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WD 2008/ 045244 PCT/ US2007/ 021183 COVPRESSOR SYSTEM
AND FRAME FI ELD OF THE | NVENTI ON [ 0001] The present
VORI rel ates general |y to conpression sy8E&Ef$2007/021183
More particularly, the present invention relates to a
novel conpressor frame for such 5 systens. BACKGROUND
[ 0002] This ' LS A iRt ,oduce the
reader to vé‘?@@@%%@g Sysﬁﬁi‘?ﬁmﬁ’*@gy be rel ated
to various aspects of the present invention, which are
descri bed and/or. 10 cl ai med bel ow. This discussion is
believed to be helpful in providing the reader with
FIELD0@EKDHBEUNYENTFIQNmti on to facilitate a better
under st andi ng of the various aspects of the present
| nvention. AccordingIY, it shoul d be understood that
[0001} hedBeqirgeeinidnvantianaelatgs geneealy 1o fOMpressioy systegisy More
particﬁ\9H¥,3tﬁe B S ihth ﬂ%fdt@itc?étnovép%é)re%%o?"?rhheb@r such
appreci ated, natural gas has a wde array of uses In
systemsdustrial and 15 commercial applications. For
i nstance, natural gas may be used to provide power to
a range of vehicles, to heat hones during wi nter, and
to operate various consuner appliances, such as ovens
or clothes dryers. Further, natural gas may be used to
BACKBROUNM® el ectricity for distribution over a power
grid, and may be used in the mnufacture of an array

of S_r oducts and materials, including glass, steel, and
[0002]| adthiscsectiopgs frdendadimingroduoediag readlestelyariows aspeects péart that

may bETERER 1ol Birecd? of 1PRRRN T RYERert 87lch, Brq ppgprived andior

claimddbelo@xt TIHS digtlissidhds beRedRPId hé Belphdtin pRdvidiag thé feader with
wi ||l be appreciated that natural gas may be produced

backgreund wfernatieinds facikitateaibettes yodes djag ofriie warious aspects of

e e 8, 2% SRR e Rt e

to be RfadsiHahisnightiratld Bdtsas sdralRskmstdinpivgana pi peline from
the production site to a consuner, is often

facilitated by conpression of the gas via a o _
[0003} o nhsewill e aprigeiatechmatyalgao bas aoMigepfray of uses in industrial and

comm@%él%@gﬁggsl.lﬁg’r instance, natural gas may be used to provide power to a
range of vehicles, to heat homes during winter, and to operate various consumer
appliances, such as ovens or clothes dryers. Further, natural gas may be used to
generate electricity for distribution over a power grid, and may be used in the
manufacture of an array of products and materials, including glass, steel, and plastics,
for example.

[0004] In order to meet the demand for natural gas, companies may spend a
significant amount of time and resources searching for, extracting, and transporting
natural gas. It will be appreciated that natural gas may be produced from oil fields, in
which case the gas may be referred to as casinghead gas, or from natural gas fields.
As may also be appreciated, transportation of such natural gas, such as through a
pipeline from the production site to a consumer, is often facilitated by compression of

the gas via a compressor.
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[ 0005] One commopn type of conpressor for such

applications is the reciprocating conpressor. Such
WP dAt i ng conpressors are positive-di spl alERdisg007/021183

devices that generally utilize a crankshaft that is

coupl ed to pistons, via connecting rods and

o008, ST BS B AL o A5 RRE ot

compigebhr 8aah redprRENRG SEATPBedPs afé bYsitins disfacerhé@Bavices that
that houses various internal conponents, such as the
generaliyHiliaead crankshafidhatdseaupledpe pistonsciip coaagsting rods and

cross G 8 P0SRroEor SHEE AR AN RS AL an

cylindenOREC@f@caMngfbdd?@e@B@r@Ngbi@éﬂy ineludedalfamd tha®hol®éd Pdrious
, of the crossheads., 10 [0006] Operation of the . .
internalcarppeRents ngH Goapiheseankshailil Insonecemmarblype off reciprassting

compigith, AOSRAFIA e B A5 AOTRERTA oSEBREAT lBrrsano e
frameyabdineancesbferateewith &nslcra@kiafo eaindage llinagdsmotion @f ey
o conpensate for such forces, the franes, the

t
crossh9adsshead gui des, and bolts for connecting the
crosshead guides to a frane are often designed wth

[0006232p¢£5%n of #e %%{p??ﬁatﬁﬁg%prﬁo?’%shlt?ﬁw QWr@rfésra&fg%rges that

signs resul manuf acturing co
are exemedears e corapadsisat framedarid thewtrbyshddtDguitied hacledirg tarque,

need, therefore, f a reciprocating conpressor
couple dsentaginkalepead st ANCes S eradoR s ater to
comp&RAE &Sl RUBRYS the HAIES, f@%%b&g%édqguiﬁbg,ear‘?d‘golts for

manuf act uring costs associated w th sduch a conpressor.
connezinGthavbrREshp a0 @8]deSdptaairamesgre aifte nadewigimesliwith @diditional size

o TR A S S bl S s B 18 ring costs

and indFRAESINMeRatidh BFfcHGd merely to provide the reader
with a brief sunmary“of certain forns the 25 i nvention

m ght take and that these aspects are not intended to
[0007] i niTherénis 3 0epd, iberefaee, foma eetiprogating deepressuos exhibiting

. i_nventi on conmpass a variety of, aspects that may.
increasgt SiheSs BT el r AR B e B OpaItss) SUaRDSIS: TENE SoUCIg e Yze and
manuRicRFRTY cddty aBsbatcdSAEt alidt a'cBhidr8sdct. @ novel

reci procating conpressor frame. In certain

enbodi nments, an exenplary conpressor

SUMMARY

[0008] Certain aspects commensurate in scope with the originally claimed
invention are set forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary of certain forms the
invention might take and that these aspects are not intended to limit the scope of the

invention. Indeed, the invention may encompass a variety of aspects that may not be
set forth below.

