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The present invention relates generally to devices for creating a
fluid-tight seal between a rotatable shaft and a structure through
whi ch the shaft passes, and 5 nore particularly to a watertight seal
bet ween the propeller drive shaft in a bbat or other water vessel and
an aperture in the hull of the vessel through vvhr ch t he - shaft passes.

Background of the Inve esLgn situations in
whi ch a rotatable sha# LoD ey vl oo ' 5 re intoa fluid
medium COften the aperture in theﬁWMQﬁucture t hr ough WhICh t he
shaft passes nust Qe sealed in or to retai-n the uid ne side
of the wall. One s{RHPIESERSiAvegtion telates generallydp dﬁY‘P?F&&FF&FF%& s%g

from the int eséadbetVeeh Aotatible ﬁd@nﬁ%ﬁbﬂ&@tﬁrb@ghﬁ#ﬁx&i the'shaf passes) @nd Nr ough
an aperture in the hull. The aperture seal.ed tQ prevent water

fr om ent er P ngMPse pamtisulagly 30 p watprtight geal oatvesns cH’°E'é'zSF Arige shhinakeatur es

have been devg} gfiRe watk} vessel andPdrfaplirhiirs 5 &d 18l dF4he vessel through which takf i N9
boxes generally consist of a bronze or other netallic hou5|ng or

pl ate which i $bafB¥sS®fed over the aperture in the hull of the vessel and
i ncl udes a hol | ow, cyli nwh“ﬂu@ﬂ ends into the vessel.
The propeller drive shaft 20 i's receive he cylindrical tube, and

passes through t he ThefGs¥RgmaRYIdesigtosigiations in which 3 satatabie: shaft, must; pass

~applicati qps fgfough @34l w&fet intc® b Uifid RSedRAN.C SOREE e SpetnitE iR Ithd
nut, which can be~threadin received in the cylindrical tube, Inserted on

the pr oSERsTare thrgueh w. & Shiafepasees anushbe snalegin order s ratainghefuidi ng
rings, which GaModeSside of the ¥l %nd %@dﬁ%ﬁﬁnéﬂ%@ﬁ&@kg& Ry sglﬁﬂ ctedbingOPe IS
cut he pr 05

~provided. The packing rings are aroun el ler
“drive shaft bdromghe interigeofithe dull of arygssel to thq nsneder.tmsmglmmsh @al tube.

The brass. nut sbsrfdSh did'hARI0L dgkithed Binod doBM Bhovkitiper &

ti ghtened agai hst the ri'ngs, conpressin agegl?%lsntg t he
propel | er 1gri e vessel Sp @hdwdz%rfpt SwES@tWGWQMQb#m riyve}medramdght
seal . bwf fing boxes are used on conmercial vessels
having | arge o?rarreter 3% propeller drive shafts, the packing is

cont ai ned within t Stuffegihoxes gemaraliy consishgf dbronze or other metalliciharsinger

metal | 1C nut i wiidtlts Raskdtiet'dvef (' dperdife ATBE Hull OF eftPAKE oRa USRS
hollow, cylindrical tube which extends into the vessel. The propeller drive shaft

20  isreceived in the cylindrical tube, and passes through the housing and through the

aperture. In most applications for pleasure craft, stuffing boxes include a metallic

nut, which can be threadingly received in the cylindrical tube, inserted on the

propeller shaft. A sealing material or gland, such as packing rings, which can be

wax or graphite impregnated braided flax rope is provided. The packing rings are

25 cut and 'plaéed arbund the propeller drive shaft between the metallic nut and

inside the cylindrical tube. The brass nut is then threaded into the cylindrical tube

and nghtened against the packmg rings, compressmg the packing against the

propelier drive shaft in an attempt to creaté an essentially watertight seal.

When stuffing boxes are used on commercial vessels having large diameter
30 propelier drive shafts, the packing is contained within the body of the stuffing box.
Instead of the metallic nut used with pleasure craft, as described above, a housing
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cover owq(%;}) g‘!s?-provi ded to conpress the packing. Threaded fasteners extend
t hr ough 10881 or cap and are received in threaded borREGI/USSARE62st uf fi ng
box. Stuffing boxes have numerous probl ens. Packing seals

agai nst the rotating shaft and causes wear damage to the shaft. Many
problenms with stuffing boxes 5 are associated with the fact that they
need constant adjustment. Wien the -2- propeller shaft is operating, the
packi ng gl and shoul d be somewhat | oose to permt adequat e anounts of

water to enter the stuffi n? box to mpi sten the_packing and cool and

| ubri cat ecQVeE OF SRAItE BEP to. cqmprass thatnacking: ckhreaded, .w’hS’_‘tF%ri cati on

and the f mrsﬁ%p&e%%wwag%dtﬁb 3bdelVed 3R WreadstiboreinPihe shubing By, €ases,

causing the 10 shaft to become hot. This danages :t he packing and nakes the

shaft nore Stuffingchopes have nnmerss REptierss. Racking sealnagainstibe ra@iingave to be.

repaired Qiarf SR PR wear damage to thé SR, Qﬂﬁz?}m&h@{%ﬂhﬁﬁifﬁﬁﬁ&éﬁ vessel is .
t he stuf d "be g p_all wat

docked fing box sho C L ened to kee _ er from
enterifig Brfcassegigted withcthe faetthatithey; Besd: gonstamt adjustmentonVidsndhee in

accessing is Eﬂ.?;a ' ' QR o WSk 15 it as
frequent | g}%nté{%y Sxﬂ%;:ﬁ@(ﬁj’tfngr e eflgrﬁé,gﬁg?wessﬁmﬁogﬁig?gﬁséﬁ?gﬁtt he vessel
when it i 8demiake-atnouws of water te enter the siuffing,boxdg maisten thepackipgandand a bi | ge

punp chél ih'ﬁelqbﬁeatgliﬁprﬁtgﬁnm* B 4bpaeentBls! Herels WO Iubdba! | Of

mal f uncti on, owever, I nboard wat er damage to vessels occurs |

because wanethefrictipn betweenthg rataping shaft gad the packingincreasay causingthe ge punp {
bseggen I ' : ' a¥c1n ' WL h stuffin
subseqy #}&:@@Hewﬁ&' S damages the W%?%g&%per ;/er stutfing

boxes1s that they can leak, even en . npr essed
flax i s nsesceptiie vo beingiseorads and thesbafh may heve tahe repairedjor peplacetlf i ng boxes

is that th ' : . ¢ ' f th
Shaf t i n o pactiieh Bptratigh ad bitofedhd velskdis BbGRR A6 stk SoSndlllyBe 0 L 1C
shaf t tightened to keep al (vaten fromaanteringothatvessebr Dne to ithes difficulty andt at es. The
t he . B . ' i ks i , d
MOVEment Ghe _1%%?@%2&18! ‘iﬁ%%iﬂ?n&_b%&,%&ﬁ%&%?i%@@&o Bgﬁ%@ﬂﬂ rings, an

wat er | eaks 't er pr mw th

stuf fildg Bosefrequentlyzas theyeshoulsk i Hheratoge,sexoess watercoftep enters thejvesselo t he

normal ro LQP; Suttin I r g he vessel
causi ng e{%g{ghgp\‘?géo\?g%g&pﬁn%%rﬁenancg%&mﬁ%hl%eb?ﬁg%ﬁpgggﬁ s to the
vessel 30 is used] té pumpmpethe watserubeard. oBilgenpumppe ichm dail jon madfunctiompect, when
t he packi ' ﬁ&#&g QudSwathf LGdsOUt of the
wat er whi Wegeréﬁnde%’éﬁglbgge@%t& - |n§§%%§§%%eﬁggg%erate‘r%ﬁ; I“"E%n when used
~and mai nt dhrough thepacking gland,fand e bilge pump subse_qu,enﬂy_ malfunctions.

20 Another major problem with stuffing boxes is that they can leak, even when

-

i~ 4

adjusted properly. Compressed flax is not impervious to water. Another problem
with stuffing boxes is that there is very little flexibility transverse to the axis of the
shaft in a packing gland. As the vessel is driven baMd and forward, the shaft
moves back and forth and vibrates or wobbles as it rotates. The movement of the

25  shaft eventually creates gaps in the packing rings, and water leaks through the
gaps. N o

Another problem with stuffing boxes is that the packing wears out quickly -
due to the normal rotation of the shaft. As it wears, more water enters the vessel
causing expensive vessel maiqgénance, both in the form of i‘epairs to the vessel

30 and frequent replacement of _thé packing. In this respect, when the packing is
replaced, the vessel may need to be lifted out of the water which is an expensive,
time-consuming operation. Even when used and maintained properly, stuffing
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baxes needWO@6§@70Bepacked about every six nonths to two yeaMﬂmﬁmz ng on
hours of use and operating conditions. To properly repack a stuffing box in

sonme . vessel s, the back of the vessel may have to be renoved fromthe
water. This is expensi ve and inconvenient. In sone situations, as
where air-seal ed stuffing boxes 5 from Duranax, Inc. are enpl oyed, the

vessel need not not.her .pbrobl em
with stuffing bog’e&s nl%g?t??gf "m‘%‘ggh‘tﬁ evgfyt%ntoné%tm Weyeﬁ’ésafiep ending € %Yue to.
friction can i nhpmséu&mﬂdtwemmgtconﬂiéons tToeproperineepack a ptuffing bokiwsohes” t 0
sporture, | WerpIBP RS of E yBlsH] mey e Wb S Reuiich SRR he . TS
with stuffing bemnswesandlat:o:tvhmdmdnsme slmauons, aswﬂeﬁémhsseamdnffﬁﬁgmes
specific vesg el cture_confi quyation
t her ef ore cannoFlja gie 'é'%glﬁf‘&}n?'éﬁ %xppfp?eéc{’ﬁ}env{easeb elsé §ggﬁ'ﬂ°‘ﬁ§ from, the, wagsre
configurations Anathér problem Witk stuffirgtbokey ts\nlliutdflth'ehﬁt isttod tighy tHetearas
desi gned. Anot her bl.e m with stuffi xes i hat they
cannot be ad] usfi%%i“t g'mtmllgan Eﬂcf'tjg gﬁ "gb& lé@ﬂ ag‘n'éﬂ f
the shaft is of tiershafts Ifahisglapphxm thé smfﬁhg box can be ¢ip ?em&ee GﬁihetﬂxthpQﬂu{fehe
stuffing box th§8#§ﬂ \mt?l t passes, making it difficult to - obt ai n
a tight seal 8751 % mage to the shaft. Addi tional ly,
the water wifch enteAs addiioms| probiim heithp usniidg Obléﬂ&@aisdthat the housiiy 9§
enteri ng the bi d.ﬁﬁ thro#lgh t he. stggsfl n& Etﬁi; m xes w oi,| and ot her 20
cont ami nant s i n FRESI98EY I, e speeiG yess ARETRITE $Q 10f boxss er
m'xed Wi th the dmnéfers cannétbe easuycretrbﬂuwm&waﬁmm@ﬁmipermecErméﬁfaﬁonA/\at er
Pol | uti on Contrglf%ActtﬁEro |bé’&s di.schar Lml r 0|Iy waste into or upon
navi gabl e wat er ST6f% 5&3{‘51 S (o %‘“@F t he contiguous zone
i ]h suchf -di schnother priblets w&thfsttﬁﬁﬁhgrboiébﬁﬁrthﬂpgilé %nﬁot%f&&jh%&% on of
t t t t t
boxes.  moondi o SRR Bhe s of the shalt syl BOREHFE A1 LAY WHECEE no
repacking, i ttkyimdnbﬂtmw&mgbox throughwﬁi:ﬁ dssés,sﬁhﬁﬁéﬁ%m%mt to
i nstal | ed, vi rtlég%ﬂg ?igg gﬁte wat.ef, from enégrl n the bi | ge. The
life span of a f ughy sealand toaygjd damags;to dj usted i s approxi mately
10, 000 to 15, ooo opeAddmugauypuresmaJtvhicnentdisavless‘epnmetsagﬁﬁ:bwouﬁmmtﬁy
season for Ie s.urethveo el 0 d a co rcLaI vessel
oper ates appr OXI rr%f FYierng the s‘é (ﬂﬁ‘%ﬁiﬂﬁ oiltand gther e,
t hi s equat e20t ocmtaminamsnmodhetbmwﬁaf the vessel The bﬂge pump pumps the water,
mixed with the contaminants, into the surrounding water. The Federal Water
Pollution Control Act prohibits discharge of oil or oily waste into or upon
navigable waters of the United States or the waters of the contiguous zone if such
discharge causes a film or sheen upon or a discoloration of the surface water.
25 "To alleviate the problems with stuffing boxes, mechanical seals were
" developed. Mechanical seals need no repacking, little maintenance and, if
properly selected and installed, virtually eliminate water from entering the bilge.
The life span of a mechanical shaft seal if correctly adjusted is approximately
10,000 to 15,000 operating hours. Putting this into perspective, a busy season for
30  a pleasure vessel is 600 hours and a commercial vessel operates approximately

2,000 to 5,000 hours per year. Therefore, this equates to a minimum of two years
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and a maxi mum of -twenty-five years of use. The nobst common nechanical seals
are t hevObé/pirosecal and "face" or "surface" seal. PCT/USOSHiRS62l i p seal °

Is a flexible, stationary annular seal, usually nmade from rubber,
whi ch surrounds and fits tightly agai nst the propeller drive shaft creating

a seal 5 while allowing rotation ot-the shaft. Lip seals have a nunber
of probl ens when used in marine appl i cations. First, I [ p seaI s tend
to wear grooves in the propeller ve shaft, which ual'ly nmade
of stai nl es3ndp aximum OF twenty-Bvs yearsof yse- nJrP?lHS’St common HE" ter tends
to | eak pastuetths -g!;-q@meanm&hgﬂsum"gé@pve creates a Weak point in
the shaft. The shaft nust then be repaired, by I di | aced. 10 -
Second, any shafﬂ%&%ﬁﬁ%%?‘aw&%wglseée °a P ses

. eakage which REFBUEEG atdaeﬁ:h'ﬁghﬁya theprop meﬂdrhe waﬁt&éhthg acsamoensate

for a shaft not centered seal rubber -in the

e i
lip seal nug'tlﬂvetmgs%meomecﬁh lttbseales haveam%mfw 9T8S WheT ace of
the shaft. JQQ ih'Wolile apPRtatiofs. eFﬁQﬁlﬂf’seaﬁQWﬂwe&%ro’bvesmthe eHbr

envi ronnment of salt water, oil, hot and cold tenperatures,, loses its

15 . soft neséﬂ!ﬁﬁm yhichds usually made.of stainless siegh Once a groove is womnqgo nost
popul ar pgcyé 2w aatenass:%qe £10past Heqrddve, FUAREY, hergrsb@f&satwa wask

face or sur “The face seal conprises two finely nmachined sealing

surfaces  point imthe shaft.( @etﬁéﬁ @B‘tftbﬁnba TRBAIERd %W‘@%&Pr replacadk i ne

appl i Catmonsecaéthe ahﬁe gnment %?ec‘iosﬁfaxﬁ}”sﬁﬁ@%rﬁﬁ@n e ddihgd 2Ci NG,
axi al ly- per I cular at SI es of two annul ar Qﬁm one of whi ch ifs

nount ed on Wﬁhtﬁerig’ sepbis mot 3%”3&50%969@”@3%% #éh centered |
t hi
i s reSpeC%mhﬁ?ﬁz'&sEh”glr'ldgfgﬁsuc Bﬁ% %ﬁﬁeeﬁrm&@tem ?plﬁ?ﬁ‘ﬁfi{erl?nglrjﬁtgg

openi ng di mensi e’ rings can di ng

onto the prepeformatodhe gurface of the Mff-tm{ tyhbee peal is sxpepeds dpwevargtecan be
-provi ded inphug M&ﬁﬁe&tﬂ&t {5 e bil HoP ah#%old tempersdiak] aldh fisePyst he

pieces are jolned by conpression screws.) Each ri ng al so has 25 an outer
di amet erld aseftness quickly leading 1o water leakage:-f ace defined bet ween the i nner

and outer dianet :H@tﬁh#ﬁ&lr Nfeand is
fixed to ?}Ee %ﬂer sha Sbﬂ%e(hergﬁiore I’&Sﬁat es W|th the shaft.
The ot her rifags qrsuxfanel seal. The face saa!fcpmpnmrtwp ﬁnglymmm isealingsucfag

stationar u eI | er

shaf t pasge?p%@%ggﬁl&?aé%s@apl ng s ré%&fe) g? e I‘IIXQH ngt‘ﬁgé tes with
t he annul ar fwabmgfasesrarrawmﬂyfmg.faada&wperpenmglarﬂamesn two anaulart i ght
seal . | nyst apgar e o Wiich'is RAEHRE Sn 35BtarilE YhAEE Suctfas' SO ATEr ArivD SR Y MEANS

such as
In this respect, each ring has an inner diameter defining a center bore or opening

dimensioned such that the rings can be shdmg_ly mounted onto.the propeller drive
shaft. (Optionally, either ring can be provided in two pieces and fastened onto the

_ shaft whereby the pieces are jomed by compression screws.) Each ring also has
25 an outer diameter, and a flat annuiar sealing surface defined between the inner
and outer diameters. One of the two rings is called th_e_seal ring and is fixed to

- the propelier shaft and, therefore, rotates with the shaft. The other ring is called

a friction ring, which is typically stationary and fastened to a housing through
which the propeller shaft passes. The annular sealmg surface of the seal ring

30 mates with the annular sealing surface of the friction ring, creanng a watertight
seal. In standard face or surface seal devices, a loading or biasing means such as
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a . spring wWoosuwmer bel |l ows biases the friction ring and se®CTUSIy1256Yet her
and prow des a conpression force that hel ps create and naintain the
seal . A maj or advant age of _&é face seal is that it does not
seal against the propel | er shaft As opposed to a lip seal or to a
stuffiing box, therefore, face or - surface seals allow the shaft to

e e AT TG AP g s B i

propel | er shaf provides a compressron fofdeethatchdpsrcrea}p@ndﬁn&maﬁlaﬁbe sedlal uses a

carbon-graphite frigt t sgga“s i ng.
Al t hough these nat el éﬁ@rusg%% Pf ﬁc&af:%r‘cl’ewe's tﬁJ“{]here S&o‘i%t’al pro I ens
associ at ed wi t prapelien shifte Asofpmsedtapliptsealf ori tota snffiig bgx, thetefore; facs or

i ch can 5" Sk, g (el Bk 8 ik i S8 st hlife th il O

car bon graphit peﬁmdnance and improeedfuebeconomy) Additiorallys theisealrwillmbtwear the and
t he cont act betweeﬂ gl two can | ead ~+~ to crevice corrosion and
degradation of PrOpetict a'f'face As it will be understood, 15  any

i nperfections in thenekchfinodtypd obsuefacs sehl hsescaoaarlﬁm-mpmte rl—hﬁomnmgane or by

scratches in the surface, w Gaus e at 't se
Anot her probl ePns Eﬁs%biﬁabn %@Sﬁﬁ%‘?ﬂ”ﬁ%@% w?%‘gell'éhtfﬁat t he
ring may bdoseard Qrbbldinstibeoﬁhaﬂtwrtu ﬂhbmsel'hesearbdthraihme ﬁﬁdtroﬂ&lng\/isbaﬂtﬁ

usual | tai nl ess steel an eciri.cal L.y con " crew seal
Fota 15 he snaAkeg & sEceptie fo crAFRng St if casiy sERItDRC o pilfed; Shish eaf

Anot her pr obl efad t&lmgaeemealtﬁelsaan&gamemt Fuhtheg @rwmegrapﬁnvraaaa on
betweenthetwo als is critic Asepé{;én?éﬁ v5|nteaX|aI
direction in S tainiess sF'éiﬁ’c’Fn “Fﬁartﬁét F°‘ft6 g4v0 61n jead
propel l er, the t¢ erévic@coiroBion and degradafidy 6f tHeRalSrdd. Aﬁtﬁﬂﬂﬁ@&@ﬁdéﬁﬁbb&s Too

much pressuyre between the seal ripg and 25  _friction uses  undue
wear of thd3sedPY imRerfectigns i the, B JiRBC2u5do Y | R%‘Qﬂﬂg the sur ace of Men t he
seal s. scratches irl melsﬁrfképmn éasé|elkageCARARHO katll @sbeneopr ene rubber

bellows to | oad or hias . frictign rlngtowareflﬁﬁaihe segﬁ ring to
mai ntai n pressure bémspﬁpfmewoémhwgurm e stainless $tp Eing #s thapthe  pper
bel lows is |ar %&Ymﬂ?lb@"&é&ﬂ’edqa th@%hift“’vﬁﬂ?ie@rscr‘e{vst MEhe set 3Crews l4#®Biallys t he

rubber is exposed to the environgent and ages, it loses its

elasticity and stainless #iaek and efectrically "Gﬁnf‘lﬁe'-hﬁe’&F SFreWeseib faee, (@ dhe shaft,
results in2zg promonhféléé@&yﬁi‘dnttﬁl? séaffide! O adj ust the position of the seal

ring on the shaft in order WO 96/ 10708
PCT/ US95/ 12562 Another problem with surface seals is that mamtarmng proper compression
' between the two seals is crmca.l As the shaft moves in the axial direction in
response to the reverse or forward thrust of the propeller, the compression
_ between the sealmg surfaces vanes Too much pressure between the seal ring and
25 friction ring causes undue wear of the seal, and too little pressure allow lea.kage
between the seals. :

It is known to use a convoluted neoprene rubber bellows to load or bias the
fncnon ring towards the seal nng to mamtam pressure between the two. The
blasmg force of the rubber bellows is largely dependent on the durometer of the

30 rubber. As the rubber 1s exposed to the envrronment and ages, it loses its
elasttcrty and the amount of tensron on the seal face decreases. This results in

leakage and the need to adjust the posmon of the seal nng on the shaft in order



-6 to conpress the bellows nore to increase the conpressi ve force
bet ween the seal ring and friction ring. A
wire-reinforced rubber bellows surface seal device was introduced in the
late 13¥Q9%10708 s easy to install and renove, and it neRGR/ESIIH2%62general ly®
const ant 5 pressure between the seal ring and friction ring, thereby
extending the life of the seal . The wire-reinforced rubber bellows
seal device is conprised of three nain conponents: a rigid stern
tube, a rigid friction ring and a flexible hose connecting , t he two.

