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UNLOADER ARRANGEMENT FOR A SCREW COVMPRESSCR The . present I nvention

rel dtes to screw conpressors-and nore particukarly capacity nodul ation
5 %/ thereof. Conpressors are used in refrigeration systens to_raise e
pressure of a refrigerant gas froma suctioh to a di scharge pr SSure Shreh 7

permts the ultimate use of the r O[=18 zuﬁggﬁggbnﬁ:desired medi um Many
10 types of conpressors, %$ﬁéﬁﬁﬁﬁﬂ SCrew conpressors,

are comonly wused in such s } I conpressors
¥0 %‘9 S fdbnpkifsrs%ﬁ mp
mal e an emal e screw

enpl oy i nt ermeshed conpl enent ary _ rotors which are
each nounted for rotation in a working chanber within 15 the °
conpressor. The male rotor has relatively thick and blunt | obes with convex

flank surfaces. The fppal e ppédsnbas ihebAativhl Y redatew |ebes svtéw
concave flank surfaces. The working chanber is a volunme which is in 20

the shape of a patompredeors| £hdimbre spartigularly capadityl nodelation is
closely toleranced to the exterior dinmensions and shape of the internmeshed
mal e and feenmal e rehexrdof. 2 A screw conpressor has | ow and high pressure
ends whi ch define suction and di scharge ports respectively that open into
t he conpressor's wor ki Comphessers arefusedrimtrgfivigerationcsystensute
enters the suction port froma suction area dat 5 the | ow pressure end
of the conpressorraieeithearessure (of 2 refrigerant gas from a suction

to a discharge'pressure which permits the ultimate use
of the refrigerant to cool a desired medium. Many
10 types 6f  compressors, _:including rotary screw
compressors;' afe- coﬁmonly used fin such systems.
Rotary screw  compressors employ intgrmeshed
.complementary male and female screw fotprs which are
_,eéch mounted for rotation in a working chamber within
15 the compressor.

The-male'rotor_has relatively thigk and blunt
lobes with convex flank surfaces. The female rotor
has relatively narrow lobes with concave flank

o sﬁrfaces,_.The working chamber_islé.volume which is in
20 the shape of a pair of parallel intersecting flat-

ended cylinders and is closely toleranced to the

exterior dimenéions and shape of the intermeshed male

and female rotors.
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chevron shaped conpressi on pocket fornmed between the interneshed rotatlng
-t e and female rotors and the wall of the working chanber. Such
conpressi on pockets are initially open to the suction port and cl osed té’
t he di scharge port. 10 - As the rotors rotate, the
conpressi on pocket is closed off fromjhe suction port and conpression of
t he gas begins as the pocket's volunme begins to decrease as it is both
circunferentially and axially displaced to the high pressure end of the
conpressor. Eventually, the conpression pocket is 15 di spl aced into
conmuni cation with the discharge.port through which the conpressed gas is
di scharged fromthe working chanber. Screw conpressors often enploy slide
val ve arrangenents by which the capacity of the.conpressor is capable 20
of being controlled over & mailmpﬂssmehss | Irogy éﬁtngﬂgh ﬁtesowlands
arrangenent is ect of. 2 ent. 4 662.19 5| ned to
t he assi gnee of” tl\lﬁs %er é‘ggnfu“rjﬁ?/ ﬁ‘FI on scf‘ﬁrgé v ts toe F%%'vg Y4 £ g%Wal ve
~assenbly is buiintoi the campkedssonis anrkingeghadlquartkﬁrigh@ntoga aluou5| ng.
et oral W SREBE pdseure pRLO06D BheldiP pUBL oL 14T LLDE 050D Y

cooperate with the corpressor s rotor housing e Working chamber
within tHe conheskew prp(smnedemi/alfvehq sompregsoy s, dghielivered gose a

portion of the uRekidQne ??d;gﬁﬁpﬁsslm FOREBE FotRbd Hedwbbi® thet Or'S 30

t herein, which are downs he suction port and which are not exposed
to suction preddteEmeghed xeraciamprie Bid Spmale Latens and the yallcafqher y
(With the slideotRing chhiseid)  sich Sodgredbion v&ck&‘ltmai:belrﬁQMBGSﬁn ot her
than the sucti on gger tsuc tlnf: goi:é anEi closed to the discharge port. _ W
10 ' ) ' As' the rotors rotate, the compression pockec is
| closed off from the suction port and compresslon of the gas
begins as the pockec s volume begzns to decrease as it is both
circumferentially and axially dzsplaced to the high pressure
end of the compressor. Eventually. the compression pocket is
15 displaced into coomunication with thc»discharge port through
which the compressed gas is discharged from the working
chamber. ) l :
o qm.scéeﬁ compiessofs'ofcéhscﬁploﬁ'sli&clvalvc
arrangements by.which the capacity of the compressor is capable

20 of being controlled over a continuous operating rahgel One

such arrangement is thelsubject of U.S. Patent 4,662,190 which ' {_J

is assigned to the:sssignee'of'tﬁc present invention. The

valve portionjof aislide.valve_Assembly is built into and forms

an integral part- of the rotor housing. Additionally, certain
25 surfaces of the valve portion oflthe assembly cooperate with

the compressor’s rocor_housing to dcfiﬁe'che'working chamber

within the compressor. e ' '

A slide valve is axially moveable to expose a

poftion of the working chamber of the compressor and the rotors

30 therein, which are downstream of che suction port -and which are

not exposed to suction pressure when the compressor operates at

a
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suction pressure. As the slide valve is opened to greater and greater
degregs, a larger portion of the working chanber and 5 the screw rotors
di spoSed therein are exposed to suction pressure. Such exposure to an area
at suction pressure prevents the exposed portion of the working chanber and
rotors, which would otherw se cooperate 5n defining a cl osed conpression
pocket, from éngaging in the conpression process. 10 In effect,
capacity reduction is obtained, through the use of a slide valve, by
reduci ng the effective length of the rotors. Wen the slide valve is

cl osed, the conpressor is fully | oaded and operates at full capacity. Wen
t-he slide valve is fully open, that is, when the portion of the rotors 15
exposed to suction pressure other than through the suction port is at its
great est, the confuldssepacinys (withoghedlide (Vad veaclased) oxtoent lgpassebl e. The

preci se positioni | | v, t n. of ful
| oad and unl oad 'pg‘g?’?%o%xgeeicg%gﬁ%gt}s?%ﬁggam y"%%ﬁstur@gﬁrgg.% §ﬁ‘hé"rh %F&grié", a{:he
capacity of the 2@uctioncprassuteor Aanthet Kbide yaive iis apensd Fe greacemianged i s
capabl e of Dbeing g{glﬁeet&&reaé,l G eREder pYFLLcA berde @8¢kingNEddOH Sand

|

operating range. ot her arrangenen or controlling the capacity of
screw conpr 8ssor sthf Screy (rofarsy digposad) Eheraln gre pxposed TRosygriandescri bed

in U S Patents 2p@h@uddd IudlGBxpéSuret td5sn WQa sk 488cfbhIprdsstizé, 082 and
4,946, 362. These patents uggest the use of_v rioui,kin s of lift unloaders
whi ch, when openclFeYSPER EAfh E¥PRRSH RSPl fgﬁe"- ik B FREsTateRS
pocket in comuniwigichoRowld beidrvise xcodbetdre damnpefining avkileded s 30 at

PO BT S onEa el sk Bl TELAER, 90, BU°Slr LIPS0 o
10 In effect, capacity reduction is obtained, rhrough the use of a .
slide valve, by reducing the effectivellength of the rdcbrs.

, When the slide valve is closed, the compressor is
fully loaded and operates at full capacity. When the slide
valve is fully open, that is, when the portion of the rotors

15 exposed to suction pressure other than through the suction port
is at its greatest, the compressor runs unloaded to the maximum
extent possible. _?hs precise positioning of the slide valve
becﬁeen the extremes‘éf the fuil ioad #nd unload positions is

. relatively easily controlled. Therefore, the capacity of the

20 compressor and the system in which it is employed is capable of
being modulated efficiently over a large and continuous
operating range.

Still other arrangements for controlling the
capacity of screw compressors are lift valve arrangements of

25 the type described in U.S. Patents 2,358 815 3!108,740;
4,453,900; 4,498,849; 4,737,082 and 4,946,362. These patents
suggest the use of various kinds of 1lift unloaders which, whén-
opened, place what would normally be a closed compression
pocket in communication with an area of the compressor which is

30 at suction pressure. 3y doing so, that compression pocket
volume is rendered incapable .of being used in the compression

process.
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4 Such mechani sms are commonly referred to as a step unl oaders since the
~omening or lifting of each such unloader results in a reduction of
conpressor capacity in a discontinuous, stepw se fashion and by a dlscréPé
5 predeterm ned and relatively | arge percentage of the conpressor's
capacity. Such arrangenents do not permt the unloading of a conpressor
over a continuous range of capacities 4nd therefore, while somewhat |ess
conplicated and expensive to enploy than slide valves, do not. provide the
flexibility or 10 energy efficiency of slide valve arrangenents. Next,
screw conpressor piston url oadi ng arrangenents of the type illustrated in
U S. Patent 4,042, 310; 4,544,333 and 4, 565,508 are known and are
characterized by the disposition of an unloading piston in a cyIindricaI

~bore within 15 the ceoqgy %Séﬂinﬂ%ﬂh‘sifwc%ﬂiy'?efe%@&etof 5o ¢ QF wor ki ng
chanber. The bor |n such i st on unl oadi ngilgelstems IS 1 n communi ca ?on with

the working chd RAETH SdOte fhecppendingior, ShRAH pesh ynlorterrs
| i kewi se in conresnieatinng udd&t:m aifeaoxﬂ:freisb& P RFSeh ahich is at

suction pressur I n I sto 03| tioned within
the bore so as f‘oc%ﬁi&l"&‘ér y’“ﬁ’f’jesfer %B? &nﬁg‘h é'aﬁ%ﬁ"ﬁ? the bore with the
conpresso?'s V\mﬂeldngemiaabmdt helnnj.lveljndapgetpexcémﬁ:gaoaﬁrmsor operates .

fully | oaded S'& ra§'?4 aXiﬁacsgc!p r&?xlg?a?gng od%egognd ?Togﬁm ki ng

chanber is preven e romc €of the
conpressor whi ¢mlpading 9fica |°Gm¥#ﬂ§9§u¢@rosh@qntﬁ-hm h‘aosrghft éapagiiciéson

port. The unl oagidNeheé¥e®bed, ivhitaRRRbenst 1084 r&mm/&@eaxm le¥ %Ams&t}mthe ..,

bore to fully or partially uncover the axiall paced gw omTuni catin
bet ween the bor®¥PAi% %Pk?lrfg’%ﬁ‘l"es'c‘i‘PaﬁBérPWé#%tP}‘epf léilhgtyf OF the

unl oadi nxp of tfﬁﬁeﬁ@&ﬂﬂf&i&iﬂhcy of slide valve arrangemengs. _
Next, screw compressor pxston unloading:
arrangements of the type illustrated in U.S. Patent 4,042,310;
4,544,333 and'4,565,508 are known and are characterized by the
disposition of an unloading piston in a cylindrical bore within
15 the compressor housing which is remote from the working
chamber. The bore in such piston unloading>systéms*is in
-, communication with the working chamber through a series of
axially spaced ports and is likewise'in_communicacion with an
area of the compressor which is at suction pressure. When the
20 unloading piston is positioned within the bore soc as to
completely incerrupt communication of the bore wi:h the

(¢

gompressor's working chamber through the ports, the compressor
operates fully loaded since the axiallf spaced ports are closed
and the working chamber is prevented from communicating with

25 any portion of the compressor which is at suction pressure
other than through the suction port.

The unloading piston isicapable_of being moved
axially within the bore to fully or ﬁaftially uncover the
axially spaced ports communicating between the bore and wdrking :

30 chamber thereby pto#iding for the unloading of the compressor
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by the selective opening of the ports. This type of piston unloading
arrangement, while providing for nore continuous and precise slide

val veMi ke capacity control than a step unl oader arrangenent, can be nore
expensive and difficult to |nplenent 5 t han step unl oadi ng
arrangenments. Further, the re-expansion volunmes associated with the

unl oadi ng ports of such piston unloading'ar?angenénts, particularly-if
conpressor unloading over a |large capacity range is desired, becones
excessive. In that regard, it is 10 noted that the effect and
performance penalty associated with the existence of such re-expansi-on
volumes is far nore pronounced at the discharge end of the conpressor where
the pressure in a conpression pocket becomes significantly elevated. It

shoul d al so be not edhyt kaé mhhkﬂrepbﬁsﬁ& Ust addi puredd This BypgedBgegiRbs, the
use of a slide valvqng_ g unl oaders gff not %§§uﬁé in the creatlon of
re- expansi on vol unes™SPACHE: BFTNESTERT t HR 18, PERVISHIE Heflr BRER iSRG HRMPNE rand
formpart of the V\Drﬂﬁeagscmmrva\mulmdcmnioy reopteal shawy & @téﬂn&nﬁd&d&ent
outer contour of the rotor

arrangenents are preafrrPnéed“e“gar%ﬁncB ar Iry ?’S)renf% S ran%\a/t%afg T"ﬁl{e q?oma f% pe
actual |oad an® provikds $tap cma:dnamﬁrasswpgsed to step unI oadi ng, they

do bring with them certain inhgnegL,! %ﬁkaﬂé‘-e%&moﬁ%ﬂuﬂﬁ%sbéﬁﬁé&%ﬂh the
manner in which surfaces of the valve function define a portion

of the wall of the céeprelesding mﬁmorfgseﬂhrvﬁém uP%Pﬂdﬁas #fégasefnemeh

surfaces interact Wgdeifi@ar@poars h&ﬁp:@fsswma@«gr kel § ldrgdetig
cl osed conpression pockets previous]y referred t ?“a&gl ear anc betvveen

the i ps of the rot drEEBHEE defiFeduc ?FFﬂe”\?&ﬁ’e“éur 4t ireeard o difal®

10 noted that the effect and perfotmance penalty associated with
- the existence of such re-expansion volumes is far more
pronounced at the discharge end of the compressor where the
pressure in a compression pocket becomes significantly
elevated. It should also be noted that unlike piston unloading

15 arrangements, the use of a slide valve or step unloaders does
not result in the creation of re-expansion volumes since
certain of the faces of their moving members form part of the
working chamber wall and conform precisely to the adjacent
outer contour of the rotor set.

20 . While slide valve arrangements are preferred,
particularly for their capability to match actual load and
provide for continuous as opposed to step unloading, they do
bring with them certain inherent leakage paths and losses
because of the manner in which surfaces of the valve function

25 to define a portion of the wall of the compressor’s working
chamber. In that regard, such surfaces interact with the lobe
-tips of the screw rotors to define the closed compression

. pockets previously referred to. The cleat;nce between the tips
of the rotor lobes and such slide valve surfaces is a leakage

30 - path which is inherent in any slide valve arrangement.



30 path which is inherent in any slide valve arrangenent. 6 In

_ l-arger capacity, nore expensive screw conpressors, which "conpete" for usé
with relatively expensive centrifugal conpressors, |eakage past the
rotor/slide valve interface is of proportionately |esser significance.
Further, 5 t he expense associated with a slide valve arrangenent in

| arger systems is nore than made up f8r by the versatility and energy
efficiency offered by slide val ve unl oadi ng systens which are capable of
preci sely matchi ng conpressor capacity to system|oad. 10

An smaller screw conpressors and systens, however, which "conpete" for use
with | ess expensive scroll and reciprocating conpressors, the inherent

| eakage associated with slide valves is proportionately and unacceptably

hi gher as is the cost as3gCislged uﬁgglgyeln{orgs&pggsimgc{.ml r use in small
15 capacity conpressors is uncormon. The use of step unl oaders al one

in smaller scrEMPRIEAEPRSsKRhich (ApRRetEl for USAIEFRaFRIASS CEPeRS1NPt h

unl oadi ng arr apgetrBhgall Qbmﬁc"arsebi's.afldak.ﬁgﬂ pmeuhbngomvplmseme brings
| atively inf satisfa to unI oadi ng

with it the pegalk¥ £ g < 1 é B 2 5
capability 20 BF% T PHPRPPEEHOPRRE Y 48 ﬁ?’fl ERHAT AP en ®&onsuni ng
products5 Furt ke exbmaas?ﬁm:ad 'r'wis:hr avslideovalyeoirtapgenens inchttghat t he
T Che L Bk, e e Up' Bt VoLl Setedo L oKD Wiy v
face of such mafficiency gffsrmb}'pﬂd@sl mweyunwnsesystma; “hsctba?&use t he
size of the DOELPMEO&!Q*azw@is%hyum&mhe&dmaswaapacacyrh%JE;.g@ément gi ven
the_ . load . : o 'Sﬁi
10 In smaller so:ew compressors-agq systems, however,
which “compete” for use with less oxpeosive'scroll and .
reciprocacingocomptessors. the inherent leakage associated with
slide valves is proportionately and unacceptably higher as is
the cost associated with their use so that their use in small
| 15 -'capacity comofessots is uncommon. The use of step unloaders
alone in smaller screw compressors, while quite common and
competitive with unloading arrangements. for 'scroll and
' reciprocating compressors, brings with it the penalty of a
relatively inflexible and unsacisfactory unloading capability
20 ° given today’s demand for efficiency in energy consuming

O

products.
| ~ Further, becausé certain screw rotor profiles are
such that the male-totorilobesiare-qui;e thick”, with
relatively little volume between them, the use of a lift piston
25 step unloader at the discharge end face of such male rotors is
not practically feasible. This is because the size of the port
through which unloading must occur is'insufgicient,'given the
thickness of the lobes and the rotational speed of such rotors,
to permit all of the gas to escape through the port while the
30 port remains open. It is noted that lift piston step unloaders
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t hi ckness of the |obes and the rotational speed of such rotors, to permt
all "ef the gas to escape through the port while the 30 port renains
open’ It is noted that lift piston step unl oaders 7 di sposed at ot her
thaﬂ the end face of a rotor can effectively be used although unl oaders
such as those are_di sadvant agequs framthg standpoint that they .are nore
costly to manuf adliffROSH Fgl @r%z’r?fe %ﬁ’figgf &2 zate _?ﬁeaeﬁ%% T tRAP the
eﬂd face of the wifeckivelyabeunsed althaughr atnlwaddren sudh aasftlieser to
the extent that t £ C | oggle, [ .gn of
r e- expansi on vol u%% L%%i%é\)l’%%&%%&%sgr%? an aé?éﬁ +%§Bneﬁ%\?g%g%$a%6&
arrangenent overmoxeéecoptiyetpemanufpcturgngad dolenanss mriptfal ctlarly
i gh o 1 cl ency oy R R R S R e . and

: S agai n, _becayse the naturg an
nunber of the porqgmrcfétq%griﬁher t V\Eenff"ﬂ'e %@1‘?& e°’60%t.9 €whi ch
the piston is digposes eak tiife WK ioT) ac faakefacehanleaderaneaultaginent

i s excl usivel d N | oadi ng. I |1 '
such that the corfl®srentiotsdt LeseRPapaol; PRLHE  norts, which in 20

effect are re-expansi diikewises thee usel ofeamhaxbadr @istionisenloadene

ocatod 110 i grpruidindif s Budi®e Rl e prardaiRel T Pty craha e ot

expansi on ef fect unleadingi cparticadaslyr dibudcsmalisr capacity Tgereyeed

therefore existSsoffbesddrs)NliaidnBg practically feasible for high

' effié:iency compressors. This is, once again, because
the nature and number of the ports communicating

15 between the remote bore in which the piston is

disposed and the working chamber, when such an

arrangement is exclusively used over a large unloading
range in a small compressor, is 'such' that the
. compression losses associated with the ports, which in

20 effect are re-expansion volumes (i.e. volumes which
are not used in the compression process) can become
unacceptably large particularly when located in a high
pressure region of the working chamber where the re-
expansion effect is significantly more pronounced.

