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Pl STON ASSEMBLY CROSS- REFERENCE TO RELATED

APPLI CATI ONS Not Applicabl e. STATEMENT REGARDI NG
WOEBDKERAE4SY SPONSORED RESEARCH OR DEVELOPMENT NBCT/US2005/042109

Appl i cabl e. BACKGROUND The present invention rel ates

generally to methods and apparatus for piston

assenbl i es. Mre partpylaNASSEMBLRS esent invention

relates to single piece pistons for use in

reci procating conpressors. In a reciprocating

Form o sel NS st aE T AR R RRR R AT IS
t henpeaphliedbl@f the piston. As the piston noves in a
first dlrectlon the size of the seal ed vol une

|ncrease§ﬂﬂﬂﬁNﬂﬂf&RE§A&EﬂWGFEPERﬁﬁéﬁé§PQNﬁQREEs t he

pi ston noves in t he si ze of
t he seal ed vol urreﬁss fﬁ@@ﬁe@@gﬁ‘gﬁﬁé{’ﬁfbwu. d within

t heNey lAipptledble.s conpressed. The novenent of the piston
alternates so as to provide a source of pressurized

fluid. The novenent of Eﬁ@Kﬁ%@WD s controlled
thr %92% Q. h0hibR nféﬁﬁéss Ilﬂ;"?alg)o% Beth8ds? andI apparafus for piston

reci procating engi ne or o wer source.
assaqppliesc dVIDIH}samduﬂEelynﬁlsg)r@bnthhmnpms tedatestocsingbelpiate pistass for use in
parti all imt the maxi mum speed at which the piston
rec%@?émgs&ﬁﬁasg%’rf he speed of the piston directly

conty @l 1%01&)?&&1% COhpREGR, Bk ﬂlﬁ‘t@n @@dh’@@gﬁ&%ageé b dyfinder to form a

often desirable to minimze the nmass of iston so
seadesl velumex thei size oﬁmhl@be,célelnm wwm e noRiiop; aft tha p@fé@n As the piston

di
A7 S B 960 BB LD SRREAEL 53 BEL 0

theAdydinbiel, dA Eheﬁhét@ﬁ‘ nfowedin theloppaditetdrettivh, tdsizd bethe sealed volume
attachnent of the gwatontothe r od (K%re stress the
o1t

is degerases wbthe fuichwvithivethe chindes dvcosrsesed. Lhe grovemenigfdhe piston
alté}rﬁatregrgc?J gﬁ% prg{fifig g%urc reggﬂlh‘iédjﬁlﬁ%ip' ece piston

asse I es ‘1 nc e conponent's constructed from

di f fiae emdvermene of mle$1$<§?d Babatolal thsouph to edud eotrdeets the piston to a

overal | wei ght the assenbly. The myltiple materi al .
reCRTACHNE TSI RIGIRONIES SPHEEhah R eRbicp s o ifpassiol yhe piston
an@goedt Ji%a@t ﬁﬁrﬁﬂlly@‘ﬁﬁﬁltr‘[ﬂéjnﬁ§m k¥eed Eh%ﬁlchttﬁ@f)ﬁtcfnelﬁ@&}e@ SB&cause the

devel op net hods and apparatus for piston
speed of the piston directly controls the performance of the compressor, it is often

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 té 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.



10

15

20

25

30

assenbl i es, which overcone sone of the foregoing
difficulties while providing nore advant ageous overal |
woesusiobstsSEUMVARY OF THE PREFERRED EMBODI MENTS PO®/US2005/042109
enbodi nents of the present invention are directed
toward apparatus and nethods for assenbling a piston
assembl y tg@mmszﬁm'ﬁ pﬁhﬁtﬁﬁgﬁ)mﬁ@mmmmead end
fl ange and a crank %ngﬁl}aange and a rod having a head
endThd emitedimentsd ofi the gmkseendnwhion der dirfeted Hewdrdeapparatus and
hqul_ der of.  the rod contacts, the head end fl ange .of
meflRgs (TcASSHRLIG 2 PSR ASTHIKARL REPHGE P PREOPBEsing a head end

flarfRMrRACH SrddkCerfdl AMMEcCA & !r80%8viAL o RedPéRE Sibulddr RYE a crank end
engages the rod such that the head end flanae of the