[0009] Embodiments of the present invention generally relate to a novel
reciprocating compressor frame. In certain embodiments, an exemplary compressor

frame includes one or more crosshead guides extending from a central body. The

Page 2 of 16



10

15

20

25

30 franme includes one or nore crosshead gui des
extending froma central body. The Page 2 of 16 WO
WOoaes/ 423244 PCT/ US2007/ 021183 crosshead gui d8STHSY003821183
formed integrally with the central body, or may be
di screte conponents that are coupled to the centra

croso R oS STt B TSRO 1 5000 S
compé\ﬁ’éﬂtts itRaeareYooubltRl R4RBRIAtY| 66TPT ﬁéﬁl@tlér i Qf"éa@{ or‘?é‘e

nmbodi nent i ncludes one or 5 nore an or ob
embodlmmr theseanicad bods |seamtm1&mmwh:@'lumémal ar dmameis-labauﬂecgw de
cent ur es

" d
AdaitGfel, VO eREMelafy FREGResor NS of od AEbAmERkNElges one or
more ¥hgied drhﬁﬂ"q@é%@ﬁ?oh%ﬂ*&@wﬁe@@&!eﬁ@m@ﬁetWé@nVae&rtdsgﬁéad guide and

di rections he angl e at” which these supp
the cestrielibedy.edharangiad suppatt stayctbeesentiangeithe sdffnem efnthe

rossSERRAURE e TS5 o] Bt SRRl obons

FurthéTOEHeZ@IﬁQ/ |atWhnM€fHés@3éuppWth1rdcﬁ§rB§%tre bﬂeh{?ﬂ PP ®e varied in
0010 arious refinements of the features noted above

dlffererm;enabadsments t@ pdjuisbihet r@latwarstlﬁuesagbm grossheagbguide in one

dmerfieiE TR AP YRR LS WiEHAE AT B 7 hese

refinements and additional features may exi st

[0010) ndMaridusirefinghehts cinbie feutbradaidted abboe nhé\;ﬁéﬁgpﬁ relation to
various features di scussed belowin 15 relation to one

variousraspgets off thersesentisyeniiond Riihwdifeatures may akeo be incorporated in

iese \BRELEOBLA0 45T el ek BB KR ERGrBFhRRES Ty ovi
individhg#ly or it Bay kohdfinationraFyr piseswel, edriekofeatiresididcrzded below in
only to famliarize the reader wth certain aspects

re'atioarfa erereRese ot therlugirated embasimanisonaviberBeerporated into any of

the 2B PR e RS o ARAEE i hygkbination

Againf thet brief sunereprcpresented aibvent ageaded ohlwetomaﬁﬁlmize the reader
i nvention wll becone Better under st ood when th

with C%ﬁmno%ﬁn?gt%@%r:%@xe?e%é FRPreRANtinvaniian withaut imiiggipa e the

lai 8cth anying draw ngs in which |ike characters
calmérd;%@rj s(ént‘é ?}Ize parts 25 throughout the draw ngs,

wherein: [0012] FIG 1 is a perspective view of a
reci procating conpressor including an

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0012] FIG. 1 is a perspective view of a reciprocating compressor including an
exemplary frame constructed in accordance with one embodiment of the present
invention;
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exenpl ary frame constructed in accordance with one

enbodi nrent of the present invention; Page 3 of 16 WO
WOa3H8/M3H3244 PCT/ US2007/ 021183 [0013] FI G 2 PSTA{2007/021183

axi al cross-sectional view of the exenplary conpressor

of FIG 1, illustrating internal conponents of the

oot e R AR oSSRl o

1, illustfatingenxeaidom poreet® be tocorhprRIseoPin ddcerddncebwith one
illustrating various structural features of the frane

embogimei el thr pEasent investienenbodi ment  of the present
invention; [0015] FIG 4 is a front elevational view

f
o149 P18, SITUAIKET DEP Y Bl orpressk e g ric. 1
illustrating varidusrstiddtwrat feattireg of the fraate inlsccotdantelith one embodiment
features of the frame in accordance with one
of the PEERRNAIRYANtON t he 10 present invention; and [0017]
FIG 6 is side elevational view of the exen‘pl ary frame

[001Sgep'F¢Ge§ i¢ 8 ffdrPelevditional \hé\l\/‘bﬂﬁ?%k an"ifr%H@ tRidéin FIG. 3;

angl ed support structures w ross ea
gui des of the franme in accordance W|th one enbodi nent
[0016bf he. prigadap pianveawi afrthe fANBEAF IGD DasCR), FUTrtr@rI istrating

the vagﬁﬁgl&'t:rhgmgwﬁwmrﬁg ogp{%@ﬁrtn]e |H@gﬁ9qdarﬁr1%twevylﬁ1p Pree emcbodlment of the

preseﬁﬁﬁgéhw PR ow. In an effort to provide a concise
escrl ption of these enbodiments, all features of an

i npl ementation may not be described in the
[0017]spe<5||(5} g4s pige. elevatiosiabview efdhamxeaiilanydtame depioted lneFIGS 3-

5, |l|u3%‘f§lg(m§§)3terqgaé‘p%n ai'}g‘f%degm i %%F@lefense& Iﬁ%é%ﬁag:t & crosshead

guide$ BPirRfeAhatih @BcsRRACE ivathdesd 8hbdSlimEmSSf the ﬂﬂ@%t%ﬂ/entlon
achi eve the devel opers' specific goals, such

conpliance wwth systemrelated and busi ness- reI at ed
constraints, which may vary fromone inplenentation
to another. Mreover, it should be appreciated that

DETARED CBESERISTOATHY SPEAFIC EVH AR ex and time

consum ng, but vvoul never a routine

undert aki ng of design, fabri cat i on, and manufacture
[0018} or Qrieosemofe spekifiaeynbekiihéntshaf\the grédemt iremetioh will be
descn%ed%e | SC' r? gHre?fort to provide a concise description of these embodiments,
all features of an actual implementation may not be described in the specification. It
should be appreciated that in the development of any such actual implementation, as
in any engineering or design project, numerous implementation-specific decisions
must be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but would nevertheless be
a routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.

