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STABI LI TY CONTROL SYSTEM AND METHOD FOR CENTRb Feksfhry 2007
COVPRESSORS OPERATI NG I N PARALLEL CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains
wo zqoﬁgl%génefi t of U S. Provisional Applicat POH{Ug03/021903
60/ 401, 355 filed August 6, 2002. BACKGROUND OF THE
I NVENTI ON [ 0002] The present invention rel ates
generally to a control system for conpressors
opSBABHGITY: GONAIRQL SYSPEEM AT METH@EDdr@Rent
CENTRIFUGAEIGORPRESSORTYOPHR AYRIGTN PARALLE
re-establishes the stability of dual centrifuga
conpressors operating in parallel upon one of the
CROS®/RAFERENEE TRYRBLATED AP FNCATIONS | nto an unstabl e
operating condition such as a surge condition. [0003]
Jo oht.ai n _jncreased capacity in a refrigeration
[00034y 5 ¢ 'S5 apriisaticmnsirigsdbe bonefhpf . Papvitenal dinphcation a¥a. e
60/401 358 FlAWIRAst seidoger ant circuit. Frequently, for
capacity control, one of the conpressors is
desi gnated as a "l ead" conpressor and the other
BACES§ OF THE RBGINHONed as a "l ag" conpressor. The
capacity of the refrigeration system and of each
[0002§ OMPHRRREn: SRR ATCHRY ELRLAIT b PonkBfsyliSh Bf coffhdizhial! ©
pre- rotation vanes or "I nl et guide vanes I ncorporated
operafing by pasaliehc Sprcifically, e presdnt Dweritioh etlated to £aottrol system
I : endi on the particul ar capacit
oat {EZIRIRRR I S oBROTH A8 S Bieerpes RpeieR wAwiL of
- upon BACHF (ROCBRTEBEHDEorveshie cefihd nfNAGmbiable opéra@ils dohditibh oW
of refrigerant through the conpressors and thereby
such gsGEsIcoR e apaci ty of the system The positions of
the pre-rotation vanes can range froma conpletely
0003PPENMdSkHAih Hitieak | £f; 6l Q5vRan, ARR dol e
I gre-rot ati %aﬁe?p?%% ag{)eﬁkpé?é{eagg%r caﬁ% Joglg%sﬂ-{%ned
can be porgediesin paysbel tp 8 spmmen refidgdrant cisaie Frdqaerftlypfr ofpacity
ef 1l : Qnpr.essor _and there
contef ke A6 Borabr B 37 gl AR R Chorisppreia Y ot
‘compyesser isndaighatad unnEg" ebmpressofD TS 6QaciBABf e BRgtbiianed
N re closed position to decrease the [l ow of
systorp, o ﬁ?ﬂﬁh&%ﬁ%ﬁ? heanrhs eapirpliedstn theaysg affasdiustaple pre-
rotatidhe P& nlbh i idPRALY in¥orPbrafell $n §1ya§1§a% t to HROQHon f of
frequently used. method to controf the capacity of a
each qomiprgsesr Alependingsnsthe pritisulancapanity reduitementp of iteisystemf

_ the pr%-qgaﬁnﬁ%§% @ft éﬁag%x/;g]?ipl%gso? Eanabecgorgﬁlroggds & coinntro{ fhetow of 1

- refrigerant through the compressors and thereby control the capacity of the system.

The positions of the pre-rotation vanes can range from a completely open position o a
- completely- closed position. The pre-rotation vanes for a compressor can be
‘positioned in a more open position to increase the flow of refrigerant through the
compressor and thereby increase the capacity of the system or the pre-rotation vanes
of a compressor can be positioned in a more closed position to decrease the flow of

refrigerant through the compressor and thereby decrease the capacity of the system.

[0004]  One frequently used method to control the capacity of a refrigeration -

 system is to control the position of the pre-rotation vanes of a compressor in response
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WO 2004/ 013494 PCT/ US2003/ 021903 to a deviation froma
desired set point of the l[eaving chilled wateréFebruary 2007
tenperature in the evaporator. For a systemw th two
aral | el conpressors, the pre-rotation vanes of the
WOZ‘E’Q&H”&OWM essor are controlled based on PHEUYRRORINY
chilled water tenperature and the pre-rotation vanes
of the lag conpressor are controlled to follow the
+ capacity of the |lead conpressor. In one technique, to
to a deglationnfrothe desiped st poind fof thededviagathitiodpries teorperatunein the

e-rotation v s of e lag conpressor . .are
evapd . (1% Rt Y30 e Renelel Somieriy B R Ob anet 506 o
lead dwdpRdssot e ®ifrolled bhded oh &g [6AMY BHRE fvatel Bmpefatidd AR | N
the | ead conpressor. [00051 Duri ngqyﬁtohe oper ati on of
pre-TQiaon veRss | the e sPmBRIEE L are goptiilsd & Kblpwi the papseify afythe or
lead a i I or
DR 6 tehnioflo o RARY the MR S AR Bl Of O
pre-rajafiop vanss of the lsgeompaessaent pasitiopal toobtapr the sonesperaniage

' | oad .gh 1 0S.
of BB AR oo Ll ok B Re R TR R o e Py

oscillations in pressures and flow, and, in sone
[0005¢ a s e3yringlthe omecation rof oertrififralcomprondogs, @ chinpivssoe URTabHity

. t hrough the conptessor. Surqgi , If uncontrolle can
or suted (@1 Boonr I8 o (YRR MBI TAHOT FEEIRG fth HEP

condifira tad fia§ YocoG OMRAN®ApPestirs, {16h 60 BRMBE S conPREschB Yare
result in (i)er manent conpressor damage. Dufing a surge

operated i) lightlaadsymd highy Breesures tatips. nBwren fisan yransient phénomenon
o & e s, t;he conpressqr.
havins 144 BERRY CosEifons U (505G wBCROT ot SHRELRES Y
occurtence0€ sawompieehfiow crberprdviliroughi thh@oipieyiong Shigfnl, of
nﬁrﬁﬁ dgo ressor. In the case, V\%r t he.drive device of
UCOnHREe &% (SRR FXCPSSIVE viRlQYs, n bofhy i rotpting g stefioRanons
compabrients {6TT{EI QoBiessBR MR BAURAN: RYp@mStkho BoiARGh hffgean
.result in oscillations'in notor current and excessive
During aspige penditiondiese cabedtl spagresatary pdusdion s flow sodiprosmire
I= dicf s I enteifugal ..co essor
dovol e WeioatF UbAife GO0 bRt AT b b e GPRTBESRE o,
torque el mechpnieslsmwepat therdeivirgt shaf of nhe chmwEbRGQePhe asy e
where® tengﬁr at urg fromthe conpressor. Thus, the presence
ofe An¥y, Agace of figi SOmBpRSIaL s Ba © F’éc@%taf:ﬁg‘? Recallalions, B t he
torqueTR{dOpovic @Rl b§Ta kiRasl cOHMitidACoaR QBRMER SREillans il Snotor
di scharge pressure or tenperature fromthe conpressor
currend ppfl CXpRSEINE plgotrienl pewier corgypPBYRi at e reduction in the
‘ neasured anount. It is to be understood that other
0006PPeEMAtdiQnakd t PN - er-Yo [o I Y
[ 06](cji sé gsdslégd ab%%‘%p?asﬁfggecog@ggg@ oaof g{}%@%af P ﬁneﬁ %Eirs‘éar?ce
result @i 2 gedygtioreincmnir timemt or Joad-on-the compressor or a rédubitdar mar y

u;

discha%g%%?essure or temperatnre from the compressor. Thus, the presence of a surge
condition can be detected by measuring the motor current or load on the compressor
or the discharge pressure or temperature from the compressor and checking for the
appropriate reduction in the measured amount. .It is to be understood that other
operational parameters, in addition to the ones discussed abbve, can be used to detect

the presence of a surge condition.