shopldst.ofthé beati endabedldpreofibenod pentanis thamdad fred Hergg od e piston and

shoul der. of .the rod., A .caqll.ar _ enga the. pis u
e AR S e % O IRl S B 5500, U e
theB6d WRBNhitBe BOllcal fRAge bide Gistiikis Altfodeld Depeeenlthd @ and the head

iston. In certain_enbodi ments, the piston further

endcshopldes ekstha redavi e9llas angpgesibepipo sl thatdhe crapk end shoulder of the

t. | ' : cavity.
iR G ShSPullal e Speaut il ooV 1

ci r iudrairesrhbodirhgnts biseipistoh dunthes tamprisEh e cpvisy withimelye piston and a

al so conpri se first aperture through t crank end o
holf [ SRS BEGRE HpeRetao Hir G ¢ o hie S ioposed within
a gg#cﬁf@ %ggnéé&;ﬁf&id?eﬂ:ﬂ?dll Aol BRDISGE OTHe BREM MEE |§lds@rc§mprise a first

g st zed such that the head end shoul der o
aparfuee thooh ghaths esuk lend Ulpinge laed sscomd appewre (ihrouply therlestad tehd flange,

firs rtuyre. nbpedi . th t
whehohe Jan, P 5 ag0 80 ERES SH ARAi el Seet P i hsbradiepd shoulder
of SO HakR8 hionbR Nthe T&QoM Sherurd®dLt ot athyNfitstrageri@ely In some
and constructed froma single casting. Methods for

emb@cgemﬁls; ﬂr@h@m ﬁl;@@@ﬁﬁha§§§¢ﬁ§ﬁ yharegd i gadlay r%réfierﬂygergages the
o R e e B R

pi sthvyihdietfoe eRerablitipt a plxgagRseni®ly indyh@nipede dndrimghemd through a
end shoul der di sposed on the rod, and capturin

headr endkilaeg Rouras ead flenge Ploy pﬁ%@%@%%@ﬁ& o dange of the
pisEcn!n?@tégﬁeegf&%dsﬂ %n%)a{%&i Qth3Rrdd #8al1Rhd ERO3REReVifbsEd6n the rod, and

e present invention conprises a
captwriy o atank end shdubter of ¢ @dbebrbenrteagrask tivhflamgealbites piston and a
liﬁg over cone var.i ous problens of prior devices. The
colpt engrged YR BERIEPPSt i cs descri bed above, as wel |l as

ot hewy{ aRt Wr&ent itvédtidCcdrB@ithel ¥ RRDAMABL JfOfehhlRS@nd advantages
skilled in‘the art upon reading the fol | owing detail ed

thatl esahl¢ it mrversbme veripne probiases tdfidewiees Ghe viréous characteristics
o PAET S TS LR, B A B AR RN e g o
artdgloai re@fin g @iscfollpivin dethiléddespripiic 6 thegirbeeied®fibodiments of the
invtelrltei}mg ragg %gtreferring 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 constructed in accordance with embodiments

of the current invention;
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i nvention, reference will now be nade to the

acconpanyi ng drawi ngs, wherein: Figure 1 is a
wores®ess6t i onal view of a piston assenbly conBCTWSR@®E/042109

i n accordance with enbodi nents of the current

invention; Figure 2 is a isonetric view of a rod

Conﬁ’ggﬂé:ﬁ ‘?sda cfbs@%@&fogﬁﬁf%&n\é\ﬂnkml@sm&?@ 186k %o&ftrut:ﬁﬁ in accordance

curr I nvention; Figure 3 IS a cross-sectional
'wﬁhsmﬂmﬁnnmnwm%mﬁomﬂampwgmbﬂmémﬂstructed in accordance

GO TR R A T HER 90 R, Bivorea i
accRSERED ith CRIBS Hinkkii£6If the pRAsaR il@nten W t h errbodu nments of
the present invention. TAI LED DESCRI PTI ON OF THE

PREF@EW@IB?BSQ@WEI@@@ FHEGRHERRER BEBEDIMENTS
D <SR- RENLY, RIS SR A WISt OR, g pson 14

Pisedtd 14 8s cRpledlid Ifddr Iﬂ‘l efa tevaped sets Itchareht&d Reddl 20yrthee @dmprises
end shoul der 24, and _crank end shoul der. 2

