MULTI - STAGE RECI PROCATI NG COMPRESSCOR BACKGROUND The present invention
rel ates generally to reciprocating conpressor assenblies, and nore
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casi ng.  JliBMVREYE cylinders. By dividing the reciprocating compressor into stages, it is possible
to more efficiently compress the refrigerant to a higher pressure than can be
accomplished with a single stage reciprocating compressor.
As is typical with components in many mechanical systems, it is desirable to
keep the size and weight of the compressor(s) in the heating or cooling system to a
minimum while engineering the unit to provide the system with as much capacity and
efficiency as possible. The passageways between the stages in many conventional multi-
stage reciprocating compressors require tubing or piping external to the compressor to
communicate the refrigerant between the stages of the compressor. Unfortunately, the
external tubing or piping can be a source of vibration and high and low frequency noise.
The external piping also increases the size and overall weight of the compressor. The
external piping also creates extra joints which have the potential to leak and adds

additional parts which necessitate additional manufacturing steps including the fitting of

piping to the compressor casing.



A multi-stage reciprocating conpressor includes a cylinder block and a
cylinder head. The cylinder block defines a | ow stage cylinder and a high
st age cylwoaero/o33§se cylinder head is secured to the cyl iPadars26908ks3
overlying the | ow and high stage cylinders. The cylinder head defines a

m d-stage plenumwhich is in fluid ggﬁ@ﬂﬂg% tion with the | ow stage
cylinder and the high stage cylinde nicating a working fluid
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low stage cylinder and the high stage cylinder for communicating a working fluid
discharged from the low stage cylinder to the high stage cylinder.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a side view of one embodiment of a multi-stage reciprocating
compressor.
FIG. 1A is a side sectional view of the multi-stage reciprocating compressor from
FIG 1.
FIG. 2 is an exploded perspective view of a portion of the multi-stage

reciprocating compressor shown in FIGS. 1 and 1A.

FIG. 3 is a perspective view of a cylinder block and suction valves shown in FIG.

FIG. 4 is a perspective view of the cylinder head shown in FIG. 2 illustrating a
low stage plenum, a mid-stage plenum, and a high stage plenum with a discharge port.

FIG. 5A is top view of a valve plate from FIG. 2 showing a plurality of
passageways through the valve plate.

FIG. 5B is a bottom perspective view of the valve plate of FIG. SA with a bottom
gasket assembled on the valve plate and the suction valves disposed immediately below
and contacting a lower portion of the valve plate.

FIG. 5C is a top perspective view of the valve plate of FIG. SA with a top gasket
and several discharge valves assembled on the valve plate.

DETAILED DESCRIPTION

Overview of the Compressor 10

FIG. 1 shows a side view of one embodiment of a multi-stage reciprocating
compressor 10. The reciprocating compressor 10 includes a casing 12, a mounting plate
14, a motor end cover 16, a bearing head assembly 18, a valve plate 20, and a cylinder
head 22. The casing 12 includes a motor section 24, a crank case 26, and a cylinder
block 28. The motor end cover 16 includes an inlet port 30. The cylinder block 28
includes a mid-stage port 32. The cylinder head 22 includes a high stage outlet port 34.



FIG 4 is a perspective view of the cylinder head shown in FIG 2
illustrating a | ow stage pl enum a m d-stage plenum and a high stage
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FIG 5Cis a top perspective view of the valve plate of FIG 5A with a top
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22 incl ude@haddilbgdmksmagermhém withrttie 34nk case 26 and interfaces with the valve plate
20. The inlet port 30, mid-stage port 32, and high stage outlet port 34 extend through the
motor end cover 16, cylinder block 28, and cylinder head 22, respectively.

The mounting plate 14 and/or casing 12 is adapted to allow the compressor 10 to
be bolted or otherwise affixed to a generally flat surface, such as a floor. The bearing
head assembly 18 receives the crankshaft (which is disposed in the compressor 10) and
provides service access to the internal components of the compressor 10. Together, the
motor section 24 and the crank case 26 house and protect the majority of the interior
components of the compressor 10.

A low pressure refrigerant enters the motor section 24 through the inlet port 30 in
the motor end cover 16. The reciprocating movement of a piston(s) within the cylinder
block 28 draws the refrigerant from the motor section 24 to the crank case 26. From the
crank case 26 the refrigerant is drawn through an internal plenum and passageway
system formed by the cylinder block 28, valve plate 20, and cylinder head 22 to low and
high stage cylinders formed in the cylinder block 28. Valves (which interact with the
valve plate 20) control the flow of refrigerant to or from the low and high stage
cylinders. The reciprocating movement of the low and high stage pistons within the low
and high stage cylinders compresses the refrigerant to a higher temperature and pressure
in stages. In one embodiment, the refrigerant may be communicated through the mid-
stage port 32 (after compression in the low stage cylinder(s)) to additional components of
the heating or cooling system. These components may include, for example, additional
compressors or heat exchangers. Generally, after leaving the low stage cylinder(s) the
refrigerant is drawn into the high stage cylinder(s), where it is further compressed. After
leaving the high stage cylinder(s) the high pressure refrigerant is discharged through the
high stage outlet port 34 to the other components of the heating or cooling system.

FIG. 1A shows a side sectional view of the multi-stage reciprocating compressor

10. In addition to the casing 12, the mounting plate 14, the motor end cover 16, the



The conpressor 10 includes the casing 12 which interconnects with the
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and 46B. ow St age pl st A an | ow st
cyl i nder s ehGhingnte 46lhdered@h s@&eﬂdml@wfoﬁeahé kempeasibngtrbleaof alsqﬁsrtbﬂlsy 18
and extend radially ou(ﬁ ward fromt h? crankshaf t é{gea,lp-flihe hi gh sitgsae%e pi ston

44C and high $tHg¥EIAG ndes NpeEobing e siise et YRArrgisgpsedan theng

therefore, lo@'rs%a#% déﬁ doReadd Y8 WIRSH aiiR R EBmButicatéh whitd @E h&krvoir
enbodi ment s I"ocat1 on of the high stage piston 44C and hi gh stage

cyli nder 48¢h ey thk 1dverstage tchlindsspdof aml 4412 rd:qawestlhadewpn preoufs yefdidéansind 44B

d the | t | d 46A d. 46B. ti
onor cesorign SR ARt Smiady e pa o hE aiEh s okt diiosBd Reat! N9

subst ant i ahé Mighistigk @I(/mme@ 160 WisafisGh ARE @mmuliOMRYalith ihe 16 Reke eplrdient s,
for exanple atwo cylinder/two piston rrultl-sta%ﬁ reci procating conpressor,

t he pi st orftheand d4@rrét1@h thoyft tﬂlhehlgh g@lﬁagt szjéldﬁf rqegiyeslithe dvighier opresshee
pi ston heafgfn%efa Eileséharged fh tI?evYo e c%riln 2046A and 46B.

The low stage pistons 44A and 44B and the low stage cylinders 46A and 46B are
disposed closer to the bearing head assembly 18 and extend radially outward from the
crankshaft 38. The high stage piston 44C and high stage cylinder 46C are disposed
adjacent the motor 36, and therefore, are shown as the right most piston in FIG. 1A. In
other embodiments, the location of the high stage piston 44C and high stage cylinder
46C may differ with respect to the low stage piston(s) 44A and 44B and the low stage
cylinder(s) 46A and 46B. In the multi-stage reciprocating compressor 10 shown in FIG.
1A, each piston 44A, 44B, and 44C has a substantially similar piston head diameter.



The Conponents of the Crank Case 26 FIG 2 is an expl oded perspective
vi ew show ng the conponents di sposed above the cylinder block 28 of the
conpr essowoOR2010/03858addi ti on to the cylinder head 22, theP¢alvoseooloatias 20, the
cylinder block 28, and the cylinders 46A, 46B, and 46C, these corrponents

i ncl ude: ction val ye asse Iles 50A, 5 gas

di schar ge Varv&had's8npl © ents £pr eXarpp 4%:twg,{:y35gegawgag1§tgp By’ fie %?ﬁf
fasteners 8procating c&h}%‘re@élf ' tﬁg%istcm R&dY &8meef | bf'% 1iBE sk ipd& frafQffre46B,
and 46C, which extend through a portion of the cylinder block 28 The upper
axi al end fpuntthecrnstonheaa:hmamﬁteth%thcwvﬁfdgfrsls%A 46B, and 46C extends

t hrough the extﬁii &l sur%@ @11‘ he c(sc( er block 28. The top surface of

t he cylinder bl 9-98PpR g N val ve assenblies 50A, 50B, and

50C, whi ch are BIG. 0st kakesloas ;lﬁdrgaéw%ewewemwaigvm compbhdats als?déle@rabove
assenbl ed and dlsposed in a "closed" position each suction val ve assenbly

50A, 50B, thheylager blecki2& phdis gompraspy 1100511 additige o B cyldes Ppadnife thepiabeek 28
and ext ends, A6H0gs gﬁﬁd ?fblécﬁl CYhd RS F #%46&6%3 and 4?s‘éftﬁe‘3e %ﬁ&ﬁ&ﬁ%ni’se' y
cover a | ower “porti ri erantyiEl oW passagewa on the‘valve

pl ate 20. ﬁ[ctledé Guaiongablectssénzblies SdAs poB eﬂldCﬁ@G, QDO\Oér daklect 69 dinchargeblabek 28

and adj acent to. the suction valve assenblies 50A, 50B, and 50C when

assenbl ed.2sinRlics gt $1Rand pAC: HeupRRERSkghe @pd EtanersS8nf i gured wit h

por tions whi ch B.e.,d§R06IBE aRNLEnEN e AhaLd Y6AT, QL'fSBd ahcﬁ‘%gg%'ichp&&éﬂdons
the cylinders 46A, "46B, and 46C and the suction valve assenblies 0B,
and 50C. through Tervad vbthplcazhedez(bloczk 28.shbs egparaxidhend (pmﬂronngsdae]n obfheabove

the cyli nde 2 nd | ract th t he suction. val nbl.ies 50A,
505, Lna " S5tinderpabaZ s IPLASIR Ml e SHE St ol G S R &3 rar o
val ve aSS%@'T&&oE‘éﬁrfa&‘@ th@ indéblowh ng he @R s TRUNICBEN VRISE 89RmbRENFOAr toO
the suction val ve assenblies 50A, 50B, and 50C, the di scharge val ve

assenbl i es0B4and 548, whis am@lqﬁmtedfas élﬁKllbleereﬁéeflevalmEICp@r t Woag apsembesl

enbodi ment en assenl.e t he .upper, ga 6 IS e n per
our ace. or LTS o P oSl BE, FRET MR o Eaflay BERC R T BT e
S54A, 54B, dgds@tion thocop RREicedars kRt cydides bloeR fA80uide ex tehdshadiosst bnsf W ch
correspond to (and are contacted by) the base of the interior and exterior
wal | s of tqyénéew PhdefORead 40C torpletiyvelyneryer ﬁéawelmorrl@n af ageiegronh flowe

| ower gas % e bI f dhe
cyl i nder h%g%gg‘%%qg)hgn Eﬁk é@%ggﬂk &0 o%\%r §g %tg at e %%dgﬁla%@ﬁgf ia%)wer
gasket 52 dytinddréblakl 18"Izdﬁ1r ad@o@ﬁtkto&ﬁe suctlon Valvhd@&hﬂ))hﬁs 504, 5@Bveind gaSkehen5?2

forns a hernetic barrier around the suction vaIv? asse | i es 50A,. 50B, and
18Wd

