SEAL CARTRI DGE FOR VACUUM PUWMPS CROSS - REFERENCES TO
RELATED APPLI CATI ONS. [0001] This application clains
' L to provisional application No. 60/9
wePihidohet L0 5. 2007, STATENENT REGARDI NG PEDRGATT 108002503
SPONSORED RESEARCH OR DEVELOPMENT. [0002] Not
Appl i cabl e. THANGKERSIIDGEEOQRARAGIUVOPIEMRS NT
RESEARCH AGREEMENT. [0003] Not Applicable. REFERENCE
TOCROSEQRENERPENGHS WO, REBATABL EPPORC ATIGWEUTER
PROGRAM LI STI NG APPENDI X. [0004] Not Appli cabl e.

NSO R el D i B0y oA g 0190124

ﬁledrg/?aé lé[ﬁogo%g] Enbodi nents of the present invention

nprovi ng the shaft seal design on
nmechani cal vacuum boosters such as those manuf act ured
STAGENENr REGYUERIUNG BEDERAMILLeY SPERGSQRED RESEABRGHE ORr
are used in conjunction with vacuum punps to create
DEVEICOBSMENBRCcUUM for a variety of applications in a
variety of industries, for exanple, the sem conductor

M@?tl%m licAgistry. The systems typically achieve

tirmte acuumas lowas 5.3 X 10 3 torr with

%@aﬁﬁ@ﬁ@ﬂ&i@t@&%ﬁéﬂﬁ"ﬁ”“ GrERITENT

nonolithic cartridge seal which includes a cyli ndrl cal
poll8a03q rhi@ﬂ@mlt@eblhyl ene (PTFE) body with three seal
lips

REFERENCE TO A “SEQUENCE LISTING,” A TABLE, OR A COMPUTER

PROGRAM LISTING APPENDIX.

[0004] Not Applicable.
BACKGROUND.

DESCRIPTION OF RELATED ART INCLUDING INFORMATION
DISCLOSED UNDER 37 CFR 1.97 AND 37 CFR 1.98.

[0005] Embodiments of the present invention relate to improving the shaft seal
design on mechanical vacuum boosters such as those manufactured by Edwards Vacuum
of Crawley, England. Such booster are used in conjunction with vacuum pumps to create
process vacuum for a variety of applications in a variety of industries, for example, the
semiconductor manufacturing industry.  The systems typically achieve an ultimate

vacuum as low as 5.3 X 107 torr with displacements of from 30 to 845 ft*/minute.
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on the interior surface. These enbodi nents seal the
rotati ng notor shaft which activates a | obe-type

wdaRs e vyacuum punp. This cartridge seal replgcessdoioo2905
conventlonal three single Iip VITON seal s on vacuum

and v0|ds the air .and oi] | eakage which
g@@i I@n@?&%&iw thepprgsant eprdicapgr inchyde agngnejithigerartridge
dlscloses a seal which may be constructed of PTFE
seal whichhinclodps 4 sdindrical dytesaflonecthylenth(RTF Bytbodg Indth theee seal lips
the nount and does not rotate, the other attached to

on tHeiatepidakirfard TheécdfBodinlehtsisBA tROAStAting thbtod sl%ﬁ@{vhféﬂ activates
surface which bears on the i nmmobile surf ace

o B V) 2, 50l e

amc forces to return oil which may have
sing} eéngf/ (E%Is%?alﬁ RB vATyusm baesigr pumseofl ayoids ﬂFEaftlr and @ﬂskabme
di scl oses a PTFE seal with an hydrodynam c arrangenent
whichfplagued sbadcsealsi bs whi ch excl ude the | eakage of fluids
through the seal. Arib-free area prevents | eakage

t h1ouegh W RepaeRio. 320,585 @isRES a bdal Shah! Iﬁay O rubledor

Pat. 4, 522 41 1 discloses a punplng seal f'or vacuum

PTFE%@ L5 ?eg t\%ta %8&%‘5%6'@ E}Lls“é%r g tl%?%oglil PTF%éﬂé% ngt rotate,

seal for a Iead t hrough for, a vacuum chanber with a

the qthgrpttaghedyia the Fheficmd aqiates aviftuie shal Withisieal ingirizeamhich
by elastoneric rings. [0012] U. S. Pat. 4,850,601

bearslps tHedgasobilediviadeial PTFE seal s whi ch seal on a
circunferential surface having a sealing chanber which

is [(f(msgeu Ki Phte0081801,218 Raklosedd 831 c&n%iﬁn@flﬁe@ﬁ FE washers
descri bed in the specification.[0013]

clam%a{l% ?x? (P‘n%gal %hgeC\LJHI ﬁzltsg Tl{:)}z:lrgclf}%&%%cufcércestto re%urn ofwﬁng may have

Sem con

leaked past the first seal.

[0009] U.S. Pat. 4,383,691 discloses a PTFE seal with an hydrodynamic
arrangement of wind-back ribs which exclude the leakage of fluids through the seal. A
rib-free area prevents leakage through the seal when the shaft is static.

[0010] U.S. Pat. 4,522,411 discloses a pumping seal for vacuum pumps with an
elastomeric primary lip and a PTFE auxiliary lip.

[0011] U.S. Pat. 4,828,273 discloses a seal for a lead-through for a vacuum
chamber with a PTFE sleeve, the sleeve sealed to the bore and shaft by elastomeric rings.

[0012] U.S. Pat. 4,850,601 discloses individual PTFE seals which seal on a
circumferential surface having a sealing chamber which is force fitted onto a shaft. Figs.