[0019] When introducing elements of various embodiments of the present

" U

invention, the articles “a,” * the,” and “said” are intended to mean that there are
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[0019] When introducing el enents of various
enbodi nents of the present invention, the articles

WOR008/043544" "t he " and "said" are intended to REAVSEHA{021183
there are Page 4 of 16 WD 2008/ 045244
PCT/ US2007/ 021183 one or nore of the elements. The

terns Tcomprising, ~— "including. " .and."having' a .
one of ol 95§ Beierthe Mg 9 ansip s endpSBHinES #] faying: are
intencRdidtbtbeoinaluslceamnifeadtthar thehamayt B aldisbral SEQERRY Sther than

Mor eover, the use of "top," "bottom" "above,"

k)
" oa n o pURC]

the listgskelementanfloreayeratheouse of ‘top.eskottasn nsabeveradelowy and

: V. C 0gS. r e r ,
vara GRS EREoRShal S RoBEH Pl pparicutr
orientafien bf Bier &smpemerggenpl ary conpressor 10 is provided in

FIG 1. In the presently illustrated enbodi nent, the
compressor 10 includes a pair of conpressiagn. i i
[0020lyl i [vARING NPV E,Cb'th‘ﬁl fidyres apn exenplanycomprensor 184z grevided in FIG.
e ' : ri.at ' I -

LG S s e R T

compigsidmecyiinders 12 coopledadlacfrarneTide 84 discassdd ini gleater detail
i ntroduced into the conpressor 10 the q%l_i nders, 12.
below; A varigheAbBEMBIomReRETES MR disposeduinitthea ¢ylindets 12 and
r , . .
e ST bl el dES TN Rlchd BIREcomprescor 10t

cylindergd1 2r Irubné iendsbdiment) tipe esmpeddser 10l magde Jtg2d o dompress
chani cal power source or driver 16, such as an i
naturegerggﬁisn we\adff' 5y (BeF pebodimenisothe ¢RYPISSSLLIP May e configured

and/of GfieES® Yo rﬁggog{é}\ﬁuqi@s mechani cal power to the

vari ous int conponents and enabl e conpressi on of
the fluid within the cylinders 12. To facilitate
[0021}c c Asmechasicahpdwersaunte oo dpverhd,ssuchsasary ebgingesiareelectric
for di agnosti or _nai nt enan pur poses, ., openi ngs i
motor; Ryt el fo e eomPiRssaEA0 i arelyg Bicanic! Rowes uthe
variou$! iﬁtérﬁéf%?é&é‘rﬁy 8hd ehdbldedrhpRissidn 6t thY uRPERRiInLRe Wnders
al so include valve 20 assenblies 20 for controlling
12. Tolfegilitate apeeds toi sichtintenngl coepangnits)dsrmay be dedd2d]fot diagnostic

o a5 B BT ALEoBEFaRAEE b sty

accesb86 VR REAG e EVEISERES OF urtidh e SARBERS$PMay also include valve
configurations may also enploy and benefit fromthe

assenflieseit foy cantrelliog dlow efthaiflyiceirowgh theneylinders 12 n
ot her enbodi nents, the conpressor 10 may include a

o022f S5 ATRELL 4B 40En e SHE BT BB B8t 101
illustrated pisea fweehrow reciprocating compressor, other compressor configurations
may also employ and benefit from the presently disclosed techniques. For instance,
in other embodiments, the compressor 10 may include a different number of cylinder
throws, such as a four-throw compressor, a six-throw compressor, a couple-free
reciprocating compressor, a screw compressor, or the like. Further, other variations
are also envisaged, including variations in the length of stroke, the operating speed,
and the size, to name but a few.

[0023] A cross-sectional view of the exemplary compressor 10 is provided in FIG.
2, which illustrates a number of exemplary internal components of the compressor of

FIG. 1. In the presently illustrated embodiment, the frame 14 of the exemplary
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reci procating conpressor, a screw conpressor, or the
|ike. Further, other variations are also envisaged,

WORRIMPHY variations in the |ength of stroke, PERAS2007/021183

operating speed, and the size, to nanme but a few.
[0023] A cross-sectional view of the exenplary

compfSRE TP Titludes heBaf CSEL bR brhovsita R4t Sehesrlygines an

interio?fvolutge CarmMaHic®vamdus intdmallcorhpohditts Pi&sBaTédkived, such as a
illustrated enbodi nent, the frane 14 of the exenplary

crankshaft26. &1 one eyabarimenb 46e santraibadsoZd mayhangsa generally curved

or oy EHRAIRHEDS. 1R NEFRNRy. ol oL Y pffal sy g2 may have

other 8dapes Bhe@ffiguraticnssinifol atoedaneePahent preédsntiéchniques.
recei ved, such as a crankshaft 26. |In one enbodi nent,

t he central body 22 may have a generally curved or .
[0024]:y| .'rhepreaa&onsﬂwp%ﬂvqrﬂ ebaies t %cmaaﬁmﬂeﬁmthm the

mtenotr%}tﬁﬁé‘bﬁ%f tﬁ@?’r)én'?%zﬁra}’n 8RY @ mbddihBRL, tﬁ%ﬁfh‘?ﬁ’(sﬂéﬂ 26 is coupled

urations ul'l "accordance VVI
to cros:mﬂadscﬂ(bsua c{dhﬁhéé]mg rodsp28 ahd ins Bhereloresshb&dscﬁmanes
i nter

disposel WHBIMEIOBs qabOwiRERa 41 Wh N BTRSAbNBEaNAGIA thegentral body 22

i &
and RN oot oP Y B, 12 RS d 10 g
embodln&;qmism corhpriessor 08 stuhedk otwoders sSdead\buides Gdrtbatéxtegnd

e fromthe central .bod 2 Oand acilitate
generlhy, REEnGI UMY FOMGARASE Sdessoh B CRBITa AL R sing 22,