25 The need therefore exists for an unloading
‘arrangement for screw compressors which is amenable
for use, even with smaller capacity screw compressors,
when cost, leakage, efficiency, flexibility and
manufacturability factors are taken into account and

30 particularly, when compared to competitive non-screw
compressor based arrangements which are relatively
inflexible and energy wasteful from .the unloading
standpoint. _

The inventioh- provides a screw compressor

'35 comprising a first rotor, a second rotor cooperably



arrangement for screw conpressors which is anenable for use, even with
snmal | er capacity screw conpressors, when cost, |eakage, efficiency, r N
flexibility and manufacturability factors are-taken into account and 3@’4
particul arly, when conpared to conpetit®ve non-screw conpressor based

arrangenments which are rel atlvel¥ i nfl exi bl e and eneri; \Agsteful from the
unl oadi ng st ARARTHRY B34 nELRSFoF PR B (s LATSE MR %ﬁ RYs Heans |
conpri sing a dsgotiatédr withsenendf alanid aoopersband opepgblendnsai d first

operabi o in CUTHARRREcAERES 8" Hiitading N€ SompPesen? Svaa 1o
portion of the £ipsti pprtdcye afhethef capdcity rangecthedeofil aadi 'y neans
associgited Wadkele Ahighalngs ddhdd! 2k30810LAR°AI (il SophER!IcHe Tashi on

only for unlo e conpréssor. over second port e capacity
range ther eofsa-ﬁ‘herP‘ﬁPE'ﬁt iahe PRerablte udBs 3 sherwisenfashion omly

conpri si ng: afépttmmaalfﬁqntna aompfésgarcbe&bea secbhaSbo&%tl% ﬁposed In
sai d wor ki ng chanbe second %F§F°I sposed in said working cha _

cooper abl e erﬁé@e‘?&?ﬂ %\Fthgﬁgﬁ €otor: and 15 - means,

i ndependent|ly i nt erleet ingentiorsalsd i ﬂ.ncladéssa tscrewndompiressorf or
unIo ng sal ressor in a continuous fashion .over a first portion of
t he cHpaclty *n aid corrpressor and a di scont.i nuous fashion over a
second portlon of arhouepagudefnaﬁgq af working chamber; - :

a first rotor disposed in said working chamher,
:-a-second,rotor_d1sposed_1n said working chamber

~ - in cooperable engagement with said first rotor; and
15 : means, lndependently 1nteract1ng with- said first
and said second rotors, for unloading said compressor
in a contlnuous fashion over a first portlon of the
capaclty range of said- compressor ‘and a discontinuous
fashion over. a second portion of the capacity range of

20 sald compressor. ' _
The invention . also -includes a refrigeration

(s

system: compr:.s:.ng,.
a:condehser;
an evaporator;
25 N means for metering refrigerant from .said |
condenser to said evaporator; and B
_ ‘a screw- compressor in flow communication with
said condenser and 'said evaporator and having a male
rotor, a female rotor cooperably _e'nga'girigf said male
30 = rotor and means for unloading said compressor both in
' a stepwise and a continuous fashion over different
portions of the capacity range of said- compressor.
The invention also includes method of controlling
the capacity of a screw compressor compris:.ng the

j_(")

35 - steps of:
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20 said conpressor. The invention also includes a refrigeration
syst‘em conpri sing: a condenser; an evaporator; 25 nmeans for
meteseng refrigerant from said condenser to said evaporator; and a screw
conpressor in flow conmunication with said 2ondenser and sai d evapor at or
and having a nmale rotor, a femal e rotor cooperabl ging said mal e 30
rotor and means for unl@ading dwid CEEEP§'§§§Prbot¥f %ﬁ slepdi #n afaid

continuous fashi ofomyRes8bE séeahcaaa@la&s qfn témsféwréé YE£48H96n Obver
sai d-conpressor. The,invention S #g Ugt gﬁgntrollln% t he
capacity of a scrvft® r@9§5}°30ﬁg FnﬁaPﬁg ¥y o

| oadi ng said corrpressOIoadinghesdmﬁdcompseséocqrrpissme |3soadcrcmassaga in a

stepw se ;f‘zh'cg“np%‘élgéséséﬁsﬁp‘%{ :}eaé‘soaf‘iﬂ%afi‘én %a%%%u%ss %hﬂh‘i%%@é:?or

| oadi ng s

increasing, in a aseconduand differenke partianef fhe §|'=1Pﬁ§r1<§i¥t Oﬁoﬁﬁﬂ-én of

the capacity of sgif£onprgssor; unloading said conpressor, |f t he Ioad on

sai d conpressor isS crea5|hg, in a _continuous fashion over

second portion of tweloadpng; spidofcomprassymr bEskhe éﬁ?QHﬂ%aEPﬁg sald

conpressor, if theompPPrEs88rSis Becreasing, in a continuous fashion over
10 said second portion of the capacity of said
compressor, and
unloading said compressor, if the load on said
compressor is decreasing, in a stepwise fashion over
said first portion of the capacity of said compressor.
15 The invention- alsc includes a refrigeration
- system comprising:
a condenser;
. an evaporator;
means for metering refrigerant from said
20 condenser to said evaporator; and
first and second screw compressors, each of said
compressors "having - a male and a female rotor
cooperably engaging the male rotor and means,
independently interacting with each of the respective
25 male and female rotors of said compressors, for
- unloading said first and said second compressors in a
continuous and a discontinuous fashion.: _
The invention also includes a method of
controlling a réfrigeration system having two or more
30 = = screw compressors comprising the steps of: '
_energizing a first of said compressors;
modulating the capacity of said-first of said
compressors both in a stepwise and a continuous
fashion in accordance with the load on said system;
35 energizing a second of said compressors; and



conpr es

sor is decreasing,

the capacity of said conpressor. 15 The invention also
a refrigeration systemconprising: a condenser; an evaporator; nea
rigerant from said 20 10 condenser to said evaporator;

nmetering ref
first and second screw_conpressors, each of said conpressors havin
male and a

i ndependent | ysamaegaebhagow éaiaaé&ngfeéQSréesaeﬁt mea 2§te pwis@Bdkq and -

fermal e rotors

f enmamedulatdng: She capacidiagiofy hokh maid (Blrst arld means,

or ading said flrst and

of |
second conpre%Eo?scPﬁténEBHE Eﬁﬁﬁ§°ﬁnﬁna§ﬁ?§E ﬂPFﬁUBﬁEthEﬁIBﬂa R . :
saidi systtems a nethod of controlling a refrigeration system -

i nventi
havi n

on al
two or

ner 6131 ng a 1175t TP SaverRiidH SEEB: SRAReR TR SBkEY, i e

sai d-first ofcemptiedmgressors both in a stepmnse and a continuous fashlon

[0 accordance Wi Nal NickB3lgd" S8l SHEMFInGS derining | £"SiaE]
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chamber; _
a second screw rotor disposed in said working

chamber :in an intermeshing_ relationship with said
first screw rotor; - , _ : :
first unloading'means, associated with said first

fashion over a first portion of the capacity range of
said compressor, _

second unloading means, ‘associated - with said
second screw.rotor for unloading said compressor in a
continuous fashion over - a _second'~pcrticn of the

: capacity.range:of-said*compressor,_said“second,portion

of said capacity range being different from said first
portion and said second unloadingvmeans'cooperating
with said . first unloading means to permit the
unloading of said compressor over that portion of the
compressor’s capacity ‘range that is represented by
said first and second portions. '

In order that the invention may be well
understood, SOme-embcdimentS'thereof,:whiCh are given
by way of example only, will now be described with
reference to the accompanying drawings, in which:

Figure 1:is a partial'crOSSésecticnal side view

- of a screw compressor illustratingfﬁnioading”apparatus

associated with a male rotor with the unloading
apparatus in the fully open pos1tion,

rotor for unloading said compressor in a stepwise

C



conprising: a housing, said housing defining a working chanber; a first
screw.rotor disposed in said working 10 chanber; a second screw rotor
di spdeed i n sai d working chanber in an interneshing relatlonshlp with said
first screw rotor; first unloading neans ddsociated with said first 15
rotor for unloadlng said conpressor in stepwi se fashion _over a first

portion of the capaci t§29@FYe? oS ?aPGr(?&ﬁﬂr 55 95?'5§€G&R(’Pai}nt83d¥h§wn%§ns
associ ated with aiel ssepe¥ Swompresioy fof UFRhigagieng 1sai ﬂlmstreemq in a

cai d compr ossor . BAGRALN, AEBRrACHE FEndPiAtas Miny rar daaRae, FARRF o7 o

fromsaid first punﬂtdmheﬂUnkeadlngc@nnanntuad1ngthsanpeooppsn&npng with
said Tirg —unloadinge;dBadss 1€ aR il lvid%fthe sctéyOddh ggﬁeﬁ ordi d
i on

conpressor over that por of the conpressor's capaC|t ran at Is
tepresent ed by s&dithithe hﬁﬂ}'%msﬂéﬂ renevec, takgs 319Fia't lipgs 3-
invention may be omepiqg @ﬁ@@rﬁtgﬂd 2pone enbodlnents t hereof, which are

gi ven 30 by way of, exanpla 0 be r|be wi th.reference
to the acconpanying drEA@HeS ﬁHY@WRLFEG§r¥1f is EErFiQP 13n8" €L
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in the f y ope
the closed position;

Figure 5 is an enlarged view, taken along line 5-
5 in Figure 3, of the unloading apparatus associated
- with the male rotor with the unloading apparatus in
15 the fully closed position;
- Figure 6 is a view of the slot-like unloading
ports of the unloading apparatus associated with the
male rotor taken along line 6-6 in Figure 3;
Figures 6a and 6b are cross-sectional views of.
20 the unloading ports of Figure 6 respectively
illustrating their appropriateness of use with a male
rotor and a disadvantage of their use .in conjunction
with a female rotor; '
Figure 7 is a schematic illustration of the

25 unloading apparatus of the screw compressor
illustrating certain advantages thereof over earlier
unloading arrangements; '

Figure 8 is a graph illustrating the nature of
the loading of a compressor having the unloading

30 apparatus of the present invention;

Figure 9 is a schematic view of a refrigeration
system employing two of the compressors.of Figures 1-6
in dual, independent refrigeration circuits; and
Figure 10 is an illustrative graph of one series
35 of steps in which the refrigeration system of Figure



Figure 2 is a partial cross-sectional top view of the screw conpressor.
of Figure 1 illustrating unloadi ng apparatus associated with a f emal ey
rotor with the unl oadi ng apparatus in the open-position; 5 - Figlre
3 is an end view of the screw conpress&?2 w th the bearing housing renoved,
taken along lines 3- 3 of Figures 1 and 2; Figure 4 is an enlarged view,
t aken al ong. I9 r?l?-ght@?rﬂ-%%‘ﬂe 3, of the unl oadi ng appar atus associ ated 10

with the femal e rgigfetiflyt BN, 22! égl ihedeé%d gposi tion;
Figure 5 is an enlarged Vi ew, taken an Jine f the -

uni oadi ng apFFERUsS SPE1fi iF CoPPrised cﬂ%rr%?ﬁ Pﬁﬂsﬁﬁgoéél ng
apparatus inatid bearirp Hcméyngcwsedowpcéeanm&eﬂbe ﬁoh&i gV'lQW of the
te

sl ot - Li ke unl oad or 0 e oadi appar.at SOCI th the
mal e ot or té‘l?en 3?8% é'ne];ngt"% 4':?5“}%93 Ré g

Cross- sectlom'lopana.m;ofenqaglng tﬁh@ mml@aﬂongr.pormxtendind}l grbn 6
respect i vel y dildiSideiy g t £E1 EndgR! 98" IchH GiEfth HotiF, whtBr2aRys rotor

and a di sadvant a thelr use 1 n conjunction wt femal'e rotdr; Figure
7 is a schemmountedysdtaWidd be appregiated, khexefese, shpsrmade  of

the SCrew pcYIPrassy tid Uﬁdfﬁéﬂ‘g Wéﬁ'%ﬁéﬂ?”iﬂ%ﬁrﬁheéﬁﬁéeﬂver
earl ier unloadln arra f Fi gure IS a |IIustrat|ngthe nat ure
of tR@ | oadi ﬁé‘eo Q %Bﬁg?eg or %f?lgrf’ or, A% n@f’@'@ue of A%t us of
the present hrotatdble ﬁwm@ aadam&shemgt letxgag@méﬁtawieﬁingehat I on
.rotor hou51ng. _
Suction gas enters rotor housing 12 through rotor U
_ housing suction end- 26 and passes _th:ough a suction
15 - strainer, not shown, prior to passing 'fthrough and
around motor 16 in a manner which cools the motor. In
this regard, suction gas passing through and around
motor 16 passes out of motor-rotor housing gap 28,
rotor-stator gap 30 and into suction area 32

O
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system enpl oying two of the conpressors of Figures 1-6 in dual, independent
refri.geration circuits; and Figure 10 is an illustrative graph of one

seri €%’ 35 of steps in which the refrigeration system of Figure 12 9
m ght be | oaded. Referring concurrently to Figures 1, 2 and 3, screw
conpressor 10 is conprised of rotor housing 12 and bearing housing 14.

Di sposed in rotor housing 12 5 is notd@3 16, nmale rotor 18 and a fenmale
rotor 20 cooperably engaging the nale rotor. . Extending fromnale rotor 18
is shaft 22 on which notor rotor 24 is nounted. It wll be appreciated,
therefore, that male rotor 18°is the "driven" rotor which, in turn,-causes
10 the rotation of female rotor 20 by virtue of their rotatable
nount i ng and neshi ng engagenment within the rotor housing. Suction gas

f‘ﬂt_er s rotor housing;ig;d ng%*eo£%%ing.usirﬂ_9 Edéchéﬂ‘lp%&é@ré’ni“lugéf&es
~hrough a suction 15 strainer, not-shown,” prior to passing through and
around notor 16 in #rpaifer thokeh sussien Pestnt ¢pd 15 Anyelioped cdgnmdcheyweni on
gas passing through shifed cOMstdsiPéP podke PASEOTeOB) e FRLIIOLE WrRinpoUSi NY
93p 26, rotor-stator, gap 30, aNd Ul §ebie U TnctiS2eith hEll hovor 13 ana
:5  female :otor 20.
) As:maie rotor 18 and female rotor 20 rotate, a
- pocket iﬁ_which suctiéh gas is trappqg withih the working
_ éhaﬁber is closed off from suction port 34,.by virtue of the
ot | "meshing relationship of the screw rotors énd the occlusion of

10 the'sﬁction port by the counter-rotating rotor lobes. The

| compression pocket is cifcumferentiallj displaced by rotor
.rqﬁacion toward high pressuré end wall 38 of working chamber 36

 and, as such displacement occurs, the volume of the pocket is
reduced and the gas contained thgtein is compressed'until such

15  time as thé-pocke; opens to_discharge port 4@! _ -

N | It-ﬁill be apparent that absent some means for
controlling the capacity of compressor 10, gas entering working
chamber 36 #t'ﬁucﬁi;n_préséuf; viil be compressed ﬁnd.