WO 2004/ 013494 PCTI US2003/ 021903 [ 0007] When a surge

or lack of punping condition occurs on one COnNpFeRaa 2007
in dual conpressor applications, the conpressor which
does not surge has an increase in refrigerant flow.

WO 200{3#%crease in refrigerant flowto the UG Ry
conpressor nakes it nore difficult for the surging
conpressor to overcone the instability. One technique
for overcomng a surge condition in a dual conpressor

[000donf Whem atsinge or kck of preiporgebnidition. oScurien et codpressor in

aual ity ARy b BB RR b BRLAS ap L P S

refrigemht flowr aTheoinoyst 1@ efigwianigflew Nai the @bn-s@ging cbihp@ssor
arallel. During a

e GRS RAeRIAE R PGPS SOOI S overeapis g i “One
tectmRE ai bRcofing B Qufel EHEEBGOMSa 'dﬁalccrb?rg)ge%%rfcroﬁﬁ@u}d%ﬁn is

normal control éperatl on to a sur contr ol
disclegprd inal iSo RatentNa. HeH46 éﬁbhﬂr&%@ﬁtrefeaefswag ¢hec'63HPaténdn The

' e r f th conpr.essor

530 ?gtérﬁéi% gﬂ? %Yglﬂbaﬁlsg ete ctﬁogldOP % erc %erf’ goéi esy5§Flo€%f%e nB%ué af

centricﬁ[gabcc&mes”sommbmrcciedl i gmallel. | f Darinspud @geges odidition @ thedag
detected t resent for a redetermned erlod of

compyasens, the gntr I(@Fr bR 0 ING APBRTESIOTE fechaBgrd forp
contrélloperatiSS R hﬁlﬁ%e BRI b a@he%@ﬁﬁr‘ﬁor}%fénpﬁrshl%g c&fdltfoh@ to

i ncrease t | ow o refrigerant and current 1 n the
. detected gvhennihe andjerr current of dheclag rasmprossortin anoraghatomselessebr

perce%trg%er d]ge?ogf rﬁrlle;}%g D1 h&?sogﬁog)gtcﬁg Etga sﬂrée%ondl gnt 1? ?tﬁ(ged

to be\mmselst fof atﬂnﬁeﬂeﬂﬂﬂed:p&ﬁbd&ﬁ'&ﬁie, thiwfnlmlguﬂe rvtameslto epckead | on
ressors i s resuped. One.drawback of this
compfisok eGP SRt R IHTRRY porind BT norgst fdion,

of reﬁ rﬁiﬁ 6@ Betdnt BNthé g lch@predQr. CE"EH& @fn%ﬁf matﬂéjla Q@Iﬁ%l@ﬁbr
dress a surge condition in the Conpr es

mcrewmhqw thersglepiad Rereqntaghi after &@rmﬁ@gmmmsd timetpegiod for the

_ e efo I es e to
e A e e
- compteespbais qzs&mécb rOmecdrawtalti oftgls smhglqﬂe 13 titnt thean ortpdgdéct HEDI
%rran? %qd? ﬁ’feil scl osed in Pat ent No. -5, 845, 509
correq} & SursF cenditionrn fe dag cogpeessor ppd 90 e sungiegondigy
in theﬁééded&npr&s&l reRHRE daRb Rk o ik %%Eﬁ&ﬁeolg tiRaY gt ?éabt%&hﬂ& a
Iuralltz of centrifugal conpressors operated
[

time hgp foelanse befng aaespprse nthesurgacanditinn isquovidess s or syst em
the | ag corrpressor is initially shut off in a reduced

[0008 an%ﬁh#evt el éoﬂ&é]ﬁﬁ% deBEEAR R ct:Jﬁ?pd'esjé&taﬁ%ﬁg%e&%ht

her co avol
is dlsaiqaadi irt Vo Patbis Wy é,|845 500 heteaﬁet m&ndd tol a3 nise '6OHRatonti €THeO

T cr.eas nd.the condi ti on has,nqt been ayoi ded,
509 $4ih B 3ol Bchiterifor Svdems, Pl S Auiline oF capriogd
RENORY HBE0Id 1h HarBiIL TSI Rgetht rge
cOmpcondl tion. O?waer dr awback of e?ighllagwﬁtgg%meﬁggkﬁtgmf hatlé‘gtJ

COMPESHRD FSe%feﬁllg sheirofhén 2 gedgordelopd sityativnda thereby increase the

rotational speed of the other compressor and avoid a surge condition. .However, if

load conditions continue to decrease and the surge condition has not been avoided, the
lag compressor is re-started and the lead compressor is shut down to attempt to avoid

the surge condition. One drawback of this technique is that the compressors can be




cycled on and off several tinmes in attenpting to avoid

surge conditions thereby resulting in signifi@Bé&ruary2007

power consunption. [0009] Therefore, what is needed Is

a control system and nethod for dual centrifugal
cycle@NB @78 Uif sORPAIAHRE § aRér'h?ilﬁge ko tat?&ttj LAl d6hEfdnsathereby

surge condition in either conpressor or
resylieg n|sigiificadiRames seIsugtRioRan correct t he surge

condition in the conpressor w thout a conpl ex

rocedure or repeated on-off cycling of conpressors.

[C0eMvnRRerefore HEhaiNBERFFdEd [SOQOWFON%%?@ Aed teethod fers gual
cenﬁﬁlﬁ’gﬁagtcoﬁfpréslg&spé&?&ea ih PeRAllel @t daReddledtSa B[u%\é' ssitdn in

d for detecting a conpressor instabili in a
eithgythe dP%d c%ﬁfﬁ)‘?@%@ér‘)rrtbﬁr ia@er‘)&m%@ﬁsgyﬁf‘@rﬁan ‘i%‘@chﬁi%éﬁ’ge
© conBRBR A ﬁie%ﬁd?@ss%F fRBoR s cHRIIEX ProRbfde P r@&%ﬁé‘i Mlgff cycling

paranmeter fromboth a first conpressor of a nmulti pr
of CEPR{ASELSor refrigerati on system and a second
conpressor of the nultiple conpressor refrigeration
syste conparing the operating paraneter of the first
SUMWY&EJH ’Bleﬁ&'(B%er ating paraneter of the second
conpressor; determning an inlet vane position for
both the first conpressor and the second conpr essor;
[00Q95hpacryding doianfist aspask of issPiese iBYentind tf‘Prres'ﬁ provided a
metRoBr @isclng & @om@essbninstbmmganea mﬁ.brblcempreésotr _mng%%cﬁ@m dystem
essor ressor |

the Inﬁmgﬁ gorg?ns ”ﬁ tP%st ofe 8%%%&@ gﬁed tf"ﬁ éaagaérbeé)eﬁgrom I!joth ayflrst
compisayr 68 amultiple qomsw@m eeftigerative spatem afid &isecond cgmpressor of the
mulmn%ﬁés% RRdelabiéh a%m%&egmgeﬁé Qperdfig BQamQ@nt Bf fhe first

| owner tﬁeratl l’}lg Earamster and ‘Z nor e orpsn inlet v ane
COMBISSTAY 0,HS PRESRING REFBEIFE P! INE SFRONE CABRTESSPT: RGN nlet vane
positi@nior lssls e fiest dorhpresseeeanitie cermpd esspressof; @orhAArin@Ites inlet vane

posi%?pﬁdlhgﬁ &ﬁpr&@;@r fof fe %‘ﬂét Jaly %Qéaflq‘ﬁnof tﬁ%g%d'oﬁ&kgrqpr%@so? and

etectin onpr essor I nst
detefyipipg A éO‘@Brﬁfﬁc’éég%ﬁb'" Yef"\r ioge r ot 'ihanf r%‘y%ﬂ“&ﬁ‘?ssq"hé”d ] $8epnd
compieedou d\&Sspbm t6 thePse of thél BrsdomprdsHig afdthe peédoadl térgpressor having

