éédcorrbusti on gases. Sone work is extracted fromthese
gases by the high pressure -3 13DVv13980 turbine 22 which drives the
conpressor 18. The renmai nder of the conbustion gases are discharged from
the core 16 into a | ow pressure turbine 26. An inner drive shaft 38 is
nmounted for rotation relative to the outer drive shaft 24 via rear bearings
32, differkiptied ishranlarpgd fi@mentacy view oflai regibh ef therengingd enelasedigysdabBed
interconnected tq fhe outer stationary casing 14. The inner drive shaft 3
8, in turrpoxr%tzg?g’r:glu?hrrves a forward fan shaft 62, which in turn drives a
forward fan di sk/booster rotor 44. Fan bl ades 48 and booster blades 54 are
nount ed t opjgihe 3f1§Qp€ts§l‘cltRz@Q/§et\¢6f 4 Qb lﬁ%ofﬂfe préeat inoéhtioaer ewi th. Referring
now to Figure 2, there is ill ustrate e region of the gas turbine engine
10 where a conventr onal bearing sunp 58 is defined about the forward
bearings 4agureids peand Wewsfrpvee nlug efcthe peesenf ieksnfiged by an outer annul ar
structure 60 which is interconnected to the outer casing 14 and the forward
fan shaft 1 end of the inner drive
shaft 38 tlﬁgrtn‘#g grs&%rﬁ%%ﬁag}/%w%}gggg?pbﬁgo fﬁﬁé%{he forward fan shaft
62, being connected with an inner annul ar race 42A of the forward beari ngs,
42 r ot at esFigirelé is herdssiseatiodali wiew sdkahtal@g line$ a6 ofdigwetthe stati onary outer
annul ar structure 60 of the bearing sunp 58 V\hi ch i S connect ed to an outer
annul ar r Z,P the forward bearings ttonal 4 rrnth air and
oi | seals ﬁ“re 15 P PHPEH G N o 1 %“% rrgn Aoy s LW g

bet ween thﬂteﬁ@ta\aﬁbb(ﬁﬂﬁdﬁcﬂfthdﬂj}esd‘neirﬁzbnmﬁi_y rotating outer annular structure
60 and the forward fan shaft 62 to seal the forward end of the bearing sunp

58. Gl is_punped to the forward bearings 42 and therefore intq the sunp 58
t hrough anf'igpte %tﬁp’t‘)l‘:?sﬁét’f-‘dk?flya 68w Prapation A gy turking ﬁp@@téﬁfl?

| abyrinth r@;&‘fl in order to prevent
oil from I%gilitr ﬁ?ﬁ ﬁ%ﬁg%‘ ?@grer?f%ﬂrtttrﬁjégﬂnyglgéaapg%gferei&porti on of the
injected pressurized air which enters the bearing sunp 58 nust be vented
fromthe SOEFAIBEDWDESCRIPTIONQOFTEMBINVENTIAYr to maintain sunp pressure
at a proper bal ance. However, the pressurized air becones mxed with

particles i 8. t t 62
has one orlg‘%mlrrg@vg)ntheh@ﬁ wﬁ% %nge@ !Ldfﬁeﬁﬂg%ggr%(cf lngnéﬁ rngheg I ? M

t hi ckness élementgehenghduy thadadbusgiviess! iFigure Ty diusthtey ,a gdmeufrbume sdmgfrie, 62 has
a plurality of these holes 84 a ed in a band around |t rcum‘erence
The vent - Hsneel SRl Pasbiey BomORed Gieep: BHE: Ho Ll BETH o o
vent pl enumyeiRioANsk %%eiﬂ‘!ﬁﬂﬁl'ﬂﬁ Fl@ﬁl‘és Bl ﬂ@%éfnevl@rﬁastd-ﬂ% ﬁﬁilna‘f‘cﬁﬁ’t‘éﬁr 74 1s
attached to the forward fan shaft with fasteners eferring now to