9-11 are not described in the specification.
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[0014] U.S. Pat. 5,984,316 discloses a variety of
singl e PTFE seals which are C shaped and contain a

Wd@fo@/ 0o0dN0 at the top of the C and a coil sprIL(ﬁIgU% DW2905
?0015] US. Pat. 6,676,132 discloses a net CO!I)

UG S PRSP ks BBt B Sl b s

.aUXI liary seal which seals to the shaft. A garter
semigpndustprumayadactire. seal s agai nst the shaft. The use of

mul tiple sealing units is disclosed. [0016] Pub. Pat.

Appi014P A0S/ P£69,994, 306 ArcR3ESa Paricd) Bt élﬂgeWE de@ls vehich are C

vacuum chamber whi ch can be el astorrer
| 7 S of ..t he
shap%c? éﬁscg EJgdﬂggp me&?ggltﬁﬁg fo mﬁ% Csan aco “ng’gls‘,"% l&er
thgﬂ(ﬁ ﬁor art seals_which neet g felt needs. Use of
t hER} S é467ﬁalﬁ%fi§§lqsﬁfea m@&a cpib inveBehLiijapgdein cross
shaft seal oil reservoir filled with perfluoronated
sectipowitht NEFE PoaRiBgramstbel uppdr.suiifacesexperalimntosfotrha main and an auxiliary

possibility of sucking the oil into the vacuum punp
seal ¥MethedehRitd Heshafth A A8k sPfind 8EHS t}fégsema ﬁgﬁﬁﬁ%@éﬁé@t OFHe use of
as well as the cost of disposing of the used oil,

hazar dous vvaste Furt hernore, the
mult@%g‘%&hhgu%lﬁg?srcﬁgcﬁ% gl ning the punp is reduced by
el i minating the npnitori mai nt ai ni.ng of the oil
SR b P2t RePhappSapesiod shssiesenro@ing sal G vacuum
Anot her unexpected advantage is the reduction of
changleir iwhach ¢amidmer elastaroéry edfermofluidic.per i odi ¢ repl acenment of
the shaft seals due to the longer life of the

caf6o17§l gOkheSshalt sédldafths %e%f"ﬂ% pfdsbitt a@hliERPhIAE ar%ﬁ;nber of
conpared to the conventional energi zed Hp seal s.

advaﬁiﬁ%% éyer tfl{lsniraﬁ £eane hich %ee{ F’ongsielg n(ejeci L{Sﬁ of the cartrldlg?

rica eves, as oppose e prior a
eals whi ch require a conic sl eeve and a, cylindrica

ehmg}ﬂéﬁ‘é\rée ngad; fonkepping e shafy sga ?956?%?5’ ledowith peiiyoggnated
parts inventory.[0018] The foregoi ng exanples of the

polyetheaPERE-basedamd Thisrpreatnts tise passibiley of kerkéng thh odrieto the
intended to be illustrative and not exclusive. O her
vacuih'hirap bRd&liinatddghd &dstbeskcafihg e dxpensive oil as well as the cost of
disposing of the used oil, which is regarded as hazardous waste. Furthermore, the labor
cost of maintaining the pump is reduced by eliminating the monitoring and maintaining of
the oil level and of the périodic replacement of the oil. Another unexpected advantage is
the reduction of skilled labor involved in the periodic replacement of the shaft seals due
to the longer life of the cartridge seal and the simplicity of replacement, compared to the
conventional energized lip seals. Finally, the cartridge seal is used with two cylindrical

shaft sleeves, as opposed to the prior art seals which require a conical sleeve and a

cylindrical sleeve, which allows a cost saving and reduction of parts inventory.
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beconme apparent to those of skill in the art upon a
readi ng of the specification and a study of the

W@%@%w% BRI EF SUMVARY. [0019] Enbodi nments igedHeR0s/002905
shaft seal cartridges for vacuum punps which conprise

. : . havi
o gL e PrsSini spel ek e relaidl whprd PayateB B csherewith
of a cylindrical seal cartridge shoul der, the shoul der

are ipfgodashiodedHusitatize asdadt exstushvear@thedlimatiapisrof tinef retagertat will
of the outer surface and an atnmosphere |ip around the

becotrier apipatent @nthoseast skilbin thear upbh hasglingoftthk ispebificatibn 28ak study
body is attached to the shoul der, the body having a

seal notch around the circunference of the outer
(ﬁxhg3%¥gﬁgéand a vacuum lip around the circunference of
j r_osurface, the vacuumlip adjacent to the
BR”Ea]? ﬁa@ﬁ%@ i i1l
p, and an oil lip around the
circunference of the inner surface, the oil lip
' lip. Th houl d h t
o MR e AR Bt kg i s S
enbodi t.s .of the shaf eal cartridge.for vacuum .
comliROL TRy Rt SE i Qe inelH et il Mne? surfece,
L.oc [ . eal ch,and an inne i n

the coAREESorihiscl 48 Wl gL SO caiBh6 B SeE Tre R Lachavife o
ol . . _

shoul i L8 oFASE SuRGRe oRAMIARED I oMU TS, MBS tp

mougﬁﬁr%éiQMf&QQ@e%f o ﬁmtepkdé@é%.n& STHAALATRBAIHAYP G m&g& & the

ereof are described and 1llustrated in conjunctio

shouVdelr ths Y68 £ MBving 28bdP&d] ABH AfinWhESr@TefBRaNbS the ofifer surface
exenplary and illustrative, not limting in scope. In

and ¥ eddvansligaodd fendigunderened offide énret sidiee, the vacuum lip adjacent
above- descri bed probl ens have been reduced or

to thehimospheredip, ahd Ao liparownitbe ciremhferance oflthedahe@dutface, the oil
ot her inprovenments.[0023] In addition to the exenplary

lip adjgpens te thervaceurh digh The shouddss brs b greatdydieaeter than the body.