50C and aBSvERlet Mosutrecibicahy.dls joners Baskeiny2 iign RQIEANS Which affe
cylinders cﬂ%%secﬂﬁ%ve%ﬁg rﬁﬁgbﬁﬁl%uﬁ(ptﬂell.wggr ﬁ&W!h% ghﬁ’&h@%% Y4B, MnROKH ons
of the valve plate 20 deli neated | ower gasket . Additional Iy, the
| oner gasketl th2suctdemlilye psrsembhtSS(}PefSIOBgemcaiﬁCf rom | eaki ng between the

cylinder block 28 and the aI e plate 20 to th sphere surr g the
conpressor 10. 'élerﬁapvfrﬂtl XlﬁlﬁfgggOBQ&BWCIS%%FT']‘Z%%%%E\%@P@ &’i‘?cﬁiﬁ er ant
from | eakisg iRet0RERIth n@ du@ﬁ@l{ Vale Waleh®1i6d 5006501 dnadeC. heRdiod2unek sthe

val ve plate 20 or from between the valve pl ate 20 and the exterior walls of

t he cyl i ndbe vieadlag22( weeives e disshtier salye ﬁﬁrsomhhem@% h%LBe enppesswehich ore

The val ve 0. defi | o assage S or i gn and
function o O%?dcﬁhe\f\ﬁnl %mslal é%\lljt\%ege alogll \é@é%taes?e et Iﬁ))séqu@ﬁ?{)é |ﬂ1n t he
speci fi catdig@ghjrgatiable RREEMIRS SHAL SAB UM SATTHENY ﬂ@ilbl@ﬂre&f vdled poigiehant odeet ween
t he pl enuns an t he cg‘il nder s 46A 46B and 46C. Each suction val ve

assenbly om0 smglt A¥penspeeablad dhe SRBY gaskes |50 ds dispeselIop BaAPPSABIfaghef 54C
is config t far

t hr ough S ghal S614afEky, B Bt LB Aderble, 1 ol atgrocrant
portion ofuppmegzsketoﬁéelsccxonﬁg;recﬁ wntmepqrtlsﬂsomhléHAprrés@Bnd an(hndzb&,‘e cdiltected/by)nder

head 22 de t he upper portiaons of t pl en ( spasition d
function dfe e Biecah i RO Bl et Btk OB Fifiecer Bt Tt Binag B %)

whi ch tenqg Hﬁ?béeﬁ InQRE1Ner TRt 98BN the Q%ﬁd&? bRRR 389 %ﬁstéﬂ%rst besecaleve
plate 20. If the conpressor 10 uses a "banhk"” formation, (also referred to

as a "V f cheraylimslet hwlde22e theheppey pashdeds tabvglvel piBfe 2Ahdnd 6C landr pisktorsto44 A,

44B, and 44C (FIG, .1 re aligned along two separate planes) multiple
cyl i nder Hg%lﬁéhnélﬁ Wﬁéz%%‘ used to cover the nultiple banks of cylinder block

40. The Cylinder Block 28 and Suction Val ve Assenblies 50A, 50B, and 50C
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FIG 3 is a perspective view showi ng the top portion of the cylinder block
28 and the suction valve assenblies 50A, 50B, and 50C. The cylinder bl ock
28 def i nesoaoionassspage pl enum 60, a | ower portion of a RCAASL@YOSTERNUM
62A, and stop recesses 64. The suction valve assenbl i es 50A, 50B, and 50C

i ncl ude pins 6 6 nd 66C a | exi bl e S 68A, and 6 C The
1'exi bl e omborQeuga e Bier Zatkebae fOHET ddi T is bHoRT M7 naudhoe van

The cyl i ndggen1RSK0A8 508 Oirﬁlci(}t hfPmJvBandRR{IMIRAEHR bﬁ[hd@f- 46 Re4dB sihaneeect i on
16 of the compressor 10. In one enbodi ment, the cylinder block 28 has a
gener al | y stitlathat dy cylindeas é0A BER, dod 46€farmmrt@mtl hemoyhicater snl36yith peBonsand

46C, the c nd bl oc d |nes t he r ns _of. the | stage
pl enum 60 Cﬁr%fae { %‘ée 11?1\ gﬂ g? éééneﬁfgn %i%\wer glaﬁléet% %&%g agllyeﬂﬁr#‘élﬁr g‘ends

t hrough t s iaydliynsievend) Rekoe2tht amh 1eakin§ betwtedl (ROBYTIHAEEBIOEIODS Whd Fhet Vive
reservoir. The lower portion of the m d-stage pl enum 62A extends into the
cyl i nder Hl®eR0Zg tlﬁﬁjﬁtm%phﬁrﬁa@réeu@#ngathsrcea)@reéﬁ% KedSigapely, Sgctprehatskethe

| ower port n r e he
cyl i nder %60{211%8%@ Q%ﬁ& V\ggﬁﬁto{ré}%) iglo%g%? g %l&eeﬁ&ﬁ@%ﬂglg& %%%%P@%A&h%e}
fluid conthead eatahd thewtalve snteROp@Tfrdao betwadn e tahe: piad-20t mgehpbanbtion Weld ned
by the cylinder head 22 é G 2). The cylinder block 28 is configured
wi th aper t¥rescdigfechat 2 é%Hle&rmtDWéleeyﬂurrﬁa%c}lgg e AOMPEESOH 46C whi ch
receive the pi 6 e , u t he
flexible merrbe:ilsh §8gﬁv% Bﬁea%gqggl?:&pgyt%l %%W?gé Oru}?:(?f ogtﬁgaoﬁggsgfége% i es
50A, 50B, famdicdsOf which hvalldyel cﬂmdxssedbﬂnogrkat%detkﬁhembmqm@l1ecth¢ kiecificakpi)l e
menbers 68 §38B .an g 6§C@are cant i I.eve ed. from |tbhe bas irtl on rd're]@geirvi ng
the pins 6BAT @5eyidefor B8 S%W“P‘r?é“%{kuo Ieiisgragh Fﬁ“%?ﬁ“ © aCH ey 1 46A,
46B, and Qndérgl sehe 4680884 4BOS| EdBNsucBBE RaRE dshigntdll sviAblsepMRAbSHE SRA,

68B, and 68C extends over the axial end portion of one of the cylinders
46A, 46B, dissbageCalve stsambin S%dSﬂEeaﬂld >54€ove¢0nélggmdttpowlqcnml/ypah@ag@\/vay(s)
or ports which hr.ou Ive te i

oyl Prder s TeRETEL08 R BEAT QGuER I abmBl S B ad B B S Bl "o
di sposed ggmenal durindi 2pBition Gl thy sfrbl&m:ﬂ?dil@ oalﬂer pidfoas4ami 2B, raageidce the pins
66A, 66B, and 66C. Only when the suction valve assenbly 50A, 50B, and 50C
is in an oplnde head P2 idsfinasdhe Haparipgaions Af thepmenuyhg (trodispesiicmddunetipn
flexible

cylinder o appeyit oo dihe AL AUPRRR FIJS, PRAPLT EHER Wil frccie
refriger arrtafmgeradt dwom ficopastipewiags & vied valieiptatd 0O. | 16whes tagprepdoeninu&d Dy t he

suction stfoke, the | ow stage pistons, 44A and, 44B withip the | tage
cyli nders 28 aﬁ%ama&ds@ (2 reigited {age 2pl e IO | ¥hgies'se| ciladareds RaSh{ L o

communi Cata‘n@%é@ taﬁdt Qom0 81 888 Gyd uad G4§A) and aﬁgﬁ’bdt H'l'bﬁ ol BBa4e Ve

pl ate 20, which ws refrigerant from | ow st ag penu 60 tO enter
the | ow st}ﬁge@cyﬂultmdi@cﬁmdﬁﬁheadd 2468y be used tSiqovérathk ynultiple baokweo! gdmtleron
m'd-stagetﬁl %nzgﬂn 62A is in selective fluid comunication with the | ow stage
cyl i nders 4% d 46B through the valve plate 20. The refrigerant

di scharged fronriédey 1hmrqzlaaezwﬁa Beetion ¥aReadeBResBUA,BOB! HRd S0CPr essi on
and di scharge stroke of | ow stage pistons 44A and 44B enters the upper

portion and | oWdE. éowperrapmw@ hiewnihondngthe top peitien 62 fie cphiadé¢rdiesk Foandi on of
t he m d- sttﬁlge CQI enu 62A. i

sel ve.flu n th the
hi gh stage eyfin 6358%11? 5t il)%[ F?Qng?(\;;éb% a he ‘ Bndefhl & a?Efgg\%netsﬁ ow
refriger arstagferppdﬂuhh@o Iaqwo/%r petibh ona elidishee @ﬂeﬁimﬁi @@e StagD etesdsngdo2re 0 be
drawn into the high stage cylinder 46C througl
suction Valve assem hes 50A, 50B, and 50C include plns 60A, 66B, and 66C and
flexible members 68A, 68B, and 68C. The flexible members 68A, 68B, and 68C include
tips 70A, 70B, and 70C.
The cylinder block 28 projects from the upper portion of the piston section 16 of
the compressor 10. In one embodiment, the cylinder block 28 has a generally flat top
surface. Besides defining the cylinders 46A, 46B, and 46C, the cylinder block 28 also

defines the lower portions of the low stage plenum 60 and the mid-stage plenum 62A.