The center Rﬂ‘c&nﬁﬁeé&@@bend 51?&-%:&6’ &4 el rés%iv@ff&ﬁéﬁgw%ﬁhzeaseilt ai nl ess

steel coil spri % ose I's.clanped over the stern tube and
the 10 ofing and frictios ringanped over the fri ctlon ring. The propeller shaft

passes_through Awu'e-re&?& T\ﬁbépﬁewwéchﬁeﬂldﬁﬁhpbﬁs%h%?u&aq%me stern

tube. The seal ring.is attached to the jacent the
friction rile 198Qs. duisisasy tsenstamndawmoyerandgtmammns egem omm ion ring

t owar ds she{n%?ﬁ!reb t%en Pﬁﬁ’;ttﬁ w

pressure between t r|n of conpreSS|ve :
force 15 seabsThe werxequrwdjmg seﬁl dewee n&mnsed of three mmn It has

been known t | 3B, 3l 2]
of high i npgctﬁm%ﬁts Q%én%éet%ﬁ UG% lﬁq-ﬂfcrtrxrtgﬁegﬁ’lat e ﬂ?gg{ecﬁndé? mat eri al
i s ejcaptar of thediose isra bellown sunethest mﬁomémtbfa applem mat el y

Ther of of . °*‘é9°‘{°?r=rph"§ Qe e oo e % Hainbed Bk e Sec 360 A B (71

frictiohOri ekser end;mtmnpedowaubeﬁiqnonm aBhei propelies shaft ipasses through ( '
-associ ated el fhicgH Pﬁ% &Eafm%b‘lé" ho¥ gﬂf&ﬁ%%heeﬂe eXPhﬁ Can%{f"' ce

corrosion are n-ad e seal Fing
el ectricall gxttamed:utamhnﬁoadjaMt thesfristion ring. Thecuhmreheélwn and sprimg f ast en

t he shaft c : ess a
rubber or p#ast I C é agal- nrslgef‘%e S%Q?érl 'ng ‘there {f‘%‘é” cr?g
ring bet weepressiee betueen |thgt~mad'rbhepmm¢hmmstee¢b¢ iqsalof POmPIESsive fwgcet he

st ai nl eg§ S%ﬁ&aﬁed with de%?ﬂauﬁﬁ%@ﬂ{e[}ﬁ%%ﬁe propel | er: shaft.

When surface seals are | mof water should remai n between
the two seal faclebasheqnslmpwnnomalkmtm&snasnagbﬁmqmtmmeﬁeeum f aces

ok Scmenet g tobfe] B8 NefiBRarurt SIP ROl odt oofl TP pBfla i) B
wat er to regxremeleimpact resistant, canowighstand: heatnof approximately 360t ¢ai4000F a hi gh
vossel i ncy S KEEE Ry (ow el eyl A ndgdliie 32 il Bgw crack RS, . 11
WO 96/ 189 08brittle carbon-graphlte friction nngs Funher, because itis plasuc, the problems
PCT/ US95/ 12 afi6ciated with carbon-graphlte seals snch as elecu'olysxs and crevice corrosion are
eliminated. In addmon, the seal ring ean be elecmeally msulated from the vessel.
Compresslon screws fasten the shaft clamp to the seal ring, The shaft clamp can
' eompress a rubber or plasnc O-nng agamst the seal ring thereby wedging the o-
25 ring between the seal ring and the shaft, electncally lsolatmg t.he sta.mless steel
seal ring from the propeller shaft.

When surface seals are in use, 2 thin film of water should remain between
the two seal faces. Thxs thin ﬁlm acts as'a lubricant on the seal faces and keeps
"the faces cool, extendmg the life of the seal. Ona dxsplaeement hull, bleeding off
30 -any trapped air in the seal allows water to reach the seal faces, keepmg them
lubricated. On a high speed hull, a vacuum is drawn i in the stern tube as the
speed of the vessel increases. Water can then be injected into the seal to keep the




-7 - ' seal face lubricated. The wire-reinforced rubber bell ows

surface seal heretofore . described has utilized an air vent/water

i nj ecti onWoODE/10788 whi ch can_ either renove ai r from BECTORYSA2S62\at er
to the sealing. surfaces. ) As st ated above, the

wi re-reinforced rubber bellows surface seal was an "5 | nprovenent over
stuffing boxes, lip seals and other surface.seals. It provided a

surface seal arrangenment wherein the friction ring would nove forward or
-aft by means of the flexible tube and spring-1|oaded bellows, in

response to axigsal face lubricat¥dy e Wirefeinfbeed ralbk lbellowd surface Sehl hbfetoford I i ng

fixed to the shaft., Theref surface pressur etvve_ the two
seal i ng surface sﬁﬁ?"c‘!ﬂ‘?é’t"&ﬁﬂﬁ“ﬁ’ﬁﬁ'ﬁ?‘é\”ﬂﬁﬁme%g q?\ﬂ&t‘ﬁ FPHEYS aces
bei ng excessi vemﬁ@g{rafﬂggced,ate'mbsh@ gm-tdcehad a nurrber of
probl ens, however. First aus the r éber ‘soft and fl.exible,

it can be m)ved or Ftétf&e‘ﬁ’ 'E‘ d’ﬁn?‘!’s 365 S8l ¥as

striking it.s proveﬂiﬁ%véﬂ‘ﬁuﬁﬁ?lhai ,npeedlﬁadm&m&s&mge rm‘tidsa seal

faces are noved out of nent, thus interferin seal i ng
contact, and su%ﬁﬁ?ﬂlmﬁmv@éﬁﬂéhe °“95nngNH’HI‘HnBYéf Wa’da%‘%Ph al |
prior art seal Smehdl of IB& flekite Yhbe And diprinipfshde@ BeMOWAXirS ré¥ponse to axial he
propel |l er shaft after it is instal lh&géﬂ&};‘ can jt pe easil aEtet’l'hOfltted

ont o di mousraent ofdhe gropsiien ¢ $6a) B P4 E9 Hiecsh erefore,

The present inv@itdce pressfe BeRReh the Hvd e} aftfuted wal REnsUnty miirtaibi¥d

provi di ng an adJustabIe surface or face-seall ng device, easily adaptable to
nost 20 10 hyitheygcthe sealing, faces; beingi exaessivell compeessed o This saad stillikad & he

axis of the PT OB@b& of £ problems, HiWeVér. mttbea&uk@melﬁmbé Ho@éis%hft‘%ﬂd ﬂ%mtem' ch

is constructed of rigid conponents so force applied to the
device wi || not it¢Rsbsagevedins dsséedaeﬁ@yapqrmeppmg on it or by objects striking it.

Brief Summary oiwdeacthk hiBbEr iide is moved or dislodged, rthé‘%&ﬂrtﬂél'.@%e Vidved [t of
preferred enbodi nents of the invention, there is : provi ded a shaft

seal system f or aiigrmegtithusinteziesiag with the sealingcoptast and S‘W‘i@P&a‘tlﬁ@‘aﬂ poears.
or propel | eqsshafdditnbiy) 48 withQI gitor 'mmmﬁt%uﬁéﬁ(m fhiRraQ@p the

hul | or. bul khead, to an outboard drive means, suc as a propeller.
The shaft seal the propeller ghaft after dt, isninstalled moroamoit beeasily: ratrofigted: onto

opening in the mﬁgreﬁrveggéiﬁmeﬂgem,, configur, atibds0 the vessel and out of the
confines of the system Considering the system from 30 aft to forward,

there is provided anTBppresses wenmgreé@mwathef‘iwadmtwmﬁ the riaf; g by

and which is CO%P&H&E&' ath ﬁﬂ%ﬁ@hﬁdc@%r‘ﬁﬁe%aﬁﬁg WGEM aHQpﬁbﬁ% mastket
or di aphr agm wh is in turn connected to a s de ring and to a
friction ri 9. hul apertnre com\ggpgm which can be ahgned with the axxs of the propeller

PCT/ US95/ 12562 drive shaft after it is mstalled, and which is constructed of rigid components O
that force applied to the device will not dislodge the seahng surfaces.
Brief S f the I .

In accordance w1th the preferred embodrments of the mvennon, there is

25 provxded a shaft seal system for use with a vessel, such as a vessel, where the drive
or propeller shaft extends from an inboard engine or gear box, through the hull
or bulkhead, to an outboard dnve means, such as a propeller. The shaft seal
system prevents the flow of water through the opening in the hull or bulkhead,
into the vessel and out of the confines of the system. Considering the system from

30  aft to forward, there is provrded an appropriate adapter that fills the hull opening,

~and which is connected to adapter ring which is connected to a sea gasket or
diaphragm which is in turn connected to a slide ring and to a friction ring. The



-8 - friction ring has a seal face which is engageable with the
seal face of the seal ring as discussed |ater, and a rearwardly

ext endi ng- body whi ch goes around the shaft. The di aphragmis
attachqgp bghertse friction ring body. Between the slide Tiggr, éﬁg& the ~
friction ring are biasing neans, such as a tension spring, for f%adlng

bi asi ng 5 the friction ring forwardly to put enough pressure on. the

seal surface of the seal ring t&-establish a dynamic and a static
watertight seal. The seal ring is connected to and held in place on
the shaft by a shaft clanp. A spring cover extends aqver t.he tension
spring and ifictiontringhag arsealtface ickyis @Bﬁ%@%@ﬁéﬁ@?‘&fl%sﬂﬁﬁg As

described bgl %’C“Swﬁai%ﬁ%ﬂ redRldly' exeddidfifz Body hich %Ueg%eqhbyhﬁ@e

di aphragm e spring cover 1s redundant to the_ diaphra
This unit |§'hpd§ﬁp!lram@6 attached to thedri wmbﬂﬁYe@W‘%m@@? Epgaacon or

| npact ed 14 ) Badiif mBhns Bt 48 X hion Bkifp B el i bidlig ! 21!
feature of t elnve . Ince this is one of the maj or causes of
cat ast.r ophi ¢he &xdnonmnsffomedlprto put enough @ressurs on the seal snrface o tmmx.er

| mpor t ant f\?ﬁ%%@s&éhsh %H%r&dﬂ? %g ters_lermelsgg,ﬁ@qsgg]ﬁ

conmponent s are USG ring enabl"es the syst emto

be usedndiheld mmigcecnmm stiafy by eshaft mpens EONET SKISPES PYEF Shaf t
i f
BoS5%S o e tonsRRUBHAE B e bbby et e 6 b TRRROARL - pde

for
recei vi ng t [desdribed delov, tbe flow |o§wtexfls pmbrdr-dtor Pgevented b}' tbeﬂmhm For

exanpl e,sna r ed t hrough the 20 hul |
of a shilg @a%p%@ea&ﬁgﬁtﬁrﬁéea stcfg’grlll eaded into the internal (
t hr eads histunit isdgids and nw:ilgnottbg dmp;ed ifdt is yiopped ¢rnovnm@ete nd

prevent the § f wat to égﬁ@ﬁ!‘ m t haft seal
system Alte a?l"@%f’? §{hf d&“ﬁ% rThH’g couePﬁ f eadsfe%gﬁn a?l?’achl ng
t he system tsinca tisis Brdnetoﬁthe mdjortausesrof catlastmpyic failureof ﬂl&g}'lorrart dayices.

nul 1 or e 11 angg 00, EEREL! el O e BAARICE 62 ekt arkhanot e

wel | - known ose adapter can to the
adapt er 15i ngompodents whlohmre used with it. hﬁbeadmmmnneawlewha systemtobgbe whi ch

extends thrgq #gt:llqs Q} n?a%ﬁtn &gh'cﬂwlc&ed*}%éh Which the pmﬂehgr ‘éﬁfﬁ asdeQinPr OVi di ng

a path for t e vesse rtant part of
t he preferr qenetrating thertuliiead e hitlh o€ the vessehr Astdissussed below, teenadaptesr

B apnr agn? s, b Bgily Bhaled BPUIORSHE (RS of o BRE) bELOGIeraddl® | 00
out of compionents.h Ebt emlple,gmhnehull adapter] ring méze menslad mronetn they
shar t mottbs T 8 P apl 16 exfibnd ffbacs can be v Gudil o' @ Ty Bshadt® 1
PCT/ US95/ 1256f2he adapter rmg, to hold the system in place and prevent the flow of water into
the vessel and out of the shaft seal system. Alternatively, a flange ring could be
used for attaching the system to a stern tube which runs through an opening in the
h““; or the ﬂa.nge ring itself could be attached to the hull, In another well-known
25 - arrangement, a hose’ adapter can be connected to the adapter ring, and also to a
hose which leads to a stern tube which extends through the opening in the hull of
the vessel for provuhng a path for the shaft into the vessel.
- An mportant part of the preferred embodiment of the invention are the
means for preventmg the flow of water through the system. In particular, the
30 diaphragm, such as a sea gaSket, must be able to preveht the ﬂow of water out of
the shaft seal system, but also must be sufficiently flexible to allow the friction ring

to move fore and aft as the shaft moves fore and aft. The diaphragm has an




- 9- annul ar section which is connected to the friction ring. The

di aphragmi s _ configured to receive one or nore Orings as a clanp
fQr attacwoes/1womes di aphragm to the friction ring i n pcyesehsaht
manner, and the friction ring'is configured to o recei ve the di aphragm

with the Ori ngs cl anpi ng the connection. The other end 5 “of the
di aphragm i ncl udes an annul ar section Wn_igh Is attached to the slide ring
by screws, such as centering screws. The arrangenent with the centering

screws enabl es the changing of the longitudinal axis of the passage
t hrough the sy Section whxcﬁ h? et 16 e THatidn ¢ingNOTRe dldphrag@adss al
centering screws us enabl e | ongi tudi nal axi s of the passageway

to be coaxial mnﬁsumietmrewqqmqmor&@-gnﬁrasa%ﬂ?ﬁ%@&‘@?‘ﬂ%@ﬁ@%‘%pm | er
shaft. A convokgl E&dﬁﬁﬁﬁﬁ&ﬂg wwdi&ugh@mwwm@efﬁwon

gurkdto
annul ar attachnent section hragm Is able tb mpve fore and aft

because of theredeieithe diaphragmowith the MQMMNFPWP% dhe pther end
di aphragmt§ of the mﬁ@iﬁégm .ﬁaumtﬁadnqi& sbétivml Wil isHtfackied ﬂﬁm&lsnae hifig

anot her inportant - referred enbodi nents of
i nvention. Theby |s¢ranrs,rsudgas centering scwm Therareangement with ﬂmmmmmm nting

| ocation for t r J&Eh I pport
structure for Fﬁ% %ﬁ%&lcg%%nﬁl ng V%n%ﬂg&:&?%ﬁ?ﬁ%ﬁﬁdc#l on gllxhhgsysg s the
seal ring. Al sd¢he tanis of| thdeshaftrehangaspeThe soaxial: ¢enterings sorews; tws renabl eaﬁha

hai ¢ moves 1 o/PEHinaf e b the BalifchR itk il St onUERT B 17

referring sifecirbiatiahlof theopropelletishafir Ageonvolnged segtion oftheliapbnagns comnects
enabl es the se% ) ar, ftta[:lﬂuex{t sl-.&{o'n?n V\%a@pﬂﬁgﬁt‘pgﬂ%?h\ﬁh‘é Fﬁe anflaft to |

remai n effectlve even | DECONe Ssone
i npairing - becausk of thq:ftmdbailty provgiedlhyyhoéonvbhltmystmable the diaphragmto | t

i s an obj ect of [

vessel and Iea\?F% 'ﬁ? hltnﬂeﬁs{&%}l‘ g‘ﬁa{ ﬁi‘g F}Q@‘&g{ l&nﬁacco&éﬁggpglo t he

i nventi on, Z@refeIdedrembddanms séthermenuan Pl .ﬂ@e ruiga:ktremedndlmgerfnoom an
i nboard not Q r. . . t B | &r

Anot her objfey(’:t I%Paﬁgea TRVEHS; %%g l(')%%'rgf\#%g a sys é‘er#] M pre er‘l’Heﬁga wat er
fromentering asuppmsetmd:mei ﬁogtlse tehsibn spdmg:duhlelxusgeslshetﬁmuglmnghwdrdt theor

bul khead v el n_if f h es its
position radi alﬁeﬁlo%f'é a%‘l%\ %@e slide3 & coopemgs ép'ﬁ + 640% % ?ﬂ%h
i nvention is tdrictia ridg daring its émifedraxjai @Iovementyas the shaft mmesaforé andraftnt er i ng

a vessel ‘having a prgRepdhe AR ol He st FoteiHic \pOHALIY G the diaphraffR

PCT/ US95/ 128652 and the spring cover, enables the seal surface of the friction ring and the seal ring
to remain effective even if they become somewhat misaligned, while not impairing
the important rigidity of the system.

It is an object of the present invention to prevent water from entering a

vessel and leaving the confines of the shaft seal system according to the invention,

25 where the vessel has a propelier shaft extending from an inboard motor or gear
box to an outboard propeller.

' Another object of the invention is to provide a system for preventing water
from entering a vessel having a shaft which extends through the hull or bulkhead
of the vessel, even if the shaft of the vessel changes its position radially or axially.

30 - Still another object of the invention is to provide a system for preventing |
‘water from entering a vessel having a propeller shaft which extends through the



- 10 - hul I or bul khead of the vessel, where the systemis rigid

- and can w thstand i npact forces which m ght damage or di sl odge ot her
shaft-seal i ng systens. Still a further object of the .-
i nvent ive09¢/070® provi de a water-sealing system - f oPCHUS95412862 whi ch
remains effective even if portions of the system becone 5 m sal i gned
during operation of the system ' It is also an object of the
i nvention to provide a system as descri bed above whi ch contracts and
el ongates in order to adjust for axiat1@wevenent of the drive shaf t
during the operation of the vessel to .prevent damage to the sealing
conmponent s of the systemand to maintain the integrity of the seal 10

It is yet arhwilmsrbulithiead of te vessel, MO&@P%‘%‘%M%@WW%eaI i ng
against a fl t Mﬁﬂ’% . e system noves
fromthe t8¥¥e9fwh¥@tﬁ{gh Ive s &Q&tﬂ&‘ﬂﬁhs@éﬁnﬁ Qgte%gf urt her object of
the invention isStil mﬁmﬁuebjactrofuhauymwg tg Povide p grater-sealing systpmsse
havi ng a sh e | which
18 on e Teb s V] bl ikt Bk ipolidnk M Mbiichidiar
shaft whér e rhisaligned. dmneppaadgnpﬁﬂmgﬁeﬂ\e hul | or bul khead.
Anot her obj ect of Qﬁ&&rﬁﬂ e for
use W th I%‘fs@%gs &#c\k/%lmﬁn ﬁn?ﬂ wv%gehde %éf rom ad(réts)ﬁ)e(r: or gear
box i nboar d which contracts mdmlmgstqsen order 1o adiystoor anel mpeverment ofthecdrivean easily
be used wt r Opral I H%aé f %e
adapters, hggéﬁa ap e?ﬁs/eogéfxggﬂnt%btgecfgsﬁ%h%d ,@Qﬁp d stthec#e i ke
t hr ough whi otompongats of thessystemsansktosmaintain dlmhtﬂm of the seal bul khead. e[d
Anot her ect of escrib
P! tg\ge %ﬁgﬁpt&m@mﬁv RiohoPBrBVidE % Sy iiseditn

above to which ada spect | e adapter dapting

t he _apainsta ﬂbwrofmrtwhagem langimdimdm ofithe systear maves framthegur at i on.
25 An the present invention is to provide a sealing
devi ce as m&mg%@g%@g above wherein the friction ring is nmade of a

durabl e material A fwthexobject of the inventionjis togpravide arfluidsealing device for a
Another o0 Sfdssel hatilf aRhdl? Glifch 3 the hilP oP bRKLER Gt 16 Vel gl oS Or | bed

above which es-a secon gry sea‘? I'n case one O primary seal s
fails. 180 canbe useAthmanyodlﬁfemm tfpes blappasasus fogiredeivinga shaft wheredt

wat er - seal app I agshaft of a vessel which is safe in
oper ati on, durg% e angﬁ&éﬂ‘ﬁ*g% e, uses known - ° WD-96/10708

PCT/ US95/ 12562  Another object of the invention is to provide a fluid-sealing device for use
with a vessel having a_,_sh_aft_ which extends from a motor or gear box inboard to
a propeller outboard of the vessel, which can easily be used with various types of

20  thru-hull adapter rings, flange adapters, hose adapters, stern tube clamp adapters

and the like through which propeller shafts extend through the hull or bulkhead.

Another object of the present invention is to provide a device as described
above to which adapters maj be attached, ea_ch respective adapter adapting the
device: for mounting to a different hull aperture configuration.

25 Another object of the present invention is to provide a sealing device as
described above wherein the friction ring is made of a durable material such as
oil-impregnated nylon. _ .

