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WD 2006/ 065456 PCT/ US2005/ 042109 PI STON ASSEMBLY
CROSS- REFERENCE TO RELATED APPLI CATI ONS  Not
woPhbéeatee. 5 STATEMENT REGARDI NG FEDERALLY SPEiNSOREDS/042109
RESEARCH OR DEVELOPMENT Not Applicabl e. BACKGROUND
The present. invention relates generally to nmethods
and apparatus for pi SERETON AR SERfd ves. Mre
particularly, the presenrtr | nventl on reI ates to single
pi ece pistons for use in reciprocating conpressors.

engages. & CRONURPFERERG TN REEATE W@}\E@s. e

of \q@&c hapges with the position of the piston,
the piston noves in a first direction, the size of
the seal eﬂl‘léﬁlﬂm REGARBDINGREDERA BLYSSRONRORER 0 15

the cyli nder. pposite
direction, the si %@%M%@%Lﬁ@ﬁfl s decreased
and Niheapiudaflewi thin the cylinder is conpressed. The
novenent of the piston alternates so as to provide a
source of pressurized fIBﬁ@KGﬂmvenent of the
pi st d u n ;
o1 SeHi bR PG sbleR By 2l BbiRANER] Byphdus for piston
as§eRU1RS. Mdre pRSibulanithe picb@n snvehiien rehntes toﬁlmgtfeplpu:espmjms for use in
20 and rod at least partially limt the nmaxi num speed
Te@lPMﬁMQﬁPW%ﬁP@ton noves. Because the speed of the
pi stan, did ﬁ]ﬁ"c‘){:%tﬂlg(}%% rcbs§r Jﬂ@ ppﬁdrf QLIRNGSe2bede cKhnder to form a
conpressors, | i esirable to mnintze t
seniesd yobfmd, e plzstoﬁlwhidl ahauges waitki the pesitipe of fhegistan. As the piston

mé%neéflg @t%ggﬁgqt{oggtq%%gqe&gfgﬁg égaé{a\@ Lan %rgﬁ I %Hgtggléd is drawn into
thé E?ﬁ (%E’ € As4Re pRRAITRALAS ha8eb 1t@ﬂﬂedtﬁind the ki aCtelyaled volume

ment to the rod. The attachnment of the pi st on
is tlecrtdmed rand theafluidrweitisn rﬂessylmder iseampeesste Bhe mevempgitof the piston

—t

t he | oad abi of t e rod | educed. Further,
| ahi?wsr?ﬂla?%‘bg eeac%’“b‘iesq Fressuiacdy U‘llées i ncl ude

CONPARERb SR U MBCHBEN i comtralictftRbegh tomred bair&cts the piston to a
sel ected so as to reduce the overall ht of

reaswmmg' engihe or gihier ppwer saives-i | @O%thmgtiqnﬁi @e mass of the piston
and 208 Opl%%t%artfﬁﬁlgrnﬁﬁlt A9 58l ies fe 08 R Wiith YhPistoGndies ! BBcause the

speed of the piston directly controls the performance of the compressor, it is ofien
desirable to minimize the mass of the piston so as to maximize the speed at which the
piston can travel.

Many larger diameter piston assemblies include several component pieces that are

assembled together and held in place by attachment to the rod. The attachment of the

 piston to the rod may pre-stress the rod to the extent that the load capability of the rod is

reduced. Further, many multiple piece piston assemblies include components constructed
from different materials selected so as 't6 reduce the overall weight of the assembly. The
multiple materials and multiple components further add to the complexity of the piston
and rod assembly. |

Thus, there remains a need to develop methods and apparatus for piston
assemblies, which overcome some of the foregoing difficulties while providing more

advantageous overall results.
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30 and rod assenbly. Thus, there remains a need to

devel op net hods and apparatus for piston assenblies,.
Wwighloedoas¥ssr cone sone of the foregoing difficul tREEUS2005/042109
whi |l e providing nore advantageous overall results. 1