althodg"f\ocgg r CW% 23re, ﬂg? %ext éﬁ%&oﬁg@agpﬁléﬁﬁﬁ&léf@% the

rotatiqred pmtmnocnﬂtlae Icyarﬂ«sbaft@ﬁpesmansleﬁediem the ddmenecﬁmg rads 28 to
.__body n 2, her. confi tions re
reciprarangy MELGa e CrnstNBacR ADMOEIAINRITasRRSad Guites
nmoti on of the crankshaft 26 is translated via the
[OOZSEOH@%CM@G abede, @ 6yﬂné§rsrﬁ23hi@ ét?rﬁlgu'réd“ﬁﬁfedéﬂle’ é’ﬂu@ffor

he crossheads 30 w'thin the crosshead guid .
compressizr] Tae orisstieads 32 are beupletitoéstens 36 ahqusedfwngum e

cylindtg;s i % O%HV @1 ar{eypgﬁ!)gqth%;mggorggtg'@sé(gQquﬂesnacl q%zssggnﬁgfc’essmn of
fluid wathlin tHEEERindérs #Pdid the ﬁlﬁ@h@@@caérﬂ%lﬁﬂ?' é’s"a ‘E)fstéﬁ‘@ES is driven
crossheads all ows conpression of flu

forwargl(i.enuitwandly {rom cmrqiub@nar?.s? ) 380 aaavlmdeunar lhye pna@naBG forces
e ) 4R 8 s n5) HE SRR] B remy RS P sure o

the flui@r patisctdige ValvietbfWalVy @séénﬁblwlon tﬂd?lthérﬂb@ opehEltd @llow the
vol ume, thereby increasi n% pressure of

pressurized or compressed fluid to exit the cyllnder 12. The piston 36 may then stroke

backward, and additional fluid may enter the cylinder 12 through an inlet valve of the

valve assembly 20 for compression in the same manner described above.

[0026] As may be appreciated, the compressor 10 will be subjected to various
forces during operation, such as reciprocating loads, torque, coupled moments, and
the like. While partially balancing operation of the compressor, such as staggering the
timing of forward strokes within the crosshead guides, may reduce or compensate for
some of these operating forces and unbalanced loads, some of these forces and

loads may still act on the frame 14. More specifically, these operating forces and the
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the fluid. A discharge valve of valve assenbly 20 nmay
then be opened to allow the pressurized or conpressed
WORMBP4sH4exit the cylinder 12. The piston 36 REY/USP@M021183
stroke backward, and additional fluid may enter the
cylinder 12 through an inlet valve of the 25 valve

orinGRaE PP e Ao RS R Bub BB FEPEhe s and

momeETé §s HrizbAtaM Vertiks, andpgial)adat fct\ei theuFosshyaesuides 34 and
durin % operation, such as reci procating | oads, torque

on the: geiral dosyrahelthedrame e Aqaeedinglyi ae illystrated 'InyHGS 3-6, the

t
exemfBLBE oL RRL e hrysr iR Rl P afbun B Sl rees pne
momento witheate gt sdem disRitidre dul @8dRionao Hassrfabiiréd thalGasimate
of these operating forces and unbal anced | oads, sone
installgtion gagddnaiptenancerd the eampressprdli | | act on the frane
14. More specifically, these operat| ng forces and the
to027§ 7B hiIaty o oRE e TRl e BTN S prqyided i

FIG. 3.hT ke frdinme 4 incanain cfualece aumber oﬁ@ﬁmvtes that f@cnlltate mountmg and
horlgiont al vertlgal and axi al P_‘%t hat act on

operatipp Of fOGaresser 39 £ inganead @ﬁﬁmlarwéam@i%m'v%sa
plralfy 87Bpdfingraedigt BlleygaRckid irhighsrodtofhais o1l

compuissor f1ButAsmpted @bolver swch acaess mayratios fou dedlmelrt malntenance
ve distortion, in addition to other f

reduciROPANS S8 expgisd PaacAed IR RORIEBecongssor 10
and it%%@?ﬁ&éﬁé&‘” cd'rﬁ &?@Uzuﬁﬁ 'tﬁé"c@H esé}rﬂ?fﬁn%?@éé’ r?lcll(.Lo%‘% base

e exe rane 1
42 tha‘tremablesélthea;onnm'elssmim (htcnba‘secunarﬂ tbeaampp&mmgmtructure such as a
he conpr essor

foundgfioh (15} 80§ eMHaelmeth e kase 2 yay Parenigiieddoaceve iagking
memt&!@rﬁldﬁ ¥s BBIté)@@”f'oFgé?ﬁ‘r%g} f?\%tfrérﬁé'ﬂzt' t‘b"’lfses%b‘?ﬁssﬁlpfamher the

I nternal conmponents o conpr essor
intericaiod ¥lee fracrtdwhmagslscimdy aavarmtybbsuéamseor stmumuahmembers 46,

sucn BERREURRARb M ok Sl BEIES RERGH S atons, or e

like. R@(ﬂ"ﬁ@ﬁﬁl}l the h_’blﬁfehﬁt mdy ¥s& HONIRS §Per %tﬂ?@é aL&w a3 a housing 48
i ncl ude base 42 that enables the conpressor

for re@mwsg@Iuédca@massmvathmlgbscam mrczQUSsmohmgscoanpm"lents of the
Ln_one enbodi nent, the base 42 may be

COmPEe&ﬁPFSQr@a"%Séa’?%ecel ve | ocking nmenbers, such as bolts
44, for securing the frame 14 to its support. Still

[0028] ur tThher crobisead guides 34 exteridiag froaitheldertryl bodg|22dgerferally
vari ety of surfaces or structural menbers 46,
include an intérior volume or cavity 50 for receiving the crossheads 30 (FIG. 2), and
an end portion 52 for coupling to the cylinders 12 (FIG. 1). It bears noting that, while
the illustrated embodiment includes a frame 14 having only two crosshead guides 34,
other embodiments may include a different number of crosshead guides. For
instance, in some embodiments, the frame 14 may include one or more additional
pairs of crosshead guides, such as a total of four crosshead guides for a four-throw
compressor, or a total of six crosshead guides for a six-throw compressor. Indeed,
any number of crosshead guides may be included in full accordance with the present

techniques.
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such as bearing supports, heat dissipation features,

structural reinforcenents, or the |ike. Additionall
WORS{ME: 14 may al so i nclude ot her features, PELAIT20/021183

a housing 48 20 for receiving a lubrication assenbly

for lubricating various noving conponents of the

10, f t 0028] Th d :