‘ bothngl Mt era ﬁgogérglggllgr J' r%%re (gp%ﬂpﬁlgts §§H’e 6)0f5|t|§n Wrgnt {heloqher

or refrirgerati
CO'“BFGW efé%fFfSt ComPprepRer mﬂtw mcen%@qm%@'or refrigeration
system The operating paraneter of the first
conpressor i s then conpared to the operating ararreter

00191t Reesmhorimend ppihe feesent inngntion isdirgcigdsie amgihod for
deté&ﬂﬁg EbrApreb&dr uﬁ@éﬂ‘ht} in% mufiple c%ﬁ{ﬂ?és%éﬁ@ﬁ.g@%hows@s@ﬁp TRd

- npressor is determ ned. Finally, i nl et vane
metBngng:ngeﬁ the staps of Fj?t@fm‘@mﬂm@amﬁ'ﬁ&“ pgth g first

com'pPés%Br M’ad'}ﬁulﬂﬂé'cbhﬁfbs%r rbﬁf@eﬁﬁi%ﬁ @%tén@l%ﬂ%ﬁn@ B&m ﬁressor
onpr essor insta determ ned in one of

of tf@dﬁww@ §em§rQSﬁ0frre§I§e§%en ssteRal N eRRsREYRAraReler ﬁfgthe s
comPressOME thePR@hiardtOtoRRE 85& g ﬁé}gméte‘FBf e QBEShd AInYiressor.
) vane position than the other onpressor. -4

Next, an inlet vane position for both the first compressor and the second compressor
is determined. Finally, the inlet vane position of the first compressor is compared to
the inlet vane position of the second compressor and a compressor instability is
determined in one of the cCOMPpressors in responée to that compressor having both a
. lower operating parameter and.a more bpen inlet vane position than the other
COMpressor. | '
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------- -- - - --- 6 February 2007 [0010a] According

to a second aspect of the present invention, téBstgudrg 2007

provi ded a conputer program product enbodi ed on a

conmput er readabl e nmedi um and executabl e by a
[ooi'ﬁa‘}Ir Oﬂﬁﬁ%&ﬁﬁ@d a s@éor%eés%%t’ d??hé‘pr%@éﬂ%ﬁr‘ﬁr%ﬁ%n stk ?sbfgﬂobiﬁé!d a

e conpressor refrigeration system
COW@B%UP@'?mMQS’g'Pta?WW@@ Geta Q?O"ll?btﬁi eRYRbIeCBRRHR @pd executable by a
mlcﬂoﬁl‘i)t:é’sld@'tfbrodmiedlﬁg a %ﬂﬁﬂé&éoﬂ @hsiablﬁty irbh Qrﬂﬁlpléf compeRb @ refriférapn
rati Qrg%rgar amet

systemhu&r%tcomput %m epsr(SJ@rct (r:oen%prlsm% r{lputer ms%rucf*tsong?or daxg'c%mg {he

stepseaf ormtecwnfp@ @aopratifg patemetan tr¢rp|bethcﬁ)fm§t eaapsessor of a multiple
compfkSdr efrigdrbton SM¥EHE Bhd %alsé«‘cldhcﬁbbrﬂﬁe@of ef R mepné adorpressor

SR R R e N e T

compespdr amg theh eperating cpdrarheter o ftier en@edvtadnweessqr aomparing the

calcQIEféQ %f@r@ﬁ@eﬂ%@e‘&@la%ede@eﬁhﬁémah@ QeRFnihing 8h |ﬁ(§%ne position for
tion for the first conpressor and the second

b°"b'8ﬁﬁfsé§‘§w essEb"f‘ﬁS'atP? ﬁ%‘:"f‘h EOTRIFELN: Vﬂﬂ%arﬁgérﬁ 'P'Sh"%‘ﬁ Pogiign of
the first gimposa@rie $&dniet @nt Inesiiion| af thevsenendpsiptdsest infespdrse to the
calcﬁlS%Q r}Qfel‘éﬂEHO(/ |§’eS ‘BEm Mess etﬁﬁp ﬂ%eprg&tinlﬁle Q/%lu‘éu ‘L:u?r} agermlnmg a

erence va ng | ess et er m ned
COMPEEEEAB instahiEty db?"t?r"rh"lﬁ fivgj cam Pr&%ﬁ?b?@s‘ﬁ%ﬁeqoﬂ% SAPRESSPR/N FggpONSe
to therude of the it EdniBéss6roamarties sseoncadbthptdisor e bots a Ngavee 88dating

paref.[rr%terrea%goap re %gent et e %Bs.t o %rL B! ?tﬁgr”PJngﬁés%r S’f”{?]e first

essor erat I
COmB@ﬁW%@hemn%CW@sgpen |nI et vane position than the
ot her conpressor of the first conpressor and the
ond conpressor [0011] Anot her enbodi ment of the
[OOHH eséﬁP hepwathodiment ©f dhe dreseat fryentiofoigpdifesied fr 8 fogmuter
prodtaROptetUG EREHIRE 8 aBcRPiRE REdaNE daddiih TRl é&!@c@tﬁgle by a

execut abl e bc%gg m croprocessar for detecting
mlc@GFﬁﬁiﬁé%%ofPr clipg| @ t%ﬁ’mﬁﬁeséohﬂ'l‘%tﬁtﬁlmé ip owglgglgr compressor

refrlbélfaflblg 8s1bhOMhé Y:SinBlier pRYraR "H?éﬂ&f inefuees %HFnIBD@ad '#%tructlons
~Includes conputer Instructions for executing

for gxeqylingthe glapsr 9 APRENBIRY e PRERIRE @afa&rm-{f?reffomr Bt s

: confbrésisbrsbfa ﬁ]@ﬁ@fee&ﬁl%reﬁor?efﬂb%rbil %{s%ﬁﬁ@%&%&ond compressor
refrigeration systemand a secon ressor of the

of thigMujtipleccaRRpEses Seffioeration gyster, ‘éﬁ'Pl%%ﬁ%‘Q ehfeferanes IV@F? N§ing

the Gﬁér%ﬁﬁg' BAGReY df8hd Bifsh eomPrées&peerd&he %e%ﬁ@rﬁmﬁet@f of the
first conpr essor and he operati ng par anet er of

SeCPIfh CURRIBFRYI.c A e%%rmaﬂnan@%o?ﬁéeﬂﬁtﬁ% f@fereea? cypldeedp 2
predetdifliiioRINeal ue to a predeternmined value. -4a 6
February 2007 The conputer program product al so
i ncl.udes conputer instructions for executing the
steps of determ ning an inlet vane position for both
~the first conpressor and the second conpressor,
conmparing the inlet vane p05|t|on of the first
conpressor to the
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inlet vane position of the second conpressor in
response to the cal cul ated reference val ue bef Regprigts2007
than the predeternined value, and deternining a
conpressor instability in one of the first conpressor
! h
T T ey Saa A v CRRRR hitoris 15 Syl the
stefiso phdelermifing arbp&eta\tanﬁgmzilparfet bpthathg fashmrepr@m and the
secbﬁljl %mi:{r%ggorpeérhﬁérﬁﬁ thé HietWaRe ?.;Bgi%n %Pﬂﬁrfﬁ§%§‘nd)ré§csoF Bethe
fir onpressor and the second conpressor
'n|ehtﬁf@rRﬂSﬁ'Q"tOéf@ $E6PRE CAropressordn "Qﬁﬁ’é”?ﬁ @stéﬁtcmph'@@ﬁtrﬁ Fence
vaEJehﬁéiﬁg' Bt W pRedetdrftied! Yalué, OQM AetctniirgNal %m&essor
refrigeration systemconprising a | ead conpressor,
instpbility it 6Rrp 08 Seolirst eoreriAsRon e theypercod mRseYsat mresponse to
the %er@%schrétnc@n&b&%%naetﬁéIs@e&ﬁi tOMpresbéiChiving bR & RAfkr
conpressor and the lag conpressor each having a
opepAting Maranyeter ancha &tore gaer ietvane posiipn beathe 0&‘9" gempressor
of tl?é’ﬁrb‘?édﬁ‘preé%?aﬁ& ﬁ*é'éebéﬁ/d Sire@orsyst em conprising: a
first sensor being configured and di sposed to detect
an operating paranmeter of the lead conpressor and to