.'diséharged in some predetermined volume and at some

20 predetermined pressure through discharge port 40. Because

' | actﬁal loads on.cbmpressors and compressor systems,
particﬁlarly in refrigqratioﬁ aﬁplications, are.not typically
such as to requife thé; a compressor 6§erﬁte at full capacify
at all times and.Beéﬁuse the operaﬁioﬁ of compfessors at full

25 capacity, when sugh_qapaéity is unneeded, is wasteful of

~energy, apparatu# must be provided to unload such compressors
ih a manner which will, aﬁ ciosely as possible, approximate the
actual'need.for compressed g&s (or its effecfs) in the system

in which such éompreséors are employed.



within the rotor housing. The gas next passes fromsuction area 32, through
suction port 34 and is enveloped in a chevron shaped conpression pocket, :
defined by the wall of working chanber 36 and the | obes of internmeshed Nl e
rotor 18 and 5 femal e rotor 20. Asi4mle rotor 18 and femal e rotor 20
rotate, a pocket in which suction gas is trapped within the working chanber
is closed of f fronisuthisn negar®4, coppressor 30 tie prewidedr etidth onship

Of \he Serew sl s WAHURRARLIP! thedkaliing with U EEOHNDY Lhe

counter-rotatlng r ot or Tecorrpressm I'S clrcu entially
di spl aced by Fefaler okonsy + SRF duRlgAdingssthe FRMPEEFSAB okR wd ki ng

chanber 36 arsbntineods Jf&ShL6ANEBVe@CCHr S £ikBe VRbrtao Ee RYket is
reduc and the as, cont ai ned tg: einis co ress ugtll such 15 time
as the pocketCHPETELY FBPIENEFg %ﬁoqm‘lﬁfeﬁ i PP9pd dPFSPRMEHRS absent

some neans f fastoivmn dvena tdecaabgortion «bifhe sapaclity gangeiod i ng _
o, DI, Gan e SCcBRpBUSLLRY 1Y COPHE® Wednd’® SR GRISHATAG Tudglar0od 11

sonme predeterm ned Vor une and det €rm né ressur e
t hrough di scieompressor 40 compadses: aindependent orandnpsepazatedw

conpr essor C#éf@bl@%orﬂ’oﬁé'dsé&bi&tédgﬁ'é‘ﬁ'éabﬁmf G5 ;n%'l% afi not

typically sucli as to require that a conpressor operate at: capacity at

al | ti%hes ancf%%ﬁus’é"'?‘h’ésope:FBt#‘BﬂtoPecBﬁﬁF€§§SP§ gF"F‘uFF‘eZQutset

capacity, whegh#t!Gh Criefm*rtihq a:duameada@admgf\mhowoef pamusqr)parat us

must be provigded to. unl S$SQLS N _

closely as polFIfeEiaty rg% teatﬁgrg&f"& il e"?-fbefB %&Fp gﬁda&gs (or itLs

effects) in tﬁemsletrotonsv\hlm sscmcd:onj)nstsmhs aassmlfpahg@drotor o
which is unloaded but as earl:Ler referred to, a

15 - ) chevron-shaped compress:.on pocket deflned by the

working chamber and the 1ntermeshed male and female
' rotors. Therefore, for example , reference to the
"unloadlng apparatus assoc:.ated w:.th the female rotor"
refers to the- unload:.ng apparatus which is capable of

20 unloadlng the compressor through an interruptible
passage commun:.cat:.ng ‘between the port:.on of the

- working chamber J.n which the female rotor is housed
and an area of the compressor th.ch J.S at suction
pressure. _

25 ~ Referring to drawing Flgures 2, 3 and 4 and to
the dlscontx.nuous, step unload:.ng apparatus associated
with the female rotor 20 ‘the rotor housing 12 defines
a passage 42 whlch is in commum.cat:.on, at one end,

O

with suctlon port 34 -and, at a- second end, with
30 chamber 44. Chamber 44 'is defined in bearlng housing
14. It should be understood ‘that although passage 42
is 1llustrated as belng in flow commum.cat:.on at its
one end with suct:.on port 34 ' :.t may alternatively be
in flow commum.catlon with any portion of compressor
35 10 or the system in which the compressor is employed,
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14 In this regard, conpressor 10 is provided with nmeans, independently
interacting with the male and female rotors, for unloading the conpressor
i n a\eontinuous fashion over a first portion of the 5 capacity range
of the conpressor and a discontinuous fashiign over a second portion of the
capacity range of the conpressor. The nmeans for unloading the
conpr essor corrprivdmschi rmkapa‘njelsuacté.rm prpasarel yivpgdnding,pobutorgot

associ at ed vvith % %@ r’rg‘l_l %Pea 33, femal e rotors. It nust be
under st ood fromt ou that In referring to, an unl oadi ngﬂrreans

appar at us, "associ at edippn Hthe 3ssenbly L o'%afé%n? HaoW8ing g F@n’éPEu'
rotors, it is noty duﬁinthz ASER&MBEL da 4 %Qél#rbéﬁb WSthlnbaeﬂeﬁabﬂﬁge 412

earlier referred to vVron- sha ssion ket fined
by the Wt ki ng. AREHARTIHRS AR e o B F ECR(EPBRARE | obpRosed
Therefore, for ejfnphambesf reriee 4 ostép tinhbaddrnp istear 16 swixbchcist ed
with the female rotpr. . refers, to u lely t abl e
of 20 unl oao?*lba}%% 38%?"&??%?&&?&3#% |nte‘i’?"&r31 %%H %3%23828
comuni cat i ng betTeerpasict ioming robpistondtk isgacsanp #Shﬁdv\ﬁnéﬁrt khe
femal e r°t°r s h:ﬁ’ﬁ'ff@eﬁ&? ge ar ﬁﬁ'eggurﬁli@dcgaé{] %ESOENIH %1&16\&aﬁusél on

pressure. erring rawu n

res 2, d to the
di scont i n'Ubus stagmittedditey %aﬁ&ﬁ&gaﬁgg&l%% ﬁPFﬂbf"Fe *%ngﬁ'éq‘gpor

20, the rotor aEfade d@f' n@asaagasaage Yikevddnber i 44 copmuaethhedn, at
one end, with sug? &A)ort at _a second end, _wt

44. Chanber 44 i¥nd %eHePﬁlﬂgar?ﬂﬁsﬁ’aﬁsl &P 185 F? o%?’dd%e ung Hgt ood
that al though passaléadfng . feature associated, in this case, with

female rotor 20.

15 : It will be appreciated that when p:.ston 46 is in
the open position, as illustrated in Figure 2, a
selected one of the compression pockets in working
‘chamber 36 is short-circuited back to suction by being
placed back into flow communication with suction port

20 34 through chamber 44 and passage 42 even after
rotation of the female rotor has closed the suction
port off from the compression ;-:pocket -at the suction
end of the working chamber. In the illustrated

_ preferred embodiment, it is the downstream most

25 . compression pocket within the compressor’s working

S chamber, which would . otherwise be closed off from
suction, which is unloaded through chamber 44 and
passage 42. ' '

_ In its cloeed position, as illustrated in Figure

30 4, piston 46 becomes a part of high pressure end wall
38 of working chamber 36. It also abuts rotor housing
12 and is in extremely close facial"proximity to the
planar endface of female motor 20 at the discharge end
of the working chamber. In the closed ' position,

35 piston 46 ‘therefore prevents communication between



is illustrated as being in flow comunication at its one end with suction
port 34, it may alternatively be in flow comunication with any portion; ot
conpressor 35 10 or the systemin which the conpressor is enployed)”

15 which is at suction pressure incheding, but not limted to, suction
area 32.  Upon the assenbly of bearing housing 14 to rotor housing 12, :
chanmber 44 rs@mmqhaﬁbémtﬁ asd ppssidye® 42 andndoesr kobgereatieer 36 of

the .rotor Pga-exp{aﬁe@agﬁe@lﬁﬁeéﬂbﬁth‘mréé dch! e@o QJﬂ ad@&;giﬁgon 46

which is aX|a |’y posTtiiona 0 an en or -c osed on

posi ti oni ng chagpberydus te %@&‘Pplﬂ%m’e%il unaexlmﬁm mﬂ ukhe cpbanar

pressurized gazelloff ipiistdiiqd 4l thite Ylane erdlfdddcdet enangelasaharged
from chanber 44 through passage 48. Passage 48, |ike chanber 44, is defined

in the beari F&tI?GUSl ng, so as to provide a step unl oadi ng. . feature
associ ated, in- tReferriyyy nexthtberdgurest ar, 29, $5and. 6-and tb W ll be

appreci ated pi PR RushE" i odaiba. SRR et iateR vitB ne: a6
is short-ci rmallteedrbaolr t ®8sucthen bgarigigg l'qalmmg badk dafdnébovxa

conmuni cati o f ﬂ% passage
42 even afte?y\rylo%\laatlon o?ﬂ)tt% stfae%rrg}e r'ot or %1?5 cl osed e suc ?g%dport of f
fromiPhe conpishsifemake keetar 29 siktinnfinw communigatdon) whthber.  In

the illustrauetimeigsredsgmerdidinareht ofS ddifpre¥Bst Q9P Sthe
system in which compressor _10 is employed which is at

suct:.on pressure. Rotor housing 12 also defines a W
'series of ports 52 commum.catlng between bore 50 and
is working chamber 36. The c_ontJ.nuous unloading '

apparatus comprises an axial piston unloader which
includes a piston 54 disposed in bore 50. '-'_-'I'he piston
54 includes a control portion 56 which is diSposed in
a chamber 58 defined by bearing housing 14. As will

20 . further be discussed, piston 54 is axially
positionable in bore 50 in a controlled and precise
manner so as to provide for the occlusion of none or
any number of ports. 52 or even a part- of any one
thereof. | '

25 - -The ports 52, as is best illustrated in Figures
'S and 6, are generally elongated ax:.ally running
curvilinear slots which - are defined in the wall of
working chamber 36. Ports 52 effectively ov_erlap each
other, in the. axJ.al sense, so ‘as to ‘provide for an

30 . essentially _cont:.nuous unloading path from the male
rotor portion of the working chamber ] into bore S50 and
for essentially continuous compressor 'unloading along
that path. The length of that path and therefore the
capacity of the compressor is determined by the

35 position of piston 54 within bore 50.  Alternatively,

O



25 conpressi on. pocket within the conpressor’'s working chanber, which
woul*d ot herw se be closed off from suction, which is unl oaded through
chamser 44 and passage 42. tn its closed position, as illustrated in Figure
30 . 4, piston 46 becones a part of Mgﬂikwessure end wall 38 of working
chanber 36. It also abuts rotor housing 12 and is in extrenely close facial
proxi mty to.the ghenperéadSicamay e2el| éngdude 20 recesk operiaggdnted of

the working chanbgge wéf'k”@h&hﬁéﬁd peﬁetleacesé of Bhal0Bai8 tperefore
prevents conmuni cat]on bet wee 36 and. passa e 42 and

:
does not create a??%ﬁ%?ﬁ%ﬁ%Yoﬂvﬁﬁiﬁﬁglﬂﬂtﬁngﬁgﬁchg bhenRoREAK PRg §h§9ber
due to close facipltopi®i fidy @f tbatphavas fanktoadingstmatch 6 fah t khepl ane

df f the fe 3, 5 d
ond To theS cont | kKR chaphEE 5. FBPC Rl shEshah° sheRtERe 0, °15" ©
the bearing housi ng l4Becduses theyhxdddi CBiStmne cenbimusius | unéOpds-sgge 42
associated 10— ar¥lhdehEHE! addialda Wit HadW cPGEHP! C7d | Q) Wehd

suction port 34 or fea Of conpressor e systen1|n
compressor 10 is Eﬁﬁﬁ%@%GGMMFQ#P¢§m%§tsu@%|dH‘p %9“-R6FbrtﬁGUSFﬁ§P12

al so defines a Seﬁﬁféa@in#%hsa mgﬁim@ﬁw&m@ Sotard205
wor ki ng chanber contlnu%5p unl oadi n €$us co rls S an

axi al pi *®dn unl RREY TRres PE-PRYES iSO f BEF he

pi ston _ embodiment thereby advantageously minimizing the re-
. expansion volume associated with the continuous axial
piston unloading arrangement associated with the male

| rotor. :

15 Referring now primarily to Figures 6, 6a and 6b,
it will be appreciated that one of the advantages of
the unlocading means of the compressor 10 relates to
the employment of the axial piston unloader apparatus
in conjunction with the male rotor 18. only. As

20 mentioned above, screw rotors of the male type have
relatively thick and blunt lobes while rotors of the
female type have lobes which are thin and narrow
relative to their male counterparts. In that regard,

. it will be appreciated from Figure 6a that male rotor
25 lobe 60, being relatively thick and blunt, creates
Y less opportunity for leakage past it between adjacent
compression pockets 36a and 36b within working chamber
36 as it sweeps by port 52. The disadvantage of using
an axial piston:unloader apparatus with female rotor
30 20 is illustrated in Figure 6b which shows that by
virtue of the narrowness of a female rotor lobe there
is significantly more opportunity for the leakage of
gas from one compression pocket 36a to an adjacent
compressor pocket 36b as the female rotor tip sweeps
35 past port 52.



54 includes a control portion 56 which is disposed in a chanber 58 defined

by bearing housing 14. As will 20 further be discussed, pi ston~ .
54 is axially positionable in bore in a controlled and preci se narner
so as to provide for the occlusion of ne or any number of ports 52 or

even a part of any one thereof. 25 The ports 52, as is best.

illustrated in. F|gufurtﬁeandnderstengangreEIyhelmmgamedgGS|¢tfqreann|ng

curvilinear e i3 t Ki r 36.

Ports 52 effg t|v§¥hiove g%geg%%ﬁ%tgg'éﬁé %%pPLSE?E nse h@ghég to

provi de for €gaiped bY veferense \taoFipuress 1inabddighg p&tilq\mearﬂthe mal e

rotor portiogcAbmhiecaank nanh%mrtégﬂ €nlor st adfaf qto rﬁéﬁ?ﬁ% glly
a

conti puous conpressor unloadin t hat, pat h. The I enqgt t path
and tﬁer ef oanRRé ding.2PPRrat héngorfb?%gs’dfp‘?% taptly m’n’gc}'ﬁﬁrﬁ"ﬁ%s _
position of phet@ifferérides betweeh tﬁétahrlaaha\iw meané7offhetmerts 52
may each include_a rece nin 1Lnto t he_ wor eﬁ ecess of one
s d port of PHRBFOERPELIR, RER PAELLRE AoPEEF oS SR ek uaed £ vl de T or
a conti nuouspistondi unlpadér f rarrangement exndrdsmlynanbel:nt cthae bore .
through the pg Begaus axLal n. |n o]

qerent 599830, "CJUCMITE (660, reRT CRRE BTN (MR i

arrangenent OC|éte nal e" rotor erred
in ab@ition CPUPFHESQ-PGp POeckets n@ & aR§bneznd a§§&:| ared walgadedml e rotor

20, 10 eAk¥ublr 8oPEsPOSE S WIKicH © Jpdit| iRkl Nthee Poet£6hethr

working chamber 36 in which male rotor 18 is disposed

and that the ports 52 are disposed, in’an“axiaI'Sense, "
closer to the dlscharge end than the suctlon end of

15 the worklng chamber.

O
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enbodi ment thereby advantageously m nim zing the re- expansion vol une
assoGirated with the continuous axial piston unloading arrangement
assoctated with the male rotor. 15 Referring now primarily to
Figures 6, 6a and 6b, it will be appreciated that one of the advantages of
t he unl oadi ng neans of the conpressor 10 rfates to the enpl oynent of the
axi al piston unl oader apparatus in conjunction with the male rotor 18 only.
As 20 nmenti oned above, screw rotors of the male type have relatively
thi ek and blunt | obes while rotors of the fenale type have | obes which are
thin and narrow relative to their male counterparts. In that regard; it

wi |l be appreciated fromFigure 6a that male rotor 25 -~ | obe 60, being
relatively thick and blunt, creates |ess opportunity for |eakage past it

bet ween adj acent CEUENraSSidH pBOEdCBEA 3GRwavek SCRI N (b SvdR' K1 88er NEEDERe 36
as it sweeps by port 52. The di sadvantage of using an axial piston unloader
apparatus with fendtschaggeendoof the oqmpressqy gag hish s cheggfioxes® which

shows that by virtpsekek hehldh eNeshmel 18 SigHBER 2001 smalDer el thel S
significantly nore opportunity_for _t eakage of s_from one conpression
pocket 36a to an aﬁ%@&ﬁ? %ﬂ#’é"’:‘,’%}y B@'&E@f S2QFOBRATPR £ HREFTE AP p
sweeps 35 5 pas36a40B&b Fhd 36c_,A:‘.EUmtﬂnded|ruﬁebsglalpdés_q;eo&ztﬂfr.oa@vamtages
offerea by, (he, i galng 1P3sa bl SUBLESROInS Ml ecRirgREY Y
step and conti nuoudisposed by the opening of step unloader 46. '
|  In this regard, it willlbe appreciated from Figure
et ' 8, that when.compressor 10 is fully loaded, the_compréssion T
10 process starts at time A when an iﬁdividqah@compression pocket. . -
' 'is at its'maximhm volume, i.e. when the pockec'is in the
ﬁoéitiou illustrated as pocket 36a in Figure 7. If, however,
) ﬁhe piston unloadihglapparatus associat;d with the male rotor -
is in the full unload position, so that all of ports 52 and the
15 portion of the working chamber with which they communicate are
| short circuited to suction through bore_SO,lﬁhe compression
process does not begin uncil cime B vhen cthe pocket has been
displaced toward the discharge end of the comptessof and its
volume significantly reduced, i.e. when it is in the position -
20 'illust:aced as pocket 36d in Figure 7. Compreséion then
proceeds from time B along the load curve indicated in Figure
. .1t will be appreciated that the lbad on the
cémpressbr can be controlled in a continuous fashion. i.e. to
25 commence at any location/volume, as between times A and B by -
positionihg piston 5&, 1n_accordance with compressor load )
fequirementé. bj delaying the start of the compression process:
to the appropriate point as between times A and B. In order to
fully unload compressér 10, step unloader piston 46 is opened



5 unl oadi ng apparatus and, nost inportantly, illustrates the

di ff erences between the unl oadi ng means of the conpressor 10 and earlier>™’
conpressors which used axial piston un der arrangenent exclusively. n
that regard, it will be noted that cheVron shaped 10 conpr essi on
pockets 36a, 36b and 36c¢ are unl oaded through ports 52 which open into the
portion of wakithathaobpression pbbkhunﬂ&arxscshdfkielﬂbamaaadtand t hat

the ports 52 .t i scharge end
t han t he suctlc)cg:le%r{g&%ﬂ rbag%% % ng c ngﬁﬁgegglegnsggggﬁgn pocket
36d, homeverGQHﬁ(noﬂsbﬂsmn1untmbrtxmﬁt®e Fempregeiendtbent becurspr essor
and whi ch is defigf ef Q@nif pOEKﬁbréBsP’BhCh %Béké_lﬁ' Ugd S ?lﬁ'ﬂt{ icagtly

smal l er and the "pressure signifrlcant as conpare pstream

pockePs 5 Volymetrigalhy 365?|§@%¥105&&9§Nﬂ%n®ﬁ 53§%a§§'§£eﬂnrough t he
portion of tRRdnytd ngn@hambewn i shWaineh phessarel 4d okggnigiganeaged by the
openi ng of step.unl oader 46. Inthis regard, it w'll be appreC|ated from
Figure 8, th qﬂﬁﬁT conpressor 10 is fully | oaded, the conpression 10
process starts at As nhad vﬁmalreftetnediuab cahrpre,sslearlprer(escrews at its
maxi mum vol u e kel o, | ated as
pocket 36a |%|pglf%es a?h {inﬁﬁg\‘.}g er #%négme{?gn un k@adﬂﬁggagféaér agﬁ
assodPat ed wastialhpistion woleaders anche ssrnesnoﬁaunpggdinghpoststhat al

of ports 52 gpd thepdBner BeM4HAR Oto! NEnWer kbEY €ha™ei1uitparlizch they

communi cate are short circuited to suction through bore. 50 e conpression
process does SMROG@ANE unt | | HOWA¥ER, wh&WShhe ﬁiﬁﬂ&ﬁrhaérﬁééﬁeﬂﬁ§§ﬁaced .
toward the dn:wwauq}ﬁnﬂnoélvaemsésw ol 1éast one unloader w
port for each compress1on pocket to be unloaded. The
15 continuous unloadlng apparatus of the emhodlment,

however, employs only three such ports and those ports
are assoc1ated w1th the upstream-most compre551on

pockets._ _ o
It will: be seen, from Figure 8, that while a
20 _small pressure rise and a relat:.vely large volume

decrease occurs in a compre551on pocket as the

compreSSLOn process beglns, the large majorlty of the

pressure increase occurs at the p01nt in time where

the pocket has been: dlsplaced to the discharge end of

25 the working chamber. Because the pressure within a -

~ compression pocket increases rapldly only just prior

to the pocket's openlng to the dlscharge port, it will

be appreciated that the ex1stence of unloader port

'52a, illustrated to be in communication with

30  compression pocket 36d in Figure 7 and as'would be

typical in earlier arrangements, has a profound

- effect, as compared to upstream unloader ports, in

terms of' creatlng ‘a re—expanslon effect and,
therefore, an efficiency loss in the compressor.