[0020] In addition, embodiments of the shaft seal cartridge for vacuum pumps of
further comprises an outer O-ring seal located in the shoulder seal notch and an inner O-
ring seal in the body seal notch.

[0021] Embodiments include shaft seal cartridges for vacuum pumps wherein the
cartridge is manufactured of a single piece of material.

[0022] The following embodiments and aspects thereof are described and
illustrated in conjunction with systems, tool and methods which are meant to be
exemplary and illustrative, not limiting in scope. In various embodiments, one or more of
the above—described problems have been reduced or eliminated, while other

embodiments are directed to other improvements.
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further aspects and enbodi nents will becone apparent
by reference to the drawi ngs and by study of the

' descri ptions. BRI EF DESCRI PTI ON OF %52008/002905
WJD%k/ . [0024] Fig. 1 is a cross-section of

art seals installed in a vacuum punp. [0025] F|g 2 'S

a |pe023)elataddRionite theddxeipl AYRAGSHARN cphtRdim&Rescribed above,
cartridge with the shoulder rimin the foreground.

furted @4k tsfand .entbodimentpaiils pecine/gppatedvbp tefer@nenioatle dRMings and
shaft seal cartridge with the body rimin the
by study efj theuioowjr@0dg¢riptiams. 4 i s a cross-section of a
ortion of an enbodi nent shaft seal cartridge taken at
BRIEF;QEsﬁﬂlPafION@FTI{E[XMQW]INGSg 5is a cross-section
of an enpodj ment shaft seal cartridge installed in a
pFl}ﬁ‘pl lsamrm@tl%mwaIS[mml@qd lErﬁbYﬁGllW@rHl@P

i nvention relate to inproving the s
é‘?‘%&gﬁr b%? RRECEHY C wie W s bndyuent shats seah cagndge with the

ctured by Edwards Vacuum of Craw ey,
Sho‘%ﬂeélr%glﬁgf ter are used in conjunction with

2 R RS s p G e O S et She e i i e
bOd)Iﬁﬁllﬁqﬁ%ﬁ)qg%E&rl(Pr manuf acturl ng industry. The systens
y a

I ca eve an ultinmate vacuumas low as 5.3 X

é(ﬁ)iﬁrp‘lng fsh &b%oée%ﬁ&%f‘é Sotfon of e Bolitn &t Shatt seal cartridge

/ m nute 0030] Fig 1 is a cross-section

takehla{yﬁéal.atdf@ of a prior art shaft seal design enpl oyed
by Edwards Vacuum on its nodel EH250, EH500, EH 200,

QVRIR3] FAYBS(G: @osh-MidR 0PardertbédimeMghadtisenarttiage atalled in
boosters. Visible in Fig. 1 is the

a vacuum pump.

DETAILED DESCRIPTION.

[0029] Embodiments of the present invention relate to improving the shaft seal
design on mechanical vacuum boosters such as those manufactured by Edwards Vacuum
of Crawley, England. Such booster are used in conjunction with vacuum pumps to create
process vacuum for a variety of applications in a variety of industries, for example, the
semiconductor manufacturing industry.  The systems typically achieve an ultimate
vacuum as low as 5.3 X 107 torr with displacements of from 30 to 845 fi*/minute.

[0030] Fig 1 is a cross-section illustration of a prior art shaft seal design
employed by Edwards Vacuum on its model EH250, EH500, EH1200, QMB250,
QMB500 and QMBI1200 and all variations thereof boosters. Visible in Fig. 1 is the

pump motor 17 with its shaft 10. Covering the shaft 10 are two force-fitted sleeves, a
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punp notor 17 with its shaft 10. Covering the shaft 10
are two force-fitted sl eeves, aconical sleeve 1 1 and
w206y kdofglr i cal sl eeve 13. The sl eeves provide gr/1s2008/002905

wear -resi stant yet replaceable surface for the

rotatlnq nmotor shaft 10. A shaft seal housing bore 28
conigat sleeve il d andipe clindricalsdegvenbys The siegvesTprevislear weay-tesistant yet

associ ated sl eeves is inserted through the shaft seal
replakeatde rsgribor dor2 ghet hotativgh nidter Shaft t10seal shafisiea hd@ingebore 28

shaft seal housing 20 contains the three VITON lip
penef—‘rﬁ@k thelshaftkeal lib@sﬁg@ot ehenNBUR WIth RWb&ELted §l@l:vers if! ElS?lg?d through

housi ng i nner seal rlng 23. VITON 1s a tradenar

the sﬁg%ta hai%nhﬁm&' ber H%ﬁq,eﬁr%h snBE’QSI L ﬂlms%gft%%lﬁ'éoulsing 20
The first VITONIlip seal 14 is ais aring seal with a

contgippthgrthien &kl ﬁeatlshé4c bhi 16zndghe beusingloutatrsakriregartl housing
VITON Iip seal 15 is a ring seal with a lip which

inneseat sing23t NEITON iindrtradamard forwenthdtic fibdet And eibBerd Ehinpositions
lip seal 16 is aring seal with a lip which bears on

ownécf‘ﬁy(B"I' iy PeAd Déllegﬁ'igur%g’& d-&ﬁ ﬁ@gf\*hlﬁlﬁ?étorhqyélh@grezoghe first

al so contains a shaft sea ervolr The sha
ext throu h th af al, ,housing 20 in
vITGR I 4B 0 ¥ St of widd @P BVZ‘EF& et e e S0l Jeqveit. The
reservoir In Fig. 1 the atnosphere side 26 is at

secopdh ¥ ITERN lip rsefﬂ Udels asiipgesesl withea fiparhick bears e the ayfimiyical sleeve
and the vacuumside 27 is to the right or inner side