: [OO%‘]‘G%E&d%gf {of $tthifd SRkt SPfhree&'BQél'ﬁ'lﬁ%nEQn tth@redlﬁtp%\ﬁ@éﬁ a
perating “paraneter of the |ead conpressor; a second

Sta@'@ﬁgmtmbéys{@n dQier fe&l@ﬁéad'oaﬁmst@‘nﬁmamgtade%%mre%%f a lag
conﬁ?édsbf OJ‘ cBhddrizer, Rindr & 'e%(pd?étof BbAkeddd ﬂ\eaV@&%% @frigehftion

npressor and t generate a second signal
C"'Cé'b rtv%@@érrmm@ewr fpe “éﬁalaécqogli)r?fé?f eaghhaying ﬁé"“ra“ty of inlet

gum@s%ﬁéé hguQbble 'bﬂ'aﬁtacﬂjékdi'etw §fé%ﬁ|tﬁéor&£?sﬂs%ﬁjcompnsmg a first
ressor sensor bei ng confidured

nd
Senawstpﬁmeaortﬂsuwét%@td@ps%é? detegam QP%rﬁB't‘Eé Par@fneéqf@f theylead

confpPdRbE8RG o @@F’erta% H9PR"sHfrdl Borrddpohding it M detected operating
correspondi to the detected operating paraneter of

paramgter gigthe deaeh FUBRIERSOraa SeERTIrseREpIskRINg Epiflgutesmndydisrased

to d@ﬁz@t & b§a@c§€éir the prdﬁéu@yc&f ;ﬁqep@maé va{ésqff thd le8d fébeﬁJsb&ryarﬂfto
i nl et gui de vanes of” the npressor and t

gengeate aaaeéoaﬂ signak wr@sammg tsbmee%qs%ﬁm REsitien phté\e plurality of

inledgLAE t RfheB A bolﬁa@fco?ﬂ'b‘?esf%b#”éilthﬂ'd’ s8hsdrNb&hg GWhftfired and
- vanes of the lag conpressor; and a m croprocessor

disnesed ydrtest anopasatisiovrarameter pt e 2y garpreseorangde gegerate a

thlrds'sg@}?él chrispbhding & aR&! aaBdled hepdaiid Noarhaert &Urthé‘glag
normal operation of the refrigeration system

nd_t
COMPERFSPR t3e Oélahtﬁeaﬁorsb%wﬁsérredtw %I?desde&rct @rﬁos'tlon of
the BI'quﬂaﬁ'I dftlridetgg?ﬁdé vingk ogfl‘:b‘?e?g c‘!&ﬁ‘;?résﬁr ahB%‘o b&%ﬂat@%"f@urﬁfﬁ§8ﬁal

ressor p Yi first SI g

_ corr@ﬁ@né@@dﬁ dhe dgigsted Roﬁ@c'ﬁ ﬁf th@ Qi‘l"'@htMIOfém@ quige Y%@ﬁtqﬁthe lag
comprélRal, aha @m?&éﬁr&é&sso@é&%urbﬂ T FQRVeIHE ffi?stts%nﬁﬁttﬁé %dﬂ:ﬁd

a surge condition In one the | ead conpressor
signghethea firdo signals a6d . the5f0@rtl1eﬁgrwr9urm07l0rrp@omqramﬂ |0|f the

0
refngé‘r%ﬁe[@rfg dsﬁ%mg gﬁd;{%g%er%faté REntRyI %@‘ﬁﬁfs befﬁ@rHch%'Ebr‘s of the plurality

control systemftor
of inledrguidgeyanes o thg /lead ﬁp@éfﬂ.f)ﬁ@fsﬁwgtha '@%ﬁ@“@"@ﬁ‘fﬂ@’é’sﬂﬂplyirﬁ! the
first! fghal, the second signal, the third signal and the fourth signal to a control
algorithm configured to determine a surge condition in one of the lead compressor

and the lag compressor.




conpressor, a condenser, and an evaporator connected

in a closed refrigeration circuit. The |ead 6 February 2007

conpressor and the | ag conpressor each have a

plurality of inlet guides vanes adjustable by an
[00"3}?1 Uad iR anofas eﬁ‘fb%?in‘én& $f ﬁ%nﬂ Qéntsrﬁﬁr%hgé'ﬂ lsrtglle‘d@'drlg Pstability

sensor con ur ed d|s ose etect an

con&rpbﬁmterﬁgf%aar aefﬂﬂfé'ﬁtm swf@ml @@aprratrem@r eagdopormpiassos a lag

contIBKIRL & Bndidrlset, aﬂdgélr"?‘levﬁﬁgréﬁ REARKEH ﬁrpatcﬁ@se@erte?r@é?éilon

operatlng parameter of the | ead conpressor, a second
circgiénBrgr legd eoMprrsser and the lap coetpressor gaehobavesa phuality ghinlet
guids Jdhes %'d}dl%é'blet% & abtDhet. 19l s‘iﬁom{?@@ﬁtrc@fsyétarﬁ ih&@@ding a first

conpressor and t generate a second signh
sengerr ceRfigyrad ﬁgdtcgansgd det deteeldap oxerativg Bﬁfatﬂﬁ@r of the lead
conﬁjré’és%lr iahy 1f enélﬁee R Slfhay 8BRSspRhdihg 8o 8@ detected operating

onpr essor, a th sensor configured and di sposed to

par@a@f@etof dbe dgmsy @ﬂmmgsmr arkecend §eN3diecanfigured r?@fie@%-‘rsed to
det@dﬂ% bESItRANG Rl Fluﬁanwff |H|e§FG|Bé|van§§bf ﬁ%n@eﬁtﬂ b&EpreSsdrtd to

det ect ed opera araneter of onpressor,

gengrate @ sqc@m! tswnalemfﬂsperaﬁwg glm@od%tﬂfae@ |P§§B%Gf the Rlwmlifyrof
lnle@%lmeé Whhdorhe 128 déH[!:‘i'éJ.st ¥a @ifrd isBh&dr coﬁi‘i’dLﬁJ@d Mlﬂf‘§§?6§ed to

ag conpressor and to generate a fourth si
detech 2P EHHBN grareeter efcthe dageeraprepesyiandda Q@ﬂe'iaﬁﬁea third signal

cor@%bﬁrﬂilr{gt ﬁb Al ddb@td %Hél‘i‘lﬁnd %@a?né{far b the %g &)%HP&%%? O4nd a

he stability control systemalso inclu
fOU'FH EPHF 6@6%&5?0' é‘B%fdl'%ﬁ’Qﬁ tq 6e‘ieéE@|R¢é't'Phé)ffthQ §{Ura|’ty of inlet

guudia' \SEH?%E of ttﬁlaelaﬁ RBRARFLsSHIAR to JerRrdtd ardurdi Qpﬁélhc%ﬂ@sﬂdﬁ@mg to