- 35 That is, the upstream unloader ports have



vol une significantly reduced, i.e. when it is in the position 20
illuStrated as pocket 36d in Flgure 7. Conpression then proceeds fromtine
B aldhg the load curve indicated in Figure %? It wi'll be appreciated that
the load on the conpressor can be controlled in a continuous fashion, i.e.
to 25 comence at any | ocation/volunme, as between tinmes A and B by

posi tioning pistonebdtivelycddttdeceeftedt coinr eheorcdmmskt egfi yageres, by

del ayi ng the star he C r a

ot woen ti mos. A <BRnEEinoAHEr SEP R CRosd,” boladll 286k *hgsREklh o
unl oader pi ston 4nor55099nuun1ca§s1ﬂt§h<npmpm§§sxnnpnmmhets6uhes theyt
circuited to suctiapg &ErPHQQtEééiﬁgﬁuéﬁ 2Bdekh rﬁggﬁiﬁsﬁhﬁnmﬁEﬁci§§ dpes

not begin until tine C. Conpression then occur %ﬁ &@s<i on
pocket 362 whicYolp@es By eldminating the.deyns ??mrEP§F|VBlPedﬁﬁe

upstream pockets pogti er\f\bbﬁbst beuﬁﬂeiﬁué&rlieﬁ'l Eﬂh&ﬂ.cﬁﬁlbtﬁnhhﬁmeédlﬁé has
been referred to above, ear rew co res r unl.oadi n g&ran enen
i‘e

have made use of 3prangemgn ﬁllﬁ TR B PHAFER |ng
ports in a nmannerinventien tedimtimatEs ttie MdshncnﬁtbeMbndrexpanslon

e s or I bpibe FHIETER! SOl Vo' RA el I HF Latlnl oo
cont i nuouk0 unl oaden}cadpnga@rrasgenantsoreaenps H@ﬁ&mhadeonUyQHGRNy :
E: g;rgreegglcgnpggé E eltagdntM%ﬂwﬁmﬁaﬁ%&ogﬁt&qe\ﬂéﬁpbmwgsaésaalaeaa
with the downstream-most unloadlng poert or ports in
o _ | such earlier. arrangements.
The unloading means of the compressor 10, while
15 providing for continuous unloadinq of the compressor
over a large and the most critical portion of the
'compressor's capacity range and the step uhloading of
a second portion, is also advantageous from the
standpoint that all of the unloader elements are
20 generally cylindrical in nature and are moveable
within'cylindrical bores which run generally axial of
the compressor’s working chamber. In this regérd, the
unloader elements themselves are relatively easy and
inexpensive to fabricate as is the machining of the
25 ~ axial running cylindrical passages and bores in which
ot they move while functioning. |
| Further, neither' of the separate unloaders
contemplates ornrequifes'the machining of a contoured
' surface. That is, the unloading apparatus associated
30 with the female rotor is a flat faced piston which,
when closed, is brought into close proximity with the
‘flat end face of a screw rotor.



It will be seen, fromFigure 8, that while a 20 smal | pressure rise
and a relatlvely | arge vol une decrease occurs in a conpression pockef
as the conpression process begins, the large majority of the pressure -

i ncrease occurs at the point in tine stre t he pocket has been displaced to
t he di scharge end of 25 t he wor ki"fhg chanber. Because the pressure

wi thin a conpression pocket increases rapidly only just.prior to the
pocket's opening to the discharge port, it will be appreciated that the

- . exi stence of unl oader port 52a, illustrated to be 'in conmunication

with 30 conpr essi on pocket 36d in Figure 7 and as would be-typical in
earlier arrangenments, has a. profound effect,. as conpared to upstream
unl oader ports, in ternms of creating a re-expansion effect and,

therefore, an pfd utlsuuey dpiﬁiattﬁb ta3goe R HEQ! ch35na1e rotor isldat is,
the upstream .unl oader orts little effect nthe'

relagjv
cont ext of gas°5f1é dglesl, st?ﬁ“a'ﬁ??’#i?cﬁ’bﬁcij J&"P ‘t}eé’&ﬁg%ﬁbh‘%ﬂét ream
ports communi CHdmdewi fﬂ&mca@sesu mcposkems hherheeiﬂa;oceaeahuvel; e&HIdleveI y much

| ower pressure nmuch .l-ar B mLpat
downst r eam moste qﬁﬁl %@F%(S‘%f %’?d ﬁof"’f'%“* o%- \é%rqé ﬂ“gg r§t on
unl oadi ¥y ar r aregaieeatche machiuing off aacq;tooprqﬁlmﬂmq cﬂ.hsselm eebextancadent i on

el i m nates thep{ﬂ&g it FiBlen € B RAN IRy O UESa lchler Ay OOl 1O

earlier axial unl oa arrangenents, recoup
previ ously beefromnthemorestiont ef apefEiqliency lpeﬂbﬂruyramsmm with the

downst r eam DS, 14RL ORHA/EH IQQﬁigé)rpaEﬂs twhelr@ a flat faces step unloader is e,
used but is not brought inco face co face proximi:y wich the o/
10 ' screw rotor it operares ‘to unload. Overall the hybrid '
| unloading arrangement of the compressor 10 provides an
_ efficiency and flexibilicy preViously unknown in small screw
compressors perricularly as such compressors are - anplied to
smaller capaciry systenms in which two or more compressors are
15 employed. ' _
As has been mencioned the extent end locarion from
which the portion of working chamber 36 in which male rotor 18
is disposed is placed in flow commnnication with suction pert
34 chrough bore 50 is dependen: upon the position of piston sa
20 and the number and size of ports 52 which are occluded by it.
Piston 54, associated with male rotor 18, is preferably o
hydraulically actuated alchough other appropria:e forms of
ecruarion or concrol are contemplaced.
In t:he preferred embodment: cha.mber 58 1n bearing
235 housing 14 is in flow commnnicacion with a source of
| pressurized oil through passage 62 in which a solenoid operated
load valve 64 is disposed Likewise, chembe: 58 is in flow
communication with passage 66 in which a solenoid operated

unload valve 68 is disposed. By porring oil at high pressure

il



such earlier arrangenments. The unl oadi ng neans of the conpressor 10, while
15 ¢, providing for continuous-unloading of the conpressor over a |large
and Nxe nost critical portion of the conpressor's capacity range and the
step unl oadi ng of a second portion, is also advantageous fromthe
standpoi nt that all of the unloader el em&®s are 20 general ly
cylindrical in nature and are aneabIe wi thin-cylindrical bores which run
~generally axial of the conpressor's working chanber. In this regard, the
unl cader el ements thenmsel ves are relatively easy and inexpensive to
fabricate as is the machining of the 25 ‘axi al running cylindri‘cal
passages and bores in which they nove while functioning. Further, neither
of the separate unloaders contenplates or requires the nmachining of a

contoured surface. thn} %tf g_t%afltmggngpagi&g ug@pgg %We %%sggéhedpr’g%n 54 Wth

the female rotor is a ace I ston which, when closed, is brought into
cl ose proximty wiwiltbe cauged éﬁ?dln?‘&cém!ﬁrdasﬂ‘é?l@ﬂ ¢ust 3 of theigompressoder

apparatus associ atgd-uby lebﬁngfﬁhsiiﬂam po¥td 5 lihnikis aovenRing! &l FaMeRR! e
in a cylindrical passage which is renbte fromthe screw rotors. As has been

not ed above, slideopding Rer SMPEREFRT and certain other types of step
unl oaders 5 s require thewr@icbbspery & theQisvieadnedIspismnesk asvaylfrom

tol eranced to the qQuter profil f .t he rotor sef I ly, suffer
fromthe creation spet i?ﬁiﬁ?y B FPERTERTAY reggex%a%gjl:%?ldt \%0 ume and/ or

| eakage paths whercompréssir,ffcds seted uhﬂn)auwbqrsms@dabm insflemt brought
into face to face & mﬁox {gaICXoXMJththconvenxently access:.ble area of compressor

x,j ' 10 or the system in which the compressor is employed which is

10 at discharge pressure. Such_communxcaczon,“gn the illustrated
embodiment, is accomplished through passage 70 which opens from
an area proxzmate discharge port 40 into the area of chamber 58
on the side of control portion 56 of piston 54 opposite the
'31de which is hydraulically acced upon.

15 ' Because the side of concrol portion 56 of piston 54
opposx:e that 'side which is hydraulxcally acted upon is exposed

' to discharge pressure when the compressor is in operation, it

w1ll be appreciated that when solenoid operated load valve 64
is closed and solenoid operated unload valve 68 is open, piston

20 54 will'be urged by gas at discharge pressure passing through
passage 70 in a direction which wili cause the compressor to
ﬁnioad. This is due to the fact that when unload 68 open, is
vented to an area of the compressor or the system in which the .
compressor is emploYeo wﬁich is at suction.pressure. It is to

25  be noted that piston 54 is readily adaptable to being driven by
a electric scepper motor. The use of a stepper motor rather
than hydraulics may be advantageous in controlling and knowing
the exact position of piston 54, depending upon the conttoll

strategy to be empioyedf



kd

10 screw rotor it operates to unload. Overall the hybrid unloading
arrangenment of the conpressor 10 provides an efficiency and flexibili ty
previ ously unknown in small screw conppggsors, "part icularly as such
conpressors are applied to smaller capacity systens in which two or nore
conpressors are 15 - enpl oyed. As has been nentioned, the extent and

| ocation fromwhicintha psimidarof vedrki ngreferiing 36ba6kWﬂt6h hlee rotor

18 i s dispos e t uctign 4 t hrough
ore 50 is dependern € posi pi ston - nunber
roreoh. To sl A Spbbrktas BRTPIMGAY o, W Unls! baloliy :
and size of porth m\m atotor 2frclitdan Iy bet notiest that4pistomcidst,ed with
mal e rotor 1§nidh p:;@“féﬁ?&ﬁ’e&ygéfaéé&f 19% Eﬁéus‘&@%éw g@h Qtsh

0 0

appropriate forms actuat i on cont are con
pref ePred entHfThange cRERFSUrss throughi Rpssage 43howsﬁ néikswﬂ@& n flow

comuni cat i OrcaMddl S 0peteact QopaAY!,i mg |tﬁé”ﬂx'ﬂi‘u&ﬁé§agﬁ 6&sl n which
asolenmdoprgﬁdIoadvalve64|§6é:l|rs]£ai g i er 58|S|n
flow - SHRLIS PLLSSULR When ?Bﬁla QBFEﬂ P8 ¥BdV&: 48 - unl.oad
valve 68 is cﬂssmosﬂt:.oﬁ;dptbt |vent3|passad;egmprtesssuetlonZﬁhrbughgh | oad
valve 64, w aIv osed,: Di b nove -
toward sucti n 6 %f t. ggggﬁ%rzgs&rsot%% 03| Seggﬂél bné ports 52
in if® nnvenmhe apuefsrmdr enbodigente dWTpm&wr heusmg 12 and Wt h

respect to thgdm W |ﬂon 54 away fromthe suction end of the
conpressor so.as to un oa he conpressor, it is noted that chanber 58 is

al'so in flow conmkh dhatoregand aw EhecRPPPressessis eparating, -
conpressor gas- from the female rotor port:.on of worklng chamber o’
' - 36 acts on the p:.ston and urges 1t to open when
15 | passage 48 lS vented to suct:.on through passage 74.

'Valve 72 1s such that when it places passage 48 in
flow communlcatlon w1th suction through passage 74 it
occludes passage 76 whlch is the source of dlscharge
_ pressure gas employed to close p1ston 46. While valve
20 72 is 1llustrated as belng a three-way valve, it will
be appreciated that a two-way valve could 11kew1se be
employed along w1th alternatlve passage arrangements

in the rotor hou51ng.
_ Referrlng now to Flgure 9, a screw compressor
25 based refrlgeratxon system 100 employlng two of the

O

screv compressors 102, 104 _ in 1ndependent
refrlgeratlon c1rcu1ts is schematlcally 1llustrated.
The compressors 102, 104’ each have a male and fenmale
rotor cooperably engaglng w1th the male rotor and
30 means, 1ndependently 1nteract1ng"w1th each of the
respectlve male and female rotors of the compressors,
for unloadlng each . compressor in a contlnuous and a
discontinuous fashion. The compressors loz_and 104
discharge compressed refrigerant'gas; in which oil is
35 entrained, into o©0il separators. 106 and 108



»

10 or the systemin which the conpressor is enployed which is 10 at

di scharge pressure. Such communication, in the illustrated enbodinent, is
accompl i shed through passage 70 whi ch openg& rom an area proxi nmate

di scharge port 40 into the area of chanber 58 on thé side of contro
portion 56 of piston 54 opposite the side which is hydraulically acted
upon. 15 respectlvdaqcauwmzmesa'ade ref igenagit [@asi Ar®@s wiigh st on
54 opposite that “Jémﬁh hasNY Hetf | cgé*grgggad umﬂs Rlépﬁggd 14

di scharge pressure mh e conpressor is Tn operatlon

appr eci at ed t hat cAndenssns ol 10 op@ﬂat’e’e? | apd V& \rexh 1“§t6F'6§ecFIHFRPgh

sol enoi d oper at egyanaatbn A/aveid 114 QIR 116 Sirfkb 2vaporaddrwi | | be urged
by gas at di schargé pressure passing through passage 70 in a direction
which will cause the conpressor to unload. This is due to the fact that
when unl oad 68 open, is vented to an area of the conpressor or the system
in which the conpressor is enployed which is at suction pressure. It is to
25 be noted that piston 54 is readily adaptable to being driven by a
el ectric stepper notor. The use of a stepper notor rather than hydraulics
may be advantageous in controlling and knowi ng the exact position of piston
54, dependi ng .upon the control strategy to be- enpl oyed. 24 In a simlar
vein, referring back to the unl oadi ng apparatus of Figures 2, 3 and 4
associated with female rotor 20, it will be noted that piston 46, which is
actuated (closed) by the adm ssion of gas at 5 di scharge pressure

t hrough passage 48, is |likew se caused to retract (open), under the
infL:Fnce of gas at discharge pressure when sol enoid operated valve 72



*

I's positioned to vent passage 48 to suction through passage 74. Passage 74
_ ==i.S cooperatively defined, in 10 the preferred enbodi nent, by rotory’
- housing 12 and bearing hou5|ng 14. In that regard, when the conpressor~is
operating, gas fromthe fenale rotor;ggrtjon of wor ki ng chanber 36 acts on
the piston and urges it to open when passage 48 is vented to
suction .t hrough passage 74. Valve 72 i-s such that when it places passage 48
in flow conmmuni cation with suction through passage 74 it occl udes passage
76 which is the source of discharge pressure gas enployed to close piston
46. Wile valve 200 ~ 72 isillustrated as being a three-way valve, it
wi |l be appreciated that a two-way valve could |ikew se be enpl oyed al ong
with alternative passage arrangenments in the rotor housing. Referring now

to Figure 9, Crew co esso based r fr| tlon system 100

enpl oyi ng twoﬁo Egihﬁ ra@%né‘eéss"?ders"iﬁf eatl% chag i ndependent

_refrigerati onrdatd.unstapl sigithénathisakase ikl mmagenhdiﬁhesmnps easers 102,
104 each have.gidipis B4 1§ Bhfold BhafoREhad 180 ol Lh the maie

rotor and 30 ent Inte actlng of the
respective rrai-%d'-ﬁﬁai-#]ema%eﬂso? tch gpavirescehidled swmter: Tor unl oadi ng each

conpresgor in a conti nuau&@@ﬂcarﬁhsmcayms Eﬁéﬁigﬁ ipihe180 PRRESSOr s
102 and 104 di scharge conpressed refrlgerant mﬁlch oil is 35

entrained, 19AVSS SYaPOTaEsF, Laf fhroush piping d 216%‘“ hapingPeerel y.
Conpr essed r egilgeaait agaéxchangendthhede vith the refrigerant.

