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achieved in the four cylinder conpifessor with the bypass unl oader valve.
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control compressor capacity, and hence, refrigeration and air conditioning system capacity.
The bypass unloader valve operates to re-circulate refrigerant vapor from the discharge
plenum back to the suction plenum. Thus, there is no compression generated flow of
refrigerant out of the cylinder when the bypass unloader valve is actuated. Unfortunately,
bypass unloader valves only control compressor (and system) capacity in distinct increments
or modes. For example, in a four cylinder compressor with two pairs of cylinders, a fifty
percent capacity reduction is achieved by actuating the bypass unloader valve adjacent one of
the two pairs of cylinders. However, a capacity reduction of, for example, twenty five
percent could not be achieved in the four cylinder compressor with the bypass unloader

valve. Thus, optimal control of compressor capacity, and hence, the refrigerated or air

conditioned environment cannot be achieved with current bypass unloader valve technology.

SUMMARY

[0005] A reciprocating compressor includes a cylinder block, a cylinder head, and a
bypass unloader valve assembly. The cylinder block has a cylinder disposed therein. The
cylinder head is secured to the cylinder block overlying the cylinder and has a suction plenum
and a discharge plenum in selective fluid communication with the cylinder. The bypass

unloader valve assembly is in operable communication with the cylinder head and is



SUMVARY [ 0005] A reciprocating conpressor includes a cylinder bl ock,
a cylinder head, and a bypass unl oader val ve assenbly. The cylinder bl ock
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compressor’ with a controller electrically connected to bypass unloader valve assemblies.

[0007] FIG. 1B is a view of the compressor of FIG. 1A looking down on the cylinder
heads which have bypass unloader valve assemblies extending therefrom.

[0008] FIG. 2A is a partial sectional view of the bypass unloader valve assembly, the
cylinder head, and a cylinder block of the compressor of FIG. 1A with the bypass unloader
valve assembly in a loaded position.

[0009] FIG. 2B is a partial sectional view of the cylinder block, cylinder head, and

bypass unloader valve assembly of the compressor of FIG. 1A with the bypass unloader valve

assembly in an unloaded position.

DETAILED DESCRIPTION

[0010] FIG. 1A shows a cross-section of a reciprocating compressor 10 with a
controller 12 electrically connected to multiple bypass unloader valve assemblies 14. FIG.
1B shows the reciprocating compressor 10 with cylinder heads 16 having multiple bypass
unloader valve assemblies 14 extending therefrom. In addition to the bypass unloader valve
assemblies 14 and cylinder heads 16, the compressor 10 includes a housing 18, a cylinder
block 20, cylinder banks 22, cylinders 23, pistons 24, connecting rods 26, a crankshaft 28, an
oil sump 29, a suction manifold 30, a discharge manifold 32, and check valves 34. Each of
the cylinder heads 16 includes a suction plenum 36 and a discharge plenum 38.

[0011] The reciprocating compressor 10 has bypass unloader valve assemblies 14
which interconnect with the cylinder heads 16. The housing 18 of the compressor 10 has an
upper portion of which forms the cylinder block 20. The cylinder block 20 is divided into
one or more cylinder banks 22, as the compressor 10 is illustrated as a multi-cylinder
compressor. The cylinder block 20 defines cylinders 23 which extend therethrough to
adjacent the cylinder head 16. Each cylinder head 16 is secured to the cylinder block 20 and
overlays the cylinders 23 in each cylinder bank 22. Each cylinder bank 22 has at least one
cylinder 23 and may include multiple cylinders 23 as illustrated in FIG. 1B.

[0012] The pistons 24 are disposed in the cylinders 23 and are reciprocally movable
therein. The pistons 24 interconnect with the connecting rods 26 which extend internally

within the compressor 10 to interconnect with an eccentric portion of the crankshaft 28. The
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within the conmpressor 10 to interconnect with an eccentric portion of the

cr anksHafiplep gort fppt shown). The reciprocating movement of the pistons 24 within the cylinders
23 draws the refrigerant from the suction line (not shown) through the oil sump 29. The
refrigerant is drawn into the suction manifold 30 formed by the cylinder block 28 and into the
suction plenum 36 in the cylinder head 16. From the suction plenum 36 the refrigerant passes
into the cylinders 23 where it is compressed by the pistons 24. Reed valves (not shown) are
positioned above the cylinders 23 to control the flow of refrigerant thereto. After leaving the
cylinders 23, the high pressure vapor refrigerant is discharged through the reed valves (not
shown) into the discharge plenum 38. In the loaded mode, the discharge pressure of the
refrigerant forces open the check valves 34 to permit the passage of the refrigerant to the
discharge manifold 32. From the discharge manifold 32 the high pressure vapor refrigerant
passes through an outlet port (not shown) to other components of the heating or cooling
system.