upper portion of the md-stage plenumduring the suction stroke of the high
stage piston 44C. I n one enbodi nent, the m d-stage port 32 is disposed in
fluid corwonrpwaBssn with the upper portion of the m d-stagasploeosmss2B. The
m d-stage port 32 allows refrigerant conpressed by the | ow stage pistons
44A and 44B to be co nicagjed to or_fro ddi t.iqnal . c nents of .t he
neat g or ol HUEeyBEBHT hasiengg HBoHEnt B adinio PIGE. 2 Gt eRafp i

addi ti onal coaRRiEIRAT Wit® th 8A&LHBXC NBRYIGEWer portion AShOLBYIsRME! pedurdiceat ed,
in one enbodi ment the flexible nmenbers 68A, 68B, and 68C are reed val ves

and are conanidsédo dfe eylindemblpeals bpt ienginates et i aledewhingied alepbvesich Mt tenber s

68A, 68B, ,and 68C to f|ex .qr, deform.i and out, of the rtion.of the
oyt nder s 1GREF BoEEh S4ibE Ik Patleb AR R S P optP ity et g
portion ofplédre2d.! ki hbweportieh Hf GFAMiG8Bge PrEuAB A eCai YR EdiBmPhidSidioA,
66B, and 66C which secure the flexible nenbers 68A, 68B, and 68C in a

| ocati on abiévan eriren peytion pé theymidndegesplamm) defgrd byile admdermiad 22{E1GEA,  66B,
and 66C i deal | r ey o] r

inseating or Ml TRo S BEoRhGueRA et oo o0Nh e Lhflers

pi stons 36l6A0g6Beatt AT which rebevd thexirbl 6 ATetBe nsd 682, TE8Bins&i6d, 668, aper at e
by nmoving fromthe norpally closed positi on?ﬂ( descri bed abgve) to an_ "open"

posi tion PG Peskis ghoplenibi énanePes §5es@ti-eatt OPEr BRftiPR) ofgdisetustiony W¥eoss

the val ve joouridifes %%?%bhoﬂn@fsoélqggh@tg 1lin2H Block Mgt W@h&@é&erﬁ%lﬁh hfe iREHION

val ve assenblies 50A '50B, and 50C, he suction stroke of e prstons 36 in

t he cyl i ndeersbed§AZA4688, anld6816 @receamaiteasretleomp ks baneepadiidif exceivirigathe gamsoss
the flexib er A, 68B, and 68C,. whi.ch causes t xi bl ers
boa, o5, 0 BB OB en e s S ot SRR B R AE S M T et op
portion oftht BRs&Y bbRGH, $adbof tHGR xR thehiifers 68A, 6SHNAA ddteeabicdsi BRr ViRl ve

assenbl i es 50A, 50B, and 50C open (and because the pistons 36 are
subst ant i aixia} en@ goidiegrof ege of thercahkadiaf oA r ithtand Hoeparcontactrndodentiymgvef each

suction val ve .assenbly 50A, 50B, apd 50 i 1l .not .occur. si nyl t,anequsly),
The t1ps Joncugh SV ints3gttnndR B a B oMb 0 8herR B Vo e 2" B e
the stop rgGaasesth®4ylinddriecsyséBdad 480i6kodBaatd elithcorn thvoarspuRtesods

openi ng novenent. Further valve 50A, 50B, and 50C opening into each of the
cyl i nder s MfghsposghgengidlysbametisplvEenrthe apartuies Whish peashieribe Ping06AnBOBuct i on

et vean t RLU A0, DR w8 BTGB ol qufBty BoR. FREPEEL B0 i (P iEapBil 07
conpl et i ompoeitioh e thelcips GOASTORKends duedch@ftthefletiblehasgberatd Ac 68By @8lSi on

stroke of the pistons 36, the flexible nmenbers 68A, 68B, and 68C return to
the gener A% FNEA%0 dtoélrﬁ‘éeéﬁFS;%§Pf}ied%¥%86?¥H§%‘ilﬁ% and ideally covering the

suction flow p%ﬁﬁfge%é’%tliég@ioghth%x&ﬁﬂﬂeéslaf Ofgg nt ﬁ%fri’%ﬁﬁ%,i@' @xtagmzﬂom e

Cylinder Head 22 Is a bottom perspective view of one
enbodi nentregfvdihmte theilond efagh eledu@200 hyntha ddéttanaitroke of the ldwwiage ageonslddAum 60

and the upper, porti.on OL(P&Jhem' - st ag | e 62B, .t he cylinder (y\ga 22
ot nes a AGHBSY B ToF latlinsnes e Esbert 1 b e 19h ek PEAE b 1% 74
and i nt er ijgieetiveSIi8 cOmntuitcativh Widethe MeRdtage clieddenesd Aand BB hRALH kins  of
the pl enuns 60, 62B, and 72.
valve plate 20, which allows refrigerant from the low stage plenum 60 to enter the low
stage cylinders 46A and 46B.
Similarly, the lower portion mid-stage plenum 62A is in selective fluid
communication with the low stage cylinders 46A and 46B through the valve plate 20.
The refrigerant discharged from the low stage cylinders 46A and 46B during the
compression and discharge stroke of the low stage pistons 44A and 44B enters the upper
portion and lower portion of the mid-stage plenum 62A. The lower portion of the mid-
stage plenum 62A is also in selective fluid communication with the high stage cylinder

46C through the valve plate 20. This allows the refrigerant from the lower portion of the
mid-stage stage plenum 62A to be drawn into the high stage cylinder 46C through the



The view of the cylinder head 22 shown in FIG 4 illustrates the upper
portions of the | ow stage, m d-stage, and hi gh stage plenuns 60, 62B, and
72 def i nawolrg10dsasseyl i nder head 22. The pl enuns 60, 62BPCan$2002/08HY3 al so be
defined by the valve plate 20 and the cylinder block 28. Mre specifically,
the exterior walls 74 define the to ortions of the plenuns, 60, 62B, and
72" and. T oriPE upRRel BegK s Bt AL R i e U e s Y 15 MEBADRE PAID | he

at nospher e44CThg dnBlegibo@imaia! the mi@ s@bs goﬂf' 8 IBdik SRk ¥n BRRLAIIARGoASiline the
pl enuns 60, 62B, and 72. Each pl enum 60, 62B, or 72 houses refrigerant

whi ch has the tepepeerionrod theeidostagespleminp2 B h The hfidstage porn3Rhdowemjageant e and
pressure of the refrigerant housed | ach, of .t he, ot her plenyns 60. 62B, or
S The: nikGRPLRaE b FF afW st B0} HeRoTEy AR flrod GBI O o

ref ri ger anidditnpR@sngonermts bh ﬂlehiegtﬁh%@a@ﬁhﬁé eyNteHh . 7Bhdsb EOHpbhehhemgy Inchder head
22 to the other conponents in the heating or cooling system Holes are
defined byfor eremple. addligionglegompresgory qgheah esetiaggeral | s 76 and ext end general |y
vertically thro ] . T i n (FIG
2 whi ch secur o enevay iRk Hon WppaER hEELIR hOERLATRAEEE AR 11 o
20, and t he8d mwatedyadkeat arhl?art @oinipeis&lybfi nden 1&if GpRn thafdriaG wizirh allbws Wad ve
Plate 20 and Di scha:Tge Val ve Assenblies 54A, 54B, and 54C . FIG BHAis
a top vi edPgPOBh&SenDBli AhPSbrio e Yatsiempiyge endewof K1 e RATYRKAF §¢ val ve
assenbl | e ffhrs 4R, 468 4Gt GROYRdemIE difhy SplbAbE 28 HIGS haigsn 3r b
stage pl enum passageway 78, |ow stage suction pgrts 80A and 80B, | ow stage
di schar ge fipaitils n8&bheesn@B 8 2BB, andrbl- stcages HegnondlpnsEdyand po84vhith girust age

ti ts 8 hi gh di t 88, val t , 90B,
ond 900G, " St TarAeSrabd sRA” 85 wiiRofca fothdon shyg ol oERE s iRS0 Mt 1 nes
a pluralitapohnpaseagewass H4A Ao %he BECBEDN e tdne tneatidkeolR ndinfoetDeg R, al | ow

for fluid communication of the refrigerant between the plenuns 60, 62B, and
72 and t heb8By hnch 8¢ Srong pnsea@my onmaviagrquEkide tQ pide Myriag hvedtioke ca¢le pf thehe

| | ] i [ ] |. 8 ichii ill d
Lo e § % b S Rf gt SR AHE BB RASR YR B S o SRS b il S e

plate 20. fldig th®wosihaAgeclssat pa3itidnoldescridOd aBoek) 80 Binatspeneybgnsh bhrftgty t he
val ve plate 20 adjacent to the |ow stage plenum passageway 78. Each of the

| ow st age Wae e pBicsyrgikfcasiviabgme GigsdBe Yo e dirgction of oPaRingo and
above eac ] | AN r 4 j t he

| ow st agehrshglfét lltnr(}ﬁe B%S\réltogtt@%% Cglﬁh Vgg’%aﬁ%eﬁgﬁleg?ﬁét g(gBe’ e |d35c9 r%rﬁgée&‘%g?% é& A and
82B ext endftthe pisginst Iteinvee wsliptiat e6A0 46Bd aad d6Qi Spasethe gireduiehditfesntihleast
one of the | ow stage. discharge poris 82A and 82B term nates |jmredi ately
adj acent t"‘GrO&ﬁdheaBlS%@%oH‘@n@‘FrSt | %ﬁﬁ,s%n&g&fgywlﬁaé:@gseaéﬁe &leibAs BISRIEF t he