fourth si during nor ma eration of the
the datectegarostird @f ims@l*érﬁiltyﬂﬁ w'@tcgtb%n@r@ﬁ of thnleg sempregsar Jhe
stabilRy cdm| @?été‘lﬂta‘igosmc:l@éest A ehidtbpodbdshy cOfigudaath rE¢Hiethe first

vanes of onpressor and the | ag conpressor by
signahpihgi PRFONA esignal.sthes idapignalnand die dekrty gigap! dyring normal
opeFathl &f ﬁ’ieg”@ﬁl e%ﬂgn Eferh dHd( B geh&@d cdrifrobsigids @r R e tors
WD 2004/ 013494 PCT/ US2003/ 021903 cont r ol
of t"&ﬂ @B'Eai"iyrﬂfdnl%rgﬂld@uﬂaéﬁﬁ eidhe daadrgentpeessos andyhedatheRmpressar Ry
a tRE fitshSighfafe sEOEHRN SevlthéMitdisiffial A% HE MRSl to a
: pppgﬁls] Cnegadvantage of the preseﬁ? i nvention is that
it can detect and control surge in either conpressor
of a dual conpressor system [0014] Another advantage
of the present invention is that corrective contro
‘responses can be taken in response to the detection of
an unstabl e operating condition wthout a significant
time delay. [0015] O her features and advant ages of
the present invention will be apparent fromthe
following nore detailed description of the preferred
enbodi nent, taken in conjunction with the
acconpanyi ng drawi ngs which illustrate, byway of
~exanple, the principles of the invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] Figure 1

illustrates schematically a refrigeration systepmehary 2007

the present invention. [0017] Figure 2 illustrates a

fl ow chart for the control algorithmfor_detecting and
WO 2004134t i ng an unstabl e operating condi ti*§T/UPHEAEY3

Wher ever possi ble, the sanme reference nunbers will be

used throughout the drawings to refer to the sanme or

I iée rts. .DETAI LED DESCRI PTI ON O, THE | NVENTI ON.
contrelo@g Wufigyred ) determighys sueFonstioneim one o thehicathe

compted¥® Bhd BB 14620mPRs@RPP! i €d is illustrated, by neans of
exanple, in Figure 1. As shown, the HVAC,
refrigeration or liquid chiller system 100 includes a

(00134  Jonccastypitessselth peresend mvsnbordisdhativ eansdptect 281 cantrol
GORERRP Kl At ' or evaporator 126, and

Surgea contﬁprp%%é‘rfgfﬁ@cgﬁ]ﬁ%@o%%ﬁ{@bl panel 140 incl udes
an analog to digital (A/D) converter 148, a

[0014)i ¢ rAnsihse adeantage 16f0the spresent- invkation | ie thetnmrectivédcontotl an

] f 46, .The operation of the . contr.ol

+ respobdt B BB APShchSo i B @O Y apBsRle SerEriagconbifiom,

withoifreesignifivasirtimeodeddy. | i qui d chiller systemincludes many
ot her features known in the art which are not shown in

P ehruary 2007 WD 2004/ 013494 PCT/ US2003/ 021903
(0015}, gS}tEef%?&ﬁfﬁéé%& F%V&PBE@S‘%HB% BieBab VOB oL b appiened
from the folioWihg m¥rd dfaildl AGCRBLIOSS BEBRfen®l elbbdiRehdtak@Din
. [0020] The conpressors’ 108 and 110 conpress a
conjuipclipn Wi therpccapanspying Arwings whish iflustrate,dytvray of exatepis diie 112
princif¥s SERALABAl scharge lines. In another enbodi nent of
he present invention, the discharge |ines fromthe
conpressors 108 and 110 can be conbined into a single
- BRIEF DRECREBRIONCDF VEEDRAWINGSr ant vapor to the condenser
112. The conpressors 108 and 110 are preferably

0016F €Nt dufdl 931, S0P, . however .t he prese

[ f nve |o%qgan e Sﬁ@%%&%'ﬂ?haﬁ E¥3ion te@o?ltgﬁ@ﬂ?ﬂemt hat

inventp@n experience a conpressor instability or surge
condition. The refrigerant vapor delivered to the

: ondensey.,112, enters into a heat exchange .
o7 SRS e ErHoF Pl oS el A imaderdieeckngsuidng
correctifiyy oigbtable bpaitipcehdinger coil 116 connected to a
cooling tower 122. The refrigerant vapor in the
congenser 112 undergoes a phase_change to a
L0018} ¢ @W%Wswblam%a sgige gefprenge numbers willderised thaougheutge
the drawsh tt&ﬁfe?lféﬁe%@oxgﬂ@ 51‘359“ d in the heat-exchanger
: coil 116. The - con enge liquid refrigerant from

~condenser 112 flows to an evaporator 126.
DETAILED DESCRIPTION OF THE INVENTION

[0019] A general dual compressor system to which the invention can be applied ié
illustrated, by means of example, in Figure 1. .As shown, the HVAC, refrigeration or
liquid chiller system 100 includes a first compressor 108, a second compressor 110, a
condenser 112, a water chiller or evaporator 126, and a control panel 140. The
control panel 140 includes an analog to digital (A/D) converter 148, a microprocessor
150, a non-volatile memory 144, and an interface board 146. The operation of the
control panel 140 will be discussed in greater detail below. The conventional liquid

chiller system includes many other features known in the art which are not shown in
-6- '




[0021] The evaporator 126 can include a heat-exchanger
coil 128 having a supply |line 128S and a ret ugRebrii}§ 2007
128R connected to a cooling | oad 130. The heat -
exchanger coil 128 can include a plurality of tube

WO 2004/pld#%s wit hin the evaporator 126. A seP P43/021903
refrigerant liquid, which is preferably water, but can

be any ot her sui tabl e secondary refrigerant, e.qg.
chl oride brine or sodium chloride

t.hyl en cal ci u
Figuff 1 ﬁm Fanyetavs heeg PPIRESel, epphiosHmnlity the dizwing fr asei ne
of illdst@fforand exits the evaporator 126 via supply line
1288. The liquid refrigerant in the evaporator 126
enters into a heat exchange relationship with the
[0029); qu e Gommressors 468 a@l:wan@gmresw rofrigepant Vapor@hql ﬂehvlehé

i thE }qr fe I F‘Jﬁg [ 1
0 |r1 gfbs'l %lgtr? t Gt hges eﬁ{ee\l}apo ﬂé@‘
preseuh ma'plgmes the dlkrﬁs@e dinendent the xompfesicgenoftany d ED@ lca@ e a
A d of xchapge rel ationship with the
comtiii) adipel e 8 oS R HGrn CesPpr £ consen Hgo ke

- comptexbors YESr dt110 Bretﬂi&'eﬁM§‘ I@@ﬁtﬁﬁl@ﬁl c&ﬁﬁre&ﬁ?sn hoREWE S phelert NE
110 by separate suction Ipnes to

npr ssor 108 and
mven%awr& ‘éﬂté yBY ype PEGWPWr %m@fmmce@fcomn@ssor
- instatAG§ BT fgé RYRI IO Thel zlaﬁ'x('gg%%ttr ‘éagé}oéég(}%g% i$ gllr%] CFBQL%BS% 12

evaporator 126 to the
euter&:muanb@t iewchonge sélatipinghip iwith exiuid, ngefetublye wapgr Adwing 126

trouff oot BEBRRRS L 1 ClonBo B0 S S Fe 155, iy
vaporZﬁﬂ% coMiEn s 012 ﬁ}idéﬁg%és dYhhbd EpdRl34 Q 2k al{t Q@"ﬂ-)ia]as ﬂesﬁlh e
ofthetlwg or inlets to the conpressors 1 0 from