10029 3RS Fordiresaphtd 1 ofelect dam ok B GBS R A gject to

vanousrw;berdﬁn@rbrbe& erhugamwgorhége netedCatybvie) wiHicH ﬁrayrt%:ersmmt@ed to the
the crossheads 30 (FIG 2), and an end portion 52 fo

framecupipi hgumder ﬁésw@qrhat@m@uuezs (IFlape qmbodnmetréawscmmpn@gt

sl R 5 8 B s Lo

discusgBanidi greates deel H)elflétlvud‘i?ot@b@I ft‘feeér@éd RUPpeits 88 may include one or
crosshead g’kﬁl des. For instance, 1 n sone enbodi ments,

more gpgrturasR0 et faglitathandingrrndinstaation @fithe ermapressar 8.

of crosshead gui des, such as a total of four crosshead

[0030?%2\59%& Irofft‘hé by Qe HERIES Me sO8ndit Et‘?&@kaegé gfé'tfalso be

rdes’tor a six conpr SSOT

seen BOF B, mrrrt.rers afront eleyhti@thl gisvd e thyorhprassot trdmé 1'41 It should
full accordance with the present t echni ques.

also bernatgd\ents fbene 2510t ime; tsp oertya edy 32, [tf@@szgqssh@a@ ee'des 34,
and oggﬁg@@%?%f tt'rg gPﬁg8H%’trﬁEﬁq s ‘55‘6 &' AnPhear ﬁtﬂ%{;’r%?wﬁﬁ

us o era I Ng OTCGS I nc

anothentied, fahongd from}n iaCdihgta)pléI% ofi mhteriaut Bor instdnive, n%ﬁe{js@mribﬂrs
via a punber of support structures. In one enbodj nent
featurgg cpay ES;%@Q hined prieineneise:f fRENed &osupsigle cantng. sHewever, in

v BEBGALHAg58 o It i y3Pog ol aptapetom v

otherﬁandmay theinuskeassambled, amxrreaapervtetdreg 60 that
faci I | tat e handling and installation of the corrpressor
O Sever al

10031, T RoUE e e andia SERstsoa? Miabie befed dpptdciated
throquréferérﬁe&ofmeet 5eARy 6t 'Pé?t?dulé/ﬂ;ﬁ‘#l@f 5489 tsefﬁtarﬁﬁéw of the

. It should also be noted that, in
exemplapy trament4 illustratieg theagxtposipn 2 exehmlwm@mhm@urtﬁeés beyond

34 0 d qne or e s tr tures 54,
the hafzonidlipr Beed A0rRbedBheiostaat BidenaR: h the Prassitec
embobiimehtatl R EroB5KESd Qﬁrd@tﬁré@axré‘_lR/roffééﬂr%H?Sne ta'ﬂ%?rﬁer along
various features may be machi ned or otherw se forned
an axerahobthei gegitral bady 2Rg.In Husembqdiment, eacbrof énd odissbaad guides

34 'nC?lingﬁﬁ M gtorrvrdt?rle éu%%%ﬁ r[EEgP at en?e/ndb efrc];r%rarrregn granon §2 to the

central body 22. Additionally, in certain embodiments, each pair of crosshead guides
share a common support rib 56 that extends from the end portion 52 of one of the
crosshead guides 34, about the curved central body 22, and to the end portion 52 of
the other crosshead guide 34.

[0032]  As will be appreciated, the exemplary support ribs 54 and 56 increase the
structural rigidity of the exemplary frame 14, and distribute forces exerted on the
crosshead guides 34 to the central body 22. It should be noted that, while the
exemplary ribs 54 and 56 are illustrated as formed vertically from the top surface of
the crosshead guides 34, vertical or horizontal support ribs may be provided on the

other surfaces of the crosshead guides 34 instead of, or in addition to, those formed
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ot hers and may then be assenbl ed, such as by wel di ng.

15 [0031] The configuration of the angled supports 58
WRaYsdS4ét t er appreciated through reference PETESZE7/021183

5 and 6. Particularly, FIG 5 is a top plan view of

the exenplary frame 14 illustrating the extension of

I ed t the h al .
on ing E RS, RSP BR OB R gshUEs B Rl
elowPéﬁQl%Gtsu B9 GEHeraliynextent d@ﬁ@émﬁdngerbéeﬁeé’&l aides 34 to

axi al fset fromone another along 20 an axis 62 of

the cantral bedy QQIOfbfwa'am 14.n this enbodi nent, each of the
crosshead guides 34 includes an i ndi vi dual support

10033}, 2t BBy S 1€ Wi REATeY S R rBlratut s stonanty o

the arfgﬁ'éd] sOBportHE8 S BE BateHUhEEStodtNARIE réfefsHBEND FIERIBOWhich is a
56 that extends fromthe end portion 52 of one of

side edwtloeab\ggwﬁdhg friamss 144 Foathrisakeef afityethecend partion 52 has

been g&gtgescﬁﬁ'ggﬂﬂg @L?st%j%necg%égf 62@9@\? gzclgérly %%? é oc}r%%rt?twn of the
angle@xsappoas )‘683Mﬂ‘DﬁUstpebt fosthe4rasshdzd guigesase i hte presently
struct ural (_Z{I dity of the exenplary frane 14