val ve pl atg 2 Q3BS b 8GR 8ferP Eéﬁ?go%{ﬂﬂ' & In 0 A ordfing TS (i GpSIod@h &f enum
passageway 84 exfgnds throg%h% he 'val VZ pl eﬁggé 20 ad] 1’(;f%:lent to P e | ow stage
di schar ge thoeylsds@A6and6B28i1dadtd. pr ovi des a neans for comuni cati on bet ween
t he upper porti of, the .m d-stage pl.en 6 and | r portion of the

i d- 5t age plenuNERA TRUoR G St ot Ecrron Bortd 586 S ik BRIt HFough
the valve gﬂit@iﬁﬁ@ﬁe%ﬁﬁkt;ﬁftﬁll?'1§9@§§1€ed & GRRRTHAYE fthtisNapittt thetdpenii &f shage

pl enum 62B when the cylinder head 22 is assenbled on the valve plate 20. In

one enbodistetrn valyeasseghlystidgS0Buand o0 pak nst g@uppiciulthecdusly).shatjes dAchar ge
ports 82A 8 re . di ed on t S S| f an axis of s ry of
Phe. valve TFapad 5o8'00 il ABIRE RAMhd BEAS BB, SR Clnedls P sTdiec N TRLIR

t hrough t hie ¢dlintRr ploak @824fter BhgnalRhivieui citeridgiBowdivht. g WufHersudve st t he
hi gh stage discharge port 88 termnates i mediately Soé%acent to and above

t he hi gh §0§géné§9‘gmémna@@0m@hOMécv5Wés Pt BB anf Jo5sBenBrer dHinghe

cyl i nder \, i s 90A,
005, "and SBC Ao P e RIgh Ruel Bt QPRRAE of [ ARINE pRRALEHLS
recei ve t h8Bpiand 68adbaweawshewtipscT)As,eH0B, eantl HOS aiad thenpivaloGa, 86Beadl 66S. 54A,
54B, and 54C atop_the valve plate 20. |n one_enbodi nent, the high stage

di schar ge o8P qiHee PuposrHgee bR 6 e hasgacan coBDB A S@Pposed
on the samg @k qRsois 86, A% fex@ble SHEMBLS Y63, dsBe Mal o RL@HL tPbhe generally

unbowed closed position contacting and ideally covering the suction flow passageways

which extend through the valve plate 20.
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When the cylinder head 22 is assenbled on the valve plate 20, the | ow stage
pl enum passageway 78 allows the refrigerant to fl ow between the | ower

porti on oVothw/d3gw9st age pl enum 60 defined by the cyli n@#€r/usb@oksas83 and t he
upper portion of the |ow stage pl enum 60 defined by the cylinder head 22.

Li kewi se, the | a ct ports 80A and 80B allow for the fluid
conmuni cati on thetél ‘?‘g‘i“sﬁ"g’é‘lr%t fromthe | ow stage plenum 60 to the | ow
stage cylinder 1464 2%oA68 peFpRctivf vib@Irant efﬂb@&ﬁnefn’f 8MHeNS1ihaw Rhage.
cylinders 46A and 46B to the upper portion of the m d-stagé plenum 62B

t hr ough t He additiogttadhe Hivsslage ghenpms@hg@v&ysuwzm\pmnsﬁ Bhe rnld-stag¢ pleone

and a0 aodit o RO e 55 aPlnss G KFe wlPrC Tz Mt el Bl 1 g

stage di sxbaiodevaporrt aB8 ih@riod Whied7®6f Ok hﬁhﬁﬂe&&eﬁmgb ideesk the Wppempaatiehy cul ar
channel . The upper surface of the valve plate 20 between the circul ar

channel arfd tesaRlpnwps 6h&28; athdt ge passageways 82A and 828 88 fornms a seat

upon whi ch the -gj 3&&9 gﬁle 3 E{(?er%%gtf_g?hléo% in A6, 4§ﬂl?§tra Jthe df}aﬁief 8?&10}{‘4‘8’1“ ina

"cl osed"” flow inpingin rcular channe
adher ence thé ldvheagd mld@mgv alndaigis s egeyplesn SEDA62B4dhd mwdhfﬁléﬂ:bwhet d‘}&mtzlai ve
plate 20 due to an ojl filmresidue, This allows the suction val

assenbl i ed1eBAAZ. Thaelen%la 684RR. gngd2 mw el sertieedefingd by thspahwePlyg 20 ﬁﬁd thse
conpr essi Q:'S‘fhﬁﬁ‘g t@émr%réstpregiﬁ%alﬂt Rt RG] BOdefine the top portions of the

plenums 60, 62B, and 72 and form a hermetic barrier between the compressed refrigerant
and the atmosphere. The interior walls 76 also hermetically separate and define the
plenums 60, 62B, and 72. Each plenum 60, 62B, or 72 houses refrigerant which has a
temperature and pressure which differs from the temperature and pressure of the
refrigerant housed in each of the other plenums 60, 62B, or 72. The high stage outlet
port 34 in the cylinder head 22 allows the refrigerant to pass from the high stage plenum
72 through the cylinder head 22 to the other components in the heating or cooling
system. Holes are defined by the exterior walls 74 and interior walls 76 and extend
generally vertically through these features. The holes receive the fasteners 58 (FIG. 2)
which secure the cylinder head 22, the upper gasket 56, the valve plate 20, and the lower
gasket 52 to the cylinder block 28 (FIG. 2).

The Valve Plate 20 and Discharge Valve Assemblies 54A, 54B, and 54C

FIG. 5A is a top view of one embodiment of the valve plate 20 with the discharge
valve assemblies 54A, 54B, and 54C removed. The valve plate 20 defines a low stage
plenum passageway 78, low stage suction ports 80A and 80B, low stage discharge ports
82A and 82B, a mid-stage plenum passageway 84, high stage suction ports 86, a high
stage discharge port 88, valve apertures 90A, 90B, and 90C, and pin holes 92A, 92B, and
92C.

The valve plate 20 defines a plurality of passageways which extend through the
valve plate 20 to allow for fluid communication of the refrigerant between the plenums
60, 62B, and 72 and the cylinders 46A, 46B, and 46C (FIG. 2). More specifically, the
generally cylindrical low stage plenum passageway 78, which is illustrated as the top left
cylindrical passageway in FIG. 5A extends through the valve plate 20. The low stage
suction ports 80A and 80B also extend through the valve plate 20 adjacent to the low

11



Refrigerant flows between the |ower portion of the m d-stage plenum 62A
defined by the cylinder block 28 and the upper portion of the m d-stage

pl enum 62BO¢efwassisoby t he cylinder head 22 through the mRCHASR@§OSTERNUM
passageway 84. Simlarly, the high stage suction ports 86 allow the
refrigerant to flow fromthe ypp ortion of the m d-stage plenu Bto
the high SYHSEPIEYIT RISHESHE 2. HED Highol S8t SOFUFEoRor a8 %N Bus ¢ he
refrigerantifadd GWnbaiamy Agadtholb S1RARVEWatNIEhe46% disbet HBinbEgNEAL ALE

pl enum 72. FIG 5B’is a bottom perspective view of one enbodi nent of
the val ve 4Bate 20 with the cylinder block 28 suppressed so that the
assenbl ed arrangenent  of the suction valve se ies 50A 50B, .and 50C and
Mover gasker 52°Ghen (it 5 ShE* bRTol Bt E DN HEROEReE oot i ethu aq
Wi th cent rplts [BOAL AndNE2 BB tedt @i Sl (B 0SIRE pRIROYE add rer ASHoakd YuchrtRAtng 1dabe
upper portions the cylinders 46A, 46B, and 46C (FIG 2) and the suction

val ve assems|qfdBe bop stagpEischyige potts S2heangd & tergrnatgsgmmesligiely adigsspiet at e
that the dj spesiti f cylin 6 , r el d by
tho cent r aronmors o8 Grenb A8 i LR o WA R P LERETAL RS, 1
| ower gaskstenfledontthe cyhihde ot 83.20TIeomidkage pldnant pssaiesp9si4d eaandf t he
cylinders 46A,  46B, and 46C bel ow t he valve plate 20 when_the valve plate
20 is assehirel Rnvalke PEY PAdERCHI SR kh2wY Thee disshibes ProhSot PASZBUEL on

val ve ass e;ﬂpxlriligssa s I%p BomARdicrlén ftded e 'u%@ﬂb%éﬁ Stns rrrﬁg—%tagb gfeﬁlﬁﬁlg e
ports 82A"and 82B, 88 wth respect to the | ower ‘gasket 52 correlates to the
di sposi t i d2Bodind lese pbemnurfabe witlistage pheein 6DAL Héhechikh ntiee sud®A, pdBERO6 and
46C when the val ve, pl a 20 i s assenbl ed gn the .cylinder hlock 28. Axis X-X
extends gahraiiny b e e BV IC IR APPOR LR EODHIPEaBPRPANIRE AT woul o
extend t hrughiddig 6B0GAEen Ae 8ambeHeati P2 6 YsbRERUDIARAVa4EBlat@Pg AbB&nenhen
the valve plate 20 is assenbled on the cylinder block 28. | n one
enbodi nmentembodén¢niuihs thaglestagesaiatioy oo Be sndhx landsteRBlisahargetnortisgh adage

Side of oY 3 Sispedondfl iy I OEREN o I s ShPPBREC G0 ana aos

(FIG 5A) and the lhigﬂhtagé AgRhals pbarggealpekich®: drcighanenalveplat i2gnetheand
di sposed on the sane side of side of the X-X axis. The | ow stage discharge

ports 82A‘ah¢ BRE AQdstieefipigh sichdbatdthschigh gdagsofisclagenaoe & frpyieates

symetry w 1 LS t ha j e
ports soa HrpASETS8RelR b Dd fodvcthe Biddt ke Vil O A HRIRLA, pEGRAY

st age di sdhasgentpat on8eiliddapbloeld 28n The aiveeplasd d@ abfo téfeneX- tKe aval s