1@}

hangs wiafionshyp ith thediquidn ghedeat- q;phmmecoﬂ 116. The
condeRER HyRidabhH1Q8 AR ?(fhﬂ%isgﬂf Ab f@%k fan' 0§at%][2%63n d 121

that ~ contiol the rlgeran
conpressors 108 and 110. Act uators are used to open

[0021§ e The svapgraiarilan ce«amelgdqabeaamhmr ¢cdl lzsdmmag e styiply
f d 110

tine. PSRN Lot SO omot Dy o OREED B, (2001 T et

-exchaagesmimza)@n indhide 4 pindality of e BGidMRIKIEN TR Rapoefst 128,
A se %I gﬁgﬁ%ﬁhe 1]ruéqi’at .on vanes 120 and 121 to decrease
R IReTans iquids  Wijeh & profegablin @ ates nbit e bes amyp gtheind
itablel Gecaitdry REFB N t 0 c i t he

e system 100 Foozté%‘cro ri Segiﬂ gﬁcg%&%esggﬁg & %Jm

' chloridg pring, favely dnte thel evapprator U86 visarehwi dime a2 8Rdanid vexits the

oo AR 8 U i SRR B S

enters\i&to ladedt Iemchaagemelhtmﬁshlp witlsthel BRad it thé héa@%ﬂ&ﬁﬁge& Boil m
fqr , the conpressors_108 and 110, it

to hift S GpGliGiac 65 g imibe Bemeustinear ooikd Ly Theirsrigornt
11qu1d |111 e &dpdraton 190 ubderdddl a Jﬁaégrﬂh%h%elg 4 &ﬁ?&%@fﬁ% a?

nponent that can be I n tonj unctT o
result af ﬁhﬁfr haesgexohangs aelatiomship 34th the 1g0R! in the Heaexchanphr il 138,

The vapor refrigerant in the evaporator 126 then returns to the compressors 108 and

110 by separate suction lines to complete the cycle. In another embodiment of the
present invention, the suction lines from the evaporator 126 to the compressors 108
and 110 can be combined info a single line exiting the evaporator 126 that then splits

or branches to deliver refrigerant vapor to the compressors 108 and 110.
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vari abl e speed drive and a notor starter. In a
preferred enbodi nent of the present inventiongF&@uary 2007
notors or drive nechanisnms 152 or 154 are electric
nmotors and associ ated conponents. However, other
WO 20N o chani sms such as steam or gas  t U BVHES%903
engi nes and associ ated conponents can be used to drive
the conpressors 108 and 110. [0024] The system 100
can include a sensor(s) 160 for sensin%ﬁﬁn oper ati ng

[0023] 51 aftetheinpyt of inlets totha copprassass b4 andold 0 Bropithp pesperaten| v,
. . f . .
126, B2re>429 W bf nlok it Soron’ ey o2 384 QAL PP IPIINSL fhap
controkthe flow of vefdgeras énthe céepressG2 108 ands BYDs | Axguators ap esedttd ng
r L of the, se conpressor 110 nd
open B RSB Vank Baob i 120 AR R gt o rigpgans o the
comppssural 08 whdpdnan@ihelcbPincielte the ebRig &a%ﬂoi‘%r'oﬂtl@ st g0, ed
enbodi nent of t hegﬁr esent invention, the sensors 160

Similglyy the gstugiops agrusethio clogm dearrrErtationo¥ameed20 mudil2hde
b0 Run ] t At ' i ng
docrepeotbE unt SF RifiSen 30 & oTliplep’ U8 Bla LICEnEBREHY
decrea4he qoolingierpaeity of elsydémd®t. of the present invention,
the power consunption of the notors 152 and 154 can

i i ; 60 d 162
o, O R A A R 0o
drive mptlomisnd B2 fanthe fits cdnpressdrand anwid: loe diad méchkiito et b or
the sBHATERG D Hiuleqe/SBh Emoig™ge pen iHgiostidy theyigye
mech&féd 161 Gd LbriBreddeiSPH0 MO DO 83is 1 tH B8 Nird S8 ol¥ §la€ tHeNEm

. Vvoltage to both of the notors is approximtely equal,
motqry i 1 {96 dpnarrotert but Ercintstdedetntenpympeseiany compohat ot or s

: . [ epr.esent ati on
can b e B0 oot S e 4 B o AR TRE ol R
‘varialde spod sirivd 66d amsbtdrGRartar. elnt hgrfened tenbedimeht sfake drénand
. 74 respective to the control nel 140. | n another
invenorh, B8 OIS OF g IBP%%WS #%é’ﬁtﬁ% naret e FOKFS 2a%0
associairfl chfpoféis. D owePdre 6tEddRROmBABhTMORES LOstERASH" gs
ot her Qperating paraneters of conpressors 108 arg

turbings) o enginep and; asspriatef] enmpanees canrhsawed for dsive theseoppresesss |

108 afH p@harge flow rate and possibly the discharge
pressure of the conpressors 108 and 110. [00251 A
sensor 164 is used for sensing the position of the

[0024pr e-Thetsystewn1acansinglafe acknson) 160 $or wasing es DPeradd)s

and ensor 166 is ed.for,. sensing the, pgsition of
paraBit, of S S eompressor 119, and prcfgpblyy a5 Shavth il EHSredtior
sensing 1. opEiReing qREMidter I Ah@ftot 682ar Gmilf LT iRE ke 100 can
positioned in relation to the actuators for the

- includg asopsor(ak 13nfoy speine ap opesatiae pammeten of fhe 69toné corapreseror
110, e pRUFSERSI A8 chiyh PR SPRR el YRR bdrfer Y ol

‘motor 154, In a preferred embodiment of the present invention, the sensors 160 and

162 are current transformers located in either the motor terminal box or motor starter
for measuring the current provided to each of the motors 152 and 154. In another
embodiment of the present invention, the power consumpﬁon of the motors 152 and
154 can be determined by measuring with sensor(s) 160 and 162 both the current and
_ voltage provided to each of the motors 152 and 154 to calculate the total kilowatts or
power consumed by the motors 152 and 154. ~ In embodiments of the present

_ .5. :




rotati on vanes 120 and 121. However, the sensors 164
and 166 can be positioned anywhere in relati oQFrépRudrhe007
pre-rotation vanes 120 and 121 that can provide an

accurate indication of the position of the
WO 2004349t at i on vanes 120 and 121. The send&rE&S200842130%

166 are preferably vari abl e resi stance potentioneters
whi ch neasure the angular rotation of the
re-rotation vane actuator or |inkages. However, other

invenfign sy thes apltge do et BE tis meiorT e apmoymetsliotqusbribor s
e SAL 8RS 0 4, 14 e
adequatepieptiessntatipn pf:the pywerensoged by fetmdtar. Githe bniplits pAseakord 40

[ 172-178. f 160- 166 ted
160 Y%z o i 1 b il LR TRO R B B et | ¢
140. s adothed embodi@s@tod 0@ pidsatt ivientidae the @aisbR! 160 anel62 k4P be

receives.digital signals fromone or nore of the
selectgq 354, PEiesd 16 icaton IETHSEALISE gARms ool smtpresensel 10 be
and lqg,nh’lﬁ:htzfé%@)ﬂis&ﬁb?%e_ BinbbrafRY 6 § Erhéﬁ’t?disﬂ(?ﬁedﬁc% tra%% and

_signal s representing the first conpress operat i ng
-POSSI@Hgm@Cnge prisssureiof §1e compgssosssIOB apd ELX: ot at i on vane

position, the second conpressor operating paraneter,

S . ot of abi el
[0025f 75 4 B R ey R SRR ReiloR OBt B 608 Pl 106"
of thecfirst egpwesdomipSvaat lla%nsbn ?Gt.fpliqsoasas for sensingf the PEGIRBSHATNG

; : :
proroiEp AR 2T ol eBeand anorsear L1t Th Smsipnies gidstosioen

preferablg poki€ioseAcia RelattNB S SRat@P $rahd B&-xﬁt’%,ﬁé&{rﬂtﬁ-ﬁ 196G r e-
rotation vane position are then inhput Into the control

121 agg Fevidensptualgsiieiarmation dhat cpmyesponds to-the gositicins whthe #0607

_ . : etail _in. th

rotatiof 000 i DA, e eler! e’ R 304 TR T B0t mistiotetf o

anywheie im e¢latitnotosthe qire-tdtetiop neneso1 20t ko 1VRMES cd2 Qroviid &2l
he .contr signal s.for the actuators of pre- rotation

acoug gl 8o npdn 3 b oot ye Ltz breseesSor

164 ad® Q66 Gré PRI MiRbR rolRRAc é&&ﬁ@ﬁe&f@wﬁi@ﬁ‘ Qb ape!