(hrEe PG 20 a4 ARG Tho ARG S SpOHisRd0 o R Hhgamprises a
um%ﬁy Iﬂ)ﬂngd'oﬁg)l@Z?E%e% %?@ ?la?f%en%-r h{naébqérﬂtzgndaﬁﬁlgg'ﬁ)po?ﬁ@ads 22 are

I nner ace of sec nge 30. Quter surface
dlsﬁésedfonmnsnm sifacorizecaesilanga B0 n Quiprcosfecs Beofamgion il d gpmprises

ing %{ooyc?e%(ﬁ dCI ean-out holes 40 are |located in the
seq EE5PRYET PO THE? PRG - 38 and provi de access to
the dioside h@fes odite 380at6@ ﬁetﬂe QtﬁtoﬁlQJfQ‘&leﬂ@lng rg@é/d\@%S and provide
access to the inside of body 32 that aid in the

accmesn‘sl hhl otsiderof bodp B3t Clsan-guf raden 450 proitfledicesss ta thg inside of body 32

o000 4 SrREGRCOS LR SF A9 SO TRk PG 33 s oo

cosbrictedamneesl B1dta0ubh ameélZOrlhmylomee fidterinl bothay be dugied.
fl ange 30 where shoul der 24 wi| pass through

50" Boton ohtRGEERehgBEd Hhisaisnatod dipgeh (ande 30 where
t
sh%419£r}o§£‘ ?gn (s ‘&%QQ} td%g@@g Olﬁlggcgﬂtatc{%eﬂ%?@e ﬁHéJd%& €t 16 is

urge-flan I nst, or ose to,
tighteaed dﬂt‘ng&@ thii'd?aﬂe ated thebutdife nafdce gifited Eatdourge @agge 30 against,

t hr eads 2 [ t 14 d )
or 6iagt dbePRARE SAPEGIMhBY: Lhs B 1o Rbre fitadn 33 ongn inner
suﬁ‘b&%ﬁ?is@on M‘ﬁl&fﬂ&ﬁﬂ'é @ﬁﬂ% e R adafifdt SHOUERPRY.i ses head end

52, ad end sho

| der 5 and crank end shoul der 60.
HeaReferdng how ltal @rgtE@thmc eantodihéns of didhfbeamprisha heash endid2, head

Ider 60.. He e oul der h ce -
enf R 35 Pt FLanea e dre & e B S b S iy cameter
thR0craRBAd 8R%1der@0. Gdeddnaid sheuldél SHhedla traaessdhheigbrRhttd toward
52 and opposite face 62 that is oriented toward crank

heahend§2. ¢reeakcnnér&me¢ 68 opmrisesdfacnh drahdseoriantssddowiged head end 52
I%%ggsq ee 6? gfgat% aor%én%ﬁqo&fgr%uérgﬁ{ el%) 6gay1“}}%ed151%gfé? %@ 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. It 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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than the dianeter of head end shoul der 58. Rod 50 is
preferably constructed froma single piece of solid
worbwrocsdss such as a forged bar. Referring nowPCo/US2005/042109
Figure 3, one enbodi nent of piston 70 conprises body
72 having an outer cylindrical surface 74, a head end
accfels?fwgle.7iﬁte]rﬁ)9 &f aoo‘&gaﬁkdtﬁﬁl% ffat)ﬁ&gﬁ)n?ﬁrd fMLEF reduce the mass of the
cyl 'ndrical surface conpri'ses sealing grooves 80,
body.der ring groove 82, and access holes 84. It is

under stood _that_different confiqguratio fOropves .
and 1501 85 AP LIPS TANEFEIR SR &L On T GLPERTL o SHB conter
pofton®Bl Yodn®dr JRHi PSS Hir@br Eo1AEINES 1ecfECES e WtRn 8ftwhich is defined
provi deaccess to the interior of body 72 during
byfaupniac abdwdderad®l stmeundéng apediuese 99 heCerderspastion B8 sowppported by a
ad end .fl.ange 76 Qf} £Ct.S | r 0 . fs:
col B B8R BL L B S REE .08 OB Rimens, s o
altBRbfiveOld EntindblidEdnicERIhSIBE 878086 Br Hore tribe 118 bMFPodf head end
whi ch is defined by annul ar shoul der 88 surrounding
flapgre?q sras todurticgpedice sl 8519’ Gupported by a
con 0 c :
o MR BRBCR. e bl BE L ohereh 0o bR B
ceftenpdrtioiof . Centec pbrtion D& nsinprisB fecean 82 bavingtheeaded portaon 94. The