Fi gures 3- lmetaamefbapd aq 09T h@gommmdmwabmawgnsmaﬁd ﬂglcantﬂpalbta gti 96 and
a second e aIIy
cylindrica %chﬁ%lggfgfgg [ﬂ%%l Olrﬁ%g g@g@:}ﬂhﬂﬁ ta[gr;ig gg)l%tr%ﬁﬁle&geﬁ(s rom t he
first end 196:oh1po§é%leoﬁemﬂd-seigd c%&tpre%s@eh&rzabbmbﬁstdircm adndhﬁéhttghlﬂ&sdmmn ng a
flat end surface 118 is disposed at the first end & dj ac nt t he head 116
is a gener®bige %?nﬁr}tl%rrsura pigauliiple sipgechll pEangs ﬁ%‘i"t‘al 8 i) ep&ltuaw@ 108
formed on Jua ﬁxfé’é kef 191@99%1?%1{% e?fgfxﬁssld 164 §91al, 'ihlaﬂyw tidAsMBY An LhAygepar at es
the circular ead1 116 and ange 104 and provi s a surface 'flor a tool
to pry agaiuertdriveshaft éﬁnﬁwedig intaophasts the complg:em rl&lang heghl prashuiectatbied ongat ed
portion 102, extends between a proximate end 110 adjacent the flange 104 and
a distal 112 at the second end 98 of the body 92. An annul ar groove 114
di sposed at the junction of the elongated portion 102 and the flange 104. A
rim 106 isTkb sqesi@disaifectiee tdragimeratifg oaﬂduemtneg&ss apedutiyed aineffdin thde
second end 98 of the body 92. The rim 106 is divided into two annul ar
sections RPIMESSHR &eﬁeeewlthr@eldmsbeeanwswéolm 1gnitedy thepgbypgaereting  The
flats 108 Qs e it a er
near by struct urggn %ﬂ%%\ gﬁ@@mqg%rghé%%&g% IS 1 r‘rigf\sg\,?‘g% B!" l{gear?l%ho?l(é %&?s 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 extend
partially down the length of the elonggted section 94. The slots 122 divide
the el ongated portion 102 into two profigs 124. Each of the prongs 124 has a
pair of chanfered surfaces 120 forned at its distal end 112, on opposite
sides of the prong 124. An annulax protruding |ip 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 nore slots 122 could
be forned in the eIongated portron 102 drvrdrng |t |nto three or nore

o A NS res o, S o A NN . o o o




13DVv13980 the el ongated portion 102. As best seen in Figures 4 and 5, in
the'illustéﬁ&p§ s anpl e the weep passages 130 are in the form of grooves
havi ng a é rl=2P é sem circul ar cross-section, although other shapes may be
used. The weep passages have an outlet 132 disposed at the distal end of
the el ongated portion 102. The weep passages then extend axially towards
the flange 104. At the point where the weep passages 130 intersect the
annul ar groove 114, they turn at a corner 134 and then extend radially

out war d, twebintie 22t whigh alrivas thiendoaiprés36r d18.sPloes sthaimdet lo€ tlid esryleustiod gaseas
alignment with the flat 108. The wege | ug 90 .i.s nufactured from a

mat eri al ﬁﬁi‘ﬁ??h?@eégfﬁgbﬁhé cgre M 1piea Qﬁ‘aﬁfﬁﬁg{%@ﬂ% ratures prevailing in
the sunp 58, which is approximately 149C (300F), and resisting attack from

t he engi nanl jWRér diivel At 38 lis mdufRd foeoMRA rtlaBvd Rthe bafet dbde kifafe04 via
life-limted part whose characteristics nust not be conprom sed, the plug

90 nust beeapdparings 32ndiféarential iispdrgsnit0) and s@9 fsuifghde foavdidrbaahags dduse wear
of the fa <~ FEuLt her h i gpht—of. t he u S. p erably
o oy 2o SR Rlreckd 1ol e W g?a\r}\g’?’é‘é(t St Teh%g‘i“%‘gr Tg%gg%a?? ELA0 et
precl ude rdthxablgreReps ddrwardsfahhifb62 fwliicks eduin Givesasoaedrd ity disk/bbégerpl ugs 90
shoul d be inproperly ipnstalled. One suitable material h; Vﬁ%PEL pol yi m de,
avai | abl eftPoft-EFan oAt and heoststbladss a4 esnenyted g ths f disk/begsterggog

USA. Anot Rak. s4id3obhBodBeRNi@d. 1S PEEK pol yet heret herketone, which is
availableﬂﬁr%n1Victr€i U%A ﬂnc., 3 Cal edon Court, Suite A, Geenville, SC