[0015] When the compressor 10 is in an unloaded mode of operation, i.e. the bypass
unloader valve assemblies 14 are fully activated or deactivated and are not cycling, the
compressor 10 operates as described above up until the point at which the refrigerant is
discharged from the cylinders 23 into the discharge plenum 38. Because the bypass unloader

valve assemblies 14 are activated, a portion of the bypass unloader valve assemblies 14 is

drawn back allowing the discharge plenum 38 to communicate directly with the suction
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suction [0017] FIG. 1B is a view looking down at the compressor 10 from above the cylinder
heads 16 and bypass unloader valve assemblies 14. In FIG. 1B, the cylinders 23 are shown in
phantom.  As illustrated, each cylinder bank 22 has multiple cylinders 23 with a
corresponding bypass unloader valve assembly 14 located adjacent each cylinder 23. In
another embodiment, each cylinder bank 22 has high and low stage cylinders 23 with a
corresponding bypass unloader valve assembly 14 located above each stage of cylinders 23.
The arrangement of each bypass unloader valve assembly 14 (corresponding to each cylinder
23) allows the controller 12 to activate or deactivate at least one bypass unloader valve
assembly 14 to assume a loaded or unloaded position, while activating at least one bypass
unloader valve assembly 14 to rapidly cycle. Rapid cycle of all the bypass unloader valve
assemblies 14 or loading/unloading at least one bypass unloader valve assembly 14 while

rapid cycle of at least one bypass unloader valve assembly 14 allows for greater compressor

10 capacity control, allowing the bypass unloader valve assemblies 14 to dial in on any
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34 is OB Y SCHIS dePg UF caritenbe cyinde Pea deand St e O tge
port 48B.thd BygabeutBdRadfde RQSbIOMN ol doﬁﬁéclrt A 8 High pitGBureEhanitRecd irRsudh
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to t he ablsetharifiee foot shegd, do to the {1089 JctiByglagew pstected2ineRiGin @ ehd @Bgh t he
val ve at e and c nicates with the nne 8 ich ends. t hr ough
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t hrough a bl eed orifice qSﬂnot shown do to the cross sectional view sel ected
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st at i orfarthe §iss dB11B3 /4ndhe nglow pteingl Hlet.onfﬁémba] {Peis Setngshbys B1ej @sing whthee

rel ati vigJeilhgegui de 68 and is acted upon by the bias spring 70. The
hol | ow i nternal piston chanber 72 is defined by the casing of the valve

pi ston 66. [0022] InG023] 2AmnE|AEG.the gasknd 42B;redthe hgasitet sallBetpeentle alve
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WO 2011/ 005367PCT/ US2010/ 035896 44A provides a pathway for refrigerant to
fluidly communi cate fromthe suction manifold 30 to the suction plenum 36.
Sucti on peootiaBsProvi des a pathway for refrigerant to PETAS20M0/0B5896

reci procation of the piston 24 fromthe suction plenum 36 to the cylinder

23. The, suction val ve 46 sel ecti vel vers the suction port 44B.to
subst an‘%“i%P’iOVldBF B PR T ’E?S%ﬁﬁ?ﬂté%ﬁ Hﬁ GPmyaLcaLes F‘?I@éliea tien giRld et i on

pl enum3end sqlca&@Bpl@mLm ndesuddorPhdtt 148 ?deﬁfe% la\p%{mawakk@gefrmma Qy@fa“&m

suction port 44B to allow refrigerant to enter the cylinder 23 during
suct i orregprocitomm of thehastpn ¢ drom 4hes suctike .plefhen db $e ibkzer gdindor 23. 4§Aea$u¢tmm hi gh