'”USt"%tﬁgtermM'@eﬂé B@@”QJ@?{ SURPOSES Share %'FQJQQ N@W%Q?S&@ the
o 8 G PR 18 RO 9, IR e

emboﬂmmemtdeaeh bngl@blmpbbctrﬁa Mytdmpssjeré@ufbefonaﬁtdd‘wnh respect to a
rosshead gui d tical .or horizontal sup

vertlcall[:ggnep,Q@ H?éaﬁ!ﬁ'é‘%t%@r‘ﬁﬁuﬁ'ﬂé' ay$ Réthesgrosglead 9\‘—“dleh'-ié1 and
perpeﬁﬁ%@???g?hnggkg@ gﬁgborl%tnﬁ'g%@)%g tpﬁgg%i'n' 34418 64°-As will be

appreE@TédJ%ZﬁﬂHr@ﬁléIth witifotrha ¢amplimehtaeeangieéddtwesalthey support 58
not e bove and di scussed in greater detail bel o

and ajisRental afe: 66 s '@aﬁer%raweléqm@nsuvqﬁabwsp.fmﬁcrosshead

t
guice SEREIGRPPRIBET 1S Jar FPEREME The IR aiosraiaiEpne
angled supbertcﬁ@nﬁegm@b'y dime anglefam cprovxdak mo;earfed stiffiess and force

orts 58 tter understoqd with
d'str'bpégeﬂ%ﬁeﬂp orizantgl an m'ew qE Iecions ppéireenrsiang Bazlelioe s

w1thun°fhéﬂ5‘l§n€§%ﬁf‘an]d46 For the sake of cl arity, the end
portion 52 has E?Jeen omtted fromthe illustration of

FIG 6 to nore clearly depict the orientation of the
[0034hnglteghaig perrttzie@maxntlnel relets\;ﬁssmffrtesstmevudeds*.zslma‘aangled support

58 in ST G ieriedpla Al B0 cimkgr 855 Wl FepSRLBRONT angle 64
For instance, in one embodiment, an angled supports 58 is oriented such that angle
64 is substantially equal to forty-five degrees with respect to the vertical plane 66. In
this embodiment, the angled supports 58 provide increased stiffness of equal amount
in both the vertical and horizontal planes 66 and 68. Other embodiments, however,

are also envisaged.

[0035] Forinstance, in one embodiment, the angled supports 58 may be oriented
at a smaller angle 64, such as between ten and forty-five degrees, or a larger angle
64, such as between forty-five and eighty degrees, with respect to a vertical plane,
such as the vertical plane 66. In such embodiments, the stiffness provided by the

angled supports 58 would vary between the horizontal and vertical planes.
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15

converssisi yRiif iae angl

10 horizontal and vertical dinensions of the crosshead

34. More particularly, in one enbodinent, each angl ed
WaaksdH2448 may considered to be oriented w t hPEESWF/021183

to a vertical plane 66 parallel to the |ongitudina

axis of the crosshead guide 34, and perpendicular to

Partchlgfy i e Bhole 4 RERbE Hay R dodk b8 oSy B cSs wouid

be prévided i theng@riice directom tiidretheiomzentdl ierestigh aviierg8s e
and a ho,rizontalesé)l ane 68 that is also parallel to the
%is gnater tbar frshdfiveydegreess Instll further

oo R icd Bubly 5 ok B8y HyBeigst g smiar o

dissindlagtiwarbdne rahothelleisndemd éaffichctorddrveswitiatite pryseat techniques,
distribution_in both horizontal and verti cal )
the arlﬂ'?%e‘é‘t’ﬁ’%?@,s 88 Mg toRay HHsNYaear9q angle yvithoresp@pet 19 sy hotizpntal or
.l .
vl A553 oA aR5F, 3 L03Abe b RO IR B a0 quices
34 su5|8that tleaahgmfd Sdﬂpolntsrﬁ&anet caﬂ»llanCbr\tm‘rt-olttI@d)gmahWI respect to
depend upon the ang For instance,

such ﬁﬁ@%ipﬁéﬁf‘e”%l n%n@ﬂeawgab@dh@ angled: suROreribdisk(buke such
forcest Qﬁc'i nMtRs Rdr %ﬁMBHP h'd”?'tll\é( cefltt '%cfo&nfé?g%%e‘;ﬂrr]é(rﬁe 14,

grees w th respect e vertica

reductrig theenbgritudendf, the lwuphxgil radmeund pb thesfr&® eprdoattritrutable to the

i.ncreased sjiffness of equyal .amount 25 in both the
axial %P‘PP%%\enéﬁg thegrrPsehRad 9'33 8466 and 68. Ot her

enbodi nents, however, are also envisaged. [0035] For
0036] NSVRARSthd iRvERkore CBe’T@Jg tibR t o
[ ﬂ be ori eln%/ed a{mg ogrp lg% Bﬂ&'n%ds uc ﬁééstﬁ)n'égand
alternatﬂeﬂmm& epecifid eﬁmadynentsd\mgvmshcmn by Iveayoefrexample in the

cramifgs SRR RO i B s ek BEHBE b et

that theSint/BRfidn B r@dtem@ﬁdeb flo BEAMiRHRCH ulén@nﬁ%'ofsfd@s?e%
provided by the angled supports 58 woul d vary between

Rather Hisetioyentiomt ialto sndenalt moddlcapoamwunmdgrets%m allernm/es falling
08/.045244 PCT/ US2007/ 021183  Part |
within 338 Spirh An scope o TR a1 ¢ S AR AU UanE faudfgAppended

claimstiffness would be provided in the vertical direction
than the horizontal direction, whereas the converse is
true if the angle 64 is greater than forty-five
degrees. In still further enbodinments, the angled
supports 58 may be oriented with angles that are
simlar or 5 dissimlar than one another. Indeed, in
full accordance with the present techniques,
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the angl ed supports 58 may form any non-zero angl e
Wth respect to a horizontal or vertical plane or
Wai2t8452dth, such as pl anes 66 and 68, through PRE/US2007/021183
crosshead gui des 34 such that the angled supports 58
are oblique or non-orthogonal with respect to such
CLAH@EaneS or dinensions. Additionally, the angled
pports 58 distribute such 10 forces and nonents over
a wider portion of the central body 22 of the franme
reduci ng the magni tude of the coupled nonent of