29615 USA. In general, any nmaterial that satisfies the requirenments
descr i bed Refessing ney to&igised, thersris abtestnated the agion efthe gas turbine eagiacilPel y sof t

metals may.al so be suitable. materials., khe e | 90, yay:. be med by
oy known R H e pford BB LRI R seliag AFEE R Kimr ERlind e D
near - net 5Bahfy sohp Gsell Bhermlyhiétined, by an yuteresdtiulirn@ructeen 6 Bhihkisof

mat eri al . | Anot her enbodi nent of the present invention is illustrated in
Fi gure 7. ineigaanectsditg thooutes caping| Ly and, theefoswand fnothaft 24, Which nigidly 292
conprisin gat.e i angs Vi I 0 and a
circul ar ﬁg%goﬁ%%g %% gﬁﬁ%ﬁgfﬁgr%gégz%¥{ enC|r%ﬁgg@?hgpggg¢%ggg&a§mthe

j uncti on disktboestét mibayet41 Dhe fordatdhfan shafh§2itbethgmonhéated WiR an Aneaannuddr weep

passages 294 ar.e djsposed,in the ter, sur e.of el.ongat rtion -6
D Vi So00 e A2 o R RORTRY ofartndS, B e Widh Yo s S REE 58 PR o5 206
of the weepR famnagesutedhndlr Roict@y 60 theBearihf Surhh 38 3hidiDR. cohhéetdd @nge | 04
extends conpletely around the circunference of the body 292. A pair of

opposed cRAARET andes ragecd 2Bo0tthel forardizearings 456. The channel s 298 are
recessed fromthe surface of the rim 106 and provi de additional area for

il to fl . i
11 ust r at onbedch BHARME oir M ot R TP AES pdichnt T P rsard
forward f heargigaf42 &tl bdteeenlp foriwagd e0ds ef thesteddtively tatatingeowtenbnidubdre 84

fromthe radially inner .diregction..The chanf ered r f.age 20. assist in
L i e bt ) 531G tithard a3 & So Soie e U iRe BeBinE P o
uni nst al | ag, @ﬂﬁﬂhﬁx’h@&i toBie b1hald Wédririgd UL @nd thadelofSHtd R sDHipess aeeigh of the

lips 126 is slightly greater than the diameter D (Figure 2) of the vent
hol e 84. wheilspprlyserduwt 6. Reessyrized airdy inieqted o the labprinthqgdr spal64 Breughy i nwar d

slightly . 0 1S, 1 . is fully
nsertod ShATCRRYFRBudih S 8P ke (kR Bl ol KR (R MO B ol e
84, the pseatg6. 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 wee lug 90 rotates with the forward

f o shaf t Aspoing af i SDESh B RS At §Rgh el he BRREnE S SH U e 106 of
the flanggedfd fibfh 1R83imP38IiAacohtislIddadhitel h braBieto RAARIBAIPhretduge Nt hol e
84 and retain the meeEDplug 90 in the vent passage. In operation, an

ai r/oi| maprepes balgnges Homgven the Bessutized pighbechmes mtadavitipparsiglge of e odf t he
weep plug.9 by. the_a r j igur .

T Ostr at s At 38y Factoh e [orapR R Bl SZobdl st Bolbutef S84 (1.
in.) and the dianeter ¢ of the central passage is about 8.8 nm (0.35 in.),
resulting in a length-to-dianeter ratio of about 3.5. The m xture then
swirls, depositing oil on the inside of the forward fan shaft 62. Q1 that
is contained in the air/oil mixture ffOws 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 sunp 58 where it can be recovered, as shown by
arrows C. In the illustrated exanple the weep passages 130 have a length 1
of about 21 mMm (0.83 in.) and a width Wof about 0.76 mm (0.03 in.),
resulting in a length-to-dianeter ratio of _7_ 13DVv13980 about 28. This

e o o " M . | n T B S o AN~



13DVv13980 CLAIMS: 1. A weep plug (90) conprising: a generally cylindrical
body (92) 1&65) %gs\[k/amt (96) and second (98) ends, a longitudinal axis (94),
and a wal | havi ng i nner and outer surfaces, said inner surface
defining a central passage (100); a flange (104) disposed adjacent said
first end (96); and at | east one generally axial weep passage ( 130)

di sposed in said outer surface (128) of said wall, said weep passage (130)
extending fromsaid flange (104) to said second end (98). 2. The weep plug
(90) of ckstiendiig thupugdieits thickpesssinraggeatrallg aadialahirecten diypidally.ahe fidnashafti p (

126) extending radi out fromesai d oyter surface 128) .of said
wal] o o8 iige oy el R SteR BY ampotRy R whaRdaiipnd s e Safergiet e 1 or
2, furthegenaidRssi &l providk ahﬁ@s% e T IRBR {RIrh YheAtind) 5§m&§v@nt11;’18ﬂurﬂl73posed in
said wall at said second end (98) of said weep plug (90), said slots ( 122)

di vi di ng angathspaientdy infaitle ogater vieat mbaB0) eAaﬁevqr\Rd laxlrt@ﬂhlegi tesheciomvard prongs