fri t.to fl f th linder 23
Po°t he g SMEr RS ARG Aftiobhor sl REBY PR B bR mp ™™
Di schargeny alfvedisnt SOnSBE S6dHoN I G086 1tS theh&y1FdSICIRBME isPRIdctidSA rh@vable
substantially block fluid comunication of the refrigerant fromthe
cyl i nddfome@veiothe actifinspditt4 thplEW AsfBgegAt o entﬁﬁéh@ eylindge 23 uripg aguction
ffi d
oor ) ouFHaPhERRfop oA orRRut o ARR RN SRR B RN P PRI

di schargfigerint fcoﬂdldBﬂcorhmumhﬁe fead et @oisdén Itol thda d&bmzageﬁlenmmHSGmtRﬂ;e t he
bias of spring 51 on the check valve 34 is overcone and the check val ve 34

is rendl alngéPfPléF ol BERIYRY &t r AlgRHEnY S R S testigely sor ¢rs AuBlishreseasyt
al | owi ng AL 046 BLGhYif eaéa{ﬁma%mnﬂﬁéﬁgoﬁ% tedefr I‘an 9054 aus%wn&emumﬂeat e

fromthe discharge plenum 38 to I sc arge In FIG 2B, the
val ve pligtherge6ficors3thontibliec kefogeming 7 4uffacserm prbssbfe dlmsn]namdpwm 4@Beat er

detail suhsequently) such that refrigerant thin the di har |.enum 38
Goes. OB PUEN BT PRI pcE B E 40 ST T HEC4t JEnD IR RS on

the chegéunaby o b dBERAUSRahBSIHI Ve Athe RERIBE DobilbR YRk uhRe 199?51@' ng fik to
the suction plenum 36 (due to a pressure differential therebetween) rather

t han buiidsdifrigripg 84 surtke ¢hreck hvalvdiddhargeomt end the?,@eclt hadve e ckregmivod irgm
remai ns in Ci‘%{ﬂ ockin ar ran nt W th The

48 23
channel® Siodint AGSnFAcHt o Ui %rﬁﬁrﬁ%“ n%%?f eHebiz ﬁ??{%é]ﬁe B‘Qéﬁ “Pott 52)

to the d@hqiﬂesaécﬁ@w%@arﬁ e RNy &fnthGniahtt Gt ﬁlferdhgﬁﬁr%eglehﬁmcssrmum Gisdifarge
therewith. In the 1oaded position illustrated in t he portion of

t he chan#sfoldgh BkFIéh&Bnglef\faé\m Pistgh 6pdeesugtdledkapsring§6 (2t wHbbydseheed al ve
seat 6@% dQd MR aﬁ%ﬁﬁk&@ Yo f}%&& Wgey—g \f’a‘f[&%&é%hl s prg{@gnﬁé{ 3RNes ghenoi d

64 whi ch “cont ac sea re chanber 60.
Thus, théldrgfsutfyednptesige cb oetiatk fhe diastdieptingfl o eesheck witenderB&@uiehr ough
a second section of the channel 58B into the valve piston 66. Mre

speci f i'BBISLIANT PRECE dhiougl riBhOPFIBRs’ DAL he HetonarlPBHEr 3 (Hedte BEPEHE D as

spri ngaﬂzﬁeﬂeﬂﬁ?ﬁ tltlé}gbét\r&}% )F%he&hﬁf oﬁﬁ?ﬁ%ﬁur? 1%] thd ARchREL hl@ﬁ%e@ts GRURES the

intern pressure to ernal piston cha r 72 to a |evel
suf fi ciwahte Moeomars o abldckmgiamaagandnt wath thopant d8Bhe r enmai nder of the bypass

chanber | 60) 19020 Tire Mg S8 FOTL b i STBReCHT ) g (BT bEeS R or
over congngo ik ﬁgplp@e%su&%am%ﬁ/@o R 8an r%gem #0dokh 0P34 Rt a2 0 19435896

noves within the Cé i nder head 16 to close the opening 74 between the
di scharlgedeg ponsision 3Busiratbds inel 161, dhe poigienrmf 3 shesinel Hat estghdinarftdnalhigh no