support head end fl e 76 sq as. taq further reduce the
bojiaeolGrosst S drBneEPY ARTGshoPicG 6 ATRY ing FEST TR Conter
poRfbnt N&is APty 2oRffbud ot KRMBIh 98SC@MICENd flange 78. In

portion 9" 1. Certer portion 9 1 conprises recess 92
cetiavienpotlimessies poultargative4o chhiansars tcomicalf extertseas 99 onesor more

., defined by, annul shoul der, 96 _surroundi ng_aperture

rit gusy et b mae 1F rean R g S e aRRT Ao
CONReBrifX RStPRighRe Bf pistoankseaitly flloaneampfiBes pidton 102, rod 104,
certai n enbodi ment's, as an alternative to conti nuous

headrhd ant &Qe.cansi eranloznd ok 188 nbiston 1% imaspemplsgopito rod 104 by

. head .end {fl an t

00 50 DSBS HRRTR 1300 RPN SN OBl 1 or

thél PRtoROMIcdds &8l puistNthidddedly eilgddbd rothdadl aaddirmws sidider 112 into
and crank end nut 108. Piston 102 .i s assg | ed

sequse camfect pith sErce iLidy ARk pramytnhOS g e Y Frgeasfoiih piston 102

j f; t
S PR3 s g R GERIE GGy o 110
Thteforangisttmang? sheeduley atthéhedntooreke ¢4 evithont aoparting an excessive
a#r ace 114.d Crank end nut 108 is threadedly engaged
Prelpadonte Hegd102 so to securely capture flange 118

agaigile phastkQeEmbddinehtstdranhisodvetivhatle Peeh @E&wRTand described,
110. Therefore, piston 102 is securely attached to rod

mddifications theredfmgsarhe mgdeaby exe skiledanpghe po avithomt gleparing from the

rod. Wi.l.e prefer.red. enbodi nents..of thjis ihnventi.
sof i BRI RPN WRE T iseabgierts defert SRl gy exemplary
on®@ihdoe HBOBMMIN gD N asKidrla€ignd fhd Mediichtiotstof ée system and apparatus

eparting fromthe _ . .
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 claims that follow, the scope of which shall

include all equivalents of the subject matter of the claims.
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scope or teaching of this invention. The enbodi nents
descri bed herein are exenplary only and are not
woOindetoemuge Many vari ati ons and nodificati ons oPCThs2005/042109
system and apparatus are possible and are within the
scope of the invention. For exanple, the relative
WA RO QR H Jyari ous parts, the materials from which
the various parts are made, and ot her paranmeters can
1. be Ahgrstenl asssmblymempasinghe pi st on apparatus retain the

advant ages. di scussed herejn, r.di ope of
protecti BRISQ %&pnlsﬁnﬁiat%eega ?%d @g@ﬁ%ggx}%ﬁﬁ&;ﬁg tri bed
herein, Buwéd h&ipd Meadichil sleshiy ahde cehRiend shdiaderf whdreiwthe head
t he scope of which shall include all equivaL;nts of

t heenspjosdder phstidrodpontpgs diedicad engillangasoiceaid pistyn agd the crank

1. [ | .SL.06 j i.sing a
heaéug%}%hﬁé éﬁg%%g)&éﬁgér{gm?%é%% cp ?é\lﬁg ; @f‘;sar gg E{}a’vi ng a
head endashaungegedasuid aod,r avhkreantheshendl cet flangeo€isaid piston is
t he head end shoyl der of said r contacts.the head
endd’fsp%ﬁ?ﬂze@feeé s anddhe ]éﬁ?g eflﬁgg‘oé‘?cg’ﬁ Q?%‘arct@h?ﬂf der
of said todgUALARHSyil!\GiEhiRRE, WRkeih tRN&anIebnB@Hoider of said rod
pi ston; a nut endaged said rod, wherein the head end
f | aghspwbedbdtateqn sstdorollpsandi the oseldensbilange 9f saifl gistpmt  and
the head end shoul der of said rod; and a collar
engaged with said piston, wherein the crank end