Subsequent to-having,ﬁndefgone a heat exchange rela:ionship R
with the water pésSing'through evaporator 118, the refrigerant

10 in refrigeration circuits 124 and 126 is recurned through
piping sections 128 and 130 to the succ1on end of the
compressors where it is used to~ cool the mocors of compressors
as discussed above. It is to be understood that although
cxreults 124 and 126 are illustrated as being independent

15 czrcuits multiple compressors such as these can be employed in
a system having a single refrigeration circuit and such a
system is within the scope of-the invention.™

It will be appreciated that in order to maintain

the water leaving evaporator 118 through piping 122 at its ~

20 required Cemperacore. the refrigeration capacity of compressors

O

102 and 104 must be controlled in accordance with" the cooling

load to which the water and,; therefore, system 100 is exposed.

This is neoessary both from the standpoint of providing precise

control of the temperature of the water leaving evaporator 118
25 and from the standpoint of cooling the'wa:er in the most energy

efficient manner by loading'the compressors 102 or 104 only to—

the extent required by the actual cooling load on the system.

By not loading the compressors 102 or 104 anymore than they

need be so as to produce only the refrigeration capacity

30 necessary to address the actual load on the system, the e



v

| ubricant has been separated, then passes to condensers 110 and 112
and ‘is next netered through expansion valves_ 114 and 116 into evaporator
118. %Fhe refrigerant there undergoes a heafl-&xchange relationship with, in
this case, --a working nediumsuch as water which is used in confort
conditioning a-building or in an industrial process which requires chilled
water. 5 electric \@uurentt crawsyapyr athe MEE-QuF oWl chi pAREVE20

and | eaves evaporgg ﬂaféﬁéoﬁermmrm Pigy 1352&ﬁflmrzehathaﬁebgeﬁrsbtatﬁé in
an exchange of heat e refrigerant. Subsequent to havin gaFe{:ﬂone a
ofdto

heat exchange reI%?Foﬂ%%Yps‘AP?‘ﬂ'lPﬁe‘:W&f-EFtpé’é‘gl FoFRESLGANEYS €18,
the refrigerant lénd usew rﬁfrtﬁerat:hﬁzmlédrcwats:-l%tanénh&ﬁdmgrethened

t hrough piping sectio 128 and 1 to the s n f the conpressors
where it £ used ?\53563?‘ BRET It 8?218?‘388%93 t’% s sg ?‘scussed above. It
is-to be understood thneferrmnggtaddxtmmsllz4rm1d to6 Bigure| Jrathe as
bei ng i ndependent é]? atJ. ?rgf'féfde%fr &#rﬁ'pfé’é%fssiqzs 36ahafd £HEEP cCan

be enployed in a sys a sin rigeration ciTcuit .and such a
systemis within thademopéeoﬂ-ht R 4 4@1’-10“ FYStEm4 %‘é‘”&pﬁ?eﬁl’ﬁ?&& that

in order to maintghy tgfugetsfeaew PIgRY-ePY, amullbacba.eomawwg 122 at
its--- 20 require erature erati.on ca

aC| 1y of
conpresso}@ 102 and 10§°m}§cngoea%om’Polr{f"b’d1‘$’rP cBbr BEREE %h cWRiEh ng
| oad to which therustegesatiohheyetene 100y sisersedd makameedemihdsfor

necessary both fromthe stand ai nt % g I

tenperature of thEORALBE| 33’ e)t)%poséé) bgkg %%ﬂ%#€o%ﬁ héha
st andpoi nt of coolbagcahe remadn ide-tenengizednertiefis crepresanked Bf
| oadng the COWEﬁé%&AQ& ®roh04iMdsy £O0to T, in Figure 10. At such

15 -time as cool:.ng is required, a first compressor in
' system 100 is energlzed with both the step unload:l.ng
- and continuous unloading apparatus of the compressor
being fully open. The first compressor energized will
therefore J.rutlally operate unloaded to the maximum

20 extent poss:.ble.

In that regard, it must be understood that screw
compressors, even  those which . are capable of being
unloaded, are designed such that 'upon' their

- energization they produce at least a certain minimum
25 -pred'etermined compression capacity, even when fully
v unloaded by the unloading apparatus. - Therefore, when
one of the compressors of the system illustrated in
Figure 9 is energized, even if that compressor is
fully unloaded, ‘a predetermined minimum refrigeration
30 capacity will be attained and will be provided by
- system 100. '



the extent required by the actual cooling |oad on the system By not
| oadi ng the conpressors 102 or 104 anynore than they ;
need be so as to produce only the refrigeration capacity 30 necess&r{y
to address the actual |oad on the syste the [err] el ectric current
drawn by the notors which drive corrpr?s ors 102 and 104 is mnim zed

t hereby providing not only superior confort and process control:-for the end
user of the chilled water but enhancing the 5 overall energy
efficiency of the system Referring additionally now to Fi gure 10, the
versatility afforded by conpressors 102, 104 and their tandemuse in.a
refrigeration system such as system 100 illustrated in Figure 9, w ||
become apparent. 10 So long as the building or process with which
refrigeration system 100;¢ SsUSESh RBKES, I}gzgg{@@dcg cpigggglg ngha§yst em 100
and both of conpressors 102 and 104 can-rengj ner ized. This is
represent ed a$ySRem J&0; b’EFlﬁ‘FSﬁ]ilsﬁége'T é‘PPFr?’c}e[’eﬁrsF 'Fl’gjuﬂ-% 10. At such
15 tine emE@Rldatfon SritR(the gdleribild bPeratRAPLANS Ghd iuR1ENS VATvdHO i S

energi zed wi-th both ihe ste and cont i nuqus .unl oadi ng appar at us
of t%e conpre of‘n%ét nﬁs‘l‘?ﬂ"llg'y'“gﬂ'gﬁg %“PFF%‘E“"&‘B 2487 4PRAT SBWI N

t her ef orse i ni tdhal mdmecﬁseoﬂnd:mdeslsdns .02 avai 10AImnd0with thexdiagle

possible. In that re _ d ClaPPaz@BAeSSOr S,
even t hose whi“en®%7e °59%1‘n"JI be?% &n%ﬁg d&% “‘t‘fgardg§ dési gned such that

upon their emsgczaenonittmeye pﬁ@abce:oa:prl tasach oftcompressers 92 and
104 so that coord:maced control of the unload:.ng apparel:us of

the compressors can be accompl:.shed
10 It is also important to note, with respecc now to
Figure 10 rhar :he system capac:u:y steps suggesred therein are
only approx:.mal:e and exemplary in nature a.nd will, in fact
vary according to l:he specific d.esign of rhe screw compressors
_ used in the eyecen Also note that Figu.re 10 presumes the use
15 of screw comoressors of equal capacity. e _m.ll be appreciated
that screw compressors of unlike cep_acicy: can ‘be_ used in a |
system so that system capeci.l:ies_and'capeci_:y steps :w;'.ch
respect to t:he loed_.i.rlg and unloading of che compressors will be
~ different than those of the Figure 10 example. It must also be
20 . understood, with respect to Figure 10, that an exemplary two .
compressor system is described and.t:_ha._!:' a system might employ (>
more than two screw compressors. : _ '
o Referr:.ng now to all of t:hc draw:l.ng figurcs and
_ _ predica_i:ed on the assumptions, for purposes of the Figure 10° .
'25 . example, that each of compressors 102 and 104 in Figure 9
becomes approxiﬁare-ly one-third loaded upon startup and l:hat:'
the unloading apparatus i.nd:.viduelly associated with their:-
male and female rotors are :.ndividually capable of unloading '

their respective compressors over about one-third of their
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25 predet er mi ned conpression capacity, even when fully unloaded by the
unl dadi ng apparatus. Therefore, when one of p,\he conpressors of the system
illustrated in Figure 9 is energized, even t hat ~conpressor is fully

unl oaded, a predeterm ned mninmumrefrigeration 30 capacity will be
attained and wll be provided by system 100. It is also noted, referring
to Figure 9, thatcapatityl0Dtiwikllides apprestisrhesdrthadl hponl SGawkuph at in

conmuni cati on w ths SO 0j er at Ney:Te g U v 68
associated with t Jéﬁggrn‘t'i %ﬁguggﬁgﬁoéﬁe‘?&?%opar a?lﬂ% ioqﬂ?ﬁ \i%lllt ﬁg r%gfga{rdot ors
“of conpressors 10R0@n¢olde senengizedhbesongse apprAKinA LY spna-thivd 72

of the step unl oaflgggagpar atysy aggeci syscem t Behbe, fceRis rprovilasecagh of
conpressors 102 and_104 so that coordjnat ed,controf of the uq:l (iadl ng
appar at us ®f the EefHigeEaEion, FaRacHpNhishe s (@PProximately one-
al so i nportant tosmts,cgli tige'reeaeauneapaeiE'ygutesizetetnha.toot.he system
capacity steps suggeste erein are.only approx] d ] LN
nature and will, in f 8, 3r§7° @cﬁ?d ﬁﬁ %%5?_%’8 éﬁgg{’%?ggaeguégﬁ%?{‘%‘ ﬁ{e:
screw conpr essor swhiien iwilmebeyssarisfié&d;obyotmnhémgﬁm ecoBppessaNes
the use 15 O%%igg/e\ﬂxﬁ%%eﬁssq. .OL%Fq'ﬁhecalggf'ﬁ% séé%"‘hhiogaing

appreci ated that corrpressdr.s of _unli ke cap ty_ can be used In"a
system sol@hat syapparatpsciasseciated apitht (the o fengle, FetpEcof othfe

| oadi ng and unl Oaéifﬂt%nééeiﬁmméswﬂs ka clidd.er g8t tikanr, Rea, of
the Figure 10 exagg e. ., I't frust al so be 20 -undﬁisé)%gd Wlt{l. resgﬁct to
Figure 10, that abhex&izstr \enexsdiZfthreSRRFesFer o il IPHRELNY frat a
system m ght enpl golBheériBagapaeity ANC @¥yNteAt @G0 will be operating
S’ _ _ , R . .
' at approximately one-third of its full capacity.

15 " As system load "continues to increase, .between
times T, and T;, the continuous pistqn unloading
apparatus associated with the male rotor of the first
energized compressor is actuated which loads the male

rotor, in a continuous ‘fashion and as needed, until

S

20 time T;. At time T; the first energized compressor is
operating at full load, representing a system capacity
of 50%. ' ' - '

Should the load on system 100 continue to rise,

the second of system compressors 102 and 104 is

25 ' energized. As earlier indicated, the energization of

S a compressor brings it immediately to, in the example

of Figures 9 and 10, one-third of its capacity.

Therefore, between times T; and T,, when the second

conTpressor 'is "energized and immediately begins to

30 ~ produce at one-third of its capacity, the continuous

unloading apparatus associated with the male rotor of

the first energized compressor can be moved to its

full unload position without a change in overall
 system capacity. - '



Referring now to all of the drawing figures and predicated on the
assunptions, for purposes of -the Figure 10 25 exanpl e, that each of~*’

conpressors 102 and 104 in Figure 9 becones apprOX|nater one-third | oatgd
nd that the unl oading apgﬁgatus i ndi vi dual |y associated with

upon startup a
their mal e and

fermal e rotors are indiv

ual ly capabl e of unloading their

respective conpressors.over about one-third of their — capacity, it wll
that upon startup, at tinme [err], the first of conpressors
102 and 104 of system 100 to be energized becones approxi mately one-third

be appreci at ed

1 oaded.

capacity mhich
system 100. As
satisfied by r
step unl oadi ng

- the - system sense, this provides a5 ~refrigeration

is approxi mately . one- sixth of the overall capacity of

the | oad on the systen1|ncreases beyond that which wll
err],

CePERstare PELPE FRATRELER. 1 ho

unni ng one

f | oaded
PRI 2 AN oL

be
t he

first energizecheoimitdatly emrgizﬂedompﬁ:tessomﬂa twee nhitdse chpacittyener gi zed
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conpressor w |
operating at a
system | oad co
continuous pis
first energize
conti nuous fas

system capaci t

rfull hy emnlpeded orcopan pbettvi@en aridthe [seppr]ml aamrgtwi] t he

&Qﬂgi:@s‘a@déﬁ&a%ﬂ gl bite ARIPE prssliey 4R {he sgplyp rotor of the

ressor |1 s actuated which

oads the nmale . rotor, in a

odeadady sEatacciB PrIAF AT 5P cause ‘B‘Tﬁ?ea[%"f"t‘f: degradatign [err|
the first enerahzadinom&sseeﬁpefaﬁee,r alel ﬁﬂllab,efaﬂﬂrebﬂﬁed ERgY @&eNtiNng a

X ?oaéing of the first compressor is subsequent .to the

‘energization of the second compressor and is in an overlapping

10

15

20

25

30

manner so that not even a brief system capacity shortfall
occurs as a result of the unloading of the first compressor and
starcup of the second _

_ _ Typically. the need to energize the second
compressor indicates that the load on the system is continuing
to rise so that the next scep in adding capacity to system 100
is to fully load the first energized compressor. This is
indicated by the continuous increase in system capacity between
times T, and Ts5 in the example of Figure 8 as the piston

unloader apparatus associated with the male rotor of the first

energized COmpressor moves from fully open to fully closed. At

this point in time then. the firsc energized compressor is

_.operating fully loaded and the second energized compressor is

operating fully unloaded.

- Next, as the load on_the system continues to
increase the female rotor of the second energized compressor is
loaded simultaneously, but in an overlapping fashion to avoid
even a brief" system capacity shortfall with the movement, once
again, of the unloading apparatus associated with the male
rotor of the first energized compressor to the fully unloaded

position. Therefore, at time Tg both compressors are operating

-
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Shoul d the |oad on system 100 continue to rise, the second of system
conpressors 102 and 104 is 25 energi zed. As earlier indicated, the
ener gzation of a conpressor brings it i meBtately to, in the exanple of
Figures 9 and 10, one-third of its capacity. Therefore, between tines
[err] and [err], when the. second conpressor is energized and i mediately

begins to 30 awrmlealﬁdgrmpaciﬁypfwitﬁ tReAEOhYinhBasCAnlbadLHg
unl oadi ng appar at us asso ciated wi.t F h rrgl rotor: of_the f|r t _ener |zed
ofyptefl Fish o

conpressor can bea%%?i 3 fre e FIHRER & cﬁiﬁﬂe

overal | system caphei C9mpresabr3| reAach benyg inothemfnﬂs@ormhaded)eor
operating, the inj Z eGP t d p. wth
the mal e rotor sé)m aé‘yﬁﬁélg%de?r appar tE’sB‘btgll?l’a kﬁieltef @F?’g 98 ﬁed or
open posi t3 on, arﬁif tthe mﬁﬁﬂﬁ@ ane »t a tl@&nrpﬁlégéag ‘épaeapengoas

one-third capaci tgy, ikRricughf 4, ! ¥ndt.oa¥edughn *é‘té’lﬁdéépaeitirocﬁﬁuﬁé even
a short degradatlon in chill water terrE)‘Qrature &P ciated that

the unl oadi ng of MEXe3seq] ipnpr £OBEL uﬁjkf@éﬂi‘é?ﬂ Exonm ewen 9%t PBn of

the second conpragsdto #ill %ysteiﬂda‘ﬁrdlﬁ?pl ngyi&em 100ME8HEthépetbe, Not
even a brief system aC| %y shortfall Hu ?ﬁggrs As a res It of thﬁggﬁLoadl ng

of the first co ﬁ%&’{‘-’ﬁme Qe had ‘Fﬂﬂ @:ﬂ"ﬂ’"s 88 to
ener gi ze tthe secdmbmoapprexmmatadycmuthatd toe Lbadcapaditysyts eitss

continuing 15 that the next step in adding capacity to
system 100 is to% 'H) +€a%lf€¥ue first energized conpressor. This is

i ndi cated by the cont |Qm@%saq¢|blﬂea§é mystyhe cemphastsed thaticBigure 10
N is exemplary in nature and that a myriad of control

~ schemes are made available by the hybrid unloading

15 apparatus of the compressor of the illustrated

~ embodiment and by the use of such compressors in

tandem. It must also be understood, in that regard,

that the load on a refrigeration system will typically

fluctuate rather than steadily increase as is

20 illustrated in Figure 10 and that the time periods
associated with such fluctuations will vary.

- It must also be noted that the screw compressor
unloading apparatus of the embodiment provides for
still further flexibility in that the compressor may

25 be configured, through the use of appropriate
S controls, to be unloaded strictly: in a stepwise
fashion over two discrete capacity steps and is
therefore capable of being used, without significant
mechanical reconfiguration, both in applications where
30 a combination of continuous unloading and step
unloading is advantageous and in applications where

only two-step unloading is required. o
In that regard and referring primarily to Figure
5, it will be remembered that piston 54, by the
35 - application of appropriate controls and sensors is




v

times [err] and [err] in the exanple of Figure 8 as the piston unl oader
-apparatus associated with the male rotor of the first 20 ener gi zed, "
conpressor noves fromfully open to fuld$®-closed. At this point in ti
~then, the first energized conpressor is operating fully |oaded and the
second energi zed conpressor is operating fully unloaded. Next, as the |oad

on the SéSte&hgamlenwsbhdn%(ﬁaos;tld}ﬁdiaﬁﬁléﬁ%gﬁﬁfﬂﬁerﬂi%e'lé’cfleéﬁe second
ener gi zed conpr aneoys u ver | appi n
fashlgon to agglﬁ“ig%n a&%%f g;??? ‘g t%ﬂéﬁor't‘f’gf’ﬁg t PP m%verrent
once agai n, pbstikiomnithrongh deaappromsizin aantrol lof Eoleheidst or of
the first engﬁgl&@_f%@gprg;gglsteo dfl§ EUH:XnHB{:Qa%g:a?égtgt ??/%Qfﬂ#' on.