refri geprrg‘sg{[lrecc Amb2l BY th%g‘&g% Ehgevra Q:esteWF%Q) to the suction plenum 36 is substantially
blocked by the solenoid 64 which contacts the valve seat 62 within the high pressure chamber
60. Thus, the refrigerant is directed from the high pressure chamber 60 through a second
section of the channel 58B into the valve piston 66. More specifically, the refrigerant flows
past the stationary guide 68 and bias spring 70 into the internal piston chamber 72. The
refrigerant causes the internal pressure to build within the internal piston chamber 72 to a
level sufficient to overcome the inward (i.e. toward the remainder of the bypass unloader
valve assembly 14 including the channel 58B and high pressure chamber 60) bias the bias

spring 70 exerts on the valve piston 66. After overcoming this bias, the valve piston 66



[0024] In the unloaded position illustrated in FIG 2B, the solenoid 64 is
actuated by controller 12 (FIG 1A) away from bl ocking contact wth the
val ve seawo@fiifmbisough whi ch channel 58A extends) wi thi RCTHES201009B58p6 essur e
chanber 60. Thus, high pressure refrigerant is drawn by pressure

differential thrqugh the ch el 58A fromih i gh pressure ch er 60 to
the suct?¥h it s gindes iead 1655 al5ot s UG i4}%%e%t§%dﬁf%ﬁ? RY"EBntact
Wi th thegvaley uaRAal pRaukl Rl e fiRkt SOEmmMRhEAL AP NeRRIEWRE Nednh @ofhimRaloe

mani fold 32 and the suction plenum 36, the pressure build up is relieved
f r om t Heerebgtereeral pi st on chanber 72 such that the bias spring 70 returns

the val ve pi 66 inward (i.e. t. rd t.h engi pder. of . t he. bypa

intonder -vaiORPA98 e PYfBAdk<lncs isar Y Reiea' A aP: BSRolngid S RERE e
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and t hehanel P8 epteadeiiviggn the high preggrethamebey 08 c doys digh Rossoiesiefigerané ihy pass
unl oade = r j i I ide a
cont; nastf bY SuBFaE Rk Gl fGah BE RRECFIGE A, e AR HeEif dahBePifld ¥
achi eveate byctioheplemiip Bes By rehfdvirtpethe tshRnbip@sfomrbloddey coahateviasdemllye 14 i s
in the unl oaded node, and the capacity achieved by the conpressor 10 when
the byp&¥sOre sdaer fayfopumurickien| Yetwacn & diseieeq suadaldpssiapd dhc shef

speci f:eﬁé}lu'rﬂ36,ttﬂ§g§94u?{9ﬁiﬂi 4iscré1'i‘e\§8 R0 lh\é%t%ﬂlapgisio'ﬂ%ﬁlﬁ%&{ P L Rh tf tleO
operate I1n a rapid cycle and provide for a contihuously variable capacity
by bl odlasngpraugd’Qurdthros khengaltd iscimadtn @lwb8Ai.¢.nowapl thefrashindar dbHthe bypass

al | ow di sal | ow_conmunj catj on. het ween, t he. di sch mani f ol d 32 d t.he
Sbet ! oS AR R R aaiRe FatTieL SkR SRE RS M ramben A G ock
openi Nngndvknkat Weer: {h1ee gis%ﬁh@d; GBbRLEN n%?g e Lhew SUE O BMUMRo30df The
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unl oadedfrigesint bgweet theldachaie glenher38r andi the yuction pleowiny3tas di ct at ed by t he

inertia of t ystem Inertia can be .calcul ated, for exanpl.e, by a
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el enentld ¢her bOF Wiichriben sepdestd el sighelfer edpeastunionpder walus assembli¢s

addi ti on, I fd i Vi t i iituati on or
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be limted to the particul ar. enbodi nent (s) _di sclosed, but that the

i nvent i YA iTRaTHERR HYFlcehtseandrentd cYar/PP Agrorft iyt ARe e sHRPosIMEte
appendege %Er@l'e%iod of the bypass unloader valve assembly 14 is approximately 1 cycle/15
seconds. In another embodiment where the compressor has at least two bypass unloader

valve assemblies, one bypass unloader valve assembly can be configured to remain in the