WD 2006/ 065456 PCT/ US2005/ 042109 SUMVARY OF THE

PREFERRED EMRRRAMENES The periedien seboivewresent

invention are directed toward apparatus and nethods
for Tassmﬂubdlmgnta ofi Breopreass enpnfionhare divrebrd deveard, apparatus and

e SRR A B S e P SER R ERB e s e
flafgARKd @n&a@c SHO WAL and Rerddc@signg hehd ¢hdahotltet gl haglank end

contacts the head end fl ange of the piston _and

shapidaunk Tonhesh oui dhonldst of Fie rloé@O%f@ﬁﬁ ﬂalsead@dé}aamgﬁm piston and
f l 5 end Cf&'loulgg tﬁé ey cfoﬁ[aﬁﬁtthee orf% Oﬂ%&? Agﬁ& engages

ange 0 € pi s n |s °Spose
thehbe sﬁlﬂi thantie hbel diglafibnge od tehdstbal &rdigiosédibetveehn thé nut and the head

caol I ar engages he i ston such, that the c¢rank_en
end Fheiidge Pt B Tohed oM SRR Bg’é@nﬁé‘?]%\g@hﬁ’t"r?é%naépould“ of the
rod33fhis B&%d%avé&n%dcﬁﬂa@mﬁme&m en@htRIF tidpibiBncer tain

Iments, the piston further conprises a cavity
WI t i certaireepbatimenta itie aistdnofigherivompgbest heaviy stithin thh@tston and a

R BB OET Rl GBS S e B v it
a ARt R&) Bkr@hfBrentlAly Mokt @R pTBYN.AITHE piow hlayenld (fdnﬁ:ﬁ'fse a first

aperture through the 'crank end fl ange and a second

apesivies thueught the stagh andeflanga gnd poseeoninapertura isqushiihe head end flange,
f d

w20 SR TBEEIE 58 P L0R0 003 A st

of tthy Q@ Hhabite SHesugRdihepsychtd expbitirenit héte tHd fisdt aperture. In some
aperture. In some_ enbodinents, the nut thre

ernb@@@g@@ theenyihreadedly e gesss| the r@th Pachdesap l%ﬁgﬁﬁgféi‘ﬁf fagages the

p1sf§>('1)1ﬁ§?x@ B %:S;Behe g%nggms bpgy casti ng. eﬂi@ﬂ%& %ﬂ?‘%ﬁ casting.

as s pdiidde JoRaperabling a@mﬂw$crﬂbiy moyrhpsdsel inseting o godathrough a
e.and a cr.an

RE T TR T AT
pisfgygyeﬁﬁbg J}‘iﬁ @f(x;gage@% SRORICHIY l{eQd EhesHRter Afkpase 8a%he rod, and

pose on the rod, and capturing a
capturangka etmﬂc shslicitter of thermdrbstivesettheennk kad fangeofdhel piston and a

iston and a collar engaged with the
001%'1" %ﬂe‘?‘f‘wbgﬁ é)ﬁtt@ Noresent invention conprises a
conphiatih® Bréntf iBEMOBScARSHRE WabhdERfion of features and advantages

that enable-it to overcome various problems of prior devices. The various characteristics

described above, as well as other features, will be readily apparent fo those skilled in the

art upon reading the following detailed description of the preferred embodiments of the

" invention, and by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
For a more detailed description of the preferred embodiment of the present
invention, reference will now be made to the accompanying drawings, wherein:

Figure 1 is a cross-sectional view of a piston assembly constructed in accordance

with embodiments of the current invention;

Figure 2 is a isometric view of a rod consiructed in accordance with embodiments

“of the current invention;