In FIG 5B, the tion valve assenblies 50A, 50B, and 50C are all

11 st r at clpeiiiet AUACP BBt HE TRORE Ain P ebid- SR 0 el Pr At G martRs s
68B, and G8Gi FOMeashd Rl WS NHEH E&ufeh@le%'d&tidlppal?é QWRPIiES 58RA5 850, B0B, 86
(FIG 5A). In the 'open position, the pressure differential across the

fl exi bl e rfetbapp tE8¥glvéaBe 2hdI68E wohddmeausie: high sfdgexiidshargrpotidiSsargiBA,
68B, and 68C to bow or.defor ownwards such that the flexible nenbers 68A,
08B, and QRTINS SRahgatCovar NI AR RRE R HERetE b e ke B €L BOR S 808
86. The | aynandryirdke pd1agplakichar ge flow passageways 82A and 82B, 88
extend through the valve plate 20 adjacent the suction valve assenblies
50A, 50B, and 58ten Yirveeylinder Deddye2 p¢ assemplpdaend theovidye ghisk 80, Bp lawestage
assenbl ed gn the cylind ock..28 . each. |l ow and high,stage discharge flow
passagevay AR EAGEHRY e RaRne fen BRI KO Bt SR AU RE 4%

cyl i nder s 14@AtagdGBenuan 60 46Gnad byihe dyliaddéradodd 28 pat éedppeingsitiby of AR loaver
gasket 52. This allows the | ow and high stage discharge fl ow passageways
82A and 82Bigegdenug p@ defined) yj the cylindsrinead 2dnLilictises He ley| staggestionsperts 6B,
and 46C. : i i i of
the valve SPupit 5P b SRR e ul R R i Y e B R e G
head 22 r giiewed68 o thedbwisheeayhinddrl ¢60A aund a6Be fErt rebigeidne flows dhan ge val ve

assenbl i es 54A, 54B, and 54C and upper gasket 56 are illustrajed. Because
the upper Sfgsicatinggs ﬂ@étagd&gﬁéﬁ, tP%BPE%tPQFti%‘rOféﬁﬂ ORGP BlonyER 95 fuo o
(FIG 4) qflefdg\gst%é&iggjﬁfge%% 2y ddies gyl i nder head 22 is assembled on
the val ve pl ate , the i ewe? of" FIG 5C w Il appreciate that the

di sposi tion of Ihhmeiembtmdiroentathd wptesurtace \dlthe valde ple @ iredialde txtnaor tve

pl enuns 60, 62B, and 72 e .delineated by th er g et .56. . Thu t he

G Spostt 1 gidgrierd! Fishen e dRE B8 her befy BER e 50 St e hikhediacs ¢ e
di sposition of the plenuns 60, 62B, and 72 above the valve plate 20 when
the cylinder head 22 is assenbl ed on th% val ve plate 20. The di sposition of
t he di scharge val ve assenblies 54A, 54B,- and 54C and the | ow and the high
stage suction ports 80A and 80B, 86 with respect to the upper gasket 56
correlates to the disposition of those features with respect to the plenuns

~ o~ ~ NS




when the cylinder head 22 is assenbled on the valve plate 20. Axis X-X

extends generally along an axis of symmetry of the valve plate 20. I n
one enbodwoento/03s3se | ow st age di scharge ports 82A and 8PBT(USk@9/05BF3 and t he
hi gh stage suction ports 86 are generally aligned and di sposed on the sane

side of t X axis,, Sinlarl t he | ow.st suctio rts and 80B
ond the hidirhas por iR Eorhe S Rt BRToR § RNl Safela s dBgeang

di sposed apheieosaEvaldglel 26iaveh &B%l%upér fthrhel and eacH Bf EieGalségrrget wo of
t he di scharge val ve assenblies 54A and 54B are all illustrated in the

cl osed pogiasfagewayst 32poend BoBs8Hformisa seal wpen BHish ahﬂjdlszlargﬁ‘omlmzassn@bhcrﬁd

e han e U8, WL MR Y PR R e BB o i ng tigsttioh LT b

conponent schaiinel hludésShb abgeenl of eheasiRaoDh¥ve 44emdiiBs 58005 4B and Fhese the
conponents include a flapper conmponent 94, a backer 96, screws 98, pins
100, and I'ebie Rlats RErdse 19 an opyfdatigsigue.y Rhisallays dhepiuctien salge asrgmbhies Sl ude

simlar c nt i.S r e h al ve
2ssenl i oo EAAT g Gk DB et R oA TBte s s BT HRe s Gen
and 46B anﬂnadbﬁme@huhh86lom1stage suction flow ports 80A and 80B) are

di sposed in the m.d-stage plenum 62B when the cylinder head 22 and val ve

plate 20 are ad¥eHBIaY BRAWE RELKSAT HifefoVHroRRtion qfFihe, mig-stags PRy &2¢al ve
assenmbly S4gis bghtﬁ@e ﬁ&he@%@af& ééﬂgnm&huégkﬁ%ert@ﬁ' (')fnﬁil@rmﬁi%z%nplhtﬁﬁn hiogh

stage plenum 72 he cyl 1 nder head d valve plate are assenbl ed
on the cyldefided thl olok cgfﬁnder head QRnihrewght ¢het hmdswcgtl plenval passagsarybBies

50A, 50B, an 0C h di schar. e val v s 54A, 4B and.54C i ncl ude
Dhe’ 11 anncTlaiToe TSt ko poria D e ey Bibelit s oM SR, 2 dgpe:
conmponent p%{ltlcﬁf oft (e rﬁhuss@ig%r;g&m\ﬁ%m t@Wﬁﬁ%ﬁ'sﬁ@e A nderHBC ﬁ‘ﬂd:hé‘ﬂl%ﬂ Stage

conprised of a thin |leaf spring material, which allows the flapper
conponent dsrhargefpoetxdSorllatest the mefaigenpnt toofhew Hione thsshigh plagt cylowler 60eto thy t he

di scharge f \éyg%ésagg\r@ys 82A and 82B, 88. Unlike the suction valve
assenblles 50C, the discharge val ve assenblies 54A, 54B, and

54C include a ECKkeB 96 ol pispactiSe virev BPYRNMEBMbodimehl aPPervabemeeett 94
and are adapted to dissipate the opening force applied to flapper conponent

94 by ref rw@bﬁlﬁrﬁyllaii@dﬂac‘rl@%glﬁpmﬁﬂ trethgt deraregebled auanesssay SUGI and
82B, 88. Eagh @é}hﬁﬁ %ok' gh&’ '5)25(:0319“15%{ ggskh&’s% 'llqgtgag ggﬁ%l@ g for
ack ap

the refrigerant to rge rom under neat er per
conponent]@&eM@ametbe ﬁ|aﬂﬁ@ﬁﬁﬂOWﬂhn&mhaBﬁoﬂmmesMﬁdlaﬁ:dﬁp@ﬂﬁ.ﬂﬁﬁhtﬂﬁh away

fromthe valve plate 20. The fl apper conponent 94 and backer 9 secur ed
to the va|%1a‘§¥& Qinggh wpwep%t%?fé%@eg:gﬂg%rﬁé6f@66§nanq1 e %@hg} addr The
base portiQai& vaaCsehbBRPRIA %@@p%@ EG)C e Qr%e?%@ 'Fléaﬂg%ll %ﬁ}ééfsi%t@tﬂétpt ed

to receive one of the screws 98, ext ends t hrough those conponents and
t he | ock whsHBpssiti@poftthe bﬂm@me%ﬁee%& amhé6@faretcﬂfé1nvabd/byalpre¢dntmle1®r9@ﬂ 90B,
and 90C def.ined by the I plate 2Q.. Si ase, portion t he
lappor cotpbnone st A DR kBpoghonpEns Rptas s 57 S0 g 1Y ho

pins 100, Jofkmbesas iendspdshicaudiihd Hgm8esABRONEBL mdauit bdow el M Rdplafe 2one of
the pin hol es 92A, 92B, and 92C defined by the val ve plate 20. T%

Qper at i on vfent the V@jyﬁml@g 20ris aggembled on the cylinder block 28. The disposition of the
suction valve assemblies S0A, 50B, and 50C and the low and high stage discharge ports

82A and 82B, 88 with respect to the lower gasket 52 correlates to the disposition of those
features with respect to the cylinders 46A, 46B, and 46C when the valve plate 20 is
assembled on the cylinder block 28. Axis X—X extends generally along an axis of
symmetry of the valve plate 20 and would extend through the center of each of the
cylinders 46A, 46B, and 46C when the valve plate 20 is assembled on the cylinder block
28.

In one embodiment, the low stage discharge ports 82A and 82B and the high

stage suction ports 86 (FIG. 5A) are generally aligned and disposed on the same side of
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During operation of the conpressor 10, |ow pressure refrigerant is drawn
fromthe reservoir into the I ower portion of the | ow stage plenum 60

defi ned byotbhw/sgisonder bl ock 28 shown in FIG 2. From Po@/useeenspssti on of
the | ow stage plenum 60 the refrigerant is further drawn through the | ow

t | y 78 (FIGS. 5A to 50) t ti t he |
Stage bl ot Go e natuiRipt dir i St SetighentopOREEREh 81658008 g ann”
and 44B. iﬁgh Steled Hi@éha%éer}%??%ﬁﬁreeg%ﬁgraﬁg alhgﬁedl N BYRGE B BleQAmeAR ANGleA4B

al so draws e refrigerant through th ow stage suction ports 80A and 80B
i nt o each afthe Pe—1Xowxist adjee dgw istagerdischgeaprdts48B\ and 82B Red ghes bighhdageow

[ 44A 4B di d at b jaly 20. d f
cr anksha (OB at isn b £ PSLAREREEs ShnaaREF RO Sk a%u i BRLUR ot &

di fferent 15WneRe disthhigdeolt@rs2eastil $1BVast @GR sed 54 @fe 4WA ofiige X4BX dxikawl se,
the suction stroke will termnate at a different nonent in tine for each
| ow st age th¢ BigBstaga disghyean@t ST edisppsed om thethes side0d ) XesX 30i& and 50B

above the | ow | i A6 i) Al i wto
open and al | ow%b%géf g#’relhggﬁéﬁotn to egﬁr}? %Iﬁﬁ%%goﬁdvsvbgtng@({eﬁ% %%én%ﬂe@é“%%{)glnd 46B
t hr ough t htke tlovedspaagi®nswich e@h of dlid Be80IA naoitbBOR A, T68B, taadpB8C abytatlirgxamdg or
bow ng of each suction val ve assenbly 50A and 50B occurs at a different

moment i n OV LeIThEORrRES Ve g PER et (HD- ofdatBdbyPIHROSiR: ifsn
stroke of éﬁés%ﬁ&é APeRhBYCAROSIRD rRDdIARLER 44 NidB, eaa b OWoRlAG RS Yd Nder
46A and 46B. Because the two | ow stage pistons 44A and 44B are

subst ant i dldxybld A@ndbegrses 68B. ardbiis tralfdw podetfbinp dowpwatds stdhethstube flexibleal ve

assenbl i es 50A a 5 abav he. | ow stage cylinders 46A_and 46 ill. be
oo o PSR E O B SR B 10n8 o B S sl B RO AR et e SR dnd o
before oneos skhernsusiAn NaH weeAgisaRld ﬁ@w?ﬁéﬁag@@ﬁﬁs @daRPO B | ¥588end