Another object of the present invention is to provide a dewce as described
above which includes a secondary seal in case one of the primary seals fails.

30 ' Another-object of the invention is to provide a water-seal-appératus for the
shaft of a vessel which is safe in operation, durable and easy to make, uses known



-*11 - conmponents and raw nmaterials, and which furthernore is

effective, efficient and reliable in operation.

O her obj aedse/ve7bs beconme apparent fromthe description to perisysn8ék
from the appended clainms. = 5 Brief Description
of the Draw ngs Fig. 1 is a side view of a preferred

enbodi nent of the present invention used in conjunction with a
propel l er drive shaft of a vessel. -11- Fig. 2 is a side,
partially cut away, sectional vi ew of the system shown in " Fig. 1.
10 Fi n B are Ioddv' of the sustem shaown in Fig.
) Bormpbpelnd Fod i, 356 sl HiBnSimare i ARG HESH 2o
portion of the rdkiabledn operation. shown |n F| g. 2. Fig. 5is a
partial enlar ged Vi hQw back ortiopn of .the device shown
e o B8 8 il hecitic appiet Fof i Hestitoncio o andy, |
partial cross sfmmnbelappﬂmwnlgrms the device depicted in Fig. 1 in a
conpr essed sition. . Fig..7 s an end view of the adapter
ring shown F?"r)l Fig. 1. BMf-Dﬂﬁ -sectional view of
the adapter ring shdig 1 is aside view of a preferred emboduﬁeﬂSof tﬂe pi&eﬂﬂﬂxv&rinoihr e
end, side and cl;sgasmsectl nal |e ges ectsbgfﬁ L a di aphragm
used in Fig. 1. eotjunchion wi t é‘vﬁﬁf S|de views of a

slide ring used in Rig® Banide, b ly cut away, iséctionpldview tof the Sysfeint) shown in
Figs. 14 and _15F.ar§ end and side views, respectively, of a friction ring

used apparatus of Fig. 1 25 Fig. 16 is a side

view of a ctdl. spriRig3Acnd BB & aploded kiews Of the §stefn shown in Fig. 1
17 is a side view Ong.ﬁS:{?srl ng_gcove i n accordance with the sys%em of

Fig. 1. VAGVE SRAYANg, the SPRscPartignof the device
respectively, odhoamtih tzul | adapt er ring used wirth the system of
Fig. 1. 30 g g 20, and 21 are side and end views, respectively,
of an adapter flangdi& 9 15 a partial gnlarasd view phowdng; thenbask INTQOH of the device \\O

96/ 10708 shown in Fig. 2.
PCT/ US95/ 12'1—3562

Fig.

Fig. 6 is a partial longitudinal section view, in partial cross section, showing
the device depicted in Fig. 1 in a compressed position.
Fig. 7 is an end view of the adapter ring shown in Fig. 1.
Fig. 8 is a cross-sectional view of the adapter ring shown in Fig. 7.
Figs. 9, 10 and 11 are end, side and cross-sectional views, respecuvely, of
20  a diaphragm used in Fig. 1.
Figs. 12 and 13 are end side views of a slide ring used in accordance with
the apparatus of Fig. 1.
Figs. 14 and 15 are end and side views, respectively, of a friction ring used
in the apparatus of Fig. 1. _ -
25 Fig. 16 is a side view of a coil spring used in the apparatus of Fig. 1.
Fig. 17 is a side view of a spring cover in accordance with the system of
- Fig. 1. o
| Figs. 18 and 19 are end and side views, respecnvely, of a thru-hull adapter
ring used with the system of Fig. 1.
30 Figs. 20 and 21 are side and end views, respectively, of an adapter flange
usable with the system of Fig. 1.



- 12 - Fig. 22 is a side view of a hose adapter for

connecting a stern tube to an adapter ring pursuant to the present
i nventi on. : Fig. 23 is a side view of a second enbodi nent of
the pr@&esdohéaent i on mount ed on a propel |l er dripeproddaibssa 5
Fig. 24 is a side view of a third enbodi nent of the present invention
nmounted on a propeller drive shaft. o Fig. 25 is a side view
of a fourth enbodi ment of the present invention nounted on a
propel l er drive shaft. .kg. 26 is a side viewof a fifth
enbodi nent of the present invention 10 nounted on a propeller drive
shaft. - Fig. 27 is a side view of a sixth enbodi nent of the

present inventi ofFjg, 22 is a sidéDHEW Of a Hoseladiplsr ol Ednn@Etingea staf tube to an
Fig. 28 is a side View of a seventh epbodj nent of the present invention

mount ed on 2dspissdinggurgiant o te present lavemion. - £ g5 29 and 30 are front

and si de views offjg 2305 sidéRied o4 c€volld egntiodirhdift of the presentlineértionn.
Fig. 31 is a partial, side, p rtiﬁ\%y cut-away view of a stern tube clanp
adapt er conn@euRigd o8 apropeller ‘ﬁUEé rough which a propeller shaft extends,

accordings to an epjgdisceaipidl iBwiofod thife einBydiftien® of the B?&ent inventioni 9. 32 is
'a partial, side, partially_ cut-a -view of a stern tube seal
assenbl y acc@punted onp propplarirygis8#ftrent of the invention.

Fig. 33 is a partgigl 25 & £8ide RAdw lof lal fburth lenfbbdimetit VF thé présedi invé@in assenbly
according to the invention, . : Fig. 34 is a partial, side,
partial |y cumounsss opapropeller drisgishalbnbodi nent  of 25 the invention

i ncorporating an ﬁF.r 2682k sHOVYRw Of Eififth é@bodiment of the [present':'ixﬂenti"cﬁx is a

partial, side, parfially cut-away stern tube clanp seal assenbly {

accor di nd0t omonated ppchpiopsller drive shaft. Fig. 36 is a partial, side,

partially cut-aweyighgpes Reddd VigwaseR sBth 3abeaiktend of the preseni fhvefifon
i nventi on. 30 Fig. 37 is an end view of the hose bearing adapter
shown in Fi gmogsated on a propeller drive shaft. Det ai | ed Description of a

Preferred Embodi Mgt ag is a side view of a seventh embodiment of the present invention
mounted on a propeller drive shaft.
15 Figs. 29 and 30 are front and side views of a hose adapter according to the
invention. ' :

Fig. 31 is a partial, side, partially cut-away view of a stern tube clamp
adapter connected to a stern tube through which a propeller shaft extends,
according to an eighth embodiment of the invention. _ '

20 Fig. 32 is a partial, side, partially cut-away view of a stern tube seal
assembly according to a ninth embodiment of the invention.

Fig. 33 is a partial, side, partially cut-away view of an air seal assembly
according to the invention. |

Fig. 34 is a partial, side, partially cut-away view of a tenth embodiment of

25  the invention incorporating an air seal shown in Fig. 33.

Fig. 35 is a partial, side, partially cut-away stern tube clamp seal assembly
according to the invention. _ N

Fig. 36 is a partial, side, partially cut-away hose bearing adapter according
to the invention.

30 Fig. 37 is an end view of the hose bearing adapter shown in Fig. 36.




- 13 - Turning now to the drawi ngs where the purpose is for
illustrating a preferred enbodi nent of the invention, a shaft sealing
devi ce 10 WQP6/EHF08 | ng between a shaft 12 and a wal |l st PGEUSPHI2S6%h as
a hull 14 is shown in Fig. 1. The right and exterior end of shaft 12
I's connected to the propeller of the vessel, and 5 the left and interior
end is connected to the engine or gear box of the vessel. Seal i ng
device 10 has a passageway for the shaft wi3h a generally |ongitudinal axis
A, which also should be the axis of rotation of shaft 12. Sealing device 10
S conprised of an adapter ring 20, a sea gasket or diaphragm 50, a
slide ring 62, a Tufning town tq jthey dowwings where %wm@%? ipifes ilstratnsma 130
(Fig. 2) within S AL 1 3 s Seal ol 0d devical1ol haf t
12 and hel d 1 horeEttel o OF i fpvedlion? @ ol g delicfl1D) foF Ledit
attached to fri dietweenrd shaftol@ and a wall structuresyelhasg bl A4 is,showgdin Fig. 4 (The,
adapter ring 20 4 ; W & ' é)ﬁJop ' Bl |
22. Wall 22 has @t %ﬁgﬁ#’b%%@eéﬂgﬁﬁgésecoﬂﬁgﬁgqgg L%%?Sﬁ%%&er
surface 26, hi cthedeft andsinteriosrendiis cpupected tothe ngine grgedr bpx OF the| wessel.
surface 26 defi ifr SRR ' | b fie Yari LWiBaPishas a
first end 30 and a sel?loﬂr%a?#déagg?dyg?Fgaggéﬁ%%e%ﬁ?ﬁmkﬁeﬁ% each end

bei ng open and A, whighsisorsheuld; brythe axis of votatjom of shafhd2nSealing: devien- 20 3% | s
general ly pl anar 'ﬁﬂ’g' &ﬁé @jz " 250h sidieribi k5ta €N
30 of adapter r icn.g ) ed Igfo?f? il&ejzl ual ] G ?sg_?gﬁ(gf ?y"%?éﬂé ryognt_ﬁg %o?’eas 36
are fornmed in suricterrigg 90,Radadoading prbiasing meany 330 (Fig. @) gvithin:d spring cpver
| ongi t udi nal yaX ( W ' | d
recess 38 i sl(’?o‘reir?g'dq?%eagur ac?glvlgh&ia}ajag%gﬁ{ %ﬁélg%@c'gﬁﬁs%?ha&?l@?g@G
A receiving por tAsafenyoshield 1130 iscattachedwtd fricion gingte second end 32 of adapt er
ring 20 and extends pltqwig | cul ard.y f I 'rﬂ{go i Lpn 42
of recei ving portl ong%(%?§@t#ﬁg&eaz(’j§§a\£ Jgﬁét\?\lll:] a %?2%#&%@ ti"hsggﬁdwo
preferred enbodi ¢ylindri@$ tubechasting arwdiE22, HWell 22 hg$ gn anmuaraiteri sukfacei2pand an
sections, as w 'éqpﬁlfar ' u§§5 [ . Lyl |- O\t Di agm
50, best seen in Hi gs.%g% ) gﬁlzgh‘gmﬂag?tgg#ﬁ Sggﬁﬁﬁ\g&l%&’ f)’r %’fzara%%lsy ﬁﬁ@{
formed of rubbersurfaceo6defines gigenerally cpindrical icavityi28h Adaptes sing 26 has 2 firss end
wat er . . Diap ?Q?S L nel Ladlal , Uk 4
and an annul ar fgoq) & &cg{‘:& eg:gg%, gﬁ lsﬁgésgesﬁggyngz'ssﬁgeggﬁwgg#%‘gf)g%kﬁ ar
to axi s A and haspoimunicatingawitly cavity 28. adi miohptingrsuwréage B34dis igeneralip planbegnd seen
in Figs. 3 and 1], i I d se
52 1 s mount od. on il SpRtold f PEHF we3e gt end 80 B achpibE ik 28 #6uP bualfy
-14- radially spaced mounting bores 36 are formed in surface 34. Bores 36 are aligned
20 along respective longitudinal axes (not shown) which are parallel to axis A.
~ Angled recess 38 is formed in surface 34 adjacent cylindrical inner surface 26.
A receiving portion 40 is formed in wall 22 at the second end 32 of adapter
ring 20 and extends perpendicularly from wall 22 into cavity 28. Section 42 of
receiving portion 40 is threaded in the preferred embodiment and can be
25 - threadingly engaged with adapter sections, as will be discussed in detail below.
Diaphragm 50, best seen in Figs. 2,9,10and 11, is flexible and preferably
formed of rubber or other resilient material which is resistant to salt water.
Diaphragm 50 includes a radial base 52, a convoluted body 54 and an annular foot
56. Base 52 is generally smooth and perpendicular to axis A and has four equally
30 radially spaced apertures 58, best seen in Figs. 3 and 11, formed therein and an
outer annular edge 60. Base 52 is mounted on mounting surface 34, as best seen

in Figs. 2 and 5, with apertures 58 aligned with mounting bores 36. Outer edge
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in Figs. 2 and 5, with apertures 58 aligned with nounting bores 36. Quter
edge 60 of base 52 extends beyond cylindrical outer surface 24, as can
be seen in Figs. 2 and 5. Orings 61 hold the rearward part of

di aphrwgﬁ the rearwardly ext endi ng body of frjg&hd k39 90. 5
Convol ut e @géﬁa 54 extends from base 52 into cavity 28. %%’?%’é%dg for med
at an angle to leg 54 and is generally parallel to.-axis A and is attachable

to friction ring 90 to create a watertight seal, as will be discussed
bel ow. Slide ring 62, best seen in Figs. 2, 3B, 12 and 13, is
generally a holl ow, cylindrical tube having a wall 64 conposed of a

series of an®fLofhase 52 exiends bexomryd eylindrical gutenisutfacec24cas cami bersees imFEigsendi cul ar
to wall 64. 6 _r;.g,gs e é%&%g@ : a0l ce 70
defining a c%\éllnjtl S'% a Jggé‘ﬁ{&@%v. y ﬁ%ﬁf&éﬂh{%ﬁjgg@%é@q%m@ﬁg{yﬁ rst end
74 and a secextendingibady, of fgctionsdng90.n Fig. 13, wherein each end is open

and i n ‘comuni catgd ] ' : Is] : LS. rally flat
and annul ar %ﬁoﬁ%&%@éﬁ%f X%F?é&? IE?HS&ESQ e %tgs#ﬁ‘t’g&tégtesigggﬁ}ge 66 has
four or rforeatldn anglpdotleg 54 add isgendrally pamilel to/ axip #c and ti$) attachablet to The
outer dianetgr.,. IS r Qi ' 0.t he di ameter of

t he annul ar %{ﬁlg{l r@g?ﬁé@g’?ﬁ‘ %W%&éa&qesrgé’ @‘t"’ﬁir?!%gﬂ%;‘dtbd&w- ~Sli-de
ring 62 is att aclShidetringa6R; bestrseen im FRS, 2,238,i 12 dmb 13, 9¢ generally-a gollow, 2 and
5, with gasket. 50 di ed .t her tween. en_mount ed. . t he .base g6 of slide
Ying 20 °°erSHiadiel cPRTStee £ 5 6 SEBea Y § Rt gt SRS a2 00 ol | gn
wi t h aper t urmdial base 669vhich isgpekpendicGlan ruiwalb G4t Wall 64dras andatersurdacBser ri ng
20. Centeri Sk (€ 82, h sgen_in Figs. 3 a 5, are

or ovi ded &ind®k mnermrf]aﬂfgﬁ&ﬁﬁﬁp%? %@ﬁ%&ﬁ ‘,‘g%%r §€d°8‘6’,‘3 b3 ures 54
and are t hr eafifshghd 74 enda sexdnd end 76,/bestseet imBighls, ehetdin eddhendly opedst eni ng
ther ebet woeniad i ERRH-LbP L @ity 10 Acspptss SalfB & petecally fcandy |
mount i ng bor ey dndes edryhedut ithefitst end 74 Of biiseC§6. EBise 66 1agfalr 6 mbe
esponse, - aswertiees 30 phugfy TGl spted ieieafines i ubeslyper of ase o
Frictionl¥ i niy approxinesély eqedl to thedigmeter of the afinular ofiter sutfare 34 bBaddgiergeneral | y
a 30 seri es.of26 ntegral, coaxial, hollow cylinders 101, 103, 105, 110 and |

111. C,yl'i_ndeﬁmg 103 has a cylindrical outer surface 92 and a
correspondi ng cy!Slideiring®2 i avechedtorddapeer ring 20, Bds Bext bevin'ifl FigscY,2 4 i cal

_' ?a\1”5t }/ 9t h§,(3vlljt(i’lhga\s’%1elt gB d}sggseﬁ @r&be%\%e n Whern m%x!ltletri],(%ﬁer b}sce) ]66 of slide ring
62 is positioned against base 52 of gasket 50. Apertures 80 align with apertures
20 58 in gasket 50 and mounting bores 36 in adapter ring '20. -

Centering screws 82, best seen in Figs. 2, 3 and 5, are provided and pass
through flat washers 83, apertures 80, apertures 58 and are threadingly received
in mounting bores 36, thereby fastening. slide ring 62 to adapter ring 20 with
dmphragm 50 disposed therebetween. Centering screws 82 can be loosened or

25 tighitened in mounting bores 36 thereby moving in a linear direction parallel to
axis A. When centering screws 82 are moved, slide ring 62 moves in response, as
will be discussed in more detail below.

Friction ring 90, best seen in Figs. 2, 3, 4, S, 6, 14 and 15, is generally a

_ series of integral, coaxial, hollow cylinders 101, 103, 105, 110 and 111. Cylinder
30 103 has a cylindrical outer surface 92 and a cofresponding cylindrical' inner surface
94 defining a cylindrical cavity 96 through which the shaft 12 passes. Cylihder 101

is located at an end 98 of friction ring 90, best seen in Figs. 5 and 15, and includes
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i§ located at an end 98 of friction ring 90, best seen in Figs. 5 and 15,
and i ncl udes an annul ar channel 100. Channel 100 has a snooth, annul ar
surface wwWQa96/10%08 generally concentric with surfaces O PCRMUSIBN2563, | i p
104 is annul ar and extends " outward from channel 100, lip 104 form ng
one end of friction ring 90. Awall 5 portion 106 connects channel 100
W th outer surface 92. Channel 100 provides a nmounti ng | ocation for
foot 56 of gasket - 50. Foot 56 is attachediso channel 100 by an Oring
108, as seen in Figs. 2, 3 and 5, creating a waterti ght seal between

gasket 50 and friction ring 90. Cylinder 110, best seen in
Figs. 2,4, 15 anchnhﬁlarlqhaunedlelﬁoarChanndrIOthaamsmmth.lmmlSurfhﬁewmmhllnl ng an

internal cylin t d
uhi oh i ghs. wirherily Edcebdictaith LIEgHPR2 Wit 68, S0fo"10d f R ang exeertd
di amet er | ar geroutwardffeomaishaangel 200, dip W&rfenmaggmn endmirfncm;l dnaﬁﬁ.t & wall shaft
12. Seal i r d
cyl i nder -110. @r@%i“o&n&ééi%n&%s@%"ou e}%%vrgr%t(e:{r‘ s |g H%g'sdgn%ﬁ er
than that of t meounting umuomfwrfomﬁﬁqu@eskgsso 2Homf56nmata;:haqbtce¢hanneigomy

| i nder 110 I 24

sq,ho:/vn in Fi gsI 6§-ﬁﬁ3ﬁ)8bgg ge&ﬁ% arbst%‘g 1 € o Q at%mgﬂfﬁeal %@m&'{
for an air ventga(MSOQnd\ﬁlgmmrnng Mt er supply (not shovvn)

ealing surface 126 t g ihe
?orw:arg facing sgﬁgfgm §$$ﬁ%ﬁﬁ%€qa%%;‘g{§;&§£§ﬁ
annul ar 20 sum  aphin: | cawityd il itH shaftt sdse
out si de di t t r of wal l
92 of cyli ?11 er %%8 &m&lmﬁ%@ogﬁd %&&nﬁ%g“a regf\%&gﬂ?ﬁdr@a‘g ?ﬁ &
retention surf aliame¢t2s larger preferablysi/4! ac enor@ farger, than thgalizmetet pf shaft 12nd
annul ar and per. ' . . : >y ki { P . A
bi asi ng or | gadglg E'[g}g%é%%gﬁé%@l\fﬁig{é{é&;&s‘ggf%‘g%ﬁggﬁfijogé'hfgﬁf ut?eﬁyhg%eén. 25
in Figs. 2, 3, 10has amdutiide dlmaemghuhedmallerthagﬂmefdwdﬂmla&'mumduﬂice
st ainl ess steel nan t rro rial, .or a
nat lari al with d néfn%?)??i%@ﬁ/ﬁng% E&%‘H{?&r’rgﬁf“d‘% 3’&3@’@6%&%&“@5
cyl i nder 1085 arhbse bartel12d, skhawibirt Figert, 2, 3 and(St Gﬂésecmrbllﬁll iscéonhadtable toRe end
and by a suppor,t rface. 78 O the other end. 30

e.rin
A spring cover %ﬁ bﬂ?"gﬁﬁ%{nf’ﬁsqﬂv&.“f, °r%'pp!¥ (ngt show@)-1 7 has two end
portions 136 and a oﬂeséaingbﬁffhammrgbhaall)lﬂ& arfdannvdarCandei§ farifed 6n el | ow,

flexibl 130, t ly b
ur gi(lhang pr oducPrvar rfzru(:)ulajgnd‘aes “ g poruouC(Hgr C%ﬁndera{bsaha\san alﬂgl(‘)% ar iGa

surface 132 which has an outside diameter smaller than the outside diameter of
20  cylinder 110 and greater than the diameter of wall 92 of cylinder 103. Cylinder 105
has a rearwardly disposed radial retention surface 128. Retention surface 128 is

generally flat and annular and perpendicular to surface 92 of cylinder 103.
A biasing or loading means shown as a seal tension spring 130, best seen
in Figs. 2, 3,4, 5 and 16, is a helical spring preferably formed of stainless steel or
25 a non-metallic, or a noncorrosive material, or a material with a noncorrosive
coinponent Spring 130 surrounds outer cylinder 103 and is retained between
retention surface 128 at one end and by a support surface 78 of slide nng 62 at

the other end. -

A spnng cover 134, best seen in Flgs 1,234, 5, and 17, has two end
30 portions 136 and a center bellows poruon 138. Spring cover 134 is hollow flexible
and surrounds spring 130. Cover 134 can advantageously be a urethane uroduct.
An end portion 13'6 of cover 134 mounts over outer annular surface 132 of
I
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An end portion 136 of cover 134 nounts over outer annular surface 132 of
cylinder 110 and butts against cylinder 105 and is fastened to the outside

edge of - cylinder 105 by a fastener, which is preferably.a pair of
O ri ngVQ9g10768 eat i ng a wat erti ght seal. The ot her $25612862 spring
cover 134 is fastened to the outer 5 surface 68 of slide ring 62 by a
pair of Orings 108, creating a watertight seal. Means are

required for allow ng passage of the‘é?OpeI | er shaft through the _
vessel hull to the water-seal system In Figs. 1 and 2, a thru-hull adapter