Therefore, at tine ressors are oper at rds
capacPty, w everha Mﬁlﬂ!‘b@f uﬁh%aﬁpngr§§§9ré5u§mmtmq¢tiast he nal e
rotors of eaghepbrbhd GUERIATAN.S ARCRDN ik idpdikcidtid tiMORA Or open

positions. Then next. ading the nmale rotors e conpressors,
one at a ti nE°nHEPﬁng°ﬁ| #e ﬁé‘!n%@s ?‘érla]“dt $&uge [%ﬁrF"arRFT‘é*‘-F?through
[err], Systeﬁbeanaehtymtdw | Bar earfhirest Cthéi Nempd oy@@Hton é£om
two-thlr_ds on xt ul | stem%gﬁfmty SystemlO o S tt#er#ore

capabl e of bER 5 S8 at KuofBds A EXPSRS cony RS,

apprbi mat el gontroflhiinputis iard caprelativelyt mokel lcompizst tgontasE: again,

myriad of cofbFareeinorae g Hn MbACIIRIP Sidh Pditel Titol 10" 15

apparatus ois tadvantageoeuso@ndf tphesome| @gqtmted mmdatmt med by the,

use of such Egﬂégﬁsﬁbilhﬁatlons. N o’
In other applications, however-,.:- c-a less -
15 sophisticated form:' of control may be satisfactory

and/or the advantages of continuous capacity control
over a portion of the compressor’s .capa'c-ity: range may
not be sufficient to offset the  expense- associated
with controlling compressor capacity in a _cdni:ihuous
20 manner so that simple two -sté_p unloading of the
compressor is a more viable option. In that regard,
it will be appreciated that piston. .54 is easily
capable of being controlléd, using a relatively simple
control strate'gy ‘and less complex cbntr'ol ‘components
25 and = inputs in a manner which permits it to be NG
positioned only in the fully loaded or fully unloaded
position and nowhere in between." In eff_éct then, when
such a strategy is employed, piston 54 of the
: unloadlng apparatus associated with male rotor 18
30 operationally becomes a step unloader, -like the step
unloader associated with female ,rotor 20, and
compressor 10 is configured so as to provide for two
‘discrete steps of unio'ading. It will be appreciated
that whereas the piston 54 ‘can be operated as a step
35 or a continuous unloader according to the control

i
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tandem It nust al so be understood, in that regard, that the |oad on a
refrigeration systemw ||l typically fluctuate rather than steadily increase
as i 20 illustrated in Figure 10 and BBat the.time periods associ ated
Wi th such fluctuations will vary. It nust also be noted that the screw
conpressor unl oadi ng apparatus of the enbodi ment provides for still further

flexibility in theanshemployedsstherpiston 46 dan beowpegatedi onllyr @sgh

the wuse of apgrgerepahglgg&te%ol S, to be . unloaded strictly in a stepw se
f ashi on over two discfete capacCity steps and is therefore capable of being

used, wi thout signifiFhet verfaahidiryr obtainedatasna bveaulr bl ithe i ons

where 30 a2 peaEBnNad Beiy opePALIEOWSthUHP i fentfidoust 8Rd a
unl oadi ng_i s advant ageoys and |_nSr gp(gl | cations V\{uere only _two-ste l{_’nl oadi ng
it

is required. |n BhE&P vaJoaderd Fantagenusar?| Yhe epfglsers oL EhG || pe
reﬁenbfred Ehat Bompgessér bwhbh;ha_%f tﬁe- oppionatonapplytpgopsnat or
controls and sensors.is a e ei ng positioned. n e in
between a fully PB&%’Q r( c‘?%cte‘gﬂ 3ﬁ§e§“ﬁﬁl un|§§d8§9‘i§&b§n§“‘b%s#?%‘e

t hrough the appr spmeattypeonof otompressonei dxf cisimgl 48ffepenti contmdl

conti nuous capacji tr 5 Qv e PQE ti,Q8 3 t e r'
capacity range i?%‘ﬁg‘(r&e%f 0913 a%/aacl:‘? at#\é. Ii:Pt% WQFthglngrﬁfg%ggét% toafe
control 3@ sol envpgragdingnd the scantnql precheney pési £hen GoRpsesser

requires the enplipuiaitatfionchiat wipkintBAS OPHE| énq Alibredae theteFord Ol S,
10 control inputs and a relatively nore gconpl ex control,
employ screw compressors which are mechanically of
only .one type thereby reducing the need to maintain
repair parts for two different cbmpressors or the need
15 to have expertise in two different types of
compressors.

From the manufacturer’s standpoint, it will be
appreciated that it need offer only one type of
compressor for several different applications thereby

20 significantly reducing, among other things, inventory,

fabrication costs, support documentation and the like.

~ The compressor of the illustrated embodiment therefore

brings with it significant savings in several

different respects, both to the manufacturer and user,

25 and offers a versatility previously unavailable except
v through the use of more expensive and complicated

slide valve capacity control systems which were

incapable of competing, from the cost standpoint, with

reciprocating compressors in lower capacity compressor

30 applications.

A still further advantage of the unloading
apparatus of the embodiment relates, once again, to
the axial piston portion of it which significantly
reduces the overall length of the compressor as

35 compared to compressors using previous axial piston



strategy. As has been nentioned, such precise control is advantageous and
to sone extent, mandatory in certain applications. In ot her
appl i cations, however, a | ess 15 %W  sophisticated form of contr§¥
may be satisfactory and/or t he advantages of conti.nuous capacity control _
over a portion of the conpressor's capacity range may not be sufficient to
of fset the expacaders WiTatighentsd, CcRéfatting €oOMPigases saga@i vy in a
cont i nuous 20t npaner. s9 th Skﬁﬁ e tw% S gp gnzgadlnﬂt f the
conpressor i & w&&} |3BP€°8§F| : tﬁgf_ﬁeé r@t Fhe,re Y9HBr eci at ed
t hat pi ston hhlicadiasy lappaamathise aofe bei ng controlled, using a relatively

sinple control strategy and |ess. conplex control conponents 25 and
inputs in a manner which permits it to be positioned only in the fully

| oaded or fully untoaded position and nowhere in between. |In effect then,
when such a strategy is:enployed, piston 54 of the unloadi ng appar at us
associated with male rotor 18 30 operationally becones a step

unl oader, |ike the step unloader associated with female rotor 20, and

conpressor 10 is configured so as to provide for two discrete steps of
unloading. It will be appreciated that whereas .the piston 54 can be
operated as a step 35 or ‘a continuous unl oader according to the
cont rol means enpl oyed, the piston 46 - -can be operated only as a step
- unl oader. The versatility obtained as a result of the piston 54 being
operabl e both as a continuous and a

>

©
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5 step unl oader is advantageous to the end user of 'the conpressor who
has 't he opti on of applying one or another control schenes or, of applying
two & the sane type of conpressor, .of using different control schenes on
each'if the situation warrants or of 10 upgrading the control
scheme of the conpressor installation i% warranted. The end user can

. therefore enploy screw conpressors which are. nechanically of only odne type
. thereby reducing the need to maintain repair parts for two different
~conpressors or the need 15 - to have expertise in tw different
types = of conpressors.. Fromthe manufacturer"s standpoint, it wll "be
appreciated that it need offer only one type of conpressor for several

di fferent applications thereby 20 significantly reducing, anong ot her
things, inventory,,_ ' i . i sSHRRQ t 7] at b9 3pgs t | ke.
The conpressor of %gﬂﬁ %ﬁét-?ﬁlggf}é%ggl rre(r?'t'.? g’?‘e ore brfngfgg%viz:bﬁ £+t

significant savifjgure 17, wisheraspeiitf ferthe coupiassion ppekers shenamload
manuf act urer and %eﬁ%%gﬁdt o cADEE QbLAESFArESOALl I hr DIt/ ubkigbmencs.

unavai |l abl e except t use-of nore expensive and conplicated slide

val ve capacity corforts 53;svike physicahhy displaspd,pe SRPEEMIHELi ML fromthe

cost standpod nt, \inhbadiRfg P6RAEALA Q8P BESL! 15t | MilBEdEA AREhigenents,
conpressor 30 appl i cati ons. still further advtﬁ_l%t-a e of the unl oading
apparatus of the ¥BowRHEREed dpaeERect NLEh T§8PFFT £9 e_°§§qrszsb‘?'étpﬁﬂ°”s

portion of it whi Glg séfpairkdcenichyir @dulber icbencarpgatd. | ength of the

conpressor as 35 - conpargd Lo, CHMLERpTakiieRE I BNLOMHLnG X HesPES O
N | ‘in the embodiment, "it will be appreciated that the
10 lengch of piston 54 can be reduced as compared to earlier

arrangements where the unloader ports were disposed generally
betweén the rotors. and/br were 'dist:.ribuced along_ t:he' entire
length and/or at the suction end of the working chamber. That:
is, in. earlier a.xial pisi:on_ unloading arra.ngeniem:s the unloader

15 piscoﬁ has essenfially been equal..in length to the length of

| the ‘working chamber. _ _ _

| Because an unloader piston must be fully retracted
in order to permit continuous unloading of the 'com_pressor to
the maximum extent possible it is determinative of the overall.

20 length of the compressor. In the embodiment, the |
positioning of unloading ports 52 permits a significant
reduction .i_n the length of the unloader pist:éti thereby reducing
the overall length of compressor 10. . _
- The reduction in lengch of piston 54 is more

25. _ | _ significaﬁt: t:han would immediately be apparent. First, the | .
reduction in length of | piston S4 brings with it a significant
savings in the amount of material and weight-associated with
compressor 10. More importancly,. because compressor 16 can be

used as a replacement compressor it must be capable of being
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unl oader arrangenents. Referring to Figures 5 and 7, it will be appreciated.
that ports 52 of the continuous unloading apparatus are axially and ;[
radial |y displaced, as indicated by arré 200°in Figure 7, with respec}Jto
t he conpression pockets they unload as conpared to their counterpart ports
- in earlier arrangenents. Ports 52, while physically displaced as conpared
to the 5 r&gbeadMn;quonfineeaspamesvend of sbed ngn I pigsal ﬂﬁtangenents

Co therr oar Prapting, Bysbel, CHHE rafbd o THLPE ABECCFE eRR, ON0Y
ports 52 in chBpresisol mfntthe temhqdmmta.ppﬂemlatm imaparhedue to length
of piston 541€§ndyidls oseg gagggggreq% d OrRaFLF Felly SHLGHNES d% ﬂ@ere t he

unl oader poris were ener al etween the rotors: and/ or were
di str¥but ed af¥aptage éﬂnﬁh?Iﬁﬂﬁﬁﬂxﬁnﬁfoit§t“Fﬁe@ﬁnﬁlﬁﬁpkﬂﬁﬁmﬁnthe

Wﬁrkl nlg cganbef aT&%Tmpr%SSdg: eﬁilaﬁreﬁsﬁhng &y%teuﬂ:diam{w @é% aﬂﬂeﬁﬁnts
t he unl oader n ha sentia een_equa ength to the
| engt h of th@ﬁﬁéiﬁan %&Wﬁeﬁ'Hi&xﬁﬁﬁ}iﬁglﬁﬁ{ﬁﬁkﬁ p?g?gﬁmﬁnst be fully .
retracted in ordeFlhalnqnn1tthent|uumoaddn§0adapgaoatube cofprether to the -
maxi mum ext ep | atjv t | engt h of
t he corrpress%#bgaiﬁle?lh He!tr%bl{(%sl rren [Ee Apo%l: i%n?ﬁﬁ% 4 ‘;%‘%%g%orts 52
permd®s a siwyhithcds n@lme&dhll'namnemtgt h T systemsodderwiichon :
Itgﬁrtegym[ edygtlggeg%wééaléré e%&b*ld&fe&o”@i@i%%c& EQEwéEﬂU%Q” in
g P rotor set and the contoured surfaces of a slide valve
past whlch the rotors sweep is on the order of .005 -
inches th.ch represents a relatively large 1eakage
15 'path between adjacent compress1on pockets. This
clearance is 1nherent in the use of a sllde valve

1rrespect1ve of the capac1ty of the compressor in

which the slide valve is used. It will be
appreclated -however, that the performance penalty
20 associated with such a leakage path is more severe in

a smaller capacxty compressor than in a . larger
capacity compressor. '

In the embodiment, the elimination of'the need

for a slide valve yet offerlng a contlnuous capacity

25 unloading feature, not only brlngs with it certaln of

the advantages assoclated w1th sllde valve unloaders

C

but eliminates ‘the dlsadvantageous leakage paths,
referred to in the paragraph lmmedlately above, which
are inherent in the_use of such unloaders. In the
30 embodiment, clearances between the rotors and the
surfaces past which they sweep in the worklng chamber
can be reduced to approximately 001 inches thereby
providing for increased ef£1c1enc1es, partlcularly
with respect to compressors of relatively small
35 capacities.

i
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25 significant than would i mediately be apparent. First, the
redudction in length of piston 54 brings with it a significant savings in
the agpunt of material and wei ght-associ at €§twi th conpressor 10. More

i nportantly, because conpressor 10 can be used as a replacenent. conpressor
It nmust be capabl e of being rigged into confined spaces and of being

pi ped into existing syt enillTheoe el eppred jatsed! | tiet urnof thée abopeessor

of the enbodi nent h ( di S, d
therefore a si gnlq‘? V%ﬁ%%d A&C’Dﬁ}éﬁgggb |%lj'% eé'%%é;»?ﬂ#‘&ﬁ?%ég%%e %Eéa
repl acenent for Ppmordeadserithn an e\xmkeadlgngymaﬁnsarmishmemp&oyﬁi laer
systens which re | st . 1y ;
appar at us of '%lhg r%a%d’ me%lls)é/ x‘f@ angﬁé%ﬁ%urther adva%t a§e 10
which is Sot readRBARAIHE chb. ass&@ﬁm Vhtnhieéﬁhsmfaetbm Wad.e;ran

enpl oyed, cl ear RS HtIESHs t hespebeivety . an@@%ﬂ%ﬁd&ﬂ@% {Fa00s of a
slide val ve past which, the_rot S on the qrder nches
whi ch represents%ﬁ‘ﬁ’aﬁ?%l Vlgér g%‘?eﬁ?‘é(&e petor lspaﬁ’h 5 erp%ﬁlﬁ"%ent

conpr essi on pockairfloader hilich permits ithei nh2vadingnof hthe seonpressdr de

| . .
Valve i lsed ovel, d'uopRtifliblss obdEaEIRY E3Rbe) "oy fhledtively! ¢
per f or nad®e penalaloing or mmgtedsatnhsm@hmrlt@akag@rpanpen sinp e

severe in a smaldgr dobr SOMHRXANg  Chafpel) 2 Tha' APR1SAPRRY!Y
conpressor. In the enbodinent, the ellmnatlon of et he need for a slide

val ve yet of feri mpRaraiis mesaciakedvjth the female rotor is a step
unloader which, when open, unloads the compressor in

a single and relatively large step.

15 - In the embodiments of a refrigeration system, the
system is provided with more than one screw compressor
of the type described in the paragraph immediately
above which results in the ability, by wvirtue of the
independent unloading arrangements associated with the

20 individual rotors of each of the compressors, to
modulate the capacity of the system, in a continuous
manner and over a iarge operating range without the

“'u

use of slide valve apparatus.

The above-described method of controlling two
o 25 - compressors in the system referred to the paragraph
St immediately above results in versatile and economical
continuous capacity control of the system over a large
operating range which closely approximates the
versatility and flexibility of systems which employ
30 screw compressors in which the apparatus for unloading

the compressors is in the nature of a slide valve.
It will be appreciated  that the unloading
‘apparatus of the screw compressors of the embodiments
- is suitable for - screw -coﬁpressors of . smaller
35 . capacities and provides for continuous capacity



25 unl oadi ng feature, not only brings with it certain of the

advant ages associ ated with slide valve unloaders but eliminates the o
di sadvant ageous | eakage paths, referr@®to in the paragraph innediatef@g
above, which are inherent in the use of such unloaders. 1In the 30 o
enbodi nent, cl earances between the rotors and the surfaces past which they

sweep in thecentkoly everbel gipske predsearhond@Pipbttdde! b Oflei Nches

t hereby providing for increased, efficiencies part,i.cularly with _respect
Lo conpr cssBPEBEEEEPK R (SAHAFL K Rd s8EP unlbading af d seeond| | he
appreci at ed pbztion t hefabottee - deompressam=di wapatcityhe aadew £8npressors
are provi ded,w ,snl0ad) r | Nol epnarate, .. different d
and indepeﬁgﬁe:% n%%l}hl’{é&%?n o g&pﬁ%t s-%é%&slsoc_ tf%ﬁ _ﬁ?ﬂ each -of
t he nBl e andundeatdngoayer kot cthe ef yrsthandnisesdind) pmrtakensisinssoci at ed

with the mal gncpbRkess Wefd Yonkiithiud/Nbapdestyhi &ohbRsi g thge unl oading

of the conpressor over a continuous operating range by selectively 10

cl osing or opeARAZER-series of ports which open into the conpressor's

wor ki ng chanber. 1t Wwh2lupeofdithef@Pprédsataaothat ceheiuméd®ingnal e

rotor is a steg unl.oader mnach, g@enmgggQ; ggkgaﬂi thg. o] .essortin a

singl e and r BPRAFEMS PEPYLAEEBOORS FhiVReAN HehtRCof a -

refrigerati ounipatidmg tire aystrevwi compresseat B¢ hasvte ipexmitneterew

Cormy £550T ChabEyhARS. IO i PRI o A TALY e Wt
.other compressors,; in a manner which approximates the -
capacity control available with respect :to screw o
compressors;which-employ'slide valves. ' '

15 . The unloading apparatus is capable, without the
use of a~slide'vaIVe,'of_prdvidingfcontinuéuS'capacity
-ﬁbdulatidn:-overq a predetermined segment of the
compréSsor's opérating ‘range  in a manner which
minimizes the:amount of re-expansion volume associated

20 "with the contihﬁouSwunIOading apparatus.

| It will  be appreciated that the unloading
apparatus is relatively simple and cost effective from
both an operational and manufacturability standpoint.
This is a result of ‘unloader motion which is parallel

25 to the axes of the screw rotors and of the unloader
apparatus being comprised of  generally cylindrical
elements disposed f£or movement in cylindrical bores.