Suction val ve assenblies 50A and 50B return to the cl osed position covering
and i npi nghieygh éfe vejee alate 20owjachntothghuetérhvilgovasteapdies 00ai 8BBpard SGOA and

S0B i 11 et BEetr Rt Ahasb T ade nerors PRl S ARRaRbfe 287" =1

cr ankshaf teatiptied/i o b’%hos’tﬁgeoﬂﬁclﬁdﬂg‘é iR Paﬂsy@@fsmlaﬁdom,sss is disposddnset
of the conpression and di scharge stoke for each | ow stage piston 44A and

44B occur SMypssintellabope onerpfHiBeicylindass Waid 408diaaf 46Chsathinriigerrdidd spaget h
respect t . i essq diys r oke
of “oach | asafL YAREIRL! gkt B THATIENS HETBLCRR A e LAY |
st age cyl ipadewswdeASHNdnd BBBd @8I thdhet efluidsectiirhomicionok@s ths cglinderessed to a
hi gher terz)er atcilr and pressure. The suction val ve assenblies 50A and 50B
above the OBnAR éé% cylinders 46A and 46B return to the closed position
covering each |qy. %E%%w%‘é%%%@rsﬁ@étfve&@&v 3pdn8ARbHYiHeng of i TRFaFRSHIAR 2nd

di scharge strokes. The refrigerant, now conpressed to a higher tenperature
and presswi¢h theegylnslet blogk Si8haupgeestadomde theheyliovders hergle2Z yémonadr sod Gt dred 46B

t hrough each qgf the corres di ng, | ow stage disch e. port A and 82B at
it for eerehiT oot te dntnygd s S AR mbBE TR S i s hnd Wbpct

di fferentiakkaacdoas thsrditBPERCacRMPONPEr 39hetBE 24P tefAd SR ifi¥ridrhghd
conpression of the refrigerant by the [ow st;ge pi stons 44A and 44B) of

each of t ratagios oydisglt. vi4l (FBGads efrithe exlilen haad 28 aphdsehenydindert hdadi Ehis t o
open the flapasr ¢ %”eateg‘laAtea%tP R4BL 0. ALF T Y rofr gerant pasgage at
N e orP dtl \4 s YenblRP 57 anagng.

di ff erent "nonen eac schar ge "val vé "assenb
Simlar taigashiodfofttheineidriaa exarioe wass gablé amid0dferrdhe®PBauinbs0db3Bhar ge
val ve assenblies 54A and 54B w Il be open sinmultaneously together for about

60 degr eesngf’2caraARIated yothatppe $96kEP8. ofas dihs dirppgiiol 8f the uppse skt

cl oses. ' j Walo |ISShar V.

assenbl i 685650 ﬁ%ﬂ%@%%&%%%%%?? I gg? g%[eﬁf(g a%ll C(Ln ﬁgglegéelgn I rrpg(lﬁr’néézgid a?lﬁ 7t e | ow
st age di scihavgehepabsagewdy) B8RA tndyBadrhyad B2 idaseibled®nvat velvapdeadly 54A,
54B, and 54C) .is djscharged jnto the upper. portion m d- ge. pl enum 62B
defined by fet&sRPgitipa 0&%@ Shsstyg i ebie] OF AantB Ao {ornhle lowrand 76 of
the cylindgs Hiaadag2 sul Pored REAL SIPQOB! ¥6 oith JaPE& Rf tehplepldabigerpnt in
the m d-stage plentm 62A and 62B, the refrigerant may pass through the

m d- st age qoirelatentp desdigmapn 84 thase teatthres Wolvegsppdite therplafunisie), 21 sdatfe

pl enum 62B defined by the valve plate 20 and the cylinder bl ock 28.

The refrigerant fluid tenporarily housed in the m d-stage plenum 62A and
62B is then drawn through the high stage suction ports 86 into the high
stage cylinder 46C by the suction stroke of the high stage piston 44C.

By di sposing the | ow stage di scharge po]r4ts 82A and 82B in comuni cation

t hrough the sane portion of the valve plate 20 which defines the m d-stage
pl enum 62B as the high stage suction ports 86, external piping between the

e S~ A o ~NAASN ~ o~ e o o o, . o



the valve plate 20 and the plenuns in the cylinder head 22 allows the

di scharge val ve assenblies 54A and 54B above the | ow stage cylinders 46A
and 46B twoke1odi33isosed solely within the m d-stage pl enkReTaBB09/057153 The
di sposition of the | ow stage di scharge ports 82A and 82B, the high stage

suction ports 86, and the vglving allows the refrjgerant, t.o selgctively
low fromtig 165 BRSge ey Thiter Sebisd dr Os FoPkita 2t ghSPages EFF er
46C wi t hoUWent ARy YRR A aRisRIf BemAXELR&le aBetdife oyl | Nder head 22 or casing
12. The el1mnation of external tubing or piping reduces a potential source

of conpressor 10 anelsmeltodonent, ierledudageotisdharaearmptse¥<ornd 82K i(BHat $Hnand
reduces t igh and | ow frequency noise.asspociated wth refrigeration flow
ot he exulBr e B py kS BRSPS B RRELRGR S o s S S BRS¢ e
size and gyenalkisves@iilargf v aaPE 86&WN Pélts 80A an@ABOBand Mg RigkbasgeOf
conpressor 10 parts. The reduction in conpressor parts 10 reduces the
nunber st ebschpigguortetd de. MRheLeneraby ahgnedswd ditnpsest on e samgsidesagide1 0.
Because thg IEggh_)gtagge pi ston 44C is di sposed at substantially 120 degrees
of cr ankshaft rotation apart fromthe central |ow stage piston 44B, the
onset of the sUuatHIGN5G} twaks th¢ Hisclogguvaled asderdlblidserdenind®iBeade allrilltidtrmeed or
the high stage piston 44C and the central |aow stage piston 44B. Simlarly,
the sucti dh thg Flgred Rsitiony withpeigioas gt the il Yep et énin RINAGHingjaRd cp¥ringhe
hi gh stag [ I teg i $tAQNS : The
cuati on el e P rmar a1 T BrCor B g e e o

t he ref ri geseantly t5¢ Cernst shownhexplodgh tettetter didstratd ehe 46@poimantugh thehédisdtiagde st age

suction ports 86. .Th e rary. bowing or flexing of the suction valye
Sasent] | Lo A B SN BoGTEa4 e g cembutcats e g ¢ AFed HERB PE i e
for each theackbCH6 ORrMA Y€ RS OB dhd 1BEE MdsIRre o2 hirsifehatROIRI 8dsOMbA4AC |S
substantially 120 degrees of crankshaft rotation apart fromthe center |ow

st age pi st auibddhincldgsimilie componants asalischargs yelvblapsembbpBland 50C wil | be

open sinul tanequsl.,y together for ut r.ees qof crankshaft, rotation
T ore one. cuor it GV SiehBlcs A L SRR Bredpe fFET AR 1B, °T 20
degr ees ofcylin@tkabafndofsBsald RBLceREme 1AE sRizs ki pddBIandind40B) akd

three suction val ve assenblies 50A, 50B, and 50C will not be o?en
si mul t anecligioged wrtha Ayd-stege RkdHMpEAE wacwhtherqyhader head 22 pRe vRivg plade 3@ erepi st on

44C i Kk i i 5t 4
begi no. outeary by e R R eGSO A G SRS B R ot
stroke of dbbee thegliglsitages yhindéral6CAid @hd high hewe peapmeRselsent the cylafder headant

received in the high_stage cylinder 46C during the suction stroke to an
even hi ghéﬁndtVéh‘ﬁé’llag? aﬁéreafﬁﬁFnﬁ?l%%%Fh@.cylFﬂger i8n val ve assenbly 50C above

returns to the Ghesee mRBEAOMIGONEENBRLHFA TR %ﬁ%@@?@kﬁgéh%ewgemy

86 during the conpression and di scharge stroke of the high stage piston
44C. The rosfenilges dAA, SABward pCassede the Bappev eomhongne V4 tvelmple vatnates aard

pressure, begins to discharge fro he hi gh stage. cylinder ough t he
Dorr espondPitbVrgh at Heea FOoRarGEDpar e ki Gt SR ch oo Pt e

from when 4uejsr@fipriges 8ni (e Wal Spitidy HakeRRNAECH KIS e flappersdoadRnent dander s
46A and 46B. More specifically, the pressure differential across the

fl apper conplmener dafofmaawer frpmt llee cdored epeiitom soverng rted rdigphneget floy t he
| ow and hi gh stage Jpisto - f each of, the disch [ v
hoven: i oa MRt PRR M LRI ke e £260 Shné BEFLREMHA SR LE SoC.

conponent tRddRbithrgd L avwe haembiéd SgeruB, apassadaclade 8ibhdker 06 twhiEHBmits ke ti me
for each discharge val ve assenbly. The discharge valve assenbly 54C will be

open si mulmeysswnE|of Narpar eompenest P4r gl ou ddapkesls nHisyipae ghe mpgainghi®recent er

'tﬁ‘év th ggﬁ eflrcpéiei&?/a \r%l ]gég’séeo%qoglgﬁ%él %Solgggge%ﬁ AlenGF K HAA tne BBl QN eBGS OT €

passageways 82A and 82B, 88. Each backer 96 is rigidly configured to provide enough
space for the refrigerant to discharge from underneath the backer 96 and flapper
component 94 when the flapper component 94 moves to an “open” position away from
the valve plate 20. The flapper component 94 and backer 96 are secured to the valve

plate 20 by the screws 98, pins 100 and lock washers 102. The base portion of each
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Si nul t aneous with the opening of the discharge val ve assenbly 54C, the

refrigerant (which had been inpinged in the high stage di scharge port 88 by
t he di schaiogelveBise assenbly 54C) is discharged into th@Cufsee090sT153 on hi gh
st age plenun172 defi ned by the valve plate 20 and the interior and exterior

wal l's 74, 76 of the c head romthe u ort| n,of the high
St age pl erlRPRCIHETENY o G S K HESIFG OB CHEGH 18T gV oatt o
port 34 (vw'mabekt@ndsnhfdughqlc;‘semgab&@&gQﬂtﬂe {dektends gb2$6§é3f‘ec91'v@@ﬁm)1762) to
t he other conponents in the heating or cooling system Wil e the

i nvent i on didke pden apebees Yo, WH, nd SPerdhived by thnvaxe paka?q Smvidatlymthet (s) ,

it wll be under.s t hose skilled i e.art that ous _.chan may
be made aiveattion PEfedtnkd Sk Rl PERCLI BT R PR

departing thé pimsting, whikRexehdd heoudhvibid @mponBntaddd id @Beivemnyorst the gat | ons
may be made to ada t a particular situation or material to the teachi ngs of

t he i nventhods R A tansle‘?&&fﬂqfwg PB’(@Fﬁ YHhe eSS i al scope thereof.