' 142 L ttached to.,th . 32 of t ' 20

Ref or 1 ng v @/ipdcysI10and pits pgpins! ifuder 105, £l s Heetieg 3028 Sl WusSk . o
tcﬁpggg}[inn?'@rngga?%d [ f?gtedgthf’gﬁﬁﬁﬂisoﬁfwm? S'ﬁk'w-ﬁ’mwf i adapt er
ring 20, ga%ﬂ”&ﬁ(‘?@éléﬁl'erq.hérﬂﬂhﬁreqdl s?ﬂﬁg\ﬁﬁ'feéﬂ:’gd% --E‘nﬁ‘ig‘? @E MWt o a P

speci fic vegiice §8 ok sERYing82 By b Pair &Mi;?s 168) drebfifig laaeatertight sealli th a

di aneter for receivin ropel [ er shaft . Bor for, réceivi ng shafts
i g Cho_of 3/ Meansqre pequited ol alowiigpassags of tie roRmier FOAt BRHeh S on | s
not |i m t edydsgel hiflko tN\GReRéeabiyiRtn. hFige\JARH Q| a thrasiudl alidpenring a4zet or
r adi fal |y di sposed, |ongitudinal recesses 147%0& . reﬁgsl\il.?g a,tool for
turni ng” adajstastached g the seqopd end 32 o adapier,Eng glerring to Kigs- & 18'agd oo ¢
hul 1. Tt wihé B RAPERIé sl 1428asar@Ringéting vhd] iehls igued fubdld? can

c

have any conf’iguration’and rl.ng 142 wi]| be chosen so.that jt hqels an
adapt er ~ endend 144,1which is) shyeadis Y-d'&ﬁ'p‘fqdnﬁ‘- H&ﬁ 42 of seceiving poeian 49 of | essel

hul | / apgpt u : | LA S hiprétCetid’ &tflange 146 which ad @éviceorpngnt s for

| eadi ngqg p?gappgﬁ g‘?é)g?{aﬂd ﬁ%d}&gh t he hul | eor"_w“ " abuél'a}?hevél of vessel ar

shown in Fi geecifieyessghhulhepnfiguration. Tubular end-}44 has 8 Gorg wi 1%%*3? adapt er

148 Davi NG fedeRfrifiePeller dhitt 82, BOKds Idtteceiving sfarishaRag OPoff B3 @D Ur €5 151
e

which align w pertures 1na plate in the vessel's 25 hull, Standard

fastehers (have bermusedaitheugh the ixuension, isrof fiyaited, tq Hhat frags of sizes- t he

propel | er shafbred faREeI244 BisOx' Gkt SrRalall) Aisposkd, MogithdidalFecessesS BAT! foR g

appar at us. - In Fig. 22, an adapter rin ﬂzfg |ﬁ€0unted for

recei vi i§ t mecejping a|tpelr for ferming adapter fing,d auagmsﬁ ge 14Q agust;the o aded

forward por teQp fhar ftcvpiﬁvlﬁedﬁﬁ?%ﬁat@@%tef{daﬁei‘ﬁnd 146 of QompbBedtadz@nd end of
u 3

hose ring 155 extends to 4. A stern tube 158 i.s. 30 ajtached to hose
adapt er 155 have amyeonfigenation and Fag 142 pill be chosen 3o, that it;has an adagier epg e j ¢

hose 156, syg§ aipable’ 'GPPEA device AW 3 ! lsp&ifics Wesdell Stiull)apditure
- 17 - : Ii&%atg t he aar%g%t hose 156 can b% pl aced on poartion 157A.

Hose cl anps canfigueation desitadse 156 bet ween hose adapter 155, adapter ring 20
and stergy tube lggher components for leading a propeller shaft through the hull or

bulkhead of a vessel are shown in Figs. 20, 21 and 22. o
Figs. 20 and 21 show an adaptex" 148 having a threaded, tubular end 149.
A flange 150 has 'apextures 151 which ahgn with apertures in a plate in the vessel’s
ht;ll. Standard fasteners (not shown) attach the adapter flange to the plate, and
25 | thepropeller shaft extends through the tube and into the water?sgaling_ apparatus.
In Fig. 22, an adapter ring 20 is mounted for receiving the propellér shaft.
Ahose adapt‘er iSS has its threaded forward portion 157 scréwed into adapter ring
20. The rearward end of hose ring 155 extends to hull 14. A stern tube 158 is
attached to hose adapter 155 by an elastomeric hose 156, such as a rubber hose.
30 Hose clamps attach hose 156 b¢Meen hose adapter 155, adapter ring 20 and stern
tube 158.
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Turning now to the operation of sealing device 10, device 10 is inserted
onto the propeller drive shaft, as is best seen in Figs. 1 and 2, wth the
friction vooefo70& 90 and its sealing portion 116 faci ng t hpCHUgSE2S€X t he
vessel, and the adapter - ring 20 being adjacent the hull of the vessel.
The device 10 is attached to the hull by neans of the thru-hul

adapter ring 142, adapter flange 148, or hose adapter 155 and stern
tube 158, each of which extends fromthe.qgterior of the hull, t hr ough
the hull, or froman opening on the interior side of the hull,, and is 10
connected to adapter ring 20 such as by the threadi ng engagenment of the

Sﬁre}/v y L hreﬁds Ofurnfify ﬂﬂﬁﬁi ﬂie cspeaaxoamf s‘ehmgd Bevicen10, |devide 10 ds mengi or
the Iike. The thru- . e a ter t 0S apt er
and stern tube SP“’o'thﬁdFQP&eé drive gﬁ@bé&ﬁ’f ?ﬁ? ’ggﬁ%‘tt e’d‘%F% w‘ﬁ’ngl fricfion
hul | /aperture cemfiondndits Sealif éﬁﬁn\nssﬁingthe engine of the véisel, prdrheladeptes!r i ve
shaft 12 has a shaft c]anp, 16 ﬁ\}}f Q}Bm)unt ehﬁo 1. éS Sﬁa &hng“ﬂﬁl S
attached to shaF’PE@péFr’ngd&cfﬂfw% ol the Messely Thederge A0 isastanasd to
screws 165. Sealpymhdygs b6 thehheu-Bull hadpter Ay 142, diapteAfane BIBALr wefﬁapteimo A
shaf t . clam 163 I S nmount ed&z%ghnst seal ring_161 and fastetg&E seal

I

ring 161 by 153 onf rstarg; tabe d¢ g5 gvhidl, gxten @ fom thesemenerso

161 in position #Rulhdke hull, or frémsﬁib &uﬁ aﬁQheﬁﬂe%ﬁeﬁsiHbadf tha diudt], aﬁﬂafs
surface 126 of friction ring 110. 320 hel d f ast (%géghe shaf t
by clanp screw xemmeckd wqaamwsméuﬁh é%blé %%qadg;gamgagement ¢ 8HEVds

each other. An GhfehGJoflHe ddip @*ﬁﬂ?ﬁﬂd&ﬂ&ﬁf-ﬁuﬁh@iﬁiﬂl afthedB@! The thri-i NQ
161 to stop water fromleakin ween the seal rin 1 and shaft 12. A

safety shiel¥ 17wl adapterafianss aedéPYeF’l o1 thehose adapser B9d §F§F‘F hibeoF athes g5
172 or other  gekifisil @aectd&\fame ,numbeeea&@a&mghﬁmardtltue vesgel. Once

device 10 is m)usﬁted I T shoul adjusted to .al'ign axis A _of t

device with the axi sThe pspmller QEVG shafs13 b“a%%ﬂ?@ﬁe‘é kﬁ}‘e‘ﬁ%&%ﬁﬂ(;%’g“’a‘ﬁd/ or

tightening the T$:3PAAY 10165 GERHEA [dWha ClaiP16B Ty 10MPRIARAR R ORRAE don Ectil O
S ti ghtene nt 6tllﬁlkc‘a bore 36 1nto V\:hlcﬁ)ylt I's threadingly received,

it draws the scrq!@rlﬁﬁo Sealfringa1d Ips aflasepewasdlyfecing seal sgface J60r A %ha&as ket

50 d adapt led t
2,15 AT ey ey 10 e B o
alignment. Sim I@ﬂp}essmrlé§-p§b4&/9m15§vh% ses! 1ieg 1&hinposition soj that
pushes agai nst ti&%e%?ﬁ@éeﬂgﬁg&%t%ﬁ sedl shﬂﬁ& M'o?ﬁ'xétfon'rﬁ:grﬁéetl’ﬁﬁ’p 63

noves , AVENDED - SHEET
-18- is held fast on the shaft by clamp screw 167 which forces the free ends of clamp

_ 163 towards each other. An O-ring 169 i is clamped between clamp 163 and seal

20 ring 161 to stop water from leaking between the seal ring 161 and shaft 12. A

safety shield 170 is attached to friction nng 50 by self-tapping screws 172 or other
fastener devices, and extends forwardly

' 'Once device 10 is mounted it should be adjusted to align axis A of the

device with the axis of shaft 12. Thxs is accomphshed by loosening and/or

25 tightening the respective centenng screws 82. When each respective screw is

tightened into the bore 36 into which it is threadmgly received, it draws the

portion of base 66 proxxmate the bore 36 closer to gasket S0 and a.dapter ring 20.

This skews base 66, slide nng 62, friction ring 90 and friction ring 110 thereby

~ altering their linear ahgnment. Sxmxlarly, whena respectxve screw 82 is loosened

30 it pushes against the t_hreads in the bore 36 into which it is received and moves

 the portion of bése 66-proximate to the respective bore 36 away from gasket 50

and adapter ring 20. This skews base 66, slide ring 62, friction ring 90 and friction

- —
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the portion of base 66 proximate to the respective bore 36 away from gasket -~

50 and adapter ring 20. This skews base 66, slide ring 62, friction
ring 90 and friction ring 110 in the opposite direction, thereby
al teri W 96H8708 | i near alignnment. The friction ring RGN de ring

62 can thereby be aligned with axis A of shaft 12 by 5 appropriate

| ooseni ng and/or tightening the respective screws 82. Preferably,
friction ring 90 and slide ring 62 will be aligned so that shaft 12 is
centered in the cavity 114 of the ggriction ring. Duri ng
the operation of the engine, propeller shaft 12 rotates and seal ring
161, shaft clanp 163 and O ring 169 rotate with the shaft. Device 10 is

3t ?t I OgaL y 16ing hga&wm 6ﬂipbsiwhkadtcnpﬁiemtg\alteyingmemhﬁm?hgmnem The s A

efine y t aboye escri e Vi ar ger

than the out ‘3’8 d?ngr?@t’é’fisl}a e fifg 62 can %g ahgnegh g"fﬁ@ﬂgﬁ?&h

allowed to Fﬁp?bpnﬁﬁ’eebbsemxﬁeﬂid/bt mghtéﬁihgamtrespemwmtrm 82.r Priferablyai nst
Egl ]

Seat  °ha" Y oo ilob S0 SE54id¢ ok 85 e S AU Ma M 3RSRURHE | g 00

seal, as see
and 15 spgrf amaylld dfmwﬁﬂmoﬁl 161 and creates enough pressure between

surface 126 nd r| ng 161 intain-a t- seal

Vater (W enterin g g@”ﬁf’#ﬁ%l‘&?“ﬁﬂ‘%‘%ﬂﬁh and
t][le EU” of 4bg shﬂsﬁﬁbrppﬁs%iﬁa(?-ﬁh 15mtatamm m‘i‘%ﬂw Dénceflodesmd@lag%. dl\/]chCh g
of the water i s channel ed past,6 oyter av efine
bet ween | eg BHEC3MSY %CYW”S@VHY %g.ﬁgned%lo ﬁr&%&‘?‘bg}' ‘ﬂ‘ﬁﬁg‘iweéurface

- 26 of adapterdesdri'BGd%Qmpbﬁerﬁs of the d@ﬁ&ﬁs'l&g&‘ afalade Dutsidddiathes gtitaehragm ¢
50. In the event di ap ra 50 shoul fail,.the water would pass

bet ween d@t ePrepeile lﬁeléqweﬁcssrwerfrq% |SGHIWE1’§?1°°nta°'QG“Qnd i nner
-surface 70 ofriqal hgﬁnglt s%oﬁzry' RhfngsfAk 176 iotmisies watdhipinisuee sufdcace

92 and spring cov I n“such:-a case, sprlng cover .130 woul d prOV|de a

backup 25 s& ,%wque@pf’l%ézm &+ Sprigg 130 bigses gr foads frietioncring 99 gadyvessel .
Vater ent er i 3greh 01 RP{oaNIsGRR 16 ariféreatedl chfighapissiiicbarveéd sukfacaNgst he

- interior surface 94 of ‘cylinder 103 is bl ocked by the surface or face seal
f or med isad wingnt6d g maiptain i watestight sealof friction ring 90, seal ring 161

and by O-y5i ng 169y, tﬁr(WBentenn%mK‘ Ie;ﬁ@?ﬁ&a&m&ewgﬂuwghhﬁﬁermrd or

rearward thrust of t r causes the propeller shaft 12 to

nove, either thehwhofshe YMM&S% finto the inngr gavify, 14t device 100 Muchsof; the
Drope! 1S o et BT 5300 ] g et P!
- 19 - ~ foot 56 of gasket 50 and cyhndncal inner surface 26 of adapter ring 20. This
| water is blocked by leg 54 of dlaphragm 50 In the event dlaphragm 50 should
20 fail, the water would pass between outer surface 92 of cylinder 103 of friction ring
90 and inner surface 70 of slide ring 62 into a cavrty 182 defined between surface
92 and spring cover 130. In such a case, spring cover 130 would provrde a backup
seal and keep the'water from entering the inside of the vessel.
_ Water entering the narrow channel deﬁned between the shaft 12 and the
25 interior surface 94 of cylmder 103 is blocked by the surface or face seal formed
between sealmg surfaces 126 of friction ring 90, seal ring 161 and by O-nng 169.
~ When the vessel is operating, the forward or rearward thrust of the
propeller causes the propeller shaft 12 to move, either forwards, towards the
engme, or aft, towards the propeller, along axis A. When the vessel is driven
30 forward, propeller shaft 12is pushed along axis A towards the engme Tlns moves
the seal ring 161 away from surface 126 Spring 130 has enough compressive force
to move friction ring 90-and, hence, surface 126 towards seal nng 161 in order to

// .
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the seal ring 161 away fromsurface 126. Spring 130 has enough conpressive
force to nove friction ring 90 and, hence, surface 126 towards seal
ring 161 iWO@g6/de%08t o mai ntai n contact between surfacesPCTASASIIRSSZ Al
ring 161 with enough pressure - between themto forma watertight seal.
In this situation, as frictionring 90 is 5 biased towards the .engine,
the bell ows portion 138 of spring cover 134 unfolds and expands.

I ndented end 98 of friction ring 90 noves Tinearly along axis A towards

t he engi ne, thus noving foot 56 of gasket 50 in response. Fasteners 108"

mai ntain ama@itsint dofttiict BOVeeh SMERS 1&9%&%@%3@?{3&&'“ g% pfeareéugﬂat hi's

movenent . L .. Wen the vessel is driven backward, propel] haf t
12 is pul led al Bekyess them o form a watersightnieal,r bty tuatigs, 3ssiristion ringIf is n
Fig. 6. This noyRSed d%ardBhe édgitie, iabellows pdrtidh 198 ofispking ebvet 194 udBis ¥hd' 9

force pressure to fricgion rlngpilo and conpressing * spring 130. Spring

130 is flexi bl eSRQds cindenisd end P of frictignring 90meves HpearlypjonpatipA towardspy e.

towards the §ropl éndine thus afRRRI60t 55 dfipaskep 50 & f¥Porsed Fafteriett |G Raihehn PY
ring 161. Inportantly, spring 130 1s flexible enough so that the

pressure bet weef Wasertight-seabbetwoen fao 56 jand channe} 409, dudog entconst ant

and does not i ncr caswHed theWessel is driv3h backitd propéler 3t 12 lled afdblg k3 Vi ||
score or otherw se damage surface 126. L Wien spring 13I

conpr esses, theAbE’I"“Iab%s‘g_ B PrORcdar. r3ds best sean ingFigofc Thisgmoves the geal ringd6t and
i ndent ed porti ofowdd$durfaxsé 174 \ ' ) PG dicri ﬂghpwp%g .

Foot 56 of qask_et .50 is fa.sﬁgggglt f?:%g g%?.ﬁ%% by Oring 1 .ngr#(?‘?tfsgm ul | ed
toward 20 tfHe FRREII0 Spring 120 prfiexible and pempressesio allow the frictign ring 99 to L eg
54 is thereby. s Sdwi 3 L & %9{ Balfe ; | ed
recess 38 bei ngn%ogfrred_ g%ﬂ@%@ﬂ?;ﬁ;f%of to %\ﬁg?ﬁgﬁar ggggﬁﬁi%c%ér%?/ﬂgut or
damage | eg 54. 161. Importantlyispring) 13Q ix flexible eneugh softbat the pressucé between

alternative enbggh ' ' ] LI to
Those 1 the pr PR 128 sl rigg 161 redifl RylvRR(Konlath s UBIG AFInRreaa @ 1
particul ar enph&8ins wiers thsgoigtion of ring 161 wilkseone or otherwisergamage sirfaael 126.

Speci 11 cai 1y desi gneyien sering B 6oy Tug GGk pRuGT oS of Sibing Caiet 130
i s aligned withcabapsesandrindented parzion AR of cylindenitO3tie pushied towizd@Othie prapedlenr t
e e
1024 is formed ahoprppsher in reepansel to shpmavemetitcof qulinder 103L | LéH32 is therebgn
qpposing - - { ktbechifha is S5 GR6eR vl Uged’tBekl SE.UBERE LEEPY bOfls BOa3D 1040
20 - 20nt @s not tockaveetasharmedgehwiich majgrcatighdavhageniegi5dft 12 ext ends and

has a threaded, ~ Having described the preferred embodiment, alternative embodiments will

now be described. Components similar to those in the preferred embodiment will

be given like designations and particular emphasis will be placed on different

components and structure. |

25 Fig. 23 shows an alternative embodiment 1010 specifically designed to

 support the friction ring to insure that it is aligned with axis A of shaft 12. An

adapter ring 1020 is a short, hollow cylindrical tube having an annular wail 1022

* and a cylindrical inner cavity through which shaft 12 passes. A flat, radial surface

1024 is formed along one side and is perpendicular to wall 1022, and an opposing

30 flat radial surface 1025. An elongated receiving portion 1040 defines a cylindrical

interior cavity (not shown) through which shaft 12 extends and has a threaded,

annular exterior wall 1042 which receives adapter components (not shown), such
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annul ar exterior wall 1042 which receives adapter conponents (not shown),

such as a thru-hull adapter ring discussed earlier. A plurality of

radi ally spaced bores 1026 are forned in surface 1024 parallel . to axis
A. Bor ¥0902®08xt end t hrough 5 wall 1022. APETASIHRS62t or
di.aphragm 1050 contai ns spaced apertures 1058 forned to align with
bores 1026. Gasket 1050 includes a radial face 1052 nounted on annul ar
ring 1020, as shown in Fig. 23. A set bores 1058 are in alignment with
bores 1026. 10 A slide ring 10627 ncl udes a base .1064 and an outer
cylinder 1066 extending from base 1064 in a drrectron generaIIy

parallel to axi e 1064 105 ressing
gasket 1050 $ 4 G E AR Sy é"r’ ﬁ%‘&‘aq“’qg? ys f’ﬁ’&é 1066

ext ends | ongio26 @re foringd tin warfste 1024 peruyrehtb axbol At amammnd throughn open
end di sposedwggqg?el y outwardly fromshaft clanp 163. 15 . Fasteners
1082, which ferably centering screws, pass through bores 1026

and apertures 105\8ﬂar§islatergiaphﬂgmtjﬁpcommsmwap¢mueslff&med tol i de ring
1062, thereb ast.enin n 6 dapter rin 020 with gasket
1050 3 rr'%i'GF WL ot e’?’éﬁe ﬁ'gl&éb' nchidled’ YR rf?cftﬂg% ‘F‘P‘Hﬂ‘é@go i s
conposed of aﬁm&ai- riaf 1020, s showreig Rig. 8014 sevof Béres 1058 arp lir aligrinyent with

oil-i rrpregname_d % stic or other material cylinders 1101, 1105 and _
1110. Cylin has a cylindrical outer surface 1092 and defining a

i S\éi)t y t hr Qugide \Hinig1062 includend Eas&ZOdlaﬁﬁl%.ogﬁreylﬁmér Q06dle8:'t2mdo ign ring
rsreceve ' i nner Vit adapteyr ring. ere it
contacts fac gﬁ}ﬁﬁgéﬂﬁ&’émﬂgﬁj‘ﬁ%@ Qﬁef) %ﬁ‘?d&%s i‘ﬁ& | gﬁ sur face(
seal i ng por topae ‘W“'i‘?fé‘é“g 3‘;"‘2‘ 0 ““"‘““‘é"’“in‘r?ﬁ??r“%“? e 38 whi ch
has a di amt@agp@%@qﬁ% ést'i: &Bﬁi 5 a spring

conpr essi on & @%dﬂ%sedmylﬁmﬁé&mhiﬁw _ radl al and

ext ends about th er l‘ggﬁ%g&? %rﬁ?i‘ﬁf out er- surface&]g %ﬁl nder '
1110 i< a seal i ndeHe PP RO pE L  ch has a
30 diamet emlsead a pbires 1058 ariiare ahireatiingly treceived it (bdress1059 &cshdi: of guide