It willlbq'appreciated that the axial_piston

unloader of the screw compressors of the embodiments

30 - eliminates an.efficiency penalty cOmmbnly associated

with re-expansion volumes created by previous
unloading arrangements of this type. o

‘It will be appreciated that the embodiment of a

refrigeration system enables the provision of precise

35 control of leaving water temperatures associated with

O

1



I ndependent unl oadi ng arrangenents associated with the 20 I ndi vi dual
rotors of each of the conpressors, to nodulate the capacity of the system
i n asgontinuous manner and over a |arge ope¥Ating range wthout the use of
slide val ve apparatus.. The ‘above-described nethod of controlling two 25
conpressors in the systemreferred to the paragraph i medi ately above
results in versaichidlerd ewhiohi case Cc @unpressorsphaviingcosliae ofalve

vorsati|ity and PROeHIEAY, VAT RINR Re BRY 8 586 AR gAY aes
corrpres's]?rs iln queabml?é msmmﬁm%@ﬁmsgims in the
nature of a slide val e by o Brgggheglﬁg & 3 nfiﬁ': se

appar atus of the screw conpressors O ments IS Sul t
screw coPfpr esso%l%ﬂlmqaas which, thyongh ithe usfl ofrifderandent
conti nuous Capaahaydlffeseahwhnwaamgf ap arataéeaeéaa:ﬂaaeacxﬁwrbﬁnt he

conpressor's capacity and step unl.oad m& -a, second Bort t&
conpressor's caPREery BhRAYides F%eR ¥ ?vEP?t&BBQBFe d
only for step 5 compresisaadorgroddf£erenhtt pertions aﬂd;l-saeccmnpmmm in
1 nstances where i S Ci on | e '
further appreci a%gg’gtcﬁ%&ut ﬁgﬂgﬁl o}é | %g ?in%%zl?rezﬁgug}ﬁ%?éw s oot ré)tn%\%:jé e

ef fectiv@d0and ef pasitdenlarly inundupdexgdi ncompressoromgystens, sorifh t o
permt the enpl Oxmate Qﬁaf\#cﬁfﬁﬁgéﬁaﬁté' W vﬂhéﬂ’piEXﬁ\@r‘é! 1 & sle

conpressors, in manner oxI| mat es
: than prev:Lously known non-sllde valve unloading

‘i‘v: arrangements. -
_ - Finally, it i_s believed that the compressors of
15 the embod:.ments should prove more versatile,

‘economical and energy efficient than ' existing
compressors, both screw and non-screw, in capacity
ranges where screw compressors have not traditionally
been employed.

20 o It will be appreclated that while the present
invention has been described and :_.llustrated in terms
of a preferred embod:.ment there - are numerous
modifications which might be made with respect to it
which fall within its scope.' Therefore, the scope of

25 the present invention is not to be limited other than

A by the scope of the claims which follow.



-capaC| ty control available with respect to screw conpressors which enploy .
The unl oadi ng apparatus is capable, wthout the
“m[“ ﬁ]“ﬂﬂ mﬂ“Ive of providing contﬁ,Ouous capacity nodul ati on over %4
erum me segnent of the conpressor's operating range in a nanner
V\:hl ch mni mzes the amount of -re-expansi on vol une associ ated 20 . with
t he continuouGLAIMBadi ng apparatus.. It will be appreciated that -the

unl oadi ng apparatus is relatively si nmpl e and cost effective fromboth an
operational and manufacturability standpoint. This is a result of unl.oader

nmotion which is parallel 25..  to the . axes of the screw rotors and of the
unl oader appatat usAbgpnngcnp\pxqur mlesil}gtyl I ndri-cal elenents
di sposed for movement in cylindrical bores. It-will be appreciated that the

~axial piston unl oaﬂeP°HFiPﬁed§(,fﬂé\M'{90r?pr‘6§§@@9 sthamkernbodi nents 30
Vol b creat ed bySpfBEPEUESERFLAIAREERT ATHARIA STk 19g ROBBEET wi | be
S o el e BB °I%'sé$sfé Sﬁﬁ‘a% s
S0 0 469 conbULhL 4 sHIREAmA, B SRS AT R 1,1 v
e o 21 L% Vol g ey %ﬁ%&%&%ﬁﬁuse LR,
different Un_'é_ﬁd"é&l&@éééﬁd_s_r_éﬁéﬁﬁ' aggg %&Baﬁiﬁ@ said compressor
in a continuous fashion over a first portion of the u
io | capacity range of said compressor and a dJ.scontJ.nuous '
fashion over a second portion of the capac1ty range of

said compressor. .

2. A screw compr_ess_'o_r according to -clai'm 1, .wne_rein
'said means for unloading said conpressor. comprises a
15 - step unloader ‘for unloading sa:.d compressor in a
discont:.nuous fashion and an axial p:l.ston unloader for

unloading said .compressor in a continuous fashion. ' o,

3. A screw compressor according to claim 2, wherein
said first rotor is a female rotor and said second
20 rotor is a male rotor, said step unloadeﬁ being
associated with said female rotor' and said axial

piston unloader being associated with said male rotor.



—_—

rotor, prOV|des step and conti nuous unloadlng of the conpress
dlfferent portions of the conpressor's capacity range in a ma WIM“J“M"”"I
conpe%*tlve 10 particularly in dupl®ded conpressor systense

slide val ve arrangenents and which is nore flexible than previously known
non-slide val ve unl oadi ng arrangenents. Finally, it is believed that the
conpressors of 154, At erewenbéompresssr asitotdingortyeclaime 2 Versat,il e,
econom cal and energy efficient than existing conpressors, both screw

and non-screw, i nwhepednt gaidngempressorsdefinssa essctiohaareaoand a
traditionally been enployed. 20 It wll be appreciated that while
the present invendisehazgebportdcwberedin sadd akisir pistonnundoaderf is
preferred enbodi nent, there are nunerous nodifications which m ght be nmade
with respect to i@igppPerdsim aw.mm definedpdy BaRldfGPBPressoEcopaidi 25

the present invention |s pot to be I|n1ted ot her than gy t he scope of, the
cl ai ns Wm%h fol | Bare being)ging flow, Goumy °§hn sajd

sl G119 gy el L e Oael g
Copoab o ronoouak L) ot o SprdB, ARy RO g
compressor in a cQiLLBugHs sl Yashiffe 2 Lhid! pEdddy BEihBC in flow
.coﬁmunication with both said suction area and said
g“, 10 - - working - chamber, flow :through. said bore and said
passage being selectively interruptible by said axial

piston unloader and said step unloader respectively.

5. A screw compressor according to claim 4, further
comprising means for positioning said axial piston
15 unloader in said bore in an open position, a closed

position and in any position therebetween.

6. A screw compressor according to claim 4 or 5,
wherein the number of said ports communicating between

'said bore and said working chamber is fewer than four.

20 7. A screw compressor according to claim 4, 5 or 6,
wherein said ports each include a recess opening into
said working chamber, the recess of one of said ports

effectively overlapping another of said ports so as to



capaciﬂﬁ range of said conpressor and a di scoentinuous fashion over

10
Huﬁu of the capacity range of said conpressor. 2. A screw’
W

; ding to claim1l, wherei g( ai d means for unloading said ™
sor conprises a 15 step unl oader for unloadi ng said conpressor.

in a discontinuous fashion and an axial piston unloader for unloading said

conpressor i Nppo¢faki Nesr's af asoheinusus uhESdRING O PSS SBFoRC AT NY O

claim2, wherein said first rotor is a female rotor and said second 20 -

rotor is a meyerkihgr chambett tbepaid boiw Hiicuyhseld Pperesith said -

femal e rotor and said axial piston unloader being associated wi th said nale

r ot or. 4. A screw conpressor according to.claim?2 or 3, wherein said o

conpressor defines a suction area and a di scharge port; wherein said axia

pi ston unl cad®s | SAdSCHeN cconpressor cacedrdingto sanyl o sd@insai d 5

- bore being in flow communication with both said suction area and said

wor ki ng chant®r ®@roligh wherein| i 83ids p¥iad; pistemer inlosder sti®

unl oader is disposed,in a_passage, sai d passage being in flow conmunication

with Bth saiwgm‘#bﬁa&%aaﬁﬁﬁ £8dd 10 - working chanmber, flow through

sai d bore and said passage being selectively interruptible by said axial

pi ston unl oader and said step unloader respectively. 5. ~ A screw

caid axial pidton Aestred Gumdemett MEEoEATR S0 My R oL isaatug, o) "
_closed pOSitifwkgng;L9h29¥iﬂ0§££&°§t£96ﬁ5933wggnis:positionable in -
an open and a closed ppsition; said,step_unloader - QQ
cooperating with said_housing_tQ'define the discharge |
10 end face of said wofking'.chamberi when said step

unloader is in said closed position.

10. A screw compreSsdr according to claim 9, wherein
said step unloéder must be in said closed position in
order for said axial piston unloadér to load said

5 compressor.

G

11. A screw compressor according to any one of claims

2 to 10, wherein said step unloader is gas actuated.

12. A refrigeration system cbmprising:'-
a condenser; ’
20 ' an evaporator;

means - for metering refrigerant from said



6. A screw conpressor according to claim4 or 5, wherein th
sai d ports communicating between said bore and said vvorkl ng c I“m “Ill“l“l
f ewer=t han four. 20 7. A SCrew Compggssor. according to el arm

6, wherein said ports each include a recess opening into said morklng
chanmber, the recess of one of said ports effectively overlappi ng anot her of

said ports SO as dghdens¥®\tdlesd Pd gvggafaaggusaﬂal oadi ng path from said

wor ki ng chanber to said bore through said por 8. A screw conpressor
according to any one of sbeews compressolecia nfmdca»mhwaa:ti@h Upierder
Is 5 hydraulically actuated. 9. . A screw conpressor according to any

one of clains 2 tsaill odmdensesaandssapdueiapderatior @l theovidiy caimadé open
and a cl osed position, said step unl oader cooperating with said housing to
define the di schaigwori0 a femaie¢ frotwowicseperablyi eygagimgersaddmaled
stép unloader is in said closed. position. 10. A screw conpressor according
to claim®, = whemsttor and gwsjr#%dmlmnq)esams@mpma@u bothtinn in
order for said axial piston unloader to load said 15 ressor. 11. A
screw conpr essor SacEBeBVAget @%yaoﬁ@“&f’-n&%%fésl‘%mlo °‘Kﬂr¥e£€iﬁf%§?ﬂtst ep

unl oader is gas actuated. 1 A refriggrati on system ri sing: a
condenser ; portions o gfty rangﬁn°tvﬁﬁg$288}“,prﬁg§ﬂ§ > for

nmetering refrigerant from sald

13. A refrigeration system according to claim 12,

—
.

. wherein said means' for unloading --said-- compressor

10 comprises a step unloader and an axial piston
unloa&er, said -stép and axial piston unloaders being
independently operablé to unload said compressor over

" a discrete and different portion of the capacity range

0f the compressor.

15 14. A refrigeration system according to claim 13,
wherein said step unloader is associated with said
female rotor and said axial piston unloader is

associated with said male rotor.

15. A refrigeration system according to claim 13 or
20 14, wherein said compresso.r defines a suction area and
a discharge port; wherein said axial piston unloader
is disposed in a bore defined by said compressor, said

bore being in  flow communication with both said



-

condenser to said evaporator; and a screw conpressor in flow communication -

v‘n(mmﬁ j Hu (ﬂgmr and sai d evaporator and having a male rotor, a female*
R, ol lly¥8&ngagi ng said nmale 5 el rotor and means for unl oadi ngw
sal d conpressor both in a stepwi se and a conti nuous fashion over different

portions of the capacity range of said conpressor. 13. A refrigeration

- system accor digjgtlionc! ardalZanihek8il S@b ka éPsc{éﬁﬁbggLf)ﬂwgﬁai g-

conpressor 10 conprises a step unlo axrar— prston

unl oader - sal g1akan 14y o pirt s st WHERER SsPR ok 4R dERAIMEDE | Yo oper abl e
portion :0 |

to unl oad said conpressor over a discrete and differe t he
capaci ty rangaisposea cbnpacspassade, saidipasbagel 'Baiqt ian FYSEEmM
according to claim 13, wherein said step unloader is associated wth 'said"
~femal e rotor eouimmaidaiion withoboth osaid ishctiorni ated wnd s&id nmal e
~rotor. 15. Arefrigeration systemaccording to claim13 or 20 14,
wher ei  sai d workingsofhawbenes flowcttluroughka saidl abdrechande swid;
wherein said axial piston unloader is disposed in a bore defined by said
conpressor, sRR&SBILcbBANgysedemtdvedymintiaruptiibie oy ®aid axial 44
suction area and said working chanber through a plurality of ports; and
wher ei n sai d BLESORnRBAGRMers and; il steR, 'ﬂ%‘ﬁfg@' xespepbived¥, being in
fl ow : : :
16. A refrigeration system a_ccbrdin"g.- to. claim 15,
. further compris‘ing‘ meéns for po_sifioningf said axial &..J
10 = piston unloader in said bore in an ‘open position, a

closed position and in any position therebetween.

17. A refrigeration system according to claim 15 or
16, wherein the number of ports communicating between

said bore and said working chamber is fewer than four.

15 - 18. A refrigeration syétem "accdrding. to claim 15, 16
or 17, wherein said ports each include a recess L
opening into said working chamber, the: recess of one
of said ports e?fectively overlapping another of said
ports so as to provide for a 'cbnt-ihuou's unloading path

20 from said working chamber to said bore through said

<

ports.

19. A refrigeratibn system according to any one of

I



W S T
conmmuni cation with both said suction area and said 5
fl ow t hrough said bore and sai d passage being selectively i nt Wmﬂnﬂm”m
sai d=axi al piston unloader and said step ubkidader respectlvely* 6. L Aw
refrigeration systemaccording to claim15, further conprising neans for
positioning said axial 10 pi ston unl oader in said bore in an open
position, a clos&laioss tiokoais, |Whan?lpo§aﬂ-ﬂoﬁxﬂ-ﬂérEQEFQBeRle#derAlS
refrigeration systemaccording to claim15 or 16, wherein the nunber of
ports communi cat |WWM%\&@F%@%@%¥UEW% saidsher unkoader,
than four. 15 A refrigeration systemaccording to claim115, 16 or
17, wherein sai dlfﬁ)r‘-’t%s "rﬁ‘iJ de a recess opening into said working
chanber the recess of one of said ports effectively overl appi ng anot her of
sai d ports so as to provide for a continuous unloading path 20 from

i d Ki h t bd. k ' 9 fdd t
ystem accordi ng 457 ary BAEL bperatiBh Hyseai @R bhding o Br diFThE | °f‘
pi ston ungoader iy il A4 eeplhoy GRkHALAIsANG g%agehﬁlsaa@xshaetu%%ﬂer
gas actuafed. 20 refrigerafidn systéem accor to any one of

claims 13 to 19, Jffoéédd &ielual qfsrdest £8g 'sﬁlaa'éki‘dpsﬁﬂsﬁéﬁltlon
in order for said axia pIStO unl oader to |oad said conpressor. 21.

refrigeration SyS{fIR£6&P € Modd 4 £d eARprabgsein said step unl oader i's
posi ti onabl e in an open .

U 21. A refrigeration system. according to claim 20,
) wherein said step unloader is positionable in an open
10 position and a closed position, said step unloader
cooperatihg with a housing which defines a working
chamber for said rotors to define the discharge end

face of said working chamber when said step unloader

is in said closed position.

15 22. A method of controlling the capacity of a screw
compressor comprising the steps of: '
loading said compressor, if the load on said
compressor is increasing, in a stepwise fashion over
a first portion "o_f the capacity of said compressor;
20 | loading said compressor, if the load on said
compressor is increasing, in a continuous fashion over
a second and different portion of the capacity of said

compressor;.



-

10 osition and a closed position, said step unl oader cooperating with.
“muﬂ :l l M defines a working chanber for said rotors to define the™

. ce of said working chaglygr when said step unl oader is ih‘_
said cl osed position. 15 22. A nethod of controlling the capacity of
a screw conpressor conprising the steps of: |oading said conpressor, if

the |oad on sai d GHISKSERY 58ilNTopdibor," BFStARBMITAd a5k QF:‘.&V?r a
first portion of the capacity of said conpressor; 20 = oadi ng said
conpressor,  dimprissand s detdichsing) 4365 ar coatintbass FAshibh 8veent i nuous
fashi on over a second and different portion of the capacity of said
conpressor; . saidinl sedond spattiomwr eofor ,thd tbaphedtdyon «fhi dsagdpr essor

i s decreasing, in a continuous fashion over said second portion of the:- -
capacity of compresson, aandr, and 5 unl oadi ng sai d conpressor,
if the |oad on said conpressor is decreasing, in a stepw se fashion over
said Birst portiomnkoading agaid: gompregsProontf ctber 1oagd om saitlod
according to claim 22, wherein the step of |oading said conpressor in a -
conti nuous fSSMRFESSPT 1s decrpasingpsdiudiSteryigefashion ever| oading

said conpressor, jn.a stepwse.fashion. 24. A nethod,according to claim 22
or 23, wher el idhEiTat portion, 23 e RaPAREI PR Sa e FOBREPEESE: in o
continuous fashion each include the step of 15 - .positioning a

pi ston unl oader in a bore renote froma

23. A method according to claim 22, wherein the step
of lbading'said.dompressor_in'é'déntinudus fashion iuJ
10 ~ occurs subsequent to the step of loading said

' compressor in a stepwise fashion.