WO 2011/ 005367PCT/ US2010/ 035896 CLAI MS: 1. A reciprocating conpressor
havi ng a cylinder, the conpressor conprising: a cylinder block defining the
cyl i nder ;we 20yldossder head secured to the cylinder bl ockPovarskyiongssphe
cylinder and has a suction plenumand a discharge plenumin selective fluid

comuni cation with the cylinder; .and_a bypass unl oader .val ve assenb in
oper abll@?%ﬁ%ﬂ‘?ﬁlél&fli%nthﬁﬁ ]Pﬁf? BORYAN ﬁ?fe?alﬁé%d“éﬂaerﬁ BBﬁ’éﬁl%Sxﬁeﬁa@Sn{ ol
si gnal setghdkapi d cycle to allow for fluid comunication of a refrigerant

bet ween the di scharge pl enum and the suction plenum 2. The conpressor of
claim1, whdfeie] Rl wagthdmnoegudhteon of et welenoidno4imif dhe dypposimlpaderivalwhi ch

t he di schar,ge .pl enum. s in fluid co nication with the ct.io | enum and
T oau i uay 1T ToRS P ereRet hin G SRTT I ab Sk apniat e IS AuS e tupRsns o
t 0 subsindsidealdlye b&8iblyci4 td HiptH ek 8@l ir0en BefewReNcdngedbs thangRItP! enum
and the suction plenum 3. Tﬁe conpressor of claim2, wherein the

conpr esaigpatel peMpigessr 40 sapacitysontueli Flomg thheplagantianelr decqndifignangisysteretr al to
the co i i t.10n: i ree.pl enum and

i scharsness AhpBPg okl PHABSISEaRRR) kAR ol L RGRE AR IBET T & and
in the | oadgd0pygswhilenhé Hevdyipaskasubdcnadescrived wathassferdaty to Ssandiesqngsied, t o
halt fluid comrunication between the discharge plenum and both the

di sch are@t@oﬁﬁmqt@p,dt Wil be He@qrgﬁo% by thgse skilled i 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.



4. The conpressor of claim2, wherein the unloaded position is a fully
unl oaded position in which the bypass unl oader val ve assenbly does not
obst ruct Wwbuod/mwsssmuni cati on bet ween the di scharge pl enkeTAarsdomwiasssect i on
plenum 5. The conpressor of claim?2, wherein the | oaded position is a
fully kﬁfgﬁﬂ position in which the bypass unl oader valve assenbly is

di spos Balt fluid communication between the di scharge pl enum and t he

sucti on pl erwPaaprécatmg%oﬁ@%agmofngqfcyﬁh@érmhé,com@%s@drra;oﬁl Pginod of the
rapid cycle of the bypass unl oader val've assenbly is betmeen 1 cycl e/ second

and 1 cycl e/a8bindegddodksdefini® the tliBRE367PCT/ USZOlO/ 035896 7. The

el Tvating Che BIBERE Bk g Ayt bg S bE M Sintrand 1553 O ¥

conpressor of cl glghuln WER QIigkhike pH@s s vilkandefluid dowenasaeishl withage a
sol enoi d capabl e of operation in a pulse wi dth nodul ati on node to provide

for rapid cycle. cylinder; and

a bypass unloader valve assembly in operable communication with the cylinder head
and responsive to control signals to rapid cycle to allow for fluid
communication of a refrigerant between the discharge plenum and the suction

plenum.

2. The compressor of claim 1, wherein the rapid cycle is between an unloaded position
in which the discharge plenum is in fluid communication with the suction plenum and a
loaded position in which the bypass unloader valve assembly is disposed to substantially

restrict fluid communication between the discharge plenum and the suction plenum.

3. The compressor of claim 2, wherein the compressor includes a suction manifold and a
discharge manifold integral to the compressor and in the unloaded position the discharge
plenum and discharge manifold are in fluid communication with the suction plenum and in
the loaded position the bypass unloader valve assembly is disposed to halt fluid
communication between the discharge plenum and both the discharge manifold and suction

plenum.

4. The compressor of claim 2, wherein the unloaded position is a fully unloaded position
in which the bypass unloader valve assembly does not obstruct fluid communication between

the discharge plenum and the suction plenum.