( 124). 4. T of claim3 wherein each of said prongs (124)
has a pai F‘ans{?nﬁ%t‘%ﬁﬁte}f% 1%éurrg?gces (120) forned on opposite sides thereof at

said second end (98). 5. The weep plug (90) of any one of the preceding
cl ai ns, f Refdnéng nowmps Figureg 3a6,gewespapliy 96 ihas:alluaitaryéaady 02 hating hdirstemdat sai d

epar at 6% ABth S50 ISR (CHBAR ByPHs JarerANE QRFIFAIeDr Oobey The
‘(’"Sgg) glc)‘rjrg?flgg%wglf %egxf}){l ﬁd@@ag@fldOk}?asWseaﬁfaqil&rtﬁroﬁhﬁ'tﬁgsboW fbf Baitsear plug
96 to the secon end 98.7A “generally circular head 116 having a flat end surface 118
is disposed at the first end 96. Adjacent the head 116 is a generally annular flange 104
which has a pair of opposed flats 108 formed on laterally opposite sides thereof., An
annular groove 117 separates the circular head 116 and the flange 104 and provides a
surface for a tool to pry against when removing the plug 90. A generally cylindrical
elongated portion 102 extends between a proximate 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 the 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 extend 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



13DVv13980 7. The weep plug (90) of any one of the preceding clains, wherein
sai-d fIangeﬂS 104) conprises a generally annular rimfacing said second end
'(98) of sal PV Q)I ug (90) and further conprising a pair of recesses
formed in said rimso as to define opposed channels (298), said channels
(298) extending generally perpendicularly to said |ongitudinal axis (94).

8. The weep plug (90) of any one of the preceding clainms, wherein said
flange (104) has recesses formed therein so as to define a pair of flats
(108) di spthselbngaed ppridntl®2siAkdsespiees a Higutearigad( 5,04 the iblabtehtéd atainy(ld 08)

ext endi ng tgeneral |y parallel to said |ongitudinal axis (94). 9, The weep

pl ug (90) Bf wash restaget 180 argrpthegiony ff &onyes havanga geagrly semiditgrlapassage
( 100) has fd I - t.o< di t L0, i 130)
has o secanir Sonot oRRSgh drer AR Ry bERR: AR o s REERARSRANRIC

| engt h-t o- ti2adispicsed nathedista egpdeditties elbhgatedsportion 1103t The rvgieh passagésathen er

tio. 10. A I 0 I lindrical b 92
havi g a1 B SR Tl he g 15a “n eSO Bhe B outprpeigees I Lol
passage ( ihf¥9ect BRChnatlal @Aslve AN, WRGRUMER RERnér 1HE0IndiRRRKRAdIrAdiaRy d Wal |,
said weep passage ( 130) extendll%g d‘(Tfl;eneral I g@paral | el to said axis (94).

11. The wedpWpldytprpgwying et an Hilgh weseskein the fipnges} Mg imaligavmana Wit theinul ar
fl ange (10 Qt lghsposed at a first end (96) thereof. 12. The weep plug (90)
of claim 10 or 11, further conprising at |east one generally annular lip (
126) extending radially outwardly froman outer surface ( 128) of said wall
at a seconbhewdey pldg Mhie membifactiided frbm averperial uhichde capdble bfiimithdtanding t her

COMD STyt heBShy 0. BeET Bl Sy <AL a2l PN bR
I(O r éﬁé)s <(1“ \{Aéfg;rgﬁstﬁmgpﬂaak 80nOthe SAide Wibkicatinl Q1. 8A1sb SBthudeRe Aini sBht %2 ¢4 endi ng
life-limited part whose characteristics must not be compromised, the plug 90 must be
made of a material which will itself wear rather than cause wear of the fan shaft 62.
Furthermore, the weight of the plug 90 is preferably minimized both to avoid extra
weight in the engine 10 generally, and to preclude imbalance problems in the fan shaft
62, especially if the plugs 90 should be improperly installed. One suitable material is
VESPEL polyimide, available from E.I. DuPont de Nemours 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 material that satisfies the
requirements described above may be used, for example aluminium 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 molding a near-net shape

followed 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 groove 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
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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
c 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 forward
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 arrows 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
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about 28. This greater L/D ratio allows the oil to flow up the weep passages 130

without being affected by the flow of air sump 58, as it would be without the weep

plug 90. Additionally, the diameter d of the elongated portion 102 of the weep plug

90 may be selected relative to the diameter D of the vent hole 84 to leave a clearance

between the vent hole 84 and the plug body 92, creating an additional annulus for oil

to centrifuge through without being sheared by escaping vent air. The diametrical

clearance of the illustrated example is about 0.177 mm (0.007 in.).