14’ - - -

o1° R Tesblociinh ctdesfol rdfsingy &) 4 R ACETe N o
”?*ré?ﬁ%?ﬁ@cﬁﬁéi ble to various nodifications and

a

tern rms, specific enbodi nents have been

shown by of .e | e i.n. the . 15 drawm ngs and have

been d@élﬂ\j%g’e%eqtﬁ)fggﬁ&idle#'ﬂ'é‘ﬂém'.”}?fm@ ,g'i t shoul d be
understood that the invention is not intended to be

i ni t e@ ¥OSENe@dHEe exlendingiram hecenyabhody.@idher

the invention is to cover all nodifications, _

equi vaptleast oagsuppo’ siraciwe exteadinghomihetaresshead guide to the

SRR . BEERTa e bl BaRL SRR Ead sHE LIS GomBtistd 8n oblique
28($ SH 5t2dAu ROE ME3QR Ar0Zdgi8 diith(le8b &t to horiPontal and vertical

reci procati n% conpressor conprising: a frane o
i gignensiong ofthe aiessheaddennerapse stiffinesst efthagresshead guide in

[ ' I , i d di f th

B bR o BoH e pe SRR R oo structure

DAoL ot wihin e e rorD S ine: 26t uct ur e

conprises an oblique support structure forned at an

aAqranishaft disresad withindbe intgrieayoldme and eovpied i@ the crosshead
via 2 yTRRSORAnE A 16 RE it B 52 RS EHB LEE5l sucn

that rotatiom ohthedcramkshafduring opesstibadalduicsaireead nvation of thberosshead
... crosshead quide; and a crankshaft disposed within the
W'th'nith?&"??ﬁh |9€e-and coupl ed to the crosshead via a
connecting rod, wherein the crankshaft and the
crosshead are configured such

2. The reciprocating compressor of claim 1, wherein the central body

comprises a generally cylindrical body.

3. The reciprocating compressor of claim 1, wherein the crosshead guide
and the at least one support structure are formed integrally with the central body.

4. The reciprocating compressor of claim 1, wherein the oblique support
structure is formed at an angle substantially equal to forty-five degrees with respect to
both the horizontal and vertical dimensions of the crosshead to increase stiffness of
the crosshead guide in substantially equal amounts in both the horizontal and vertical
dimensions.
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15 that rotation of the crankshaft during operation

i nduces linear notion of the crosshead wthin the
WORHSAHEHH gui de. 2. The reciprocating conpr es86T/U§p007/021183

claim1, wherein the central body conprises a

generally cylindrical body. 20 3. The reciprocating

cpnpr e.gfs]or of cl iai m 1, wher eig H}g ﬁr sshe q,ui de .
and t hENGeRICAURY SOMPERRRIA oL CIaT0: LMNEIFID g ffRIGE comprises

first ah@'s866Rd khosshbhd lghRIcEetERNiING Fdm ofpodiftesities bPtHRCEEAtR body.
conpressor of claim11, wherein the oblique support 25
structure is formed at an angle substantially equal to
forty-five degrees with respect to both the

heri zo | [ ' i.on f . Ck e

Bt caohe LedPindind spHaRestE 3 iR A it R TRECAR Seono
crossiheds aides alrk axRAly Affsaium Sné BndBER aldhg theldeaaral Bdbdygnd

vertical dinensions. Page 11 of 16 WD 2008/ 045244

PCT/ US2007/ 021183 5. The reci procati ng conpressor of

claim1, wherein the frame conprises first and second

cy0ssh ' . ' r ' i des

Lt af 16 seklb e B Gokr ch QRS S o B atTpasi Uhe

suppatt struetbre Weksdeisra lohgitidinal rinodmassrotactheSirstr arsds Se@shd crosshead
., guides are axially offset fromone another along the
gu'deg@ﬁfjrtaf" cgHgl bady.The reci procating conpressor of claim
6, wherein the at |east one support structure
includes a longitudinal rib comon to the first and
second crosshead guides and the central body. 10 8.
T8e retherecptdcating coppesssar ob Tlaimed, wltereinhtbeatiedstone

suppeH} Bt O BRNSE S8 SHRBAI G (PHBER R Sutace BLg Trst or second
crossﬁlésétgat]@@dame%ar@mgtaqrtné RehirA%hy. t he central body.

The reciprocating conpressor of claim5, wherein

the at | east one support structure conprises a
plurality of oblique support structures including at

| gast first ir of obliqu u rt. structures
St endl g 7 BiRcETRS cRMAeTS R AL Rl Tl et ISt arg
suppd?ﬁéﬁu&ﬁr@&&mﬁﬂ?essé RAREity OBl uE 88pEt Strdtiied [RINJiNG at least
second crosshead gui de. L
a first pair of oblique support structures extending from the first crosshead guide and a

second pair of oblique support structures extending from the second crosshead guide.

10.  The reciprocating compressor of claim 9, wherein the two oblique
support structures of the first pair of oblique support structures extend beyond

opposite sides of the first crosshead guide.

11.  The reciprocating compressor of claim 10, wherein each of the two
bblique support structures of the first pair of oblique support structures are formed at a
substantially identical angle with respect to the vertical dimension of the first
crosshead guide. .
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20 10. The reciprocating conpressor of claim?9,

wherein the two oblique support structures of the
WO2p(04%it r  of obl i que support structures exteRETASYYRY21183

opposite sides of the first crosshead guide. 11. The

reci procating conpressor of claim10, wherein each of

t t 25 obli t t t f t fi t

ok oTné tedtiasatifo RiFREtschl it G iuRrainiBa dtidst one
suppott§tpliciitd imkludes deslipsod rigfethRdbitfoddang witht @ spB&t to one of the

vertical dinension of the first crosshead gui de. Page

horizopgalgir vesticabdgroessions ofitherarpseiBashguide1183 12, The
reci procating conpressor of claim1l, wherein the at
| east one support structure includes a support rib
formed orthogonally with respect to one of the
htg.i zoAtretipeacatiagidoeredsdrerarnednrisige crosshead
guide. 5 13. A reciprocating conpressor frane

camentral B8dy ﬁa@iﬁ@tafnahnEPQeréL%Vérﬁtﬂaﬁ'bukéH“SQIrfa%@( M_@Peiﬁ@lﬁ’e inner
an outer surface, wherein the inner surface defines