13. OFhet third SWATON sipadealhiuisi anting Geal With s lipfthictebéars e @h¢/ Oylindrical
is al so at atnospheric pressure. [0031] The current

sleevRr 130T THRY %aﬁ%@ﬁl%o@@ﬁg% dcl@ J:o%taﬁﬂs @gﬁfﬁa&‘ﬁl & h?s%r\}éf?r 30 Phe shaft
years of normal use, with a high nunber of failures

ar_use Such ailures res
10 <Riebt 0BGl 2 Sutfeat SR HRCR0 MG ok et PR o S fnptudes
| eak fron1the shaft seal oil reservoir 2 1 either to
coupling epsdpape ol reveryaie2Bobskigr 1 theoatmespherersidp Re ivatgheldeft or outer
26) through the first |ip seal 14 shaft seal or into
side bhthelshdlit oetl Abusingl20 wad did vacesmrsida 27 8 20 (hahighh or innen side of the
t he vacuum side 27) through the second |ip seal 15 and

shafttse81 Hdusing 20l PrHeefhft 16l régéi'v%uoﬁ%%%t ﬁlﬁ%blpﬁ Pespd h of

the seals 15 and 16 fail. The shaft seal reservoir 2 1

Co[Ho%'l]"Srﬁé ul:ur?(pnq prlor art seals design fails on average after up to 5 years of
normal use, with a high number of failures after less than one year use. Such failures
result from premature shaft seal failure which allows oil to leak from the shaft seal oil
reservoir 21 either to the exterior of the booster (to the atmosphere side 26) through the
first lip seal 14 shaft seal or into the hydrostatic drive oil reservoir 22 (which is on the
vacuum side 27) through the second lip seal 15 and the third lip seal 16. This occurs when

one or both of the seals 15 and 16 fail. The shaft seal reservoir 21 contains oil and is

designed to lubricate the first lip seal 14 and the second lip seal 15 during operation. The
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designed to lubricate the first |lip seal 14 and the
second lip seal 15 during operation. Theshaft seal

wd £98106gé+ 2 1 is at atnospheric pressure. m%f/ﬁ’%oﬁ/domos
I's no longer present in the shaft seal reservoir 21,

. l [ n rj,cati. ' .
shaf} Q) FEBR 2L 1 PHIRROb R YFe B0, OB L 00 Gfes Bipent in the
as ? resul.t _of the pressure differential created by .
shaft pgal yeserNas 2 Irithe sealy ae donase resenesany dubrcation cand,aif g drawn into

vacuum side 27 and results in an internal |eak which
the hyalnestatict dreveunil reseryore22sas 4 esob ef diecpre§stfi3diffefentiblicreatedl by the
one or nore of the prior art seals necessitates

vacutin@i THY 8aesl tHeqRb AGRMNiseTh thé Qadtlirfsiaé b7aRd results in an internal
hydrostatic drive oil and replacenent of the lip seals

I [ 1 . build of the booster and
leakl‘?fggﬁgé‘{shgﬁlgﬁl% tg%ggg%(?%ﬁer{p{%as well. This requires
dei&nchmant, of {he shaft seal housing fromthe notor
and0932d niailyge Q5 goreph ghe priagiart sepls pgegssitates dappagand
and replaced fromthe atnosphere side of the shaft
replareaienhofithe g Flshoil end Inelrestatondrivnall afmd reglacérperstedltise b seals in
renoved and replaced fromthe vacuum si de of the shaft

addifi6itko HevmpRE: rebaltdof the boB&kr aﬁﬁtk@ﬁth%%ybmgvpﬁﬁﬁa@%u.
to insure that the seal |lip is perpendicular to the

Thiszijlec‘lf\?}(& dRRRAmM &}Pg gﬁaffsee%l h&fs@@ﬁ%% L%, &04 iﬁ{g)?%l}hﬁ gear box.

unference o Sl eeve. seating 1s O

Si a tool specifically dinmensioned for, each seal.
The figes 4 e i rempoyed and seblagsiroéne menpsBhera pide o e shaftseal

shaft seal cartridge 30 of the present application
housaig while ¢hesteoondiand third dipt seals rrawed® vied andieeplased froouthe .vacuum
The cartridge is installed in the punp with the

side @ff FRSYMARIsEalHoUSing 6 Ehéh fip 8ed] ®uist BE adtiughtels sédied {0 ¥@sure that the
vacuum side 27 to the right in Fig. 2. The cartridge

o B ORI Lo I P
circapRishge £F 154 HI8: OHCH a0 MBS UTE & ol SRR GG Dand
the reservoir wall or inner rim37 of the reservoir

dimegsidned fori each metilcat ed but not visible on the

[0033] Fig. 2 is a perspective view of an embodiment shaft seal cartridge 30 of
the present application with the shoulder or outer rim 38 in the foreground. The cartridge
is installed in the pump with the atmosphere side 26 to the left of Fig. 2 and the vacuum
side 27 to the right in Fig. 2. The cartridge 30 is comprised of a seal body shoulder 32
attached to smaller external diameter reservoir wall 34. A seal body step 33 is on the
vacuum side of the shoulder 32. The outer rim 38 of the shoulder 32 is indicated, and the

reservoir wall or inner rim 37 of the reservoir wall 34 is indicated but not visible on the