The weep plug 90 as disclosed herein provides a tangible oil consumption benefit and
is yet simple to implement. The weep plugs 90 can be assembled on field engines
while they are still mounted on the aircraft with very little disassembly of the engine.
In one particular example, the assembly of four plugs into the forward fan shaft in a
total of 22 holes resulted in about an 8% reduction in overall engine oil consumption.
The optimum number of plugs 90 will vary for each particular 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 in oil consumption while minimally affecting engine system pressurization
characteristics. It might also be desirable to use a reduced number 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
more weep passages. While specific embodiments of the present invention have been
described, it will be apparent to those skilled in the art that various modifications
thereto can be made without departing from the spirit and scope of the invention as

defined in the appended claims.
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CLAIMS:

1. A weep plug (90) comprising:

a generally cylindrical body (92) having first (96) and second (98) ends, a
longitudinal axis (94), and a wall, said wall having inner and outer surfaces, said inner

surface defining a central passage (100);
a flange (104) disposed adjacent said first end (96); and

at least one generally axial weep passage (130) disposed in said outer surface
(128) of said wall, said weep passage (130) extending from said flange (104) to said
second end (98).

2. The weep plug (90) of claim 1 further comprising at least one generally
annular lip (126) extending radially outwardly from said outer surface (128) of said

wall at said second end (98) thereof.

3. The weep plug (90) of claim 1 or 2, further comprising at least two generally
axial slots (122) disposed in said wall at said second end (98) of said weep plug (90),
said slots (122) dividing a portion of said wall into at least two axially extending

prongs (124).

4, The weep plug (90) of claim 3 wherein each of said prongs (124) has a pair of

chamfered surfaces (120) formed on opposite sides thereof at said second end (98).

5. The weep plug (90) of any one of the preceding claims, further comprising a
generally circular head (116) formed at said first end (96) of said weep plug (90), said
generally circular head (116) separated from said flange (104) by a generally annular

groove.

6. The weep plug (90) of any one of the preceding claims, wherein said weep

plug (90) comprises a polymer.
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7. The weep plug (90) of any one of the preceding claims, wherein said flange
(104) comprises a generally annular rim facing said second end (98) of said weep plug
(90) and further comprising a pair of recesses formed in said rim so as to define
opposed channels (298), said channels (298) extending generally perpendicularly to
said longitudinal axis (94).

8. The weep plug (90) of any one of the preceding claims, wherein said flange
(104) has recesses formed therein so as to define a pair of flats (108) disposed on
opposite sides of said flange (104), said flats (108) extending generally parallel to said
longitudinal axis (94).

9. The weep plug (90) of any one of the preceding claims, wherein said central
passage (100) has a first length-to-diameter ratio, and said weep passage (130) has a
second length-to-diameter ratio, wherein said second length-to-diameter ratio is

greater than said first length-to-diameter ratio.
10. A weep plug (90) comprising:

a generally cylindrical body (92) having a longitudinal axis (94) and a wall,

said wall defining a central passage (100); and

at least one weep passage (130) disposed in said wall, said weep passage (130)

extending generally parallel to said axis (94).

11.  The weep plug (90) of claim 10 further comprising a generally annular flange
(104) disposed at a first end (96) thereof.

12. The weep plug (90) of claim 10 or 11, further comprising at least one generally
annular lip (126) extending radially outwardly from an outer surface (128) of said wall

at a second end (98) thereof.

13.  The weep plug (90) of claim 12 further comprising at least two generally axial
slots (122) disposed in said wall at said second end (98) of said weep plug (90), said
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15.  The weep plug (90) of any one of claims 11 to 14, further comprising a
generally circular head (116) formed at said first end (96) of said weep plug, said
generally circular head (116) separated from said flange (104) by a generally annular

groove.

16.  The weep plug (90) of any one of claims 11 to 15, wherein said flange (104)
comprises a generally annular rim (106) facing said second end (98) of said weep plug
(90) and further comprising a pair of recesses formed in said rim so as to define
opposed channels (298), said channels (298) extending generally perpendicularly to

said longitudinal axis (94).

17.  The weep plug (90) of any one of claims 10 to 16, wherein said central passage
(100) has a first length-to-diameter ratio, and said weep passage (130) has a second
length-to-diameter ratio, wherein said second length-to-diameter ratio is greater than

said first length-to-diameter ratio.

18.  The weep plug (90) of any one of claims 10 to 17, wherein said weep plug (90)

comprises a polymer.
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