surfacerdéfinesrarnvinteridruoimad@ndss configureddd receive apiinteraal compressor
intrgt[nal conpressor conponent; a pair of crosshead
comparlmﬁ es extending fromopposite sides of the central

body, 10 each of the crosshead gui des havi ng a hei ght
aAdPay %%9%@%9%8?‘1@@%@ fi?‘?@ Wi%aﬂ'desa%dhe central body,
each B398 g R854 Mg Y AT AS S Bl Lo iRaRE b verca

and hbaprontat ditveensarisy wheaeinreachiofelae cradshead guiddses configured to
.respective, crossheads; and a plurality of support )

receive 3 hiassPgad sRednantiliate eairaeatng linesr pkan Abte Tgspestive

crossh&®adstanghe central body, wherein each of the support
structures of the plurality of support structures are

nonBr B e Rt SPSeBleL SMERGR AN In ke ot prqsstpad uides to
the cettratbedpnwieéreirheactespthet sSuppoet stastierd of thel plurality of su%port

increase the rigidity of the crosshead guide in eac i
structyfesiare faBPES oAtoAIe ffhevErsshead auidrmat @ Agn-orthoggnalrargle with

espe 0 BESEMCARRERIGTE B MRl okt B By BT g e

rigidity bétha croasihéad glideupgach of thelhbrizetalodred fentio®iddimensions.
integrally with one another.

14.  The reciprocating compressor frame of claim 13, wherein the central
body, the pair of crosshead guides, and the plurality of support structures are formed
integrally with one another.

15.  The reciprocating compressor frame of claim 13, wherein the central

body comprises a generally cylindrical body.

16.  The reciprocating compressor frame of claim 13, wherein at least one
support structure of the plurality of support structures is formed on one of the
crosshead guides at a non-orthogonal angle with respect to the vertical dimension of

the respective crosshead guide substantially equal to forty-five degrees such that at
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15. The reciprocating conpressor franme of claim 13,

wherein the central 25 body conprises a generally
WeursidPI4dal body. 16. The reci procating conpr 86¥3152007/021183

frame of claim 13, wherein at | east one support

structure of the plurality of support structures is

| f d f h i d .
least 6, SPodl sBIG %S ahREnced ReTREGE.HHhE Gadhslrquide by a

substahtiEySE Rl AlaghtubiBen EEERBF tHeVForiZontahary it sl”limensions.
substantially equal to forty-five degrees such that at

Page 13 of 16 WD 2008/ 045244 PCT/US2007/021183 | east
one support structure enhances the rigidity of the

S5 AAE rPEITL  cH TAr

supporhstricarey mﬁéWaﬁ@@f@%@ﬂ stiuatRedis fIrded ddone of the
wherein each of the 5 support structures of the

crosshead guidey ajsubsiaptatly identicalinansoitiogaiakengies wierasipect to the
: 0SS | de: Lally identical
Veﬂmé@ﬁqg$§ﬁgﬁgﬁggrg%%%ggeaﬁ?%#?%@ggﬁééto the wvertical
di mensi on of the respective crosshead guide. 18. A
reci procati ng conpressor systemconprising: 10 a
crankshaft; a housing di sposed about the crankshaft,
t ﬂ@- hofid] Pﬁ'@f%'ﬂggﬁw&f eEROT WUSIETCRMPIISIRE at | on of t he

crankshaft during operation of the conpressor system

a2 @fankshalloupl ed to the crankshaft and configured to
drive rotation of the crankshaft during operation; 15

aa hlousagi digpadedcatum s Headrankistalt, therpussmggoreiguredita facilitate

i d sshead i des extending from
rotatioshfbberanf el Giicheeianen ohhecomarassps svem

conpression cylinders coupled to the plurality of

c? dEiypeseuplgdite the crankshathpnd wopfigwedde muagogﬁn@pdé dle

i thnn.. Lity of crosshead guides and 20
Crank%\%%ﬁppgﬂhggp?#éb@rankshaft such that rotation of the

crankshaft. during .operation i.nduc reci.procal |inear
?lgﬁntgfofézégsi?h@%g %%%c%mpﬂf,lﬂgi ?ieqséilb%aqd second crosshead
guide§ eR froHi Sposieadigédormethdusaigshead is coupled to
a respective piston disposed within one of the

fg ra !d?'&o?ﬁ’derQSH%gﬁrowgerg;cbgﬁ%dttg‘?hé%ﬁﬁsﬁt&io‘f%r@éﬁ'é%

aclitate conpres
guides;

a plurality of crossheads disposed within the plurality of crosshead guides and
coupled to the crankshaft such that rotation of the crankshaft during operation induces
reciprocal linear motion of each crosshead within its respective crosshead guide,
wherein each crosshead is coupled to a respective piston diqused within one of the
compression cylinders and drives the respective piston to facilitate compression of a
fluid within the compression cylinder; and

a plurality of angled support structures extending from the crosshead guides to
the housing, wherein each angled support structure of the plurality of angled support
structures is oriented at non-zero angles with respect to plaﬁes containing or parallel
to the horizontal and vertical dimensions of the respective crosshead from which each
angled support structure extends.
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fluid within the conpression cylinder; and 25 a

plurality of angled support structures extending from
WORSP4dhead gui des to the housing, wherei nPEAEN2007/021183

angl ed support structure of the plurality of angl ed

support structures is oriented at non-zero angl es

g&h r Lol
hot1 zontareaRlstoBh R e bR 8h R e Bsutifihd Rousing
is sub@fmgngaaylmfdrm] whi ch each angl ed support structure
extends. 30 Page 14 of 16 WO 2008/ 045244
PCT/ US2007/ 021183 19. The reci procati ng conpressor
system of claim18, wherein the housing is

sypst appb abd; érd‘c\éhh@?ﬁh@{esrﬁoi%ys of El‘é'i r1%c Wh'e?éip the plurality

conpressor system erel n I ur
of andledsuppoit e&usmm@ﬂrthe@iuramtwa@sosmedmuM@d Ialnyi thé housmg are

cr sshe[a %\dies and the housing are forned
formeg {ptegrally Withops a59E8inot her. Page 15 of 16
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