2. shoghdgfstf assitily 60ains1 AihsRAsRM Hebueathes abdphaek] ar
and the crank end flange of said piston. 2. The piston
assenbl y ashvigy within saigmpesta; andai d pi st on furt her
conpri ses: ' W 1D id:Rj : |l e
Chrougn Shof RN it hidn Rl 30 S Anflg
cavity. 3. The piston assenbly of claim2 wherein said
hol e i s .disposed wi thin a_groove for

] d. .. s

3. ci r dufRisten sty 26 SIAMs A WRETIE 15Bid. Roje i flisngre yihin & groove
forﬂ%ﬁ%gpﬁﬁﬂfé?éntfféh?bﬂeu%sm [sfin sai d piston further

conprises a first aperture through the crank end

flange and a second aperture through the head end

flange, .wherei n sai.d first, and second apertures. are
4 ol [ R wisiiteSeDs of Het ¢ bR s BRp o RAEG SR AEY it apertue
thrS@tHe QY@ &RE Barlgh Al ANscbHiRl SREBAMMANSRATHE Beflénddinge, wherein

the first aperture. 5. The piston assenbly of claim1

saidtiesteind sseand aperturesire abigeridyandrsiyad suchsthnidthe dead end shpyelder of said

i St I f, ¢l ai [ ' [
rodhPtdunat okl SuRlC R DSBRAE O assentl y
of claim1l wherein said pistonis a unitary body. 8.

The piston asserrbl¥ of claim1 wherejn said piston is
5. con wpésteiassorably A1 ey L avherein 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:

inserting a rod through a head end flange and a crank end flange of a piston;
5
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casting. 9. A piston assenbly nethod conpri sing:

inserting a rod through a head end flange and a crank
wenaefesaige of a piston;capturing the head endpCiralsgms/042109

of the piston between a nut engaged with the rod and a

head end shoul der di sposed on the rod; and capturing a

crank e n?aptﬁﬁ'g@ptﬂg e enldBange b1 IR ¥IBBA behReh aaitE eﬁ@e%ed with the

flange o Iston and a coll ar engaged with the

pi stodrand BGeadréred shetldadiispfosed e thegodstagd ei n t he nut
t hr eadedl y , engages ,t h od., 1 Th t hod of gl ai
wher ei n f%’ a}g‘g?m? Wﬁé&%"gg?rf]fé]ﬁegr gé’%‘ﬁ% ﬂ‘fﬁ Csr%lg(n?nd@a.%ge of the

Thepi®hhad a%ll&'eﬁ%ﬁ@e@v)ﬂﬂh&h@bi@tcﬁhe piston is a unitary
body. 13. The nethod of claim9 wherein the piston is
constructed froma single casting. 14. A piston
ass | S5 BQ A [ f.] der and
103 THEimberER TE P S B i iedy hodhl BRRNCET
smal | er diameter than the second shoul der; a first
fl ange di sposed, agai nst the first shoul der; second
111] angemaliepos cuiragarivstn tcoluBiraleitcagss Fep iR
cylindrical body connected to said first flange and
said second flange; a nut engaged with said rod and
12di sfihsewthadjofclrirh Stvdessan thefpistent isfal vaitgey;bodpd a col | ar
engaged with said second flange and di sposed adj acent
to the second shoul der of said rod. 15. The piston
13 2SS eabhRf of LRI I¢hefdif tHRGYstEPTEROh SRR FroBaw bihiyle casting.
defined by said cylindrical body, said first flange,
and said second flange. 16. The piston assenbly of
claiom.15 further comprising one or nore hol es through
1cai B P?ﬁ%?@ggicogjgglgmtghat provi de access to said
cavity. A7codThevimi 3t Rt 3baddd ndh sdeaidnsAdilddie méierein the first

sai d one or nore haqgl es are dj spose Wlfhi n a groove

f or FRuldsT heymaslts diageley thapdh SWFCf%P_P %%l body. 18.
B

a second flange disposed against the second shoulder;

a cylindrical body connected to said first 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
cylindrical 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

a groove formed circumferentially about cylindrical body.

18.  The piston assembly of claim 14 wherein said nut threadedly engages said rod.