Ther ef or e, ion not be limted to the
particul ar enbo'[}é ﬁhg%%ﬂd}f?ﬁ% ose rb%éf?{) hat the invention will include all

enbodi ment s f alDirivg vperition <bﬂ1$e$j0ﬁﬁbees@d5r Imdoﬁmimd&dreﬁﬁ@rm is debwA MBim 1. A
mul ti -stage reci procatin npressor, conpri sing i.nder bl ock defining

a | ow st adBe &f‘;ﬁFliVﬁHéPtoatﬁa(‘f% WHi ettt ghythedgyi %ﬁ%ﬁ@rple% 69 d@QP‘?%B?éFhen‘é’é]&d‘%recur ed
to the cylygngess lah&ssllf 119\#;@' \/z' ngrohh%é R)\O&e@%rtmngaf ﬁlteagev ax% gféﬁﬁa 60 R

cylinder head defining a md-stage plenumin fluid comun tiron wth the
| ow st age refyigermiers fandert dlmwlru thtough dlgelosy bthged plentiro rpasagewmy ¢RIFIAEH. 2Avr ki ng

10 Sl gge L emne, LSRR AN ohe e D St L ader
di sposed helWegB pidishsA Afes4B| PrKsiRBEN §ﬁ‘$kdmacﬁ‘6ﬁﬁile low stage pistons 44A

and 44B also draws the refrigerant through the low stage suction ports 80A and 80B into

each of the low stage cylinders 46A and 46B.

Because the low stage pistons 44A and 44B are disposed at substantially 120
degrees of crankshaft rotation apart, the onset of the suction stroke will occur at a
different moment in time for each low stage piston 44A and 44B. Likewise, the suction
stroke will terminate at a different moment in time for each low stage piston 44A and
44B. The suction valve assemblies S0A and 50B above the low stage cylinders 46A and
46B will temporarily flex or bow to open and allow the refrigerant to enter the low stage
cylinders 46A and 46B through the low stage suction ports 80A and 80B. The temporary
flexing or bowing of each suction valve assembly 50A and 50B occurs at a different
moment in time due to the pressure differential created by the suction stroke of each low
stage piston 44A and 44B within each low stage cylinder 46A and 46B. Because the two
low stage pistons 44A and 44B are substantially 120 degrees of crankshaft rotation apart,
the suction valve assemblies 5S0A and 50B above the low stage cylinders 46A and 46B
will be open simultaneously together for about 60 degrees of crankshaft rotation before
one of the suction valve assemblies 50A, 50B, and 50C closes. Suction valve assemblies
50A and 50B return to the closed position covering and impinging refrigerant flow
through each low stage suction port 80A and 80B at a different moment in time. The
two suction valve assemblies 50A and 50B will be closed simultaneously together for

about 60 degrees of crankshaft rotation before one suction valve assembly opens.
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3. The multi-stage conpressor of claim1l, wherein a discharge port of the
| ow stage cylinder and a suction port of the high stage cylinder are

di sposed w0 2010888489si de of an axi s extendi ng through a ®emuseooofsaath of
the low and high stage cylinders. 4. The multi-stage conpressor of claim

1, wherein a suction ort of t.he | ow stage c I nder, and a di.sch ort of
the high stage QVF! HHGF cameresriehseddisghee safiefaticaeh BIY sAecRROn SRt ng
through a £agnd@ursfh&admhk @Etoh I'B@gﬂnQWu@\Fh‘f'd Rideh lﬁlEﬁgrﬁo%én@gﬁftﬁ respeet td QR

mul ti-stage conpressor of claim1, further comprising a discharge valve
di sposed wirartkishaft A). ndesg dgﬂecqmmnwmnf ord disthaege sﬂealky of repéntivn gtage gistbn

of o1 i m £t B R e BT aR e of Wbl deeq e bo R HGRGIRARE !

comuni catth€@n sidtion sttﬂzbﬁemsdcoiﬁ;ﬁa@ecpIt(eaufrgﬁéefubrﬁ@aatlaye b peydurdldghe haasbn 7.
The multi-stage conpressor of claiml1, wherein the cyl | nder bl ock defines a

second | owabteaseeralies S8Arandrp0B ghaye deshiounstess <F§61ﬁd9ﬁst4ﬁAt4ﬂ§1 HaRiresyrade thsl enum
8. The mul i ;&}ggﬁﬁoﬁ%gvér&? Lh Ww Gl %%%gguq[n‘r’]\g&f]?% a%dcko%cﬁ'&p%ﬁ CP‘%SﬂrEsstn the

| ow st age c er an I'on stage cy er- extend
t hrough t hadvdaitohargal moeeﬁncfharxefrcgleﬁmq&&ﬁbv oOm@ressudetosa teghef tc&lﬁpeaatu& afd
symetry of the valve plate. he nmulti-stage conpressaor of claim?2,

wher ei n” a Besticohegity © dé%Chf‘%!é fToé‘?/\F%“thd@%( stageicpbider 4R and 6B thequgh cadh of of
the high %B@Q&rég§$ﬁd?9§ro“ﬁg%a sc{h?{g@é{%ﬁs%bg Malge8 a@mﬁf?er@rﬁqn@rh&u% gppsed on

a sanme side of anh axis of he val ve pl ate. . The multi-stage
conpressor of dVaierspcifivdibyr, @ierpressdiestiffaregealporass gie ftapger czmmmﬁlalgé)%%yzindnder

oD S SR A AR Bl e LD ShaR, SYL oL HRYeLA MGt YL
stage cyl igId@Es of the discharge valve assemblies 54A and 54B becomes sufficient to open the
flapper component 94A and 94B to allow for refrigerant passage at different moment in
time for each discharge valve assembly 54A and 54B. Similar to each of the suction
valve assemblies 50A and 50B, the discharge valve assemblies 54A and 54B will be
open simultaneously together for about 60 degrees of crankshaft rotation before one
discharge valve assembly closes.

Simultaneous with the opening of the discharge valve assemblies 54A and 54B,
the refrigerant (which had been impinged in the low stage discharge passageway 82A
and 82B by the discharge valve assembly 54 A, 54B, and 54C) is discharged into the
upper portion mid-stage plenum 62B defined by the valve plate 20 and the interior and
exterior walls 74, 76 of the cylinder head 22. During the temporary residence of the
refrigerant in the mid-stage plenum 62A and 62B, the refrigerant may pass through the
mid-stage plenum passageway 84 into the lower portion of the mid-stage plenum 62B
defined by the valve plate 20 and the cylinder block 28.

The refrigerant fluid temporarily housed in the mid-stage plenum 62A and 62B is
then drawn through the high stage suction ports 86 into the high stage cylinder 46C by
the suction stroke of the high stage piston 44C.

By disposing the low stage discharge ports 82A and 82B in communication
through the same portion of the valve plate 20 which defines the mid-stage plenum 62B
as the high stage suction ports 86, external piping between the ports §2A and 82B and 86
and a conventional separate low stage discharge plenum and a high stage suction plenum

are avoided. Likewise, the configuration of the discharge and suction ports defined by
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such that one of the discharge ports is disposed on one side of the axis
and the other discharge port is disposed on an opposite side of the axis.
11. A nmulwD-28104038580eci procati ng conpressor, conpri sing: PATABROETISH| ock
defining a | ow stage cylinder and a high stage cylinder; a cylinder head

dto, th ' | pck l.yi ng the I i gh st li nd
and det i nith S ERE e ged shE AR P cule frif st et fSeibaNne
cylinder hgaghrd uheacy Bfm%bvékmb“a@aggﬁwime@m&x%acm 48 bR WidpoRd t he

| ow stage cylinder and a suction port of e high stage cylinder

t her et hr ouglely withindhe ohdmsgee penemdf2Bt he | ow st age cyl i nder and the suction

port of the hi st.age..cyl inder. all ow rking. fLuid di gy d.fromthe
| ow stage cyli %@?ra?lgo SE)té(%c% nllogastt%gf %ﬁ‘\ﬁ% p‘?ﬁseé}r%c?pgt% e%‘?gi’ﬁ}fﬁ?tﬁf t he
hi gh st ageuéidr psley 86, ahd thelfidvilplallbws tiRORICQMRH 86 SElEctBielyChlél Mokl thander ei n
t he di scharge port of the | ow stage cylinder and the suction port of the

hi gh st agetagg|qyHadars 48 einditare theaghiphy sage sulindes £66 witheutdhe gpe gk piping

t endi : . I i ' .
T3 “The mit el o SEMEL 1 950 Ripb 12, | WAk b 3 PREEVLLINES, o
| ow st age piying nebduceand potehitid hange pdrdongiredstie 10i gibratoage oylreddeionaine

generally aligned on a sane side of an axis extending through a center of
each of t KFEMPEYSANLY ﬁ"lﬂbrﬁtl‘%ptsaﬁéuWI thg Jugly and low frequency noise associated with

refrigeration flow in the external piping. The elimination of external piping also reduces
the size and overall weight of the compressor 10, and reduces the number of compressor
10 parts. The reduction in compressor parts 10 reduces the number steps required for
manufacture and assembly of the compressor 10.