: 140. . The_jnterface board 146 then provides the control

angularrefation qithe merrofation yemsrastuglor prinkeges. Howaveronher typessofl 20

_ 0 it r.q- ' es 120

s e 2k TRPRUBAOS 0Pl AL 4 il

and 179 respegtivelyds dhercottfld parsb 540t he control al gorithmto
control the actuators of the pre-rotation vanes 120
nd - through.t he.int erf,ace board 6. In one

1002651 T Highl, BN el Bl S 1o0h e O el et bk 8

from sprsogy F60168\ad \@neere td digitd Signdld 6l Werdl bPAD exRenraike by

rocessor 150. The control al gorithm

., the Cro
I is to b unrrsioed i Confedt gimel WD eeotipsclisiol Sembetam dhelaro
hiat t : rati Lt as a
o W S0 3 A0S R AL R e
A/D comverier 8. Jhhe dipiialpsignals aepresenting the first compressor operating

parameter, the first compressor pre-rotation vane position, the second compressor

operating parameter, and the second compressor pre-rotation vane position can be

- converted by the microprocessor 150 into corresponding values for processing, if

necessary. The processing values of the first compressor operating parameter and pre-

rotation vane position and the second compressor operating parameter and pre-

rotation vane position are then input into the control algorithm, which is described in
-9.




vanes 120 and 121 to close the pre-rotation vanes 120

and 121 to renedy the unstable condition. [00&2Bdbruary 2007

V\hi le it is preferred that the control al gorithm be

nbodi ed in a conmputer program and executed

Womﬂ‘f’?:‘i"%rocessor 150, it is to be underst gggquﬁ(g%m?tlﬁ(g

control algorithmmy be inpl enented and execut ed

using digital and/or anal og hardware by those skilled

inthe art. If hardware is used to execute the control

moregfelidlin thimfollowiag pereeiarhse ugReratecentre) wierels &or the agtyators

of thé gfét LoRoR R 136 OnCR], bgae%ﬂt@&es%ﬁlg for # Q&RER&%F gfet‘ e
. cessary cohponents and to renove any onents th

rotationyames 120 emgézl e previfedrbydhe micgoprd)dessoA[lﬁD toothv @nteréace

vourd qtche et o apkcs o 196 HER andet R solir

signat @ ehet dchiitdrd oP AR Iﬁé-rdtﬁtﬁmcﬁlﬁ&l' €305 2dS1710% goRflion ke piche
m croprocessor . 150 nay al so use or execute the

rotatign ey L 2Qandd21 iaibe apreeprefcdIositing act uat ors of the pre-
rotati on vanes 120 and 121 during normal operation of

[0027]he ENGEbRMARP ,150 us%s t&%ﬂtroloa@%ﬂ?ﬁ]ﬁ? ﬁpéo%tr&ﬂﬁe %t&iatér% Qrare

operatlng nor nal and are not I n an unstab

the mredationoranes H@G/emlérlzh ﬁlrmgbtﬂrerm@rfwdbwdltméf {thene

e 38 e SOAER e AEB0R Lo BROKY BbeBh R VBB

mstrdchms&ys&wm%@?ﬁdmiwmocem% gﬂl ’nﬁeg?tdl algontéﬂm dlarwgmgng gal
e one

whenyig ?#&%@&eﬁ@%@@a@ 11 & gnteas infeyn %@ operaﬁ%rP% i§Pn and

such E@@s@ d\@hditid® afl Oé; @Qﬂ&%ﬁm@@ﬁz t0/¥R: 390440 5848 fre-rotation
2003/ 021 L onpressor 1S designated as the

vanes' mgﬂld ddhiorcass the. preméatmé'a@ﬁ A20 eand 131 terretsdp theawesabla 08

condﬁ'aﬁl 110 as the |l ead conpressor or the |ag conpressor
can be dependent on several factors or goals such as
equal i zi ng conpressor run tinme, or the capacity of the

[0028] o npWails drispreferredithei the oomirot kigonithm ibg reabbdied mfa doh@utee ad

ProgR Rl eI Dt isE P ET Toh o Aetoo RSO et e
 contr60MEbrethm @by OF | inBRinehted tah@ eftéﬂu'teﬂV\ls gﬁﬂran%!r QHalog he

first conpressaor 108 will be desi gnate t he | ead

hardvgaserhy diessskilled ip fee abcdh éarémsrlég@%ﬁ to expeiE | the pentrol
el OB Al bpt RS Bl ppl 0BT g

incorparate dlug nmwrcor@ﬁﬁbntsemﬂltoesmm my compuﬂena thetaaayngo
illed liqujd eratyre (LCHLT) signal from supply
longqrp?]@ %%f%?ﬁ@e%ﬁ%ti?gr 126 during nor mal
operation of the system 100. The m croprocessor 150
[0029] hering&tdétioat B SustngCoOM ExeRtingl €8 adonfrélr alpdifthia Ctb Udktdet afd

he pre-
remedy a su@ge condition in one of the compressors 108 and 110, the microprocessor

. 150 may also use or execute the control algorithm to control the actuators of the pre-
rotation vanes 120 and 121 during normal operation of the system 100, i.e. both
compressors 108 and 110 are operating normally and are nof in an unstable condition.
However, in another embédiment of the present invention, a second control algorithm
can be used or executed by the microprocessor 150 to control the system 100 during
normal operation. " During normal operation of the system 100, one of the

compressors 108 and 110-is designated as the "lead" compressor and the other
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rotation vanes 120 of the |ead conpressor 108. The
position of the pre-rotation vanes 120 in resppastary0007
the LCHLT signal can be determ ned according to
several well- known procedures. After the position of
WO 2004343 e-r ot ati on vanes 120 of the | ead USLY %31 08
has been determ ned, the position of the pre-rotation
vanes 121 of the Iag conpressor 110 is determ ned.
The pre-rotation vanes 121 of the lag conpressor 110
compmsmrps)éésig'naméds the "hagV eortyressbra gTheotepigeation of ﬂmpmbsonw

108 oot FERER odpefompRsy Gl S RGRGRoI O, o el 8

severfl fBctér8 bAg W sucly W&alﬂzﬁ:k defnpkdigdr hadinhg ﬂpﬂﬁs:slsmt)ldﬁhar e
positioned to o taln a otor current o

comPpgasPRss i widition, fhee desigmationnpf dhss dna rmm@ifesafsmih@ﬁ lag
|
o 34 ol b0 A CATM SRR e A RRCROLLBERRE

sane percent notor c
algorittonp hﬁhsﬁ:ﬂowmgtdescnmm ibierfirst eanpressor Higowiilibe desigifated lae

the 10 SRRt S0 Brretpesil R e o g 25

compeRf@r essor 110 are positioned to obtain a di scharge
pressure or discharge tenperature in the Iag