112 1555 ", i e e S b

preferred enhteilpmdttherebaween. star nl ess steel corl sprr ng, i s provided on

cylinder 1101 and 1S, Letalne nd essed meen ba 064 and
spri ng retention ‘3 ?PeTEZ @f gﬁ‘?'ﬁ%"sﬁ?r@ra set, of el mtegraf%oﬁ

peripherally oﬂ-lmpregnated plastic or other material cyhnders 1101, 1105 and
1110. Cylinder 1101 has a cylindrical outer surface 1092 and deﬁmng a cavxty
20 through which the shaft 12 passes. One end of fncnon ring 1090 is received in the
inner cavxty of adapter ring 1020 where it contacts face 1025 adapter ring 1020
and the penphery of surface 1064 of slide nng 1062. -
Cylinder 1105 is a guide ring and a sealmg portion. Cylinder 1105 has an
outer annular surface 1118 which has a dlameter greater than the diameter of
25 cylmder 1101 and a spring compression surface 1120, which is generally flat and
radial and extends about the penphery of cylmdncal outer surface 1092. Cylinder
1110 is a sealing portion having an annular outer surface 1122, which has a
diameter less than the diameter of outer annular surface 1_118 of guide ring 1105,
and a seal face 1124 which is generally flat and radial.
30 ~ Aloading or bxasmg means 1130, which in the preferred embodiment is a

stainless steel coil spring, is provided on cylinder 1101 and is retained and
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1105. 5 Quter surface 1118 of guide ring 1105 has a di aneter
appr oxi mat el y equal to the inner dianmeter of cylinder 1066. QGuide ring

1114 i s t hMOA$i088Nnt ai ned wi thin and supported by cyli netemusssasse2
Cylinder 1066 guides the guide ring 1114 al ong the | ongitudinal axis
of cylinder 1066. The friction ring 1090 _ ﬁl‘_\_ t hereby be accurately
aligned in order to maintain a seal betwe surface 1124 and the seal 10
surface of seal ring 161. Turning now to the operation of

Shat t i tn the FmResd bebfect 158 1Pat d sirl Tkl Buftedd FB AT | T,

t he adapter rihngmﬁozohbelhng adj acent the hull of the vessel . Devi (r:]e
1010 i ' \ - - huy: Nd : 15
ke, which s o apeci Pfex sittes 1A BERRCfind 1103 | A AOORIS Oy Slnal 1©
t he vessel ta e bmee didmetdrr afucylinder 10661 Gujde ringhtl 14 Us itherebyicongained

h di ngl Lyved i

once devicy 10s SbE s meeerted SLRHER 1088, coRBod ts BuiddiaP ke B fP D, |

the axis of shahlongZhe Ibhgitudimal axis oﬁghn&r%ﬁyﬂc)ﬁwnn migg 4090 can therghy beii ng

ghtancd | nro. soeriflHehdfinsihe!p AfRn YNEl SPbaR R NG AENAS

draws the porti eurfade diaesl ring 1611064 proxi mate the bore 1058 closer to
gasket 50 and adaptes ring 1020. This . ke bgse 1 and. fr ion
ring 1090, thereby a ‘Irr £B°‘f’ht8| he, P?Fé’ﬁ?mbl"?gfﬁ% M‘" %é' yﬁbm’ﬁen a
respecti ve 40r eins2fi8@ ohtd thopmpallad-drivepmﬂ:mh dga‘l'mﬁonnhgelﬂmmmngthaﬁngma t he
bore 1058 into h it and es .t he .por n,0 e 106

proxi mate to th\g&J ﬁ%sé?l afggﬁ%g@bfﬁ g@ﬁ?‘t tﬁﬁg&ha@g(ﬁﬁf@r

(rji ng 1020. Dagicé mlae\ifaﬁmed i&gﬂa h!ﬂllllbi feahs Oha runmgmnoaiﬁpie? rigeoraposi t e
I rection, er al t their .li ment.. The tlonrlng
1110, friction rhﬁ‘ 85’5 ‘;ﬁ“ﬁgmgf dg%ﬁl{}y% FéB?ﬁ%‘éatéﬂq‘btj

axis A of shaft ahd éamddecxm MBMg aOthé ihgh end rigmﬂaedmgymeéwieoﬁcr ews

1082. Prefergbly fr|ct|on rn 090 an Ilgned so that shaft 12
i s centered 13 {FReFIRgE RoTtign, 194‘?ﬂé

- 22 - Ohcs haﬁ&e mmrmnﬁﬁnaahd mutaaﬁ: icsumma@ntﬂsohiswwaa
shaft 12 by scre 1,67f (,1? i.s.,conneci ddb seal .rin EB*

| ongi tudi nal 'y ¢BfHAEEE YR denkhit s peromplighed by & °’$P6‘F&j nipg thee
position so thatres \&eeantmfsamhml mlacn aeﬁvefsbm rsaithﬁned into seal
face 1124 of fri 1090, An, not , s di scussed 5
earlier with res‘ﬁ%i’f’“t t[on\ghr%g)rs ereiy %‘?‘18 Ea%’eal
ring 20 1064 proximate the bore 1058 closer to gasket 50 and adapter ring 1020. This

skews base 1064 and friction ring 1090, thereby altering their linear alignment.
Similarly, when a respective screw 1082 is loosened it pushes against the threads
in the bore 1058 into which it is received and moves the portion of base 1064
proximate to the respective bore 1058 away from gasket 1050 and adapter ring

25 1020. This skews base 1064 and friction ring 1090 in the opposite direction,
thereby altering their linear alignment. The friction ring 1110, friction ring 1090
and base 1064 can thereby be aligned with axis A of shaft 12 by loosening and/or
ughtemng the respecuve screws 1082. Preferably, friction ring 1090 can be aligned
5o that shaft 12 is centered in the opening in the friction ring.

30 A shaft clamp or collar 163 is mounted tightly on shaft 12 by screws 167
and is connected to seal ring 161 by longitudinally connecting screws or the like,
holding it in a fixed position so that its seal surface 160 is held against flat radial
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161 to stop water from | eaki ng between the seal ring 161 and shaft 12.
During the operation of the engine, propeller shaft 12 rotates and seal
ring 161, clanmp 167 and the Oring rotate with the shaft. Devi-ce 1010
i S st aWoesI0y08 because the cylindrical cavity extendicrusosnessgh t he
device is larger than the 10 di aneter of the propeller shaft; t her ef ore,
the shaft extending through the stationary hull is aIIovved to rotate
freely. The seal surface 160 of seal ring 161 ~contacts and rides

agai nst stationary sealing surface 112&form ng a watertight surface
or face seal. Spring 1130 biases or loads friction ring 1110 and surface
1124 towards ring 161 and creates enough pressure between surface 1124 and
ring 15 1 Géalt surfaoe ujz@ioﬂﬁecmtmg 1090t Am®-ring (not shown, butVisedismbssedvessel is

operating, the, forward or r r.o. t.hryust qgf. the L en uses the
propel | er sif3fler¥ EFSW@ é&’f%ﬁ%&?"&g "‘%‘8 ﬂngﬁ‘él?gné seaéﬁ%?

?ft tgwar dslﬂllf’tle sﬂipomhit' ﬁ?? lahldﬂgbeweenﬂze A84E ring 161 und;slnigt lfhdrl ven "

or war prope I, S .al on rds e .engi ne. i's
noves 20 the se e gparation, &ﬁ?&ﬂg‘gﬁrﬂ'&@%% @mﬁtﬁﬂfﬁﬂq&s enough -
conpr essisve 161, clafn@rnﬁ é:ﬂtﬁ?@ri‘nglrﬁﬁawmmltbgsﬂéIQODemde 4010 iscstatibix&y t owar ds
seal ring 161 1 n order

bet ween sur f2fCause tig ahad?qahga&gle:q adm ghr Wl enﬂaﬁf S@d‘s&ure

Wien the vesgigineted @trtnee ropellérVetiadt; mmwel ene shﬂitexﬂea thobdghdtiel ong axi s
25 A towards the | ér. This \Y; Ilﬂ r|n 1towar surface
Yer i ﬁsi

1124 aphatjonagy §sﬂlr°§'°fléof?‘?f& palan pring
1130. Spri NQeohlatts Mndwaéi&f'smﬁanwckeﬁﬁﬁ?fﬁﬁ%eim@fﬁﬁx@%tm«h ction o

ring 90 to nove towards th lgp peller in response to.th force exer

on surfat® 1supipceer lfaqqgealelspnnsl Binses amlgags frigtion fipg; 1118 and sprface ) e
enough so thﬁzﬂa@uagﬁg gsﬁa&@&m@uﬁﬁ&@&é@emé&&ﬁf&wmmﬂﬁl remai ns

relatively constant a oes not increase to the point where the
rotation of liltg mgintain p|watertight sepl. ot her wi se damage surface 1106.

- 23 - nFHé %&91 rsowréau@ Othe 2fbrward! Bi rSar@aid thiri@tnbs gRl0 of the

pr esent |nvent|on nstall ed on a propeller drive shaft 12.
Devi ce 2010 propeiler mseﬁ wecmp@}lfr shaft ltzotOdeeelt_PeMO%\ﬁm towards ghe o3

Ther ef or g5 'Qfﬁﬁdl o afS lebuiry) (e prRIpEIIGO HIRAR WisSA.  When'tlel veaddl @am&entlfl' ed

in a great detail heré, it belng undefrstood that they were _5 described

in the descrfMﬂP@Peﬂg\ﬁhéféQGmhqﬂaﬁlﬁmt@’ﬁﬁﬁﬁa@F§nﬂFFI'nb'én}ﬂ"&%ed on
the di fferen{hgfs‘éaf §61 b:ﬁ%uﬁﬂéeonzas Spfap 1<iso/h&eenwg9coﬂﬁ G 2010 is

specifically designed to support the friction’ring 2090 and insure that it
is aligned force to move fncnon nng 1090 and surface 1124 towards seal ring 161 in order

to maintain contact with enough pressure between surface 1124 and ring 161 to
20 form a watertight seal. |

When the vessel is driven backward, propelier shaft 12 is pulled along axis
A towards the propeller. This moves the seal ring 161 towards surface 1124
applying pressure to friction ring 1110 and compressiag spnng 1130. Spring 1130
is flexible and compresses to allow the friction ring 90 to move towards the
25 propeller in response to the force exerted on sur_t‘_aée 1124 by ring 161.
Importantly, spring 1130 is flexible enough so that the pressure between surfaces
1124 and ring 161 remains relatively constant and does not increase to the point

where the rotation of ring 161 will score or otherwise damage surface 1106.
Turning now to Fig. 24, a third embodiment 2010 of the present invention
30 isshown installedona propeller drive shaft 12. Device 2010 is similar in design
~ to device 1010 shown in Fig. 23. Therefore, identical Structnres_ and coaxponents
will not be identified in a great detail here, it being understood that they were
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vith the axis of shaft 12. Adapter ring 2020 is a short, hollow cylindrical
t ube havi ng a snmooth, annular, outer wall 2022 and an el ongat ed
recei vi ngwogetiowo8 2040 10 having a threaded annul ar out er REI/USIEN2S62 The
di ameter of walls 2022 and 2044 are approxi mately equal, receiving
portion 2040 being designed to threadingly recei ve an adapter
conponent 142 or the like, as is describeg-in greater detail above. An
interior cavity (not shown) is defined through adapter ring 1020, and
shaft 12 passes therethrough. Sea gasket 2050 is in all respects the sane
as sea 15 gas Kdescrib&bin the deseriptiomof device A0H0; rRavticularemphiasis wilhbe plactl omle ri ng
2062 is identigal 5 t [ de r.i exc | r S '
shorter than c;?/% %F‘“fo%%&%iﬂ 88‘5% aeﬁ)? -2%6%&%% ?(ynmaragﬁfeec ?@ﬁg
gener al | y par abpeeifically designed\te suppoptcthe frictiopiring 2080 ehd insure thitik is alignedicr oss
an annul ar out ek f f ' | . F r t here
Withdie a%%%f%ﬂ#& 12, ﬁda%quﬁnéi&g i€ b 'sho H&ﬁ&&?@gﬂdgﬁla%m hg 20

are no adjustable attachme neans, “suc s centeriny SCrews,
slide ring 206baving asmpothy annulag, AOGGrallA022 end amejolgmtai seseiving pertibnf204@d| v

attached to . ' 20. - Ta-Ni b O , fourth
embod nent 3015248 B BRIl Gular qyter el 2044, i Wiihelit eug o2 a0y
rotati ng shaft at€ approximazsly @qpalp psdeiving pbriios 204 being Stesigned) to threadingly ce
3010 defines a rall | indrical,lore r.et hr ough
25 whi ch shaf s hadapfer RianeR 1420k b B BbioRHof Rt tera
specifically above.dtsimerdor ¢avity éiotfshewjciy idefineixthraugh adapten ting 1020)aedent or
wobbl e. Segli n lce 010, i S _conprj .0f hose 3020, a friction
ho 5000, 19 < Suftff2 RRssessheregipig Sof BaRet 35 i in Bt FEBR e spmdasses
?]ha'f t cl arrpI 16 Zasket I1()50 and will xﬁﬁbbaiwcrﬂﬁa@n Hgtaﬂatefel.:ﬁl(ijde ﬁngltxﬂﬁ'ﬁﬁsitdeﬁﬁéalhose
aving a cylindrical .0 wal | .30 302 cyl indri.c jpner, cayity
t hr ough whi ch gﬂé‘f‘ﬁ’i‘?@ﬁé%‘ﬂ” %&@“&8?@03555%““%%"&3&‘% - F@g‘?‘ilﬁrent
and is preferal20§6 extend & ardisetiion genepdllyParalleh i6l axis AORY 2 polng approx_imﬁél? (not
shown) of hose,3Q20 is fitted qiver t he pf:;ﬂ 'gor engd, of @ié[egn t ube (not
-24 - 5 TBYYI2Y S1EPST AR ARAYIRE OSSP 18 Of pgpids RS LY FUrBeTBIorG
frict isggor 1159 36&Q 28 noi .’;djusta_ble ahﬁchﬁxﬁﬁliﬁ&d,l f sch Qg/.centering scl:rews, atbdchingi On
ri ng i's coppri.se three i.ntegrally for . gener
cylindrical co %Eﬂ¥29&3°§3§?)‘61:f1n§2@t0r #Sm%&ﬁg?ﬁ'éﬂa%ﬁ&?imﬂ and a
5 seal i ng sedousifig 20200. Support section 3116 is generally a hollow :
cyl i nder havi ng an externg| | indrical surf 3122. End 3026, of hose
3020 is nounted ove T urmng n%‘VFqnﬁﬁrﬁéfo‘Em?M@i?%%g%B}& PRRsEREmYEAtipn :
?ecurgd 3)/ a h?s;@ownaﬂetsméw?malaegﬁggshag: 1hz,suchasa§%§eﬁéxt-Met§haﬂ.l Qéalﬁglfs
ornmed adj agent, sy ‘'section and, has an uter annul ar surface
3124 and ar nisviek V10 eEness scsiallpyiiirisaiors(hos shosym) fherethrough, through
which shaft 12 passes. As will be described below, device 3010 is specifically
designed for shafts having extreme eccentric movement or wobble. Sealing device
3010 is comprised of a hose 3020, a friction ring 3090, a seal ring 161, a biasing
or loading means 3130 and a shaft clamp 163. _
25 -~ A hose 3020 is basically a cylindrical hose having a cylindrical outer wail
3024 and a cylindrical inner cavity through which shaft 12 passes. Hose 3020 is
flexible and resilient and is preferably made of rubber or plastic and rubber. One
end (not shown) of hose 3020 is fitted over the interior end of a stern tube (not
shown) and the other end 3026 is fitted over a portion of friction ring 3090 as will
30 Dbe discussed below.

Friction ring 3090 is comprised of three integrally formed, generally

cylindrical components, a support section 3116, a center portion 3118 and a

This Sheet Has Been Reilaced

T



10 passes and in which shaft 12 rotates. Surface 3124 has a dianeter
greater than the di aneter of surface 3122. . Seal i ng section
3120 is formed adjacent center portion 3118 opposite su gort section
3122. WQI%HE08ecti on 3120 has an outer annul ar surface 39‘6’% 12562
generally flat radial sealing face 3128, and an inner cavity (not shown)

for 15 receiving shaft 12. ) The respective inner cavities of
support section 3116, center portion 3448 and sealing section 3120
align to formone continuous cylindrical cavity through friction ring
3090, through which shaft 12 passes. - A seal ring 161, which is
preferably f . Stabal ion 3$16°6 Q¥hélafly 8 hollow byt havigg adj acent
seal i ng sect ?%dr%ﬁgfg%l.tﬁéggﬁ' ?‘?ép&{l%%h?g cjl' rc%] ar and has % an%lul ar

outer surf acen3ytemalrmylindricahsusface 318%e End 3028cef mmf)ﬁo\mmnmawr 12 is
| ocat ed when cﬂﬁ:‘ﬁh‘iﬁ ﬁ%'%;&f ?%tzr’%ﬁgg ?%ﬁrgf,lygg&{r@a b3 hofe SRR (It Shwm)ce 3156

whi ch i sgenerally 1] . and extends between outer surface
3054 and the i nnefenter portion 3138 issformed adjaesnt suppprt section 3116 gnd danpar 20

Seal i ng syrf | . i ?(ﬁﬂﬁ.l it Gheouph SRASheeap i ng face
- 3128 of frgi C?ﬁ%ﬁ%ﬁ@g}%ﬁﬁiﬂ%dﬁﬁer S a??a%‘}lugrrp OFHCOI | ar 1%% I S
cylindrical pesses anginiwhich shafsd2 ootatss.cSurface 3124has a diameter geeatar thanthe npi ng
screw 167. S etEJ §3f?_s a side 3160 forned al ong a side facing
seal ring 161." Aninner annular surface of side 3160 of collar 163 is

cont ai ned on si deSéalipg sectiord 312t isfprmed adjacent centen Porion 3118 pppositecei vi ng -
shaft 30 2 . L A8I Q| h A0 ERLS arhubah '

preferably aQ‘sx orto¥ectsl?na?}%2é§ée§.§*1€gﬁc%n 3%;%r|-n S :%liZZl arsgwggﬁglezg gd at or'a
end to tH8 i igeneralyfapcadial sealing f3ce63128, andaan inner cavity (not shown) for

- 25 - : glagg nd connected at the other end to the surface 3158
of seal ring et S%Slﬁn this respect, side 3160 of collar 163 contains

four radial | y- spaTae réspeetivevibnertravities of suppestsections31d6,ceentelr poption 383122 and

f 3158 qf | i i . adi Al |y b
(ot - shown) 1 dseBi sebadlPs 120 ufsl ) Mo b Wingimmans o BB ifPRESRED O |
ot her ends offriction rigg 360 through whigh eliaft 12passessodi ment, there are four :
or U e L1 Y 1 Al i S8R A AR Rl O Bl B 10pBARS 5120, A

bi asi ng n€ans cover i'S7a genera . X1 0 avi ng
ends 3138  on shaft 12 adjaceot s@ding section 320, iSeakring 461 is ciraylarand has@n3159 of

3135 Tits ovemuiy gpeer St sk nf it aEnilic BulPSifrats ity il 1l CnC
cl anped i n pllecatedwhen device 301G iispmounted fot operatiom: Asedingsutface a6 whidhy of a
bel | ows constig %gx}e'r%f'y ﬂaqlalna\%ﬂg J.n%rexwﬁﬁs between outer surface 3054 and the inner
| 20 annular surface defining the boré for shaft 20. Sealing surface 3156 is parallel to
~ and sealingly engages seaﬁng face 3128 of friction ring 3090. :
A shaft clamp 163 is cylindrical and tightly fitted onto shaft 12 by means
of a clamping screw 167. Shaft clamp 163 has a side 3160 formed along a side
facing seal ring 161. An inner annular surface of side 3160 of collar 163 is
25  contained on side 3160 for defining the entrance to the bore for receiving shaft
20. '

Biasing or.loading means 3130, which are_preferably a set of stainless steel

springs 3122, are connected at one end to the inher surface of side 3160 of shaft

.'clamp 163 and connected at the other end to the surface 3158 of seal ring 161.

30 In this respéct, side 3160 of collar 163 contains four radially-spaced bores which
receive the ends of springs 3122 and surfaces 3158 of seal ring 161 contains four

. radially-spaced bores (not shown) in registry with ;he bores in side 3160, which
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conpression and extension of cover 3134 as discussed earlier with respect
to the forward -and rearward shifting of seal ring 161.