10

15

20

25

30

that enable '"it to overcone various problenms of prior
devi ces. The various characteristics 25 described
WabuWe0654% wel | as other features, will be readtCTUS2005/042109
apparent to those skilled in the art upon reading the
foll ow ng detail ed description of the preferred
enbad bRt 8 adrobPRctibii Sinedile vRREHoPY pitdresdnsitactt® id B&cordance
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
witiRanbodbsers of therpyrisntiaventioagaifescri pti on of the
br efﬁ%&%q} 15, ?903@&%1091&1 %Q&eﬂc EMor §g2p t&vgs%ﬂngf} constructed in
ref erégnce W now be nade acconpanyi
acCirdiidrgsith srhissdiinsits loif gierprestni mvantm*noss sect i onal vi ew

e L e
| SOMElfthie toR P ighed I9pRAASILUERSNO BaFHE0 48092 e fiston 14.

cu? ent 1 nven
Pi260 G406 5doHePCT 440520054 Gd24ied nuk {6 raad38| sRad 12 further compnses

R DN TR A TN A -

unitAES1icdNboBSh, F KA Ao 28! A%E cfk ich@TRhed SONEhEEAs 22 are
Vi ew of a piston assenbly constructed in accordance

disgiosedl emiyoidhersmircoof saseng fengsrd0. | Quiensurre 34 obpismn Eoromprises
.THE . PREFER EMBODI MENTS Referring

SCRI PTI
se B\%%TSD‘EFEBIP%OEW%%WH“X nbly 10 conprises rod 12

and Qlest-@n bbdes 4(Pst100etddin the Gouphedf fifer ity didove 88 and provide
threaded nuts 16 and 18. Rod 12 further conprises

acqes? e dnsideop iwdyﬁ@aail@muéh@w i@ provade aeessdp Hcingidg of body 32

I t I
o e BpgB S HUAATRYL AR § L IGENS RN, 14 may oo
ooﬁ@rucﬂagrf?fmi 8as? thetdl esuth adl sfsaloeeﬁyocﬁharmaﬂanairas srwyftmoch:sméd
secqn nge 30. ter su ce 34 of |st
aytap 44 lgeaéﬁq%loé (W 2o ég bipdrserting %&L&ﬁbﬂ%@e 30 where
shﬁﬁdercb@‘%ﬁﬂ s I?Hﬂoﬁ%h%n £ 80l Bipatdifladid ffaﬁ&e bt U PReBded nut 16 is

ring ‘groove provide access to the inside
txgbfenbtb thyer@2ge 1Birerds 20 win tho bmsuid Gugfaepafded 42 ead srgedlatnﬁe 30 against,

or G oy SanPoHs o Thrsrgr Ly el B eradis AR 22,6 an fone

suﬁé&éﬁiﬁp‘a’s@&?ﬂ'—l A OGRS lalRS 3 agadiié Bhigd&heel . or any

ot her ‘material as may beée deS|red Pi st on 14 IS

as s &eiftrang new do Figird 2, ¢re anphodimentpirod 50 kempriges heagherd 52, head
en(i3 Ohoulger%& and crank end shoulder 60. Head end shoulder 58 has a smaller diameter

than crank end shoulder 60. Head end shoulder 58 has a face 56 that is oriented toward

head end 52. Crank end flange 60 comprises face 64 that is oriented toward head end 52
and opposite face 62 that is oriented toward crank end 68. The diameter 66 of rod 50

- between head end shoulder 58 and crank end shoulder 60 may be reduced so as to be less

than the diameter of head end shoulder 58. Rod 50 is preferably constructed from a single

‘piece of solid material, such as a forged bar.

Referring now to Figure 3, one embodiment of piston 70 comprises body 72

having an outer cylindrical surface 74, a head end flange 76, and a crank end flange 78.