24. A method according to claim 22 or 23;'whérein

- said steps of loading and unlbadihgfséid compressor in

a continuous _ﬁashion "each ' include the step of

15 positioning a piston unloader in a bore remote from a
- working chamber of said compressor in accordance with

the load on said compressor. S ' o

25. A method according to claim 24, wherein said step
of unloading said compressor in a' continuous fashion
20 ‘includes the step of communicating gas from the
working chamber of said compressor to an aréa of said
‘compressor at suction pressure thfough one dr'ﬁore of

a plurality of ports communicating' between said



conpressor. 25. A nethod according to claim 24, wherein said ﬂgﬂ!mﬂhm"""””“,
unl oadi ng said conpressor in a continuous K&shion 20 i ncl Ny s w
step of comunicating gas fromthe working chanber of said conpressor to

an area of said conpressor at suction Eressure t hrough, one or, nore of a
plurality of porF’S’rE‘é-m%mFbﬁ’PPﬁﬁ mndweEheshore igowhigh cFadberPistoRhe

bore in which said_piston unloader is disposed. 26. A nethod according to

any one of clai n8nipaden 4s m#‘i‘ai d steps of |oading and unl oadi ng

said 5 conpressor in a stepw se fashion respectively include t'he step

of positioning a step -unloader.in a closed position when |oading said
conpressor and i n | I ' Sakd e . A
refrigeration sy?F§n1?@ﬁ%??@?%éF%%EWH%@7%%.QEQZBgSnggn%%??nén§%3%%o%%tor
means  for el ehule i CAUR ABtepk’ B ity IRRAC uhRoRAlflg® aRAA! O
and first and second screw conpressors, each of said 15 Conpressors

having ag male RphradsdicM @ Steiided RN réfifst iely EncT®ae
rotor an means, I ndependently inferacting with each of the respective

mal e and femal e R@eOrste §ﬂigo§QEEbﬁi@@W% dtoép UGhdoddeg 4 & felssedand
sai d second conpressors in a 20 conti nuous and a di sconti nuous

fashion. 28. A pigitdomtvlien sysdadingcsaidi compressarmand in an open

wor ki ng chanber of said conpressor in accordance with the Ioag

position when unloading said compressor.

~ 2?. A refrigeration.system comprising:
10 a.condenser;'
an evaporator}_
means for metering refrigerant from said
condenser to said_gvaporator; and
| first and second screw compressors, each of said
15 cpmpressofs having .a .male_ and a female rotor
cooperably__engaging the male rotor and means,
independently interacting with each of the respective
v male aﬁd_ female rotors. of said compressors, for

unloading said first and said second compressors in a

20 continuous and a discontinuous fashion.

28. A r‘efr;i.geratiqn system accord_in_g_ to claim 27,
further comprising means for controlling the unloading

of said first and second screw compressors, wherein
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further C“E@g& hng neans for controlling the unloading of said first and

“mm““ ressors, wherein sai d means for unloading said firsey

conpressors conpri ses ﬁ3§tep unl oader, disposed one eachin
gach of said conpressors, for discontindously unloading.said conpressors
and an axial piston 5 - unl oader, disposed one each in each of

sai d conpressify méfhs UPo2aUrbaiii rily CLAP e&-'g.%g Idhd Q041 BERWRG ashi on.

29. A refrigeration systemaccording to claim?2 ereln sald step

unl oaders ar @ifsdss vohpribesl® stepf %mb’aa@ei,ordpédpééear epRect i ve
conpressor and said axial piston unloaders are -associated with the nmale

rotor of the dspei sl WP rsEidcomdresdoref r£geraisesntifhewsageor di ng
to claim28 or 29, wherein each of said conpressors defines a suction 15
area and a diwtdwadjingorsaidhecompressorsxi @ndi Emwn axiasrdepistbnsai d
conpressors are disposed in a bore defined one each in each of said

conpr &ssor s, wdiahday cs 8dspgsed f |owe coraghi cain oneachh mff h saddsuction
area and working chanber of the respective 20 . conmpressor in which it
i s defined tincnRpessqrar alfiQy smiaading ;srithecompressens ednunpoader s
are di sposed in a passage .defined one each in -each of said conpressors, .
sai d passageSWEIPYS (F38RERmuni cation both with the suction area and
wor ki ng chanber of the ' _ _ _ o o - -

29. A refrigeration systenm accbrd_'ing_' to claim 28,

wherein said step unloaders are .associate,d_ with the W
10 female rotor of the respéétive compressor and said

axial piston unloaders are as.sdc;ié't'e'd with the male

rotor of the respective compréssof .

30. A refrigeration Sjstem 'aécording to CIAin' 28 or

29, wherein each of said 'com:ires's'cSrS de‘finés a suction

15 area and a discharge port; wherein said axial piston
unloaders of said compressors are dispo‘sed' in a bore
defined one each in each of said éom’ﬁfeséé:s, 'said

- ' bores beiné in flow con‘u'nunicati'on. with both the
suction area and working chamber 6f the respective

20 con:pressor in wﬁich' it is defined through a piufé:_!.ity
of ports; and wherein said_ step unloaders are disposed

in a passage defined one each in -each of ‘said
compressors, said passages being in flow communication

both with the suction area and working chamber of the



respective conpressor in which it is defined, flow through s

sai d passage in each of said conpressors being sel ectlvel y i wmﬂﬂ|HM‘HUII‘
the &#ial piston unloaders and step unIoaﬂgTs di sposed *thered n.* 3%

A nmethod of controlling a refrigeration system having tmo or nore screw
conpressors conprising the steps of: energizing a first of said

conpressors; 10 respective'Detmpiesgotrhdrcapnschy i¥f 58 deffiinel,of £5ad
conpressors both in a stepw se and a continuous fashion in accordance with

the | oad on sai dthyough said gboreg andesaid passaige CWpe&eROlE Laid
nodul ating the capacities of both said first and 15 sai d second of

.sai d conpressor sconpressorsst bpihge seliechivelyntinterrugtidilienbyn the
accordance with the | oad on said system 32. A nethod according to claim
31, wherein the QKéplofPh%mami@a@ﬁ,rS:apadl tstey unldaderst disposasdor 20
includes, _as a first step, the step of step-loading said first conpressor.
33. A nePhod actBe¥RARt 0 clai m 32, wherein said step of modul ating the
capacities of both said first and sai d second of said conpressors,
subsequent to said step of step-loading said first conpressor, includes the

orovi de Tor the Phadi Ay Tatted (o BREIUT T3 HeEBTBRRRE o AR up (o

full systen1capaﬁgb¥ng two or more screw compressors comprising the
steps of:

W _ energizing a first of said compressors;

10 modulating the capacity of said first of said
compressors both in a stepwise and a continuous
fashion in accordance with the load on said systenm;

energizing a second of said compressors; and
. modulating the capacities of both said first and
i5 sald second of said compressors both in a stepwise and

in a continuous fashion in accordance with the load on

said system.

- 32. A method according to claim 31, wherein the step
of modulating the capacity of said first compressor
20 includes, as a first step, the step of step-loading

said first compressor.

33. A method according to claim 32, wherein said step

of modulating the capacities of both said first and



rding to claim 33, wherein said further Ioadi ng step
”m"mmnnmmgmgs of sel ectively operating a step unl oader of said secomd
conpressor 10 a conti nuous cagﬁlty control apparatus associ at e
one each with each of sai d first and s nd screw conpressors. 35. A screw

conpressor conprising: a housing, said housing defining a working 15
chanber; a fif G t I S Lh.saild working chanber: a second
Scrow rotor deasarond ok @ﬁ%f’nﬁ%ﬁﬁ%%#m anbﬁ Fohgse
relationship \gt% - S r d] neans,
associated-with sal flgés)? ]r'%?%'?h Tsaa'ﬁl ?aq Ing san égér%¢l gﬁ?iﬁlﬁe

stepw se Tashipe eeap 8ff Faftnas! 108814y EAIACRERGE! And2Rd doéeégiadscr er

conpr essor second unl oadlng means, assocl ate secon

rotor for unl estipresserd s?@rrﬁéetaorpﬁdhaiéi%tnﬁﬁé81%%m@‘ P €5a fgSecond
- portion of the capacity range of said conpressor, said second portion 5

of sai8l capacsygteanginbei ngotitiihmonst fashieni dupi vy paNli odyseemsai d
second unl oadi ng nmeans cooperating with said first unl oading nmeans to
pernmt the uncepdicigysf said conpressor over that portion of the °
conpressor's capacity range that i's represented by 10 said first and
second portions. 36. A screw conpressor according to claim35, wherein
34. A method according to claim 33, wherein said
further loading step includes the steps of selectively
operating a step unloader of said second compressor ' U
10 and a continuous capacity control apparatus associated
one each with each of said first and séébn'd‘ screw

compressors.

35. A screw compressor comprising:
a housing, said housing defining a working
15 ‘chamber; |
a first screw rotor disposed in said working
chamber;
a sec¢nd screw rotor disposed in said working
chamber in an "intermeshing relationship with said
20 first screw rotor; |
first unloading means, associated with said first
rotor for unloading said compresso;:' in a si:epwise
‘fashion over a first portion of the capacity range of

said compressor;

I



v

said first unloadi ng nmeans and said second unl oadi ng neans

i ndépendent |y operable. 37. A screw conpressor according ton,"Ilmmum"Illul"l
15 X wherein said screw rotors and <drking ‘: chanmber cdopérate

define a plurality of conpression pockets, said first unloading rreans bel ng
operabl e to unl oad one of said plurallty of pockets and said second

unl oadi ng neans bei ng S{RINA | Y& %nq)aalez@s. asgacinsedof withd saidet s,

the pressure in said one of salcg%ﬁol jorg%k‘iePts bei ng hi %@qr*g a
operation than t I Cﬁ?ﬁg i

| oaded b d . . ) :
ngcgﬁd?ng ¥052:aiEﬁggggggﬂ%r%gfﬂgﬁyih@%egbnﬁri§Fﬁ8nﬁegﬁéggggﬁgz% rd???ng
said first and S@#ﬁﬁ%@aﬁa&g@ Egiaegl&éprggsorp‘ §§i§ %8 %&%ion

according to clai seconf

compri sesgeans  d0kal AaPhRYLYAKing A BEEAS0R1 PYBh el flrélgcé’i'ﬂi RegFden of

t he capacity range oT sal conmpresso terhatively I n sa conti nuous

fashion or said YeRR¥cir didhsa8d2B¥nd HESading 2ndanaN ideipdre RGNS
10 40. A sCrew conpressor according to claim39, wherein said second

unl oadi ng neans edmEl | AN Piget paAleadIAGOaseansdi ¥ROSErmit the
cylindrical . bore, said cylindrical bore belng renote from said working
chanmber and coumloadding@f idadid Wonpreassox@gver that portuon f tthef
ports. 41. A screw conpressor according to claim40, wherein a majority of
said ports is di conprgssiaor’s Gapacity range that is represented by

_ 10 said first and second portions.
36. A screw compressor acoording, to claim 35, wherein
éid first unloading means and said second unloading
means are indeoondontly operable. .
37. .A screw compressor according to claim 35 or 36,
15 wherein said screw rotors and w_o_rk_ing c_:hainber
cooperate to define a plurality of compression
pockets, said first unloading means being opérable to
\J unload one of saJ.d plural:.ty of pockets and said

second unloadlng means being operative to unload
20 ano‘ther of saJ.d pockets, the pressure in said one of
said plurality of pockets being _h:._gher in oper_:at:.on
than the pressure '.in said another of said pockets

which is unloaded by said second unloading means.



.
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© sense W t ct to said working chamber, closer to the discharge end of
m w nmber then to-the 20 suction end of said working <
\\ SCrew conpressor accorghgg to ¢laim40 or 41, wherein 4
plsfon unloader is hydraulically actuated. 43. A screw conpressor '
according to claim40 or 41, wherein said plston unl oader is stepper notor

driven. 44. A_,sscrexv gg%r,eéaﬂ gggg&.dlar& pom%lﬁl %g gg 40 to

43, wherein sald con |ng ans 1s capab 1 oni i &% pi ston in

an open posi t§PEurd i R Ioa Jiér)]g]&égfnssgognﬁoﬂ@oﬁl&@xgt a5 abeag%%“ SO as

to provide for continuous un conpressor “over said second

portion of tHﬁu?&ﬂ@ﬁdtseééﬂaeuﬂioSGiﬂ lfleans. Conpressor, said open
position being a position in which al? of said plurality of ports are in

f1 ow comuni cation with said bore and said closed position being a position
i n which none of said plurality of ports are in flow communication wth
said bore. 139. A@remmmmdmwmimunywheredh cl ai ns
40 to 43, wherein said controlling.means is capable of positi.oning said

pi st 0% excl usiadd y seceond opmlqam@fngormeana ccospuigesi t meanssaforopen
position being a position in which all of said plurality of ‘20 ports
are in fIOM/d@ﬁhﬁﬁikﬁﬂ|Q##QMQ¢NB%@%S%6r%Veﬁds§&¢d58F9§€dP9§§iPnonfbe|ng a
position in which none of -said ports . are in fllow with said bore, ,such that

sai d second Lﬁﬂ%zﬁﬁﬂﬂf%@%&ft §§1f’0°8ﬂ955859£ alternatively in

said continuous fashion or said stepwise fashion as

determined by said controlling means. - R ' o/ .

10 ~ 40. A screw compressor according to claim 39, wherein
‘'said second unloading means comprises an axial piston
unloader disposed in a cylindrical hore, said
cylindrical bore being remote from said working
chamber "and communicating' thereWith | through a

15 plurality of ports._' .

41. A'screw'compreSSOr according to claim-éo;'ﬁherein

a majority of said ports is disposed, in an axial'

- sense with respect to said working chamber, closer to

the discharge end of said working chamber then to the

20 - suction end of:said’working.chamher.'
42. A screw:conpreSsor according to CIaim'4o or 41,

wherein said piston unloader is hydraulically

i
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conpr essor exclu
the ‘capacity ran

sively in a stepw se fashlon over said second
ge of said conpressor. screm/conpresso

any tme of clains 5 35 to 45, mhere|n5 idfirst unload
7. A screw conpressor according to claim46 when dependent
rein both said axial piston unloader and said step unl oader
Bletubted. direction of the axis of said working chanber.

48. A screm/conpressor according to claim46 or 47, wherein said step

step unl oader. 4
on cl ai m 40, whe
are noveable in

unl oader is a pi
parallel to the
.cooperating with
- wor ki ng chanber.

. :A 'screw conpress
- engaging said fi
- of said rotors a
- conpressor over
- unl oadi nggnmeans
oper abl e |n a st

ston unl oader, a face of said piston being disposed
di schar ge end face of said female rotor and 15
43ai d Ah@ENeW) COMPRESSRr t pccardindr §o claimdd «Ir sél 4

\I\H\ \||l

_ 49. A screw conpressor. accordjng to any one of c]ains 35
- to 48, wherein s Whereday &pid piFton wnleaden s steppey AQkor Ariven. 5o

or conprising a first rotor, a second rotor cooperably

rst rotor, a first unloading nmeans ‘associ ated wth one

f | oad h
A4.77 8 Sl Brgr SPer. 820r Ry 0o hGcSPKEP RS o4 a4 8 cond

f
39,57, FSHPARREH, L L S ipd nid 19" Ssedtd o
positioning said piston in an open position, a closed
position or in any position therebetween so ‘as to

provide for continuous unloading of said compressor

over said.second portion of the capacity range of said

10

15
N\

20

compressor, said open position being a position in
which all of said pluraiity of ports are in flow
communication with said.bore and said closed position
being a position in which none of said plurality of

ports are in flow communication with said bore.

45. A screw compressor according to any one of claims
40 to 43, wherein said controlling means is capable of

positioning said piston exclusively in an open

position or a closed position, said open position

being a position in which all of said plurality of
ports are in flow communication with said bore and

said closed position being a position in which none of

'said ports are in flow with said bore, such that said

second _unloading fmeans_ operates to unlocad said



conpressor

- AR OE Y

10

15

20

substantially as herein 10 described with

over ﬂ! second portion of the capacity range thereof. 51.

A

a

&

s 1 to 7 of the accomfanyi ng draw ngs. 52. A nethod 3#'
coﬁtrélllng the capacity of a screw conpressor substantially as herein
described with reference to the acconpanyi ng draw ngs.

compressor exclusively in a stepwise fashion over said

second portion of the capacity range of said

" COMPressor.

46. A screw compressor according to any one of claims

35 to 45, wherein said first unloading means is a step

‘unloader.

'47. A screw compressor according to claﬁm'46_when

dependent on claim 40, wherein both said axial piston
unloader and said step unloader are moveable in the

direction of the axis of said working chamber.

48. A screw compressor acCording to claim 46 or 47,

‘wherein said Step unlbader is a piston unloadér, a

face of sald plston belng disposed parallel to the
dlscharge end face of said female rotor and
cooperating with said housing to define the discharge

end face of said working Chamber;

- 49. A screw compressor according to any one of claims

'35 to 48, wherein said second screw rotor is a male

screw rotor.

50, A sSCrew compressor compfising a first'rotor, a

second rotor cooperably engaging Said:firSt‘rotor, a

-y
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first unloading means associated with one of said
rotors and operable in a continuous fashion for
unloading the compressor over a first portion of the
capacity range thereof and a second unloading means
associated with the other of said rotors and operable
in a stepwise fashion only for unloading the
compressor over a second portion of the capacity'range

thereof.

S§1. A screw compressor substantially as herein
described with reference to Figures 1 to 7 of the

accompanying drawings.

52. A method of controlling the capacity of a screw
compressor substantially as herein described with

reference to the accompanying drawings.