Turni ng nWO607e8). 26, a fifth enbodi ment 4010 of the presREF/USIHAZHE2 on 15
i s shown mounted around shaft 12. Device 4010 basically conprises an

adapt er - ring 4020, a friction ring 4090, a biasing neans 4130, a seal
ring 161 and a shaft clanp 163. Adapter ring 4020 is generally a
hol I ow, cylindrical tube having an ou2%¥, annul ar surface 4022 and an
i nner cavity for receiving-shaft 12. A first end . 4024 incl udes a

radial, flat mating surface. A second end 4026 includes 20 at t achnment
means for att acheesive the otlrer ents dflsprings3122. Ini aprefet@dembodiméntitherezaze four

ot ow, cyl | ndr | BPORURARY Racisipagee bisih ERafF Btflog tnd el SIR) (X 2

first bore 4118 baamhgameasamhrb@@mdgﬁﬂeralﬁombnhﬁ.f&mble membenhating ends 3138

annular sur faco Stz e 340, Q5 08 gy ks € B0ued B0 S o A 1o lng R,

annul ar. Secdénd dlmnpedflianplacs bgyd hosdrélamp 34621 Gihecotherlemb 3138 fitsi wvemmm‘

ext ends fromf rst or 8 _t.hto f g
4090 adj acent ada e $95§gojf4§6§lonngsgé; #\‘H‘Eﬁ c?aéngf]éig ﬁ%ce %ﬁfng? B| n
conmuni cati on vvi31|62.t h€enten 3140 ds generally of adeldves consngcdﬁﬂ(ialbmhﬁﬁa' tie
annul ar wall 4128 for receiyvi [Fgﬁohaft 12 Etict.j,on ri ng(1 090 is

9t sove 215 a5 disgymed earer Wil et

==

general Iy a cyl i fRrEssion qng £ and
ﬁn ennul a(rj | nnerfoarurﬂamd remmh GlﬁftingeﬁsealqjﬂglhmIl cal bore, thef ] fbor1<29

t r. than t er o af t
Nagend & A ABLET ik 1o 5k 26 & R ectbodfioe 3088 G Ee et Rrigision

.general ly flat, isghovas enounted drcindshaftt 12 mm401|tlrbakxaanyscunipiisl esalnddxpséxer
annul ar surface 413 econd.en 4136 inc at_ sealjn
surface 4160 ext‘é’f‘r‘-ﬁjgﬁ‘gA 35‘ g)gon’hgps’&ﬁrﬂﬂa&? 4Yébeas§ﬂr?%m %@fﬁuter
annul ar surface ddmp.1635 Adapter ring 49204$ péneraiyns hén&ﬁddyﬁnmehﬂiel bavixgne i SEd
of a cylindrical stainl ss S eel SPAri n aSir g oundi o One e

of spring 4130 eMYeH e 4422, angranjng °Mﬁw5&fi‘?ﬁ&&0%r@?

spring 4130 mga@% ﬁid:m‘daﬁ&].c 43did1, (ﬂatfmaﬁﬁg @ﬁrfideng Aﬂ?ﬁ@ondd end 4026 1nlclu6e§ea|
ring 161 is provi on shaft .12 an or ne st ess
0, Ok e D6 peGmRlr Beab for febmesh L kAl eyt Fhg 80 o &e e

surface 160 10 wéyctibed'iii étaiviabdveand seal i ngI y engages the sealing su_rface
4126 of friction ring

4090 second t C 163 is
o ovi ded on shatt 12 Adyisk BftE0G 112 gpraalfon ol viubical membRy aviae =5,
cl anpi ng scr ew 16uter, anutilad sirfack 4916, @firstbadd 4118 and a second bore 4120. Bore 4118

20  extends approximately half way into friction ring 4090 along axis A and has
annular surface 4122 and a support surface 4124 which .is generally flat and
annuiar. Second bore 4120 is cylindrical and oriented about axis A and extends
from first bore 4118 through the end 4126 of friction ring 4090 adjacent adapter
ring 4020. Second bore 4120 is, therefore, in communication with the inner bore

25  of adapter ring 4020 and has an annular wall 4128 for receiving shaft 12.

Friction ring 4090 is generally a cylindrical ring having an annular outer
surface 4132 and an annular inner surface which defines a cylindrical bore, the
bore having a diameter larger than the diameter than the diameter of shaft 12.

. Friction ring 4090 has a first end 4134 which includes a generally flat, surface

30 between the inner annular surface and outer annular surface 4132. A second end

4136 includes a flat sealing surface 4160 extending between the inner annular

surface and the outer annular surface 4132.
_
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163 to shaft 12 thereby holding seal ring 161 in a fixed position on shaft
12. The axi al adjustnent of the apparatus described in Fig. 26 as the
shaft drives the ship 15 fore and aft is as discussed earlier. .

Turni ngvoosydres Fi g. 27, a sixth enbodi ment 5010 of the ppemesds/izggsenti on
I's shown installed on propeller drive shaft 12. Device 5010 has an adapter
ring 5020 which is a short, hollow, cylindrical tube having a first
end 5022 and a second end 5024. Sggond end 5024 contains an attachnent
means for the thru-hull 20 adapter ring 142, as described in detai

‘above, or to some other neans for connectlng t he seal assenbly to the

~hull or bul khead. I rwal |
‘Bi éﬂﬁgaw M hr OQWcéhprﬁed of ¥4 dyﬁﬁ’&ri&ﬁ&taﬁl@sﬂﬂe@l

5026 and an interi passes.

Gasket or di agms@msm&Edweﬂd&ﬁmlﬁﬁswzamé@caﬁwaﬁbmm ar
poot St m ) arais daqhe offler 4AF Pioria 4 gtgcxg%gés s%?ﬁ&ﬁm%fﬁcno%nn%sd,@o 10- and

11. Base 25 I S nounte 034 of ada rin

Slide ri ng 5062 rﬁgeaémnsiﬁb:smw@gnqmﬁtéamwmrafe@a mnlepmer
cavity C %ll ga]ﬁ,gasg;ﬁg 5020
for recei VI n%m%lhgﬁgmﬁg%@%g@ﬂkﬁga%%g? ﬁay a first 066 | %cl udi ng
a generally th mateajwah apd sealingly engagesithe neaé:g
second end 5 radl al

G seRbid end 4134, sblart ity 157 sl *Wﬁ *"ﬁ&ﬁ*‘

surface. Cylin y spaced out the
annul ar sur f smdcermegteddo sedging 161. A clamping screw 167 is'used to tighten clamp

27 - m@ |
cylindrical %ﬁonsgafrlb%éﬁgylgéllﬁ%gwaq'xd;algl/?1?Q?&@ﬁ g%lsur%c %ST%J;S aﬁw
interior 1&avamgd adjnsungm ofthe: sppaiatis describediin Fig96as theshaftrdrivesthe ship f ri ct i dn

ring 5090 is i dhescavity formed - . oy slide ring 5062 and
adapter ri ngfogg%&a seafsgdsgeg&algﬁg ‘water with -gask,et. 5050. 5 A second end

5094 of cylinder 'Bjmingm‘!atdﬁgk@dammmbdd]mgnbsﬂmofmmm invention

o 5090 1 i ek ehned o pitpeldr dee Al 120 THURA 5010 bas an aamger i ©"
concentric h&%&whxdyismrsﬂenshdﬂbmcyhndnalmbelﬂlmgafﬁmt@ndémmeeondinnul ar
surf ace 3310w shid Slselbddf ot Yo iheills SERBARA midR0ror I Gl 2"

5120 are eneral 'y rad and re on opp03|te S
cyl i nder 5116dap¥cn ungol42,r s glescribed snadetmbabwe. 5t 34 somef other dnerais foent

SHo1. Fricti P e 0 SRR ub! 0 B plihesdAddBiE Rapg 20d B Y| 00

ar ou surf ace
5122 and hascﬁmﬂncdtexmmmm%mdmmtdmdemwty@nehuhicyshafalzpasses radi al

sealing surface 5&%&& or Qiaﬂfu%glntﬂbse fincﬂﬁe? in ﬂ&ﬁaﬁé&&”ﬁe&%ﬁ liﬂrl.nﬁﬁlgp 5110,
' 20 foot similar to those of gasket 50 and best seen in Figs. 2, 3, 9, 10 and 11. Base
5052 is mounted-on surface 5034 of adapter ring 5020.
Slide ring 5062 has an exterior cylindrical surface 5064 and an inner cavity
which communicates with the inner cavity in adapter ring 5020 for receiving shaft
12. Slide ring 5062 has a first end 5066 including a generally flat, radial surface
25  which compresses gasket 5050. A second end 5068 of slide ring 5062 includes a |
generally flat, radial surface. Cylindrical bores 5070 are equally radially spaced
about the annular surface of side 5068.
Friction ring 5090 has generally an elongated, hollow, cylindrical cylinder
5101 having a cylindrical surface 5092 and an interior cavity through which shaft
30 12 passes. A first end of friction ring 5090 is contained within the cavity formed
by slide ring 5062 and adapter ring 5020 and seals against water with gasket 5050.

{0
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15 bores 5128 being in registry with bores 5070 in slide ring 5062.

Bi asi ng or | oadi ng neans 5130, each of which is preferably a stainless

st eel wogHov 5132 inserted onto posts 5134, wherein patHUSSAIs6r e
preferably nade of steel. Posts 5134 are el ongated steel bars and each
has a first end 5135 and a second end 5136. The respective first ends
5135 of posts 5134 are inserted into 20-2@eres 5070 in surface 5068 of
slide ring 5062. The second ends 5136 of posts 5134 are inserted into
bores 5128 of ri'ng 5110, and extend through ring 5110. In a preferred
enbodi nent t heAesegond tnd 50900t eylindenS W cin attachedgtoser integsally formed yith 2 v

radially space ' ran | RE 32 are retained by surface
5068 at O%ﬁgﬁg&%%k%&ﬁgﬁ?f@g%ffg% atég_e ot her end. The adj ustnent
of apparatus 5010 2Brictioasring §090 includes dwot additional dntegrally farmedafaenemliy s

described earl | : : r gy Ok 1140 ﬁh%. % R 5566 di ment
6010 of the prggrgcﬁ?mc.houorln\cyélﬁtdg*oénﬁlg%énﬁom i nst fe@ 2 t

1 .on a gg&?e er drive
shaft 12. DBvi swize5316,a firstesidd SHI8 and an sepond side 2120e Sidest5d1 205390,
which is descri ' L +f QE ; i S| : adi ng
roan 6130, ThaceralYellal R garaNees BhcpRbeilsHacs I eyinder IS Fifguith ong
di aphr agm 6050 seal mamber Siihis fooeed adjacent cylindenh110, agd e03be oppasite sigleof
| oadi ng | Ml he I gRk ' ' of
post s 0134, wnchiite 3tib ok hlier S107 I RS 4 R pichef BiERldeE S
have ends 6135 annalarouter sitface S122tand has a first end 5124 which includes a generally flat,
- 28 - : a A o . '
received i nmr_egg‘gglts%@ég Mcgﬁg‘gﬁ 6&%’%{%%&&%&9%{@%&?@%{%2&
surface 6068 ofbopdsi<i28 being i deistryrwiith bores S07Q; iy slide ging130620f ring 6110.
A hose adapter is a r j I t ' . Q | g tQ-Eigs. 5
29 and 30, a hose agg%grorwtgg%g&%g °E§’£"%§%‘3{M§§?}w gs}glcr:lg)érgrsp%:t#:é;éied of
a t hr eadedpring §132rinG5Rd onitwm pests 513dawhermirepattsEl34iape prefenabllyonade afur ed
to mate Wit h,t 4 0 @gggit ] ' ' kng can
be scr ewedémisnt gﬁalﬁ;ﬁg&éﬁrélﬁ mjﬁ%ﬁrﬂeagﬁ% a;é%"r}%%ﬂiﬂgggﬁ ?Tfﬁé{l gs at a
fl ange 65045 f rseeondieind(5136. The respecti soen of posis etihsertediotoi t e
side of the fl ' . i ' [ 6508
ext ends through osggﬁgﬁa%’%?gg%&}%qggéé%@v ﬁﬁ’ggg%@f‘f“ %Sﬁrgs&ggfo‘ggﬁed
| ater, hose adape insegedintp boses F1A8cbfaringy5 0, andigxtend thid@gh singt5120. nse
connection 650 _ rds o of the
hose can be sl &5&%?? ggﬁigéwgg'r?lheeg]%&M&ashggﬁ%ﬁiéﬁ%gsg‘g@%@&gqﬂﬁe
connection systret_iiallyl_siaaced gboutfﬂmdgnsmlt iSprings Sm:age setaiped by ﬁfrt‘t&eis_oﬁmat
adapter ri % 2_Ooxfesenﬁ%¥b§"smc%’51il§ at the other end. The adjustment of apparatus 5010

as shaft 12 moves the vessel foi_e and aft is as dgs_cribed earlier,

~ Turning now to Fig. 28, a seventh embodiment 6010 of the present

invention is shown installed on a propeller drive shaft 12, Device 6010 is identical

in all respects to 'device 5010, whxch is described in detail above, except for the

25 blasmg or loading means '6'.130.. Thus, device 6010 includes an adapter ring 6020,

a diaphragm 6050, a slide ring 6062, and friction ring 6090. Biasing or loading

means 6130; similar to biasing means 5130, are compriSed of posts 6134, which are

preferably stainless steel_shaft_s. Posts 6134 have ends 6135 and ends 6136. Both

ends 6135 and 6136 a_ré,_ threaded so as to be threadingly received in respective

30 nuts 6137. Nuts 6137 are fastened to the surface 6068 of slide ring 6062 and to
surface 6120 of ring 6110. '
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I's the connection of the hose to hose connector 6506. Bore 6508 is aligned"
wth ot her bores through which the vessel shaft extends, so that the
hose adapter.is easy to install on a vessel with the assenbl ed shaft.

A st erwotoghezogdapt er 7002 is depicted in Fig. 31. PCBASAH2S6r 7002

i ncludes a tube ring 7004 having an 20 externally threaded portion 7006
with threads being adapted for mating with I nternal threads 44 of
adapter ring 20. A shaft-receiving bore 7008 extends t hrough t he

engi ne-faci ng side of tube adapter 702®-for receiving shaft 12 for

rotation. The hull-facing side of tube adapter 7002 has a wider bore having
an ‘inner, diameter which is |ager than the outer dianmeter . of a :
fibergl ass stermhodeetdaﬁter ibfhhbthdniedbodmmdétbrmnhoneﬁﬂﬁﬂg tFigsigh t he

R P S
equi | at er al thyeaded portion 6502 ovligise ahi-apdsearemanstoned andreonﬁgured‘rtolrﬁaﬁeo][

7018. 18
Cnab | ng. s Tl refil f bF Wanfs dom 28 6 et t nbR Wiod S RO SGRBE T, e
720 30 & oradapteering2Q. mmmmmmm&dtrmmﬁwmmem 7018

o, A e P 3B ke G A oA 6 b ok Bl o721 e
- 29 - portion 6502. | A cylindiiealsimora 65081t exténds | thnmghlhns'eoadapters6iﬂ0n t ube

Pt ot 7% 805 0TS Ry ol Bk i e BT B el

Fig. 32 sh%s@manhosdmmﬁ(ﬁswmﬁs tb\hﬁdsmﬂuﬂofrtheve&dr r‘\l'HeUdiﬂ seal 5‘

bl d ly h
torn tHbe <Hcs MRS e pe Sl ania oS otesrie BoGH e et oF afaee Y CE el ot erm 1
t he asconmédtionsshstem. i n Fi g 32, many of the menbers are |dent|cal to

g\ie\r/rte)ﬁr tshei r p(rjle\s/ﬁ_ us.sed | n ﬁﬁ?ﬁﬁé\% o ‘r_,\?f(ﬂl en%qsag of th 0| nvent L o .nﬁogree
earl i er pari shé¢torneetidipél the dbsedtd hdde tonnestvr G506. th asesiisamgnadanmi scussed
Ut G e crong iy 5l SRCeiR0E 058, AT SRPRTTL | o
for attahnesyté msﬁnamt Hveséd]l kgthafle aﬁbmbmdtsum. A stem?tﬁl@elad@térl 002 @ ass, and
7205 it 35 U TS e PR S TR Y g, M
15 in Fig. extérnally thrb&leﬂaﬁ@maﬁ maatwtlﬁem%geaddpted ,fonaaﬂuhglwmﬂoeen
o o achemat s o el Sog S A" i oS o i 00K
through the engine-facing side of tube adapter 7002 for recetvmg shaft 12 for
20 rotation. The bull- facmg side of tube adapter 7002 has a wider bore having an
inner diameter which i 1s lager than the outer diameter of a ﬁberglass stern tube
7012 which extends from bore 7010 through the hull of the vessel A shoulder 714
is provided at the interior end of bore 7010 for abutment with stern tube 7012.
Four screw bores 7016 are equrlaterally provided through adapter 7002 into bore
25 7010 for recervmg centenng screws 7018. Screws 7018 have threaded shanks for
enabling screws 7018 to be threaded into bores 7016, and a hexagonal head 720
for inserting and removing screw 7018 from bore 7016. Screws 7018 are inserted
into bore 7016 for engagmg stern tube 7012 to locate the stern tube concentncally
about shaft 12, | .
30 = Itcanbe seen that the installation of stern tube adapter 7002 onto adapter
ring 20 is a simple procedure, and that stern tube 7012 can easily be installed to
adapter 7002. |
-
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62, centering screws 82 which extend through bores in slide ring 62 and
into appropriately aligned bores 7504 in the internal end portion of
stern t ubWores2id7680 ~ center the assenbly about cylinder RCT/US9SI25620n
ring 90, spring 130, spring:cover 20 134, seal ring 161 and shaft cl anp
163. As explained earlier, there is a redundant seal agai nst water

| eaking fromthe confines of the shaft se@ -systeminto the boat by
virtue of diaphragm 50 and spring cover 134, even if there is |ongitudinal
or transverse novenent of shaft 12. The assenbly is entirely rigid
fromthe hull tFig.o3Ryshows a1s aanether eaibodiment ©of thes inyentionoa stesy Sihengealrn e

stern tube asse h ) 1Sy ' &q,-nkr m t he
engi ne si de of- g%éﬁgﬂgﬁpbb?hé ?%ﬁér%ﬁkﬁimhdéyétﬁgﬁl%& s?lgs}?%ﬁqiyllo 0 ét)he
shaft towards sstermtubal#50Z Sthich is operatively comnectedi taghe shaft seal system.0dn theren

inserting seal [] 6 d; ski diapg f : ' '
connecti ng shaf #sgﬁgﬁp&f@g ’tnoi:gég?’ ’r"?ﬁg &f6§LV\A t ﬂg’grdéév:/s}&él%%a }ionéxzq[xrix%erx;st eni ng

cl anp s§r ediscus§ed inceashieruerebastiments of AnpinyeBiony and are given tipir previous  An
air seal assenbly 7600 ac ' : r r S t b Queni o0 sf S
Shown i B, TmAES i FAEAA0 bbidg YA 16T E B ' otng QRIALA 1
system 10 ihichithose membery argdiscubes ini furtherdetaibsenbl y is an emer gency

device, and i's activ d.. . o ' . .
30 - £ o engegErk ke 750Lfs 8 custom component, baving a section 7502 ngar bull 14,

earlier, systematdacomponent 750%dimensipned for attaghaent gadapter gog 20| $tam ubeg 62,
centering sGire FLGLI O 44k ' oy ' 34,
O rings 169?%22?%%%”&%#’%@%%ﬁef“rgfi(ﬁ;hbfg@&ﬂg ol%%hagﬁgégrrﬁ&egﬂeﬁft 5
descriptions cathelmil eTebe 2501 tivinf effechaninsegral pactofdfulli e Rarts of thecassemably 5
conmponents. Air ,segal exbl i : jal ; :
(femal e th gﬁ) 32%‘??2@‘2 Sé'ﬁzg? 9‘°§§3§8§gﬁ€’g‘r‘8{ ﬁ%@‘hﬁ%ﬁ?}a‘% ,?’é‘% ai r
seal 7606 and anhesame numenical identifiersnThgre/488ea Fasketor diapliragns 50 slidel singer
has an extendi ng,portion 7610 W th extern I 11 and
Conf | gured o hE2LBGERE forpys B wmict tHoSE UROOM vbllsda ifad ik 64 888 B0
20. Air seal1576G@ppropriately alignedbores 7504ninl the irt€rnatendoportion ofisternrtyba S0 toer nal
chanber 7612 which c be filled w th .ai . p{p' SULE ka_ﬁy .

t hrough nozzl e _fé&‘sf%“é“&h‘ﬁe 0 wghﬁeﬁilﬁg‘i‘ﬁ“v%%e %gg ’ _ fﬁg‘
pressurized air 134)seakringh 6t sEaft 2laimpr 1630 Aszmplained eprlient thére isia mexdunidamte d
and configured inlet port 7616..ta expan f " ent
o oM ¢ Qduce (REHeRBRY Baeeh bl o B ol of HRORARYAR eip into g bk

t hrough air sealbylVirtuedf diaphragfi0S0 and springncovenid#, even i chéreds ungitudigdlior

wi thout allayng air or water 0, | bet n. bor.e . 7618. an t em,/614.
A set of | 0%1 t&ﬁ*ﬁ?ﬂﬁﬁ?%ﬁ@ﬁ% ?Ifgs"ah 12, cgﬁlﬁgﬁf\,\'@ oas y?%ﬁgglnﬁlgc ull

seal adapters 76afifoughdhe’sierh tubdandie shaft gsabsystem. The sternitubegpsémble and the

adapters 7602 ans%a.&%g sys'%gmoémrx Ibre]qnszalze% &gm ltl?ec gﬁg%ie si.icrlle of theshatt by sliding the
shaft seal system 10 on the shaft towards stern tube 7501, msemng centering

screws 102, then inserting seal ring 161 and sliding shaft clamp 163 in place,

25 connecﬁng shaft clamp 163 to seal ring 161 with screws 165, and tightening clamp

screws 167 to secure shaft clamp 163 to shaft 12,

An air seal assembljy”7600 éécording to another version of the invention is

shown in Fig. 33 and the ihcorpor@tion of asSembly 7600 with shaft seal system 10

is shown in Fig; 34, The fiir_éeé.l assembly is an emergency _tlevice, and is activated