- Outer cylindrical surface comprises sealing grooves 80, rider ring groove 82, and access

holes 84. & is understood that different configurations of grooves and holes are possible

- and that the configuration show is only for purposed of example. Access holes 84 provide
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shoul der 24 will pass through flange 30 but contacts
flange 28. Threaded nut 16 is tightened to engage
W 2Wafes42® on t he outside surface of rod 12 anHCUfi§ee05/042109
fl ange 30 against, or close to, shoulder 26. Threaded
nut 18 is tightened to engage threads 22 on an inner
aceBssSirthaGeieAbr BE @ 72 4uAiRg BBREMR dnllaMeRe3daeRimSass of the
shoul der26. Referri’ng now to Figure 2, one enbodi nent
basty.r od 50 conprises head end 52, head end shoul der

58, and, crank | der , S r -
o 308 Bl AR Ut R RO e v cner
pdidadl 8endentepybilion S3Fuhha canipaises fdedsgs) tHesbottoineaf wilich is defined
toward _head end 52. Crank end flange 60 conprises
by gailgsshoplder 58 fopdiag apsuicdYhe deFh dPosBorR §5 i fupported by a

L - ' i t r q
oA S BF SRR POyl BN B HETR CHATK BBdRbnts a5 an
alteBnativel te cantiniend ehival eldendbdh BRyolxe or e eitls swayasugport head end
be |ess than the diameter of .head end shoul der 58.
ﬂa@@&@@"@%"' T Iogpce e mass oRisignilom a single pi ece
of  solahk HAtRNLAI7S pRebts 3award S BRMtEA endRSH Bddy 7D aR@\omprises
to Figure 3, one enbodi ment of piston 70 conprises
cepted portipn 930 Ceaidrmpgrizan Vuccsapresps rasgss Yataving thzgaded portign 94. The

head end fl e. 76, ;and a crank .end.fl ange ,78. te
boi{iF Rfbes 9 o peitied BnPrBE SRSulR ng SRR spertih€0s. Conter
pdﬂi&ﬁm id ﬂ%p@ft@@%?_a&%nﬁﬁﬁ&s&féﬁﬁ;‘éﬁ extEﬁk!_i&Mﬁéf ctdnkiéhd flange 78. In
understood that different configurations of grooves

cerpil ehasimants, poesialipmativent eqmsnuorECEdH icgtanaionots, one or more

L 1

t he Refereinigaiovw o Mixlire 42 pikton agefnbbr 10Btomprisesdiftont s rod 104,
redu&e the mass of the body. Head end fl ange 7
g 10AyaRd crank rnd et 8- ofPisieryL022is AstFralsp i god 104 by

_ : . - . ‘

e LR B Al 0P SR 1R LR fappes urfe 114 of

thé pistomn uHaad sibnhit €06 88eslediyoengigemyraipElt andedS®s Bentder 112 into
ortiaon 85 .is su rted cont i nupus,coni cal vy .

soBiTe eribrn 4y SwTockaad. Grakend gt o iracaRy afgpeed with piston 102

) Q%%&E%@?x@ﬁa@b 18 3252 khMAdrO] GO the WRY 8okt sglﬂ*ace of 110.

ext ensi on one  or nore ribs may support head en
Thietedorge pisors d02ids tsecurelyt dttachede duced t10é wishant ompaitingan excessive
re70. Crta@% eHd flange 78 projects inward on the other
p é%d%rfo 60’39 72 and conprises 10 center portion 91.
Centghild gi;etféxgi_%ﬁ ghbedmRhisSEBthiL iReatiGZhHavbdra sHoweaster described,
: e

ortion
mopdiﬁcations thereof can be made by one skilled in the art without departing from the

scope or teaching of this invention. The embodiments described herein are exemplary
only and are not limiting. Many variations and modifications of the system and apparatus
are possible and are within the scope of the invention.  For example, the relative
dimensions of various parts, the materials from which the various parts are made, and
other parameters can be varied, so long as the piston apparatus retain the advantages
discussed herein. Accordingly, the scope of protection is not limited to the embodiments
described herein, but is only limited by the clai'ms that follow, the scope of which shall

include all equivalents of the subject matter of the claims.