5. The compressor of claim 2, wherein the loaded position is a fully loaded position in
which the bypass unloader valve assembly is disposed to halt fluid communication between

the discharge plenum and the suction plenum.

6. The compressor of claim 1, wherein a period of the rapid cycle of the bypass unloader

valve assembly is between 1 cycle/second and 1 cycle/180 seconds.
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9. The conpressor of claiml1l, wherein the period of the rapid cycle of the
bypass unl oader val ve assenbly is between | cycle/3 seconds and 1 cycl e/ 30
seconds. wOQoitfiesseconpr essor of claim 1, wherein the percoased1onbiss api d
cycle of the bypass unl oader valve assenbly is approximtely 1 cycle/ 15

second 1 The conpressor .of claim1, wherein the cylinder block defines
a ban_ks7havi S SimBHes y@P é%lmnderfﬁﬁﬂérﬁ?mﬁﬂgnéwaggﬁ rg elegironigyly
wher ei NtipRingQAPH ERIOInlbAE: YAILS adehPIY RSRPAGY MY, bypass unl oader val ve
assenbly for "each” of the cylinders in the bank. 13. The conpressor of

claim12, wherein at | east one bypass unl oader valve assenbly is capabl e of
rapi d cl e petween an unl gaded posit.ion in which the di.schar Lenum i s
Ul comtin eaeeaRT Wi fghe - SURETEn el i ARd; B ATHEET HEh A

whi ch tdrnbirapsble bf egdaionvialayRilRssamhydilgich Sp@s@bréads thsipatiatl y
restrict fluid communi cati on between the discharge plenum and the suction

pl enum 14. The conpressor of claim 13, wherein at | east one of the bypass

unl oad val | i hs..capahle. of LI i tior j ded
posi 1 on or Ve BERRet S inERP RBeRis g PR 8P TS HBRF ot d0fie MRS
180 seamisigler valve asitrablganpetessioicyefe/T kabnilslad Mhetegd0secbiedsunl oaded position

is a fully unl oaded position in which the bypass unl oader val ve assenbly

does not obstruct fluid communication between the di scharge pl enum and the
suct i onlOpl entli; compressor of claim 1, wherein the period of the rapid cycle of the bypass

unloader valve assembly is approximately 1 cycle/15 seconds.

11. The compressor of claim 1, wherein the cylinder block defines a bank having two or

more cylinders.

12. The compressor of claim 11, wherein the compressor includes a corresponding bypass

unloader valve assembly for each of the cylinders in the bank.

13. The compressor of claim 12, wherein at least one bypass unloader valve assembly is
capable of rapid cycle between an unloaded position in which the discharge plenum is in fluid
communication with the suction plenum and a loaded position in which the bypass unloader
valve assembly is disposed to substantially restrict fluid communication between the

discharge plenum and the suction plenum.

14. The compressor of claim 13, wherein at least one of the bypass unloader valve
assemblies is capable of being positioned in the unloaded position or the loaded position for

an extended period of time exceeding 180 seconds.

15. The compressor of claim 13, wherein the unloaded position is a fully unloaded
position in which the bypass unloader valve assembly does not obstruct fluid communication

between the discharge plenum and the suction plenum.

16. The compressor of claim 13, wherein the loaded position is a fully loaded position in
which the bypass unloader valve assembly is disposed to halt fluid communication between

the discharge plenum and the suction plenum.
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16. The conpressor of claim 13, wherein the | oaded position is a fully

| oaded position in which the bypass unl oader val ve assenbly is disposed to
hal t fl uiwocommesiécati on bet ween t he di scharge pl enum amrdTiUuseo190838P©N

pl enum WO 2011/ 005367PCT/ US2010/ 035896 17. The conpressor of claim 2,

wherein the rapid cycle provides. the conpressor with a _conti nuousl

vari abl - capdd P TRG e 3¢ S {PedeRdvels A, HE SYRPIESOL B ter

val ve agaghku¥lyl Saddbld BSHaeit| QREGENPASI dap@lty2Rehid e GRAAGH ByRehiguRdePy the
conpressor when the bypass unl oader valve assenbly is in the | oaded

posi t i oralve assembly is in the unloaded position and the capacity achieved by the compressor when

the bypass unloader valve assembly is in the loaded position.
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