30 to 'engage shaft 12 which Shbﬁld‘not be rotating. As explain_ed earlier, system 10

includes adapter ring 2Q, gaskgt 50, slide ring 62, cehteﬁng screws 82, friction ring

90, spring 130, spring cover 134, O-rings 169, seal ring 161 and shaft clamp 163.
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7624 of adapter ring 20 and 7626 in air adapter 7602 to further enhance the -
seal 20 between air seal adapter 7604 and adapter ring 20, and air seal

adapter 7602 and . “its adjacent. part. A |longitudinal bore extends:
t hr ougWo®6/1098al adapters 7602 and 7604 to recei ve PCRAISHS/12562 or
rotation. Internally threaded receiving bore 7628 is . praovi ded for

receiving a thru-hull adapter ring or other adapters nentioned
previously for connection of the air seal adapter to the hole in the hull
The air 25 seal adapters are nade frgg.strong, non-corrosive materials

such as delrin. The air seals are availabl-e-in the marketplace from
Duramax, Inc., and at |east one is. ~ made fromnitrile. A
stern tube hepRies 365h fion%QQQ YeSrefetdNoifor Fidiscusifon' 6F theseandi refated stern
tube 7012 as shown in FIig. 31. Stern, tube clgng assresrer:;l@a 8002‘,8| s. anot her 30
att achment mmeaﬁnﬁsésmwemblvh 600 is gomposed 9 apier Gsmaleer ¢l anp
8002 7662)9&?5199@ %d&;ﬁéﬁ(:lﬁdw tﬁrhacgw am{iissamm%dtaa @€ screved
into adapter r| ng i s clanpgd - arqund_stern tube

7012 and hevaive apsgphlae%ggt The male a:r seal adapter has an extendmg portion 7610

95/ 125625  with exfernal threads 7611 adapted and configured to be screwéd-into the Cl anp
screws 8008. Shaft clanp 8006 and’ adapter, clarrg 8002 are caqnnected

toget her byregeixiag threads i of adapierstingdh Adnseah{POSisa plastgmere 38gHa%| i gned

bor es o&ﬂa&eﬁmﬂaﬁ&% ﬁlteﬁlaﬁéﬂmﬁﬂearmﬁmhaad b%ommmarmd&ooz Stern
tube 7012 is ' mtgsg connected-with the hull of the vessel as

expl ai ned ppm fpyin Eﬁllgh nynleaémmam%swm‘éﬂd of pinvalve 2080t er cl anp
8002 and shef{ pd ’.{H}te %nté@ cﬁamber 7612 rthfbﬂﬁggg‘hggﬁgghﬁﬁoaﬁlenﬁhned‘e

i ntersection o 2, shaft - c and the ext er'i

of ster 0t uded vmﬁsmsl indet l%m’bt"ﬁkﬁ- ta eapand, apd, ngags Bt |12, to) PETERY OF to
asserbl y N Loul B SR A55¢ Tl shers "R hdhl 8GR FEI8Anicughl iyt o stern

t ube ring. 8014 1.s at the inner edge of shaft clanp
8006, and aadapter7604 is 3mpmaa®tp resexméwnsvw withows @jlowing 4if o waten|

shoul der  80¢Haah HetwédiCb6ra7618 aﬁ:hegtém 7614, A%@?of%m&iﬁlﬂlf&ﬁéﬁlﬁn re

attached by connecting screws 8008,. and the stern tube : clanp assenbl y

i s then scrmc‘l!@mmo F?Wcmfsﬂélmrfsc?ﬁ%‘b“@w throngh aligned, t ube

clanp 84996 viﬂﬁ% I OAR®-rifi ‘7622%1&:&{ HQﬁr&@ssE@S' stant
mat er i alqg 1?&& régﬂ?ggﬂgﬁaﬁ%mggg@t er asseénb 8500 is illustrated in

Fi gs. 36 and6#7of adapter ning 2fiangd 76 E‘%awtefamﬁ'éf“r&‘ﬁ'&éhwt »8aki bl e with

shaft seal | 29 aRABP avi ng an
externally tﬂ?@ggggjsg?(ltdgn ?53604%%6&:?13%2 attac%%gl t d-gwgt glrﬂ]rl ng 20

by being scitsadiacentparti mbnmdxmrbewexmis@rqughgnse adapt Bade adapter

ring has a @64360' gggd I an

i nt er nal bo?e g%#? %mgg%&mﬁﬁgﬁ can ahga‘%{e roma r g%g? @ e

mat eri alp prowdesinﬂ)rmcemngl:alttlyudmﬂsm@emBm&thﬁ adanterslryenﬁqnedded bor e
8510 is pr O\pt%fy%r connection of the air seal adapter to the hole in the hull The air

_ ‘seal adapters are made frorn strong, non-corrosive matenals such as delrin. The

air seals are avaxlable in the marketplace from Duramax, Inc., and at least one is
made from nitrile. -

25 ~ Astern tube clamp assembly 8000 is shown in Fig. 35 for use with a stern
tube 7012 as shown in Fig. 31. Stern tube clamp assembly 8000 is another
attachment which can be used vnth shaft seal adapter 10. An adapter clamp 8002
has an extendmg, extemally threaded pomon 8004 to be screwed into adapter ring
20. A shaft clamp 8006 is clamped around stern tube 7012 and held in place by

30 clamp screws 8008 Shaft clamp 8006 and adapter clamp 8002 are connected
together by a set of connecting screws 8009 which extend through aligned bores
8010 and 8012 of shaft clamp 8006 and adapter cilamp 8002. Stern tube 7012 is
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réceiving a set screw to hold the bearing 8507 in place. An outside
cylindrical surface 8512 receives a hose 8514 which extends beyond
ext ensi on w6 O&16708ar ds and onto a stern tube which ispcmuses/mséz o t he
hul | of the vessel at the hole through 25 which the shaft extends. Hose
8514 is held on hose adapter ring 8502 by hose cl anps 8516. A

| ongi tudi nal shaft-receiving bore 8518 ext®¥nds t hrough hose adapt er
ring 8504. The cross-sectional view shown in Fig. 37 includes the w de

part of hose adapter ring 8504, the extension 8506 and stern tube 8507
having I onghtegtﬂlma:bhgecmdwithliﬂlg hul} ef ehe bésgelsasnexplained previonsiy.c Sheft

Corrost on-r os, uBr iRk Pares sried ot lapier Sal ¥0od nd st J5p 806, 49 s
beari ng adapt er tings81H lis/digiosed 'astheamyrseclionrof adaprer giatp 8002, shaft clampe8006d

g 11 0T CjanfShERRRAE diiviin e fory vo R84 hoc AN Ribnpl R

pl ace by hosé cltarassembly thegters tubk setass&mldwshaftslamﬁﬂm&mﬂmlmge%mc The

venti on accor g P4e O RPEEER B IBHANAEE of s o 5006 gad adapret”

and efficient de'slamp:SOQﬁmﬂhm/mdtomeMQnteMkm%aisom@abmm!mM swmsgaft
is r 0 Ve e.an
| cakage from i et 202 Th Baing 8% sBaeBa Y ¢olmtisscisie BOGR. B ek B B o

renovi ng a vessedlarhp assemnbly is\then screwed to aiaﬂteghngSOCAﬂap:ar clmpﬁd(f)zt and StTm
ar-resi st at t ment s c used wit shaft sea
syatem for oith B ielin 205 5L S Hout et o shine hubel Surome, opromoL rasnt

easy to install ,materdakeffective and efficient in use. - The .
I nvention has been described in its preferre or but vapj atjons. an

nodi fi cations Wit hi nﬁﬁg% ] aﬁt?aegééﬁ?@b&fgﬁﬁ) i %&%370
t hose ski | | Asteinblyt 8500 a5 jet fanothet bﬁammegosamdmrshm s&ul adater 10.t he

appended clai ms. . des a hose adapter ring 8502 having an externally threaded extension 8504

15  to be attached to adapter ring 20 by being screwed into internal threads 82 of ring
20. The hose adapter ring has a relatively long extension 8506 for receiving along
an internal bore, a bearing 8507 which can be made from a rubber-like material,
and which abuts at shoulder 8508. A radially threaded bore 8510 is provided for
receiving a set screw to hold the bearing 8507 in place. An outside cylindrical

20  surface 8512 receives a hose 8514 which extends beyond extension 8506 towards
and onto a stern tube which is integral to the hull of the vessel at the hole through
which the shaft extends. Hose 8514 is held on hose adapter ring 8502 by hose
clamps 8516. A longitudinal shaft-receiving bore 8518 extends through hose
adapter ring 8504. The cross-sectional view shown in Fig. 37 inciudes the wide

25 part of hose adapter ring 8504, the extension 8506 and stern tube 8507 having
longitudinally extending, generally semi-circular recesses 8520. Hose adapter ring
8502 should be made of a strong, corrosion-resistant material such as delrin.

Assembly of hose bearing adapter assembly 8502 is easy. Stern tube 8502
is inserted into the bore of extension 8506 until it abuts shoulder 8508. The end

30  of hose 8514 is then slid on surface 8512 and clamped in place by hose clamps
8516. A set screw is screwed into bore 8510. The assembly 8500 is then
connected to adapter ring 20.
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What is clained is: _ 1. A shaft seal device for use with a
drive shaft extending through an opening in the hull or bul khead of a
vessel to preclude the flow of fluid into the vessel and out of the
confi nQy ofioTdg! d device, the shaft being rotatable aboupc@esideneral Iy

| i near axis and having a seal ring nounted on the shaft for rotation with
the shaft, said seal ring having a seal ring seal surface, said device
havi ng a passageway with a central, |ongitudinal axis for receiving
the shaft for rotation and ~conpri si ng: adapt er
means including a part of said passageﬁhy, sai d adapter 10 means -havi ng
an aft end portion fixable to a connector for attaching sai d shaft

seal device to t hul | .or bul khead of throu ich_the shaft
ext ends; tl%e invention accgy t°r‘FrP§°§E§& gmﬁg %’l‘%’e\g\“ e8evpassagevay
~and connect aidtemcxem deviot tbrieNentifig Wah lea‘kﬁgedalﬁhg dﬁ ﬁrbﬁéﬂdﬁ'&ﬁfﬁxﬂ%h ng

stationar |n t di.rection, res ect a|d adapt er neans;
15 Y assel it el i B isid i Aol BRES AR e 0Bh HOBORERGR. o ¢
first portiag the systeh@hmn%%aﬁﬁﬂdsthwd/muamnémgm a&sél ﬁfaﬁmw&bi seal

bet ween sai d %dapter neans and said slide r
i A

friction?i i Breorrosien ARd qar-resistant; ?)%Ys%@%&? cgaéﬁf ysed withothe | ng
means havi NGhef Gedl GitbmIToP REY With ifdny 8 (b2 Veels\addtiesd dtradamaneg aerti on of

said 20 diaphr ans in.,a wajert) hI seal , and having a second portion
“having a 4% iﬁﬁmﬂﬁ?nﬁ ciye,pn Eé#%ﬁhéndFﬁund the | ongitudinal axis of
Sal? pasfsagewtay e ﬂvmnoﬁﬂﬁlﬁebﬁlﬂeﬁnwdm&fﬁrb{ﬁﬁ%ﬁ?om Fﬁt@ﬂﬁguéd%%ﬂem ring
b1 asi ng. moarEOLBGORS P BF SR 20 scone sl The HRyeAEBoY ORI R 25 sai d
frictiomgi rsmnsaaﬂshmlwﬁlazeobmwufgws&n tinchrid’igi thE a gﬁéxﬂle&rcl&hs on ring

nmeans and said friction ring seal surface t owar said seal ring
nmeans and said seal ring: seal surface to maintain a generally

wat erti ght seal despite fore and aft novenent of the shaft and
despite the transverse novenent of said shaft relative to the

| ongi tudi nal axis of said passageway. 30 2. A devi ce as defined
in claiml wherein said biasing neans is a spri ng.

- 34 - 3. A device as defined in claim1l wherein said

bi asing neans is a coil spring extendi ng around sai-d friction ring
nmeans.

I ——
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4. A device as defined in claim1 and further including cover neans
nmount ed over said biasing neans to create a watertight seal between said
slide b5wo9eémegesreans and said friction ring neans. PCT/US9SHI2562 A
device_as described in claim 1l wherein said biasing neans conprises a
pl ur al imm?raH—y—r-Lgi d posts extending between said slide ring

nmeans an n ring nmeans, and spring neans nounted on said posts.
6. i% |ncIa|m1vvherinsaidslideringneansis 10
attached Yo ¢sar rreans by adj ustable attachnent neans, said

adj ust abl e attachrrent means bei ng novabl e to change the direction of
sai d | ongitudi axi,s said slide ring neans and said friction ring
means bei ng m)&glbﬁt Flﬁk?eé% 'onse to t he novenent of said adjustable
attachment neans ant, al |,grshm mwdbﬁcesmrdxsam&adnve shhft eateddingahtougin an

PO vt ce et B oA o7 e e By AL AP 0 e WA

means are cent @esselgaiki Vet tﬁattoﬁﬂmﬁsaiflsam d@li@v\ftlteemttthehg rotatablei aboatia d
slide ring edlncl|m6

b
Wherei n oai 8 apHSAIGIeas aris e bringbseal oG OBl (08 SO bF aptation if
general |y rigi dhesbdfg sdicsw&ﬂ:gammg aaed fihgkeal surfacd)csaitedeviceahsvidg act i on

Connect abl ot o PERPReTa i 4 Paeh SoneaitBat R tor EriioR i s for offieocdtl o

sai d slide ringompsising: each of said posts being novable relative said
slide ring nmeans and sai d .qdapter neans, d fricti ng neans beji,ng 25
novabl e and axially ali gﬁ&g RIS HIERTS é’}f g8 ?%%d’gn?é‘i P g’*ﬁ%”%\%‘ﬁent of
each d0 saiddptep fdeans having an aft end Sortion fixabbato aipariield theough wifiéh hed i n
claim1l1 wherein %ge aft _end portion of said adapter nmeans is
configured to B he fore end of a thru-hull adapter. 10.

A device as defined in ctigiddlie Hhemehss Ka¥ind pasooTisal pagagéndy%na%nn&&%r abl e
with a thru-hull ada ter aving a cylindrical tubular portion with threads,

and the aft end®df LB neans has threads to mate with the threads
of the t hru-hul | addii‘pmfagm means having first and second portions, said first portion

AVENDED SHEET being disposed between and forming a watertight seal between said adapter means
and said slide ring means; :
' | rigid friction ring means having part of said passageway, said friction
~ ring means having one portion operatively connected with said second portion of
- - said diaphragm means in a watertight seai, and having a second porﬁon having a
20 friction ring seal surface around the longitudinal axis of said passageway and
positidned and configured to engagé the seal ring seal surface to create a generally:
waterﬁght seal, and '
biasing means urging said friction ring means and said friction ring
seal surface towards said seal ring means and said seal ring seal surface to
25 maintain a generally watertight seal despite fore and aft movement of the shaft
and despite the transverse movement of said shaft relative to the longitudinal axis
- of said passageway.
2. A device as defined in claim 1 wherein said biasing means is a
spring. .
30 3. - A device as defined in claim 1 wherein said biasing means is a coil
spring extending around said friction ring means. '

-_
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11. ice as described in claim1 wherein said friction ring neans
has an outer surfzﬂﬂu ;NB ! ﬁl, e ring means has one or nore
| ongi tudl naI I “which contact said outer surface to

G de Sk

suppor W@ sald friction ring neans for axi . 5

12. Adewce according to claim1 wherein the article is the stern tube-
through the shaft extends through h the opening in the vessel.

13. A fluid sealing device for sealing fluid fromflow ng froma

propel | er drive, shaft ext ending i nboard i.n a t he shaft having
a general |'y |4nearAdavice as defined mclaimy 1 é@e&‘F@Fﬁ‘b‘;‘V@f'ﬁ CQVEIIFRNS o o

surface, BHAlCGLer Qﬁ{fﬁﬁsxfn "méHsAo! GBat g‘ d Ga@e@tl fit'RaF BeiweenaidIslidy | ce

havi ng a“shaft-tecel Vi ng pdssageway an conprl I ng:
adapt er nhglmemrandmm frgctmn ririg meaos.f or connection to a connect or for

aptach g sat g 1140 eel L9420 8 O 'Yl Bl Ul i oo

fri ct§ oncorhpeise¥es plurkfityl 6O éhefrill)ilhgmpﬁsmgxt%ﬁéingsthmm shidr slidegdng ng 15
t he shaft seal surface to create a g@tertlg?5 seal

adj ust abmeans apd saidrriction fing Hpan ABE APTIRS a&Sm"a‘?‘gﬂnPHﬂ’gP?Fésans to
said adapter ging Reglgee %@'d&f:ﬁ@ﬂ Y7 (it 1 Wb hereit 5418 slideNing medns §s rel ative
sai d adapter ring neans, sai riction ring neans being novabl e in response
to the attachedviersaid addptenimbansipy atjistablerattachmentmenansnsaid adjnstablei n t he

A dovi coRteehmenmers Heipecrarant o ShaheF e Akt of sFicifpodinal axty o

meango Cogdid isfide ¢Rip! Meandarid s£iddriction ring means being moﬂahieuncresmlsded ined in (
claim 13 wherein said adj Utga:lle attachnment doglfe arehagdurallty of

gener al | {he mgvemsps ok said 4dis %BBG‘E“‘E%HH“E%?“ #8dapt er
ring meag safadsrﬁ@e g'n ?%ég@ﬁsé kd) SelRBIVES moRembnObf S@iddadjestablehavichthend - end
connecta e to sal pter ring means and another end connectable to said
slide ri mgampans, each of said posts being novable relative said slide ring
nmeans ang sai r tabl0attRRARfenfOVi Ng i N
response to tge S.Lag‘ﬂpé ﬂd%ﬁﬁ%ﬁ eacﬁﬁ%#%@g{; fnpggg g@j'?(s)agha?]ge thel direction
of safd. nesmageeeenterifig screws and cégering screw aédeption sneans imsaid shide sngo t he

inside of _a hull or bul khead of a vessel for use with an inboard
pr opel | erm"rfF‘F\/e shaft having a generally linear axis
- 36 - gand madevigeasdaesehbed incclaiit Gwherslim§2id adjistable aaudxmmu nt ed

thereto, n?galng g)%\xlglar?s%s a plurahty otJ genegally rigid posts disposed about said shaft

between said friction ring means and said slide ring means, each of said posts

20 having an end connectable to said friction rihg means and another end
connectable to _said slide ring means, each of said posts being movable relative
said slidé ring means and said adapter means, said friction ring means being
movable and axially alignable with the shaft in response to the movement of each
of said posts. '

25 . A sealing device as defined in claim 1 wherein the aft end portion
of said adapter ring means is configured to receive the fore end of a thru-hull
adapter. .

10. A device as defined in claim 9 wherein the aft end of said adapter

_ ring means has threads to mate with the threads of a thru-hull adapter.

30 11. A device as described in claim 1 wherein said friction ring means
has an outer surface and said slide ring means has one or more longitudinally -
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rigid adapter neans spaced fro Lve shaft for receiving
conponents of said seamm‘mﬁ %ﬁm adapter neans receiving for
rotation a0 9%6/107¢f0r t i oniEGRR s f rPCE/U8A5/125629
nmeans operatively attached to said adapjer neans for receiving for
rotation a portion of the shaft and ha Sn'g a frictionring seal surface
for contacting the shaft seal surface on said seal ring to forma

wat ertight seal said frictign rin ans being sljd M1, respect
to said adagxtemding arms whichrontact w&m&rguﬁ%w W@ﬁ’e‘?ﬂd %ﬁ‘tﬂ% g"r‘ﬁnﬁéﬁ‘{}‘e
shaft; and _, . ' = oot o dndependent and separate hull or bul khead
rigid attacﬂﬁ%r%ear?seg?\rsmal mo‘éﬂlac able to said adapter, neans for attaching
sai d device to s#d.d hAl device accordihgikk blaim 1 whereim theaanticleis the stesnfulg ng a
base for recgeiving the_.drive.shaft. . e 1T i ng device
according t ’EPQ?.ﬁfﬁg‘agﬁﬁ‘tﬁﬂs’tﬁé?“g%‘@ﬁaitﬂ% ogﬁnélé ‘%he??%gﬁrreans at t ached
to said @dapter mpansasmsidisealiri device fokiaqpropelber drivenshafty the shaftikaving a ght
rel ationships, said slide ri ngh nmeans recei ving for otaaii'an a port i-tog of
sai d shaft, gemeralylinear pxis japd having ﬁé&ﬂ%“ﬁ&ivﬂa‘ﬁm ¥t SHURES SR d
slide ring & thi t, satd device having a shaft-feeiving’passageiva
devi ce accorﬂéﬁrﬁtg%g_c gp% tgﬁgﬂﬂ}rst her incl udigng spring 20. %nsgfor
bi asi ng sai dnflrcomiprisingt i ng seal surface agai nst said shaft seal surface.