Because the high stage piston 44C is disposed at substantially 120 degrees of
crankshaft rotation apart from the central low stage piston 44B, the onset of the suction
stroke will occur at a different moment in time for the high stage piston 44C and the
central low stage piston 44B. Similarly, the suction stroke will terminate at a different
moment in time for the high stage piston 44C and the central low stage pistons 44A and
44B. The suction valve assembly 50C will temporarily flex or bow to open and allow
the refrigerant to enter the high stage cylinder 46C through the high stage suction ports
86. The temporary bowing or flexing of the suction valve assemblies 50A, 50B, and 50C
begins and ends at a different moment in time for each the suction valve assembly.
Because the high stage piston 44C is substantially 120 degrees of crankshaft rotation
apart from the center low stage piston 44A and 44B, the suction valve assemblies 50B
and 50C will be open simultaneously together for about 60 degrees of crankshaft rotation
before one suction valve assembly closes. Because of the substantially 120 degrees of
crankshaft offset between the pistons 44A, 44B and 44C, all three suction valve
assemblies 50A, 50B, and 50C will not be open simultaneously for any extended period
of time.

The high stage piston 44C commences with a compression stroke when the high
stage piston 44C begins outward movement in the high stage cylinder 46C. The
compression stroke of the high stage piston 44C further compresses the refrigerant
received in the high stage cylinder 46C during the suction stroke to an even higher

temperature and pressure. The suction valve assembly 50C above returns to the closed
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14. The multi-stage conpressor of claim1l1l, further conprising a discharge
val ve di sposed within the m d-stage plenumfor selectively inpinging fluid
conmuni cawpan10fa3ssspt he | ow stage cylinder. 15. The nul PCTASage/08TRPr essor
of claim 11, wherein the cylinder block defines a chanber in fluid

communi cation. with the e | enum defi ned the Ilnder head. 16.
e ¢ oot oleiie e high e Rl bischi Tabith B r sl i | hos

a second |QWhatad@oky bt mtemgh @tagl:lﬁléiomm@unnfe%f@rwttﬁw f&@m?}e‘ds&itt%%
pl enum t hrough "a second di sCharge port in the valve pl ate 7. The

mul ti-st agaae@dirghﬁewmerasﬁrecanélmmre hbgineindis¢hargt ﬁ@mathgéllghostaéemyliﬁlﬁer | ow
stage cyli dlschar ort the, hi gh st nder have a m nor
Symoet Ty e v B CobeuRhERelRES sBiaidiEnis? duih SR EXARS mARER & " he
| ow and hitghe sbagehdythe E‘éfﬁg&aﬁtllﬁ-@nis hatliseneg®frotnle @bvs §t|ﬁgd€ gginderst4s A snd

di sposed on one side of the axis and the other discharge port is disposed

on an oppd¥Bte side of the axis. WD 2010/ 033589PCT/ US2009/ 057153 18. The

mul - st age cOnpLessALiflys! BLMbELuDRRELN "L SH0ATABeP A glort N | oW

stage cylinder "an suct’i on er “are di sposed
on a sane (sawded bl tha campﬁ:sﬁf)n o e tefyig@fintt e thedbwearpl gk stagd istdns 44A-
multi-st age4Cr) %(f: Iea?crhoocfati[lflz (rillgc}?a(r)g:p \I;a??esz(ijsrsemt():l?erg%rélA 54% and 54C becomes sufficient to
open the flapper component 94 and allow for refrigerant passage at different moment in
time for each discharge valve assembly. The discharge valve assembly 54C will be open
simultaneously with the discharge valve assembly 54B above the center low stage
cylinder 46B for about 60 degrees of crankshaft rotation before the discharge valve
assembly 54B closes.

Simultaneous with the opening of the discharge valve assembly 54C, the
refrigerant (which had been impinged in the high stage discharge port 88 by the
discharge valve assembly 54C) is discharged into the upper portion high stage plenum 72
defined by the valve plate 20 and the interior and exterior walls 74, 76 of the cylinder
head 22. From the upper portion of the high stage plenum 72 the refrigerant discharges
through the high stage outlet port 34 (which is in fluid communication with the high
stage plenum 72) to the other components in the heating or cooling system.

While the invention has been described with reference to an exemplary
embodiment(s), it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment(s) disclosed, but that the invention will include all

embodiments falling within the scope of the appended claims.

19



a cylinder block defining a | ow stage cylinder and a high stage cylinder;
and a cylinder head secured to the cylinder block overlying the | ow and

hi gh st ag®ocylioessises, the cylinder head defining a m d- SCAGS2@OO/USS | n
fluid conmunication with the | ow stage cylinder and the high stage cylinder
t hr ough a(ﬂ;gﬁﬂgyge port of the |l ow stage cylinder and a suction port of
the high s ylinder, the discharge port and the suction port are

di sposed on a sQRIGHAge pé‘a;ﬁaca@ﬂag%oﬁﬁe%wil agnpriviugh a center of each of
the | ow and high stage cylinders. e nmulti-stage conpressor of claim

19, wherein t he dilisdérdrioek ¢rbmingof lowmagmllgdqggd@wlglmj@e Qhidder; gischar ge
Por e o TR LR Bl B BRI ARy HRPRR sl
cylinders such that Qnedat, e cfiisdhangr Pefitisgi &8 Micpageplamnona suide of
the axis and the other discharge port is disposed on an opposite side of
the axis. communication with the low stage cylinder and the high stage cylinder for
communicating a working fluid discharged from the low stage cylinder to
the high stage cylinder.
2. The multi-stage compressor of claim 1, further comprising a valve plate disposed
between the cylinder block and cylinder head.
3. The multi-stage compressor of claim 1, wherein a discharge port of the low stage
cylinder and a suction port of the high stage cylinder are disposed on a same side of an
axis extending through a center of each of the low and high stage cylinders.
4. The multi-stage compressor of claim 1, wherein a suction port of the low stage
cylinder and a discharge port of the high stage cylinder are disposed on a same side of an
axis extending through a center of each of the low and high stage cylinders.
5. The multi-stage compressor of claim 1, further comprising a discharge valve
disposed within the mid-stage plenum for selectively impinging fluid communication
from the low stage cylinder.
6. The multi-stage compressor of claim 1, wherein the cylinder block defines a
chamber in fluid communication with the mid-stage plenum defined by the cylinder
head.
7. The multi-stage compressor of claim 1, wherein the cylinder block defines a
second low stage cylinder in fluid communication with the mid-stage plenum.
8. The multi-stage compressor of claim 2, wherein a discharge port of the low stage
cylinder and a suction port of the high stage cylinder extend through the valve plate and
are disposed on a same side of an axis of symmetry of the valve plate.
9. The multi-stage compressor of claim 2, wherein a suction port of the low stage
cylinder and a discharge port of the high stage cylinder extend through the valve plate
and are disposed on a same side of an axis of symmetry of the valve plate.
10. The multi-stage compressor of claim 1, wherein a discharge port of the low stage
cylinder and a discharge port of the high stage cylinder have a mirror symmetry with

respect to an axis extending through a center of each of the low and high stage cylinders
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such that one of the discharge ports is disposed on one side of the axis and the other
discharge port is disposed on an opposite side of the axis.
11. A multi-stage reciprocating compressor, comprising:
a cylinder block defining a low stage cylinder and a high stage cylinder;
a cylinder head secured to the cylinder block overlying the low and high stage
cylinders and defining a mid-stage plenum; and
a valve plate disposed between the cylinder head and the cylinder block and
defining a discharge port of the low stage cylinder and a suction port of
the high stage cylinder therethrough, the discharge port of the low stage
cylinder and the suction port of the high stage cylinder allow a working
fluid discharged from the low stage cylinder to be communicated through
the mid-stage plenum to the high stage cylinder.
12. The multi-stage compressor of claim 11, wherein the discharge port of the low
stage cylinder and the suction port of the high stage cylinder are generally aligned on a
same side of an axis extending through a center of each of the low and high stage
cylinders.
13. The multi-stage compressor of claim 11, wherein a suction port of the low stage
cylinder and a discharge port of the high stage cylinder are generally aligned on a same
side of an axis extending through a center of each of the low and high stage cylinders.
14. The multi-stage compressor of claim 11, further comprising a discharge valve
disposed within the mid-stage plenum for selectively impinging fluid communication
from the low stage cylinder.
15. The multi-stage compressor of claim 11, wherein the cylinder block defines a
chamber in fluid communication with the mid-stage plenum defined by the cylinder
head.
16. The multi-stage compressor of claim 11, wherein the cylinder block defines a
second low stage cylinder in fluid communication with the mid-stage plenum through a
second discharge port in the valve plate.
17. The multi-stage compressor of claim 11, wherein the discharge port of the low
stage cylinder and a discharge port of the high stage cylinder have a mirror symmetry
with respect to an axis extending through a center of each of the low and high stage
cylinders such that one of the discharge ports is disposed on one side of the axis and the

other discharge port is disposed on an opposite side of the axis.
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18. The multi-stage compressor of claim 11, wherein the discharge port of the low
stage cylinder and the suction port of the high stage cylinder are disposed on a same side
of an axis of symmetry of the valve plate.
19. A multi-stage reciprocating compressor, comprising:
a cylinder block defining a low stage cylinder and a high stage cylinder; and
a cylinder head secured to the cylinder block overlying the low and high stage
cylinders, the cylinder head defining a mid-stage plenum in fluid
communication with the low stage cylinder and the high stage cylinder
through a discharge port of the low stage cylinder and a suction port of
the high stage cylinder, the discharge port and the suction port are
disposed on a same side of an axis extending through a center of each of
the low and high stage cylinders.
20. The multi-stage compressor of claim 19, wherein the discharge port of the low
stage cylinder and a discharge port of the high stage cylinder have a mirror symmetry
with respect to the axis extending through the center of each of the low and high stage
cylinders such that one of the discharge ports is disposed on one side of the axis and the

other discharge port is disposed on an opposite side of the axis.
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