vacuum side 27 of Fig. 2. The atmosphere lip seal 40 is visible on the circumference of
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vacuum side 27 of Fig. 2. The atnosphere lip seal 40
is visible on the circunference ofthe inner surface 3
he seal body shoul der 32. A shoul der
0*?&§§ Vi sible on the external circunference oﬁf%$ﬁ%§&nmﬁ
shoul der 32 and a reservoir wall Oring seal 46 is
the ipherisyrfacehl ohide sxal dodnkhaildar32f & empddayfO-ting sead ¢@riy wisible on
wall 34. The Oring seals fit into Oring grooves not

the et dircumif@renct. of[tROshblulder 32 add laSeRrafiF WRR C-HME soH] W is
of an enbodi nent shaft seal cartridge 30 of the

visité Sﬁﬁ{gex{i‘&ﬂl}i]l' & Bhl%}ef%et(g tﬁé}ﬁesé%ﬁr\%ﬁl §4 “phd Ooljil%%ﬁafs Cflt into O-

r|m37|nt or egroun cartridge I's I'ns
e vacuum side 27 to the left of
rlngﬁf(’é)ve%n ‘r?g‘gf"ﬂéng.t‘%gsphere side 26 to the right in Fig.

3. The cartridge 30 is conprised of a seal body
;oM e e ﬁi‘e&s“p%%né%g?&‘é&é?egz g gskalb Al Ftridee 30 of
houl d 32.. The
the rYERE TirlictliryihitEe RRGT R R R i ienetgion o7 & BiedStegrosng. The

cartr?’dggﬁg ﬂ-ls{e{;lﬁd tlﬁ fife \Pél(li:ﬁwﬁ tlg)f vatfgSm; s?%efy%éhe @eo F?ig # fﬁbd the
atm(ﬁgﬁ't%re ‘é‘he t}g'ftﬁé ﬁgﬁ:‘t ifid RE H{le'd “a]i{ﬁtigé 6 %ﬁco%\})a rsB& of FQ&{I body

ace reservolr wa cuum

shoﬁd'@|324a@tabl§dvtb sl é?&@eﬁlgledl&hét%y F@cs@xrv‘éﬂcﬁal §4 t.g%eél%ﬁ step 33

surface 48 of the reservoir wal
is onSthavadufinh Sid¥ io$ tHel sBo@idet 58 BHd &!it@ﬁhm@géﬂﬁé SR 30fis 1nd1cated
the shoul der 32 and a reservoir wall Oring seal 46 is
but noit sisithle iwRigk Bearrixthe inh@l rigd 37 ufithe reseewinwall B8 iy BSBIV/EGI the
wall 34. The Oring seals fit into Oring grooves not
vacughoside 27 ofFig. 33 The 00131 sekl 4 isavisibleanathe sseigefeténoa obtheanner
portion of an enbodi nent shaft seal cartridge 30 taken
surfage 48iof ghejreseryoir pradl. 342 The wichiu lipserl 42 isavisibletonghout er
surface of the cylindrical seal cartridge is a
circupfstange of Bie inngrsbrfacad &ef the seservoirayalt Bbuhdhpulder O-ring seal 47

s Vigh{e g st Siscuraisaince Gajhespepieni? e rstpinal O-ring
O-ring seal 46 which |
seal FR i G b X e lyP Bt ot T B lort Ther-rie seals

fit into O-ring grooves not shown in Fig. 3.

[0035] Fig. 4 is a cross-section of a portion of an embodiment shaft seal cartridge
30 taken at line 4-4 of Fig. 2. Visible in Fig. 4 on the outer surface of the cylindrical seal
cartridge is a shoulder or outer rim 38, seal body shoulder 32, shoulder O-ring seal 47
which rests in a shoulder O-ring groove 36, seal body step 33, reservoir wall 34, reservoir
wall O-ring seal 46 which rests in a reservoir wall O-ring groove 335, and reservoir wall or
inner rim 37. Visible in Fig. 4 on the inner surface of the cylindrical seal cartridge is the
shoulder inner surface 31, atmosphere lip seal 40, atmosphere lip seal notch 41, reservoir
wall inner surface 39, vacuum lip notch 43, vacuum lip seal 42, oil lip notch 45, and oil

lip seal 44. In Fig. 4 the atmosphere side 26 is on the left side and the vacuum side 27 is
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inner rim37. Visible in Fig. 4 on the inner surface

of the cylindrical seal cartridge is the shoul der
“Kiﬂﬁghwgyyface 31, atnosphere lip seal 40, atqqﬁpﬁﬁﬁﬁmmzmﬁ

l1p seal notch 41, reservoir wall inner surface 39,

vacuum lip notch 43, vacuum|lip seal 42, oil lip notch

. ol i | o Fi,a. .4 ere si,de

on gt e i pBog it shaf splSonlab P RUTRIRRLT oRp e
i by SO ESRAS, EA c200hi A AL PR 1

seald. EmB6@MIcARIF ISR Ll GRurRIgPAb Abereqlire ldw{chﬁ'f’x{ £ operation.
VITON | i p seal s. Enbodi nents of the shaft sea

Caf0036§ gBpdatidindf dnstdiments 6P tHeCshhft Qal fc&‘tri@%@d(ﬁ:ts In®Prequire use
[ 0036] Operation of enbodi ments of the shait sea

of oit ar theisbigfe sehd o rewetvdieasthe ¢ipussls operaiel without ebrizhabdi. In Fig. 4
seal oil reservoir as the lip seals operate wthout

the atmbsphest lipseal #0 afd the vactitva 1t svak4thare éndlinpd s@edrd4ke atntbsphere
the vacuumlip seal 42 are inclined toward the

side 2o ddpldr® sl Banclified toward the vamaim side.i Thé atoldspleate lip seal
toward the vacuum si de. The atnosphere |ip seal notch

notch #1, vasaumnhin $e8! setgh 43.0andrpililip sephnotsh U5 jargurdestuttirgscphich

. 45 are.unde cutﬁjngf whi ch [ nsure fhe optinmm

insuge, the ppfimpm fleabilifpot the gespestive in ssalseal s. [0037] Fig. 5

[ - [ f. nbodj h [ . X .