bottom of recess 92 is defined by annul ar shoul der 96
surroundi ng aperture 98. Center portion 91 is
supported by a continuous coni cal extension 93 of
crank end flange 78. In certain enbodi nents, as an
alternative to continuous conical extension 93, one or
WHAXBIS CLAIMIFRYISsupport head end flange 78 so as to
fur;&er reduce the mass of piston 70. 15 Referring now
Lio A gt ssemhly coMPEYR&nDhl y 100 conpri ses pi ston 102,

rod 104, o 5iodd cBRifit o hOM crdfithngt A0k, Gask B AAR,

Piston 102 i s assenbled onto rod 104 by 1inserting the

rod t hr ougteddpeingarhsad ¢! sheulder sbaibrdsk cridishoufdet, veharainl the head

cont act rface. 114 of h i sfon, .Head end, nut 10
©hr et Sagiet i sty Gredt Stk ARG\ RN Ritlon g ghe crank
SecWnd sEONERG s¥itl kbt SdttdcBCBe drhfk efd AMEe@Mdail Pistad8 1S
t hreadedly engaged with piston 102 20 so to Securely )
capture fd4 angengepsd gl st wheseindbe head enfl flanger ol said piston is
cont act [ . L
cecul I BER i At hag ALY e BURIHE i3
excessi Ve coflaetpagedwith shill @istag whékid theptaikendeHoulder of said rod
eandinentg of this_inyention have been shown and
desds fispesed befygen paid eollmand Hiercaak cad Hlapee ofggidd Myiomne
skilled in the art without departing fromthe 25
scope or teaching of this invention. The enbodi nents
2. des chhiclpégorhassanbly af elagw é mpicaeiy s@d pistcanfrthereconpiises:
limting. Many v ria&ions_an modi fications of the
system ar?c?ag‘ﬁ%ﬁ’ﬂtgﬂ?gl R5tR078€si bl e and are within the
scope Oof Al hid@AkhiADistéPha€BRESaccbi8o 5/ BAVINE
di mensi ons of various parts, the materials fromwhich
the various parts are made, and other paraneters can
, be rie so | s.t.he,piston a ratus..retain .the
3. v e an F6ecahle i ar i S R R AL el emoove
foredRiroti@Edré ALY SbaRkailiipitd£d to the enbodi ments
descri bed herein, but is only [imted by the clains
that follow, the scope of which shall include al

Rl S 1 8498 R Mty g

thrpigh e Eakpendsflange anbepstcendlafdrargtrannth e Geahkndflhge, wherein
flange; a rod having a _head end shoul der and a c

Ly ihy k

said fstapd seepad ap eedth aligredmngd fized sHchsthat thy @Pacbfm(ggqggl der of said
I%Q o he . ot ;

rm{ esé§: ﬁgﬁ @ﬁé X ﬁ@%?%nﬁer Qg}nf Asogi'é}%eﬁrro dapgﬁ{n% pi ston an

cran ontacts the crank
end flange of said piston;

5. The piston assembly of claim 1 wherein said nut threadedly engages said rod.
6. The piston assembly of claim 1 wherein said collar threadedly engages said piston.
7. The piston assembly of claim 1 wherein said piston is a unitary body.
8. The piston assembly of claim 1 wherein said piston is constructed from a single
casting. '
| 9. A piston assembly method comprising:

5



a nut engaged said rod, wherein the head end flange of

said piston is disposed between said nut and the head

end shoul der of said rod; and a collar engaged with

said piston, wherein the crank end shoul der of said

rod is disposed between said collar and the crank end

fl ange ofinsatiog prakthrougR a hédkernpl fitnga amd s enhk yndflargeaif mpiston;

| wherein said pjston further npr.i ses: a cavit :

i Ui n S &RRBIEr e M- HTGr af T BHgh Pea<an i A ghigaged with the
t hat oRBLAY h feR] BRICRSSALISRE &AL LY, aRd The piston