19. A sealing ring device accordi [ WM&l PG lar@Qe’ | N
means has a bore for Pgﬁ%ﬁew’w&rgﬁgdf%tﬁ@%%gﬁ%gnfof slgllbg@?lwcita;ﬁon rlcng :
means Wiiph through wHi€latianghaft extendsioe rotationy ansver se notion of said
friction ring nmeans relative to

.at said slide ring neans. 25 . 20.
A seal ing devi ce accoftiftiRy Figg @%ﬁ%hfal%ff&twﬂs’é%gﬁi?&@ﬁﬁ%ﬁ‘%' engaBBpans
compri ses NQGE sAEtERLAsuffBedfo LRIaIE RMREHighDséd] snedapt er means Lo the

hul | or bul khe at a s receliving opening. in the hull, or bul khead, and
a stern t ube conmdjstable attachment means fon apaehingsaidfrictipn singdneansy

t hrough the .openjn ..and faor _r. i VLl : Wely '
o1 OO coniPRE Ahnter tind dpes4if Susidile sRERARGE mieBhs pADIHUARR
connect g5s aisdidsddapteri rifgemeans; said fiiction Aogpteans being movable in response to the

37 - 22. .. A.seal.ing device accaordi . s A
further inclfaysgent o saig; @é‘l‘ﬁ‘%ﬂ?ﬂ%%@%&?‘&%‘ﬁﬁh%‘%ﬁ t@%l éﬁa’ﬁ%’%t@? glr(}eans
and sai d sl ifgRtibh Mhg'Messs and of tHe shaft ui d-tight rel ationship, and wherein
sai d adapter nmeans conprises an adapter

t . LingwWth a shafit receryvin
‘bore and an annul ¥, pdr dpyiee afs \Mﬂsgrﬂl’%{jvilﬂg"]é“?hg?t wtlg.rem| F‘Hgaf'ld-!“é'ﬁbt/% g.
rol 8t Ve 10 4iishAdh edih cSRighsB LaleSing obRbs, 521 d S1 i de ring compr i Ses

20 15. A device as defined in claim 12 wherein said adjustable attachment

‘means are a plurality of generally rigid posts disposed about said shaft between
said friction ring means and said slide ring means, each of said posts having an
end cbnnectabie to said friction ring means and another end connectable to said
slide ring means, each of said posts beitig movable relative said slide ring means
25 and Said adapter ring means, said friction ring means moving in response to the |
" movement of each of said posts to change the direction of said passageway.
16, A sealing device mountable to the hull or bulkhead of a vessel for
use with a propeller drive shaft having a generally linear axis and having a seal
ring with a shaft seal surface mounted thereto, said device comprising:
30 adapter means for receiving for rotation a portion of the shaft;
| friction ring means operatively attached to said adapter means for
| recéiving for rotation a portion of the shaft _and having a friction ring seal surface

\'
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a base having an aT[ end engageabte wi th said di aphragm neans and a
cylindrical rior cylindrical wall surface extending
forwardly over at wm’lnyﬂmm” ’!ﬂof sal d friction ring nmeans, said-
fricti ewopé/mgosreans has wguisde sri wth an anpmt/gsgsymgdz for
engaging the interior wall surface of said slide ring neans to 10 guide
said friction ring neans in said sl-i3de ring neans and nmaintain a seal
between said friction ring seal surface and the shaft seal surface.

23. A seal i ng device according to claimi44 and further including
connect i foy contacting the shifn gedlisneface pntsaidsezh ring © forepa watertight seak; d

di aphragm means and said slide ring. neans, adj ust abl y connecting said
adapt er Mhns to said 15 slide ri ng nmeans. - 24. A sealing

devi ce as descri begideperitient Anl6 sqpaeatei nunamd batitiend Cattiichintenit means’ ur t her

i ncl udes slide ring neans connected to saiid adapt er, neans anﬂ aid
fricti onattaghgbleeth$aid, adapier emeas for éFtaﬁl'ﬂB&%‘g deyice t0 Saig; Bﬁs%!' d
fri ctj ONydt means with said shaft. 20 26. Appar atus for

seal i'ng agal nst wat er | eakage al ong the propeller shaft of a vessel
extendi ng frotd.an Arsealingdevice aecdrding tofclaim 46 satl funthenincliding:slide ng of

oo o808 e, fkenk o HEEhGoneet WhebS A Wk i Al S, 20

appar at Ugvatepfighti t%ld"tﬂmshlps, said slide ring means sé@iving frerotativh & pogtidieaf)s havi ng

a bore for receiving.t propel l er 25 /shaft an or ali nt with the
shaf t - r e¥&id shaft, m@‘@#‘lﬁm E&&ﬂﬂ%ﬂﬂsrﬁeﬂ@ movagle {atwe to sgldmil defiRg er ring
att aggne aﬁﬁﬁﬁ%é‘%eé‘ﬁmh' ng said apparatus to the adapter ring to
al i gn sal (

t-recelving bore neans of -said arif)ar atus with the
shaft-recei vi i boAesesling Hevicelagroedingite glaimnly and further including spring:oupl i ng

means oy géprpngggﬁﬁgmfémas& Sing 381 Sutibite a@g@gad 2&83? sgllsl%'g@gt fromt p;

to reduce anylﬂlarragaseeﬁngmgldewce acconﬁug:to tlamanmmmakhsltﬂeaqmr at us.

27. Appa cor tqQ claim wher ei ar at us_at t aghnment
neans of &arﬁgcea‘ﬂggée@&w ﬁpgm&a‘ﬁﬂ‘emgs&rwgs%?ﬂ‘ ratus is
a hoge g cleaaﬂ%ettarenabimedﬁ%@rsé moat&faawmﬁoﬂﬁi\ﬁsinmélaﬁes t¢ t hreaded
portion operatively engageable with the screw threads of said adapter

ring, ansmidalide ring meanw| i ng means conprise a.cylindrical extension for
receiving a h? € e ! §iiin ggc%evxce aédB%ﬁgstoS&é:ﬁx %'Jvhérﬂfn SQHpittdEHdeH?
propel |l er sha prev I'ng wat er

means compnses hose adapter means for conne_c_:tlpg said -adapter means to the

hull or bulkhead at a shaft receiving opening in the hull 6r bulkhead, and a stern
20 tube connectable to said hose adapter means for extendmg through the opening
and for receiving the shaft for rotatxon _
2. A seahng device according to clalm 20 wherein an elastomeric hose
connects said stern tube to said hose adapter means
22. A sealing device according to claim 19 and further mcludmg
25  diaphragm means interconnecting said adapter means and said slide ring means
in a fluid-tight relatidnship,-and wherein said a_dapter means 'cbmprises an adapter
ring with a shaft receiving bore and an annular, peripheral 'w'all having a short
linear length relative to the radius of said adapter ring, said slide ring corﬁpris;es
a base having an aft end éngageable with said diaphragm means and a cylindrical
30 wall with an interior cylindrical wall surface extendmg forwardly over at least part |
of said friction ring means, said friction ring means has guide ring means with an
annular wall for engaging the interior wall surface of said slide ring means to
e
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28. A seal ing devi r for seali- ni ﬁia I nst water | eakage from a propeller

shaft and a vessel "ﬂ"”"lﬁl“'ﬂm ft passes, said device extending

t hrough thgmmogwal nd conprising: 10 PCT/US95/12562
géneral ly rigid adapter neans connectable to the wall and havi ng a -

bore for receiving the shaft for rotaf¥en, said adapter neans having ,
connecti on means for attaching a connector for connecting the adapter
nmeans to the wall; generally rigid slide ring neans
havi ng a lpuide fsmd frivtionviing ihéanssivasaid slide fing means: anth maigtain & se@l ring

means attgched to i.d.adapt er generally rigid
friction %%ﬁe?fbﬁmé ?H'é'\??'hﬂgﬁ SB%‘WS‘?‘%? aglgctg? \ﬂra}ft seqls surface. shaft for

rotation, and 3{ri cAigaling rw;vsceahcmdmgcmfctnmer?@agedrénnhmmcladml i ng
sur f ace rotatable vvlththe hafti f e , said
friction rqomgecting “WE%E"‘SB&‘HQ ateeﬁz HE aggll’ﬁeﬂel %}d%ﬁéﬁz&g

movabl & 1 &§hal iR Valti slﬁieq'm means, adjustably connedtingSafthadaprersmesyrorsaid ng with

said slhide ring means for aligning 20 said friction ring.nmeans with the
propel | er slidefmngmean-‘oor urging said friction ring - .seal surface into

engagement W th,f he ée&éh@% dgr%é edesfﬁ Saﬁ%tﬁ Wheresh adill-slide ring

29. A sealin evi rein said biasing neans
is di sposeﬁeaﬁ@{svﬁgldj y of the seal [ ng surface 30. A sealing

devi ce accordin to claim28,and fur udi ng I ri ns _
havi ng the seal? ¥%?@€ AT EP afﬂ% bsﬁi‘g n X ﬁlia?f‘anﬁér% %\g%}l‘e@ f or
hol di ngy s ahgus‘fﬁgathrbu%ﬂwﬂltﬁrtﬁe Lihafe asabs, siid doviedesinhng aveantirsous passape asi ng
means conprises spri nmeans extendi ng bet en said s t,.cl anp neans and
s P saethenugh, sSdimal extending (hrough Said pASSSS: 1AL devisE SOMRERBE, ng ¢ o

claim 28 wherein sang?ﬁérhﬁ%&@m E]'id(?rtﬁgéneﬁﬁmnmgspﬁ ofvail phssageah@n with

a predeterm ned dia means i s a base_ neans
havi ng a r haeing anidftemnd pertionattachable tman m't‘tdlle thrauginwhich the shaft extends;

- 39 - - l'arge an h to receive riction
ring, and said biasi &p‘fﬁ gmm?‘awﬁi‘z‘igb@%kﬁ&sa. d‘E agleg%)lgr%t%gtnefrand
said fR5Ctirfig heds and said slide nng3ﬂeans for establishingl e\fluié tlghteeal; ng to claim
28 and further including %gt nmeans (?.onne t| n Id | ﬂag ﬁ nmeans
and said slide ring Benegal Vrl"&’éd fﬂ"t‘% EtTREAE ¢ t8Hfecting
said slide fﬁhﬂ@n Hﬁ@?ﬁeaﬁ?%cglgdtﬂg hFHetiorPfing 5& surface ﬂ&%ﬂﬁtabﬁn@saldhéa’ltngg ht

rel ati onshi ‘A sealing device according to claim 32

wherei n bi aurfage tee greate a fluid mhumlsm ng neans. extendi ng between said
slide ring means and g ln&srﬁig ];rlea(ﬁs p%g'ittoned between said shde nng means and said

20 - friction ring means, said biasing means blasmg said fnctron ring means towards

said seal ring means to effect a ﬂurd seal between said sealing surfaces.
26.  Apparatus for sealmg agamst water leakage along the propeller shaft
of a vessel extending from an openmg in the hull of a vessel to an adapter ring of
a shaft seal system, the adapter ring havmg a shaft-recervmg bore and apparatus
25 attachment means for attachment to satd apparatus, said apparatus comprising:
shaft-recetvmg bore means havmg a bore for recervmg the propeller
shaft and for alignment with the shaft-recervmg bore of the adapter ring;
adapter ring attachment means for attaching said apparatus to the
adapter ring to align said shaft-recervmg bore means of said apparatus with the
30 shaft-receiving bore of the adapter nng, and '
coupling means for couplmg a shaft-recervmg tubular means

extendmg from the hull to said apparatus;
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ring neans for ur 'rlng seal surface against the sealing
- surface. mﬂmﬂmmlﬂg devi ce according to claim33 wherein a

set of rods exten d slide ring means and said friction -
ring neNQ96/18M48 sai d spring nmeans . conprise coil conPCERISIHILSEr i ng
wound about said rods. 1%% For use with a sealing device for
sealing a vessel against water flow froma propeller shaft extending
through the wall of the vessel, the device having 15 adapter means with
screw threads connectable to the wa) | .receiving the

shaft and connect i%9fl ABRAT3tUE feing t‘&‘é‘ﬁﬁé'ﬁ\f/m‘t%a%ggpﬁgﬁga‘lsﬁ? by lmpaEtonnectl ng
the adap, gpsgqan%@ 51%'19@5 appar at us conpri si ng: ' a
y I'n

hose adap er asse I'nc g connection_ -nmeans. having screw t hr eads
for matingly Zhgagipparatus ascorsing m@am%whsmna%ﬁtwawsaﬁ@dmsmzo

Focotvi rigeand ot S ATERler g i s b RacRaANABRC P aRIaRA R RRS T 0]

shaf t§ exaddpier, thecad@yer ring auadmenu mieansi comprisesaa uthreadedh portionsel , and

wal | rreansfqr limting,the anpunt C a nsald hose
recei vi nBP§FaHYely engagea %le “’“h > Screyy HB'E%‘? BEB?' r @%pggm ﬁ@&?lﬂ ng to
claim 35cd‘lliﬁihg'tﬁe§&' ShriysiR 25yh:id?fc@l ¢ktegisioR 406 receiNing ackoserexteridiigial bor e
for carrying a bearing for sup rtlng]&r%the seal i

¢

ng devi
37.  Fotowards said huli 9§&Pllli’l§’&j Rrep £ #lﬁlgP'?&V%%&a g?"?‘lgagewat er flow
from a prop_e' b@r Sgtasfelm héﬂ&’é sle ﬁ%‘géhl’ég%ﬁ@tl leaﬁi lismV£§ﬁﬁJen&Pr0ugh

whi ch the nds Vi ng adap er nmeans connect abl e
to th@ wshaft amllah&sselhgltﬁmhlch tlm)slmft passes said device mamns and connection

means for attachnent t rreans t
the wall, a stern F‘Efl?éo%glgl% la“taﬁe’ rae%xtsact(&hgﬁélrggﬁcth tﬂg“&@ conpri

-40 - bore for receiving the sh"aittf@r roragionpsaid ddaptengnmrlming)conmatmf or
‘cooperating with th connec{pl on nmeap galg (ﬁ@e seal i nqpﬁgw .to put

sai d t ub&eanggor ing,a gpaReqtor, for connecting the Adapter means i ng
device, a shaft re @t‘léi'hﬂﬂngﬁ s‘l’lde@ﬁli rAediRHaviigl bored6t fedeiving the §h&fSS coaxi al
wth said shaft e|V|n ore and having a,larger dianeter than said 5

borelfor fmematmmgaui sitd@rlhﬂg meanyatached; torsaid adapter Medas: t han the di ameter
of the shaf t; &%‘2 : |l¥| ngrlT% friction ring meang‘lﬁoglgfzpho@fd}'ﬂ%el%? theern tube

|nplace|nsa|dt For use wth a sealing
devi ce f shaft et rotgtlon,vamhaa lfnetgm nt sealtsurfate dov engagementrwithia sgadinger shaft
ext endin

ext ends, %’t’lé}c’ggﬂ?@hpﬁtﬁh& %ﬁ‘g‘p@g ® gt%é : Q"%onn'!l&pgﬁ{ge%p E{Jﬁrﬂ:ﬁo F‘Iﬁgnd havi ng

means bemg attached to said slide ring means in a movable relationship; and

20 bxasmg means for urging said friction ring seal surface into
engagement with the sealtng surface rotatable with the shaft.
29. A sealmg device accordmg to claxm 28 wherem sald btasmg means

is disposed forwardly of the sealmg surface.
30: A sealtng dev:ce according to claim 28 and further including seal
25 ring means having the sealmg surface mounted on the shaft, shaft clamp means
for holding satd seal rmg means fxxed on the shaft, and wherein said biasing
means compnses sprmg means extendmg between sald shaft clamp means and said
seal ring means. ' _
31, A sealing device accordmg to clatm 28 wherein said fnctlon ring
30 means has an annular section with a predetermmed dtameter, and said slide ring
means is a base means having a recess with a base pbrtion and with a diameter
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a bore for receivi ng(mm m ggpnnect i on=nmeans for attachnent to
appar at us for u wutmﬂ(nmgpter nmeans to the wall, a stern tube
clanp ass¥IIPW ng * © dtationary and conpri sing: PCT/US95/12562
adapter clanp neans havi ng connecti on .;gans for engagenent with 15 the

connection neans of the adapter nmeans to place said stern tube clanp
assenbly and said adapter neans in a cooperating relationship;

stern tube ﬁ}gé@:txd{%g% reXif6:8 lafina¥ap Seion! vt saidtrittio Rihg, and said bi ns to
Tntu

'y
hold said ste clanp neans i.n place around the stern tube; an
neans for cmeancextendsbetwesnsaid haspportionpndsaidsfricoB Fing. adapt er 20 cl anp

neans for togd S#id basp gostiompudkseldsricoB I ) ol an
froma propel | er ~ AcpefiicByhEe BN, f) oRF 24 RaR0Ridier Wlfing 22020¢

sai d devi cediaphrugisinegns connecting said adapter medmes and sdid slide ninganesmscinabl e t o
the wal I_ and hayi.n Lecelyi,ng the shaft rotatign; 25
t

bore for, - - i or,
gener al 1 r VeieRuE e tioRsipyaRd conmssingsald Hifhrivg met. and said Ersrionsing
for rotati Oﬁleaﬁﬁixﬂaﬁdt&@ighi PelatiGiiship. operativel y attachable to said.stern
t ube neans; generally rigid friction ring means having a

bore for receivi®y thA sealingsdevice pegordingata glaimady whereinc biasing: megnseal

surface for; 11N | . t | shaf t
For ostabl | SRR IErRRmdlds ufd 35 Blans enealibg BRFudct AlTUIGE he heatf o

att ached t oamdsaidSrictien ringgmearsfor iungiag seid-firiciion aring seab siniface against the

bi asi ng ans.faor ging said friction ring seal surface into

engagen:la t Wapﬂg_tsﬂgégeeal I ng surface rotatable with the shaft.

40. A sealing ds4.i ceAnseulihgBevicd Sccbfdingtd tlaidi 3B Whiehéin @ set ofrods esfinds Or
preventing the flow of fluid froma propeller drive shaft extending into

the vessel , betweensaid shideiring meansrandsid trictiea sing-meansqAnd said spring megngi t h a
shaft seal gshbfise coif be?Pressionthigg SvduiddHont ?%P rods. g

recei ving mean ggace om 't ive shaft recei vi ng cohpone'nt S
of sai'd sealing 3bvi cEor ysd with acsealingideviemfor sealing)a pessel against waterflow

ol o 1 F oo frof pipRGseties Afatt Sheehlid chitueh B2 ali B¢ yhH%), T kbrice baving .
proxi mat e t hdaptet means bohsdutable tothe waltihaving 4 bére for aeteiving thoshafoandf t he

shaft and 10 having a friction ring seal surface for, coptacti ng the shaft
seal surfacEOYIFCER g“%”é‘él or aua‘g\‘??‘fﬁq? @ppwsaff%@??‘?‘{j\gt‘gg é‘QPPteg Zegns

friction ri ggtiewan, iﬁdj*ﬂtu@cbﬂﬁﬁsﬁigw th respect to said receiving
nmeans to acconmodat e ‘axi al povenent” of said drive shaft; and S
' a hose adapter assembly including connection means for cooperative
20  attachment with the connection means of the adapter means, hose receiving means
for receiving a hose extending from the vessel. wall through which the shaft
extends, and wall means for limiting the amount the hose can be placed on said
hose 'receiﬁng means. ' ' '
~ 36. A hose adapter assembly according to claim 35 wherein said hose
25  receiving means comprises an internal bore for carrying a bearing for supporting
the shaft. o | |
37.  For use with a sealing device for sealing a vessel a‘gainst water flow
from a prbpelier shaft extendihg’ through the wall of the vessel through which the
shaft 'extehds, the device having adapter means connectable to the wall and having
30 abore for reéeiving the shaft and connection mears for attachment to apparatus

for connecting the adapter means to the wall, a stern tube adapter comprising:
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i ndependent and separate hull or bul khead rigid attachment neans
attachabl e to sai for attaching sai-d sealing device to
sai d huH ammgmnmmﬂm“ or bul khead attachnment peans_ havi ng a
bore foftd¥48 |ng thé - Mshhft? PCTAUSIS/12562

-40 -

tube ring means having connection means for cooperating with the
connection means of the sealing device to put said tube ring m_eans'in operative
relationship with the sealing deviée, a shaft receiving bore, and a rearwardly facing
recess coaxial with said shaft receiving bore and having a _laf'ger_ _d__iametgr than said
5 bore for receiving a stern tube whose diameter is larger than t_h§ diameter of the
. shaft; and - | | | | - |
means for holding the stern tube in place in said tub_e ring means.
38.  For use with a sealing device for sealing a veésel against water flow
from a propeller shaft extending through the wall of the vessel through which the
10  shaft extends, the device hévi_ng adapter means connectable to the wall 'énd__héving (
a bore for receiving the shaft and connection means for attachment to apparatus
for connecting the adapter means to the wall, a stern tube clamp assembly
comprising: _ _ |
‘adapter clamp means having cbnnec_tion means _fér engagement with
15 the connection means of the adapter means to place said stern tube clamp
assembly and said adapter means in a cooperating relationship; o
shaft clamp means extendable around the stern tube, and means to
hold said stern clamp means in place around the stern tube; and
- means for connecting said stern clamp means to said adapter clamp
20 means. | |
39. A sealing device for sealing against water leakage from a propelier
shaft and a vessel wall into which the shaft passes, said device_compfising:
stein tube means connectable to the Wall and having a bore for
receiving the shaft for rotation;
25 generally rigid slide ring means havmg a bore for receiving the shaft
for rotation, said slide ring means operauvely _attachable to said stern tube means;
generally rigid friction ring means having a bore for receiving the
shaft for rotation, and a friction ring seal surface for engagement with a sealing
surface rotatable with the shaft for establishing a watertight seal, said friction ring
30 means being attached to said slide ring means in a movable relationship;
biasing means for urging said fricfion ring. seal surface into

engagement with the sealing surface rotatable with the shaft,
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