2 a8 ¥ S arer o LA st Ar sehsarpide installed in
sl O B, Pl 02 5P R By W
o 5805 0 0 Y RS
cylingilﬁnggﬁlt slddeand "Ifhf@tsﬁeteeeél"é.rt: BorcB ﬁg@@‘bﬁ Rhe_s‘ﬂ@{otrr] shdif'10 arrlﬁl léoéeé‘(e with

odi nrent shaft seal cartridge 30 is shown In

the tibtbhsHdfe Ak embphigicat bhdft SeaPéarttlige 884 §ibvaintflte with the
circunference of the outer cylindrical sleeve 18 and

atmdspkere &ipusaah 40 estiigpdn the ciredmédrendel df tkeahterddlihdftdl 3Ee0d 18 and
the circunference of the inner cylindrical sleeve 19.
the vabwwm Vipssehll 42 sl dihkp séab 4H destin@onithegcidclinsfesdncaofithe inner
reservoir wall Oring 46 seal which seal the area
cylingsicelesdeeve HE. gYlsd t/isiig@is thosixiuldpr ZBringd7 tstad  mhlakserseiawall O-
. cartridge shoulder 32 and reservoir wall 34. The shaft
ring 4@ s¢al dyeh ;;e@b thezweajbssweemnthe shafh seal housing 20 and the shaft seal

cartridge shoulder 32 and reservoir wall 34. The shaft seal cartridge 30 does not rotate.
[0038] Replacement of a shaft seal cartridge is required when the seals are worn.
The motor 17 and shaft 10 with associated sleeves 18 and 19 are detached from the shaft
seal housing 20. The shaft seal cartridge is withdrawn. A new shaft seal cartridge 30 is
inserted in the shaft seal housing bore 28 with the shoulder step 33 adjacent to the seal
housing step 25. The motor 17 and shaft 10 with replacement sleeves 18 and 19 are
reinserted into the shaft seal housing bore 28 and the motor reattached to the shaft seal

housing. This is usually performed only during the complete rebuild of the booster.
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[ 0038] Repl acenent of a shaft seal cartridge is

requi red when the seals are worn. The notor 17 and

Dk looddy W th associated sleeves 18 and 19 arger/us2008/002905
“ngtga% %7fron1the shaft seal housing 20. Thelgha?t

seal cartridge is wthdrawn. A new shaft sea

i“‘f%ﬁﬁ*?%h%%at'sé‘ﬁ aﬁﬁwﬁa&‘& AT G S
implja%" er}ghé%l %1 me B&r e% f fl]lge 8#' % chh mf)%el
acerren eeves ar e reinser

EHngaéltl @@%Hl%@sgow A 1@%5@6‘?%&63 méc% Jcéﬁg)%gtefsoand

ithe's aft seal pertorne

all vﬁirlx‘a[tidi‘lg thepo1C AHR |sﬁ$ﬁe s&a® BEdi %ﬁj c&{vehg ﬁleb@(@s?fn%rthl[eg Q3Hrate oil

nbodi nents include a shaft seal design which has been

1ubn@meat\mfon\m_l¢ BRI PYRd IOREhE BHVAKIHE bF thedabstEBaAH aUnHExece filled
bet ween failure of Edwards Vacuum nodel EH250

PTFEM2&@0 whigfB2d=e nof P4ga2 lubritatdMdDi sukstiarirast nb@eﬁﬁlhﬁf Srvice.
and all variations thereof.. The shaft seal design
There ara/ora sizdshd thesest, isimg RIDDdd.206p avlatteisohd srhalber istzataed is
VITON | ip seals used on the drive side of the boosters
applicablg to the hsiosise modpls sanRiTEeR thegiugrberhl Wrand 9, ant the larger
uire lubrication and is suitable for use in vacuum
Slze%’éﬁ@ -EB205Pwhish &y appligabls ite beosisr modelsseontainigp e number 1200.

CoRH0f daeamenis ol h%ﬁgg@{;ﬁgg;geggﬂ%g%@ggg g PFE
d EDD- FL2055 .whi . .
resimy ﬁi’lgbin&peflais@&§§<i af’ e Gae perene tﬂ.lwg'rffvr?é‘lm%éqal properies

of th #%in PR Rl ETRR 0 a11§]’§ i BB L5 B|ybABT G pTrE
resmn[ﬁc;vgaf € abﬁe?&ﬁﬁﬁle’ rﬂat)éﬁéﬂ %&?&%@%@Tgﬁm%ﬁuﬁéﬁ% %\éﬁldte%%

properties o

v1rg19|PeIr11i?1Q:sﬁ\| Wity SVoSﬁE‘éﬂélﬁ%dyS"ﬂll\@ﬁz/ Qfl@ng&*e%ﬁwﬂg'r‘b&gﬂt Other

PTFE resi n however other suit teria

emb&diffeatiihahgsl §0B4OTHU BRI f PTIEE kedeh WRA01YA 10010, RbEflass and 1%
resin with 5%fiberglass and 5% MbS2 al | percentages

to 109% M&S,04il péchsiges By askigtn trhémsphbosdem8RYGAuRIPH fegin) PTFE
PTFE resin with 1%to 10%fi berglass and 1% to 10%

resinMpi821 with apeixteabdhcebobyndigriapiite, POFRaesie fitlediwitnheslybdenum,
PTF ]IE r;é:slullJ gleleg) T\;zllztE pro?ysilnri](’ie, EIIE%FE resin filled with bronze.