assenbly of claim2 wherein said hole is disposed

Wi t hi n a @pboing a dankraed sboulderef greand bafwepn dirowanksanddlange of the
pi st on. 4. Thehagi ston astﬁghnbl.%(t of claim1l wherein said
oi stBRCP A3 feotiar shgaErd YIRS BIFOR- Soerture  through the
crank end flange and a second. aperture through the
head end fl ange, wherein said first and second
103 perthpraetheg @tg dpimyhwhergivthe nutethreadedly engages the rfead end
shoul der of said rod passes through the second
aperture but not the first aperture. 5. The piston
11ass ez myethéd of daim 94 whbreirathe cslair threadedyungaghs dheypiston.
engages said rod. 6. The piston assenbly of claim1 -
wherein said collar threadedly engages said piston.
7. ' S04 f jm: [ aid piston
Izi' S ?qﬁrw %@E@%"gﬁzy. 8. ¥r'lqﬁlethgbgtog]ﬁ;%y§le :bgd%f claim1
wherein said piston is constructed froma single
casting. 9. I.ston_assenbl y nmet hod co ising: . 5 .
o AT i R M P
end flange of a piston; capturing the head end fl ange
of the piston between a nut engaged with the rod and
143 hefatisendsssimhly denpriisgosed on the rod; and capturing
a crank end oul der .of the rod between.the ank, end
fl ange of* eﬂawgtao#% n%mgld%lap 2 3%@3&%%@% \{vheé‘eln the first

Pi StsRéulddrthas 4 bdal@idiafetd thel e RednWREsRd4; t he nut
t hreadedly engages the rod. 11. The nethod of claim9

wher ei n taHEs adisporied ageinstyhefngbdiolderie piston. 12,
pody. 154 PRI HERE U pf b Gl CyeBnEl 0pieE D oron T &
const r uctaegliadrivil Bodi dvghe&t@bishiddirst flange and said second flange;
a nut engaged with said rod and disposed adjacent to said first flange; and
a collar engaged with said second flange and disposed adjacent to the second
shoulder of said rod.

15.  The piston assembly of claim 14 further comprising a cavity defined by said
‘eylindrical body, said first flange, and said second flange.

16.  The piston assembly of claim 15 further comprising one or more holes through said

cylindrical body that provide access to said cavity.

17. The piston assembly of claim 16 wherein said one or more holes are disposed within

~ agroove formed circumferentially about cylindrical body.



14. A piston assenbly conprising: a rod having a first
shoul der and a second shoul der, wherein the first
shoul der has a smaller dianeter than the second
shoul der; a first flange di sposed against the first
shoul der; a second fl ange di sposed agai nst the second
18 houThkepistoa asyetnbiydef dtdin Bodyereionidaiue thréadedlgieflgdges sdid rod.
fl ange and sai d second flange; a nut engaged with said
rod and di sposed adjacent to said first flange; and a
1$0l | ghe ﬁ%ﬁ%@s@rﬂﬂl} br §ahfh £65006 Lieage, ﬂﬂ&d@ﬂ@%ﬁﬁ@#s said second
adj acent to the second shoulder of said rod. "15° The
flgriget on assenbly of claim 14 further conprising a
cavity defined by said cylindrical body, said first
fl ange, and said second flange. 16. The piston
2SS emipd yistoh ademibly dfcldikl 14 RheredMRId LRI QN B0y, shEfBst flange, and
hol es through said cglindrical body that provide
sagbseeend ﬂ@%g@@l tuifarybody7. The piston assenbly of
claim 16 wherein said one or nore hol es are di sposed
wWthin a groove fornmed circunferentially about
21cy| i Ty piswh dedybly Gf Lhim T2 whesin theasiiamp bydpls cdmirited from a
,éﬁ wherein said nut threadedly engages said rod. 19.
singhecasti8g.on assenbly of claim 14 wherein said collar
t hreadedl y engages said second flange. 20. The piston
assenmbly of claim 14 wherein said cylindrical body,
said first flange, and said second flange forma
unitary body. 21. The piston assenbly of claim 20
wherein the unitary body is constructed froma single
casting. 7