[0041] In the manufacture of embodiments the blended raw material is
compression molded at room temperature inside a cylindrical mold. This creates a fragile
sleeve or billet of raw material that will be sintered in an oven for 16-30 hours. The time
in the oven is a slow cycle of temperature change from ambient to over 700 degrees
Fahrenheit and back to ambient. This process is critical to producing a sleeve that
possesses the physical properties necessary for the machined shaft seal cartridge to
function in the application.

[0042] Although embodiments have been disclosed in which the shaft seal

cartridge is manufactured from a single monolith sleeve, it is also possible that the

10
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resin filled wwth a m xture of carbon and graphite,

PTFE resin filled with nol ybdenum PTFE resin filled
hdobv1dd@dyi m de, or PTFE resin filled w th brofZeus008/002905
0041] In the manufacture of enbodi nents theqﬂfended

raw material is conpression nolded at roomtenperature

oo Lo T . !

canriq&gégn%}&%étl{ﬂégﬁﬁg erarl'we@e e’?l%)ez?l‘éﬁ%ac%lﬁ%e @ﬁle{;{?g%sl%ln €D g

combﬂeé”ﬁs&lg %HhésWe &8 OortAY ESrtri aé%:ecah'b@%sé@ sl‘%@el‘ay@gcés edth piece

sl ow cy tenperature ch £rom anbi ent

w1th%@%a§ﬁ9f&ﬁ§se5%ﬂ ehghdr sﬁﬂgcebaCk to anbient. This

process is critical to producing a sleeve that
PO $E0AS$ Embdtimphite Hif R shaftGRElrdatteidgdrane ffde Ynfaoniputer
machi ned shaft seal cartridge to %unctlon in the
numeql icowrd)l((ﬂN (a2 ] Ukiqué OND pegioonls herttech switteh@ad saved for
di scl osed in which the shaft seal cartridge is
repeatabilityct slee dfifiilikaalkiyrig leaded o ithchlatiedenmachinings Tepisally a
possi bl e that thecartridge be manufactured in severa
Collem wilkke uspddo pplddhe sleeve. Bmestegpe wilh tipicallymaksrsf piges of seal of
usin adhe3|ve nmeans, or the cartridge can be used in
this sig¢; e f b keyj wdicator eﬁééﬁﬂ Hfeand impendiag falgagﬂs waklip ﬂpd@@as In the

caseg'éape%aw ey el aationsat aFUBSD beErs. s ptig S0 days of
con B e ST P B iR L ol B
w1th?.‘- %dkfclélln 89&9?1[11{ %Bociiﬁ%ntsggﬁgde g'(ﬂ la; aﬁmaﬁ% ﬁge YGars, {/nenormal
use, tﬁﬂ?en%lSI ot ac\f‘%dllogér}éﬂh%@(l)ﬁdﬁlﬁke 4-5 pieces of seal of

ey Indicator of seal life and
| MpeUadi NOftdrahé HEW séa 1§§1§{allledi Rhé Fﬁqﬁtﬁ@ﬁéﬁ fot Blltﬁhl?n @ﬁtﬁe shaft
of a seal with nomnal seal lip thickness of O.

seal bileéesvoiit 8 Slowgptidhhle ThO Qedll atyslf @bestrivt frécflulﬂ@llﬁbﬁ&ﬁon and is
resulted in a seal thickness of 0.03 18 inches. It is

desigetitomredryt Rdlingtheahaft vedl biltreervoipwith ilgrillaiot affettahe seal

enbodi nents tested will last at |east five years in
operafdomi¢caussethe od yat diershiebdedefoo dhe spbbytherngtear cimidteosfshe seal
cartridge.

[0045] Use of embodiments of the present application have a number of
advantages over the prior art. Since there is no requirement for PFPE based lubricating
oil to lubricate the seals, there is a saving of the cost of obtaining the oil and d_isposal or
reclaiming of the used oil, as well as the labor cost for monitoring and replacing the oil.
Replacement of the shaft seal cartridge when necessary requires less disassembly of the
pump and less labor than replacement of the three prior art seals. Finally, the shaft seal
cartridge requires replacement less often than the prior art seals.

[0046] While a number of exemplary aspects and embodiments have been

discussed above, those of skill in the art will recognize certain modifications,

permutations, additions and sub-combinations thereof. It is therefore intended that the

11



[0044] After the new seal is installed, the
requi renent for oil filling of the shaft seal oi

w0 5961069b7 1S now optional. The seal itself dgﬁiwﬂgﬁowmnmﬁ

require lubrication, and is designed to run

Filling the shaft seal oil reservoir with oil wll not
follo@hr hi&l S&dks SRR L ey i
° oshi%‘lﬁ; gd from tshe seafﬂsg%rt ﬁgﬂcﬂ?g{rx& iagéfriﬁflttégp}éctﬁ%ﬁgdude all

such $i8ifi€ionk,| ptg@utatiBRd alidid s Bifd {IQFHBBRchs@E afdithin their true

present application have a nunber of advantages over
spirit i@l geopar art. Since there is no requirenent for PFPE
based lubricating oil to lubricate the seals, there is
a saving of the cost of obtaining the oil and di sposa
or reclaimng of the used oil, as well as the |abor
cost for nonitoring and replacing the oil. Replacenent
of the shaft seal cartridge when necessary requires
| ess di sassenbly of the punp and | ess | abor than
repl acenent of the three prior art seals. Finally, the
shaft seal cartridge requires replacenent |ess often
than the prior art seals. [0046] Wile a nunber of
exenpl ary aspects and enbodi nents have been di scussed
above, those of skill in the art will recognize
certain nodifications, pernutations, additions and
sub- conbi nations thereof. It is therefore intended
that thefoll ow ng appended cl ai ns and cl ai ns hereafter
introduced are interpreted to include all such
nodi fi cations, pernutations, additions and
sub-conbi nations as are within their true spirit and
scope. CLAIMS. | claim 1. A shaft seal cartridge for
vacuum booster punps conprising: A cylindrical shaft
seal cartridge having an outer surface and an inner
surface, the cartridge conprised of: a cylindrica
seal cartridge shoul der,
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t he shoul der having a shoul der seal notch around the
circunference of the outer surface and an at nosphere

(Hd% g%nd the circunference of the inner surlf Bs
Wa c§ f%drical seal body, the body having a body ségﬁﬂﬁzmﬁ

notch around the circunference of the outer surface
CLAME @ vacuum [ip around the circunference of the inner

surface, the vacuum|lip adjacent to the atnosphere
IclaihP. and an oil |ip around the circunference of the

I nner surface, the oil lip adjacent to the vacuumli p,

ang, t he Asda! A8 cahddb® Sord/a0hA bBbstel AMFlsSontpgiathgt he
body. 2. The shaft seal cartridge for vacuum booster

pumpsyligliricdl ahaft dedl Vartdidde QY dnSdulg sarfa@ddRY arGnhér@irface, the
seal located in the shoul der seal notch and an i nner

cartridgeicompsised of:n t he body seal notch. 3. The shaft seal
cartridge for vacuum booster punps of claim1l wherein
t he cplamdricabispal catridgeshadder; ed of a single piece of
material. 4. The shaft seal cartridge for vacuum
bo8wtshouldanhaying a shauildar bealinoted avourvkthe gircurfigence of the outer
manuf actured of two or nore pieces of material. 5. The
surfagp and ag atmospheredippgaundsthe cewmfarenss of dhe ipnersurigee. @andi m
1 wherejn rhe E&{tridge I s manuf actured of
poP ¢YiRqrice| 373} Byl ene resin filled with a mixture of

R R MR S A AT L T
and TPV ot G P RS AL QB A acen
to thg%ﬁﬁs%hg%g@af B¥d mﬂfﬂi&ya} Hife %Qa%fef»&ﬁk ofﬁ{etiﬁh QGrth&d. the oil

vacu er PUﬁpS 0] 0C a|n1_ _ereln e nateria
lip a@J'facéTﬁ@é‘f}éC\Ia@ﬁlﬁ‘rn'l§JhW to 98%virgin

pol ytetrafl uoroethylene resin filled with

the shoulder having a greater diameter than the body.

2. The shaft seal cartridge for vacuum booster pumps of claim 1 further
comprising an outer O-ring seal located in the shoulder seal notch and an inner O-ring
seal in the body seal notch.

3. The shaft seal cartridge for vacuum booster pumps of claim 1 wherein the
cartridge is manufactured of a single piece of material.

4. The shaft seal cartridge for vacuum booster pumps of claim 1 wherein the
cartridge is manufactured of two or more pieces of material.

5. The shaft seal cartridge for vacuum booster pumps of claim 1 wherein the
cartridge is manufactured of polytetrafluoroethylene resin filled with a mixture of glass
and molybdenum.

6. The shaft seal cartridge for vacuum booster pumps of claim 1 wherein the
material of manufacture is 90% virgin polytetrafluoroethylene resin filled with 5%

fiberglass and 5% MoS,, all percentages by weight.
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1% to 10% fi berglass and 1% to 10% MbS2, al
percent ages by weight. 8. The shaft seal cartridge for

Wd/%%gw;hp,ooster punps of claim1 wherein the nR4eEDS/002905
0

manufacture is virgin polytetrafl uoroethyl ene
resin, polytetrafluoroethyl ene resin,

Carbon dits RS R foF Zedhum besblsBhinpe Rt Sl T hctein he
e PE Ol B 3 PO S R D 5 v
1% iffoeﬁiw fibbAdl R4 aMdl t1h, &Y P@%%o%, gﬁgi%rrﬁéﬁé s W@Eigtﬁ . ;t ridge

or vacuum booster punps o 1 Wherein

caigt I i dameishaft 86 dhrtdhe for dad(REHHEBRY Fmps bR cfaliff 1 wherein the
shoul der nearest the atnosphere side of the punp and

matdrig obayiuficaiee RaaAS polllkeraflasiouifyfnd eesid, poligetiARidEdBthylene
boost er punp. 10. The shaft seal cartridge for vacuum

resir) pobteirafjuongeshydéneatksin filled whier imixtisheofearion g graghite,
installed in a vacuum punp with the atnosphere |lip and
polytdtrafluamgthyldniepesis filed svithadolybdemun, tpotytettafbopdethndersd rdsin filled
..of the punp and the oil lip is oriented toward the
with\pedyignise jog eobtetrafigorpgthylaneisess fidled pithhronze.

9. The shaft seal cartridge for vacuum booster pumps of claim 1 wherein the
cartridge is installed in a vacuum pump with the shoulder nearest the atmosphere side of
the pump and the body side nearest the vacuum side of the vacuum booster pump.

10.  The shaft seal cartridge for vacuum booster pumps of claim 1 wherein the
cartridge is installed in a vacuum pump with the atmosphere lip and the vacuum lip is

oriented toward the atmosphere side of the pump and the oil lip is oriented toward the

vacuum side of the vacuum booster pump.
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