003 T bt e g bR BPAE e ARocesor
150 1BQUMRE %&%@ﬁnph% 1eabﬁ@%ﬂneéfluquﬁq n]t)érithjés(LCmﬁﬁ stgh from

contr ol ggrl t hm of prese i nvention for

supply dine d28hgf @Wl@rpé@ylﬂﬁgiuang somabepirafipnat theaxstes) 1005 y
The @%@%@&Hﬂ%ﬂg %‘tﬁ's'a“&fngrlr?le%%{%gc 3hd Qufs JP{L%P Ty

ressors rocess ing an nst
rotatitre ganes 120chfithelgadmpedssar (168.aThegposibn biithe q:mnmtaﬁels vass 108

.and 110 at 02. .In 202,. an Febr uary
120 15 poisaes SO G NGl g PE BB MRS IR P P
mowﬁqsraémmg | Skl Shee pbsitbr Of HRYrbrAtidnNRNEP TR0 @5 SR Feados

and 110. In a_ preferred enbodi nent of the present

comprasgasi 03 bas beamdabgymingd; theypesitioamd theprefotation varss Apt ektor
‘g ol 49 Rk, 1 B bUAOTVRES 191U/ g Rp U

ion, 1S
110 anapesmmeal to haweahd lagosoppessari 10 G8tlew thelcbPadity dfhisnlead

compfiRRpt Bk e iVl ErRefiBr oLiEs lefhermbenitl 08 e g tan g
vanesli9 of the $ctdmpR4sor 11®are PoEISd R bbedin b BBt ehl&Hk Bihower

operating paraneter to a tgercent age of the full |oad
- consugitign inghe lageompiessat nalgr E)%ﬂ' pheresailts fnghe lap gomprsspr BeWbr

154 {5ingd otﬁe? sl peréentidt Bf Bl £ 3 fnforto?g‘,turr?%tzﬁ e feal %{gﬁl%soi °

AbT &5 Secur ar
motor] 52C Us mmﬂha enbedimbdtef ﬁ@rpmamagenmfn ftcufolllow ambayahty ef can

be used for Iti on| t he t| on vanes 121 of
the 1687 GOS0 A S BT RIET RE] PRIE GPRFERToHO e
positioned o obtain a discharge pressure or discharge temperature in the lag
compressor 110 that corresponds to a discharge pressure or discharge temperature in

the lead compressor 108.

[0031]  Figure 2 illustrates the control algorithm of ‘the present invention for

detecting and remedying or correciing an instability or surge condition during the

_operation of muliiple compressors. - The process for detecting an instability begins

dui-ing normal operation of ﬂle compressors 108 and 110 at step 202. In step 202, an
' -11-




[0032] In step 206, the operating paraneter

percentages for the conpressors 108 and 110 ag Eebruary 2007

di vi ded by one another to obtain a reference or ratio

val ue. For exanple, if the |lead conpressor 108 has an
WO 20440341 ng par aneter percentage of 75% anfFH{Fa0034Y 03

conpressor 110 has an operating paraneter percentage

of 60%then the ratio value would be (60/75) * 100 =

0% In a preferred enbodi nent of the present

OPETAING AT is tdetecteddorobafiofidhe sompressarsalt8dendollfe Tress
prefeir8@NerdifdRifent Nbrt ik ﬁar&giﬁggllvt tiohh%nldxﬁ:'g%aﬁn%ggﬁﬁﬁlr%% of the

percentage Is divide e 1ea SSO
compsesteremotetel S2Tal 14t kg thelmaior sutdnbnr poeapanethplibn, Hs a
atiog.value is

t ined ! t ' if th
coteold? S leth B oo ReteBilet nEeheptperesson Lo P o B
convertediintata peceafage oREe Alll lo@beilRdoQhe bjt@ating YARMBRS R $hafNd
0SSi i)(gy of ﬁ)n_ unstapl e operating ‘condi'tion. The
compiSoie {8 fhcht ) iy 3ip€04- s The epayassiny offie deigeied dnstaliegn
paran@$do 8 Nop Rkt bh 18 Rh %ﬁ'l%lﬁ cffr fid g}gé'r&glg p\éﬁlmlé%t F‘or thtta,
val'ue n any value 't hat

However, the predeterm ne
COMPERSPT QBRI eonpesgors ¢é diffecuit sigess ot Tatingsyiol teweinphred nsue ge

eC,| Q l,h_anot her odi rent of .t he, present
acourfiEhE Ohdridmar) b ks o ARG il S BOATERS of MiLiged BHiEs
can behsed dorppositioning tﬂd)ﬁeaﬁldﬁohlﬁaxﬁﬁnzbef _mbtag %thﬁdssf)f ?1p one
anot hagr to, obtain a reference or difference value in

during pormalbeperation; eyanple, if the |ead conpressor 108 has
an operating paraneter percentage of 75% and the | ag

[0032§ ONIA &EH 06,1k ob@ﬁiﬂ? aRBRIAbERERRE %ﬁ?ﬁ&@?@%@% ﬁ)@fg e

f 60%. then the difference val ue wou
and 1}@ere dividadryong gresher teohtain e nefenghderas ratiocwalug a Foreexample,

. it | ' th
oo 0l oS0 Al
compreetor U@ a2 @0 Fperalify p0@rheR BedehtRE LT @820MS 8 18R3value

would 3 T S0 T8 Bt kb on e piespt DYeion,
the rafievdudisralcilhted RebedbdsiRna0o%, H‘?ﬂhﬂ%x&:ﬁplg,rtgﬂﬁggb \}H@s@?} he
I'ndicative o

redet erm ned val ue, which woul d be
Perce!ﬁ?@ Sivifghbi fg lead eompressampesesntags  dhel rposwiltel iy thaf an

. | ' ption. . det 1 ned |
R e e e A
predetb@lrlngi afab\eﬁfvdﬁclemomlaﬂ be . ihnldlim&we.erof ﬁﬂbqléalpro@(ﬁﬁg gdmiu{éeg

n t hat _corr nds_t r
compre Sl e oy el e3Pl apeigting sowiiaron The psdafyrmncdt he
value igpreferabdy 4y Welud b&IER 600 3Rd 199, RiE %Wﬁﬁgg%re\f%elde

(or the difference value is less than t
value. , Hosevey fheradeieamined valup sapbe cay yalue thhat warrdsporsls ap 2202

desire&%ngﬁﬁ.ﬁflfﬂag%rcfg%ﬁ%‘%@gt paraneter for the conpressor

nmot or s he ratio value is

[0033]  In another embodiment of the present invention, the operating parameter

percentages for the compressors 108 and 110 can be subfracted from one another to

obtajp a reference or difference value in step 206. Far example, if the lead
compressor 108 has an operating parameter percentagé of 75% and the lag -

compressor 110 has an operating parameter percentage of 60%, then the difference

_ value would be 75-60 = 15%. In this embodiment, the difference value is calculated

_ to be a positive value by subtracﬁng the lag compressor percentage from the lead
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| ower than the predeterm ned value (or the difference
value is greater than the predeterm ned val uegFelirigy 2007
positions of the pre-rotation vanes for both

conpressors 108 and 110 are detected in step 208.

WO 2004943494j  step 210, the position of the p‘?‘éﬂqgi"’é{“%w
vanes of the conpressor having the | ower or smaller
operating paraneter percentage 1is conpared to the

osition of the pre-rotation vanes of the conpressor
comptessor parcepfage- | The deffergsice Nalye isrthenomperes §ith ay rapdstesmined
valudif ke Db i 1if¥Ere] - l QD aLanes q of

B T chce U B B ek
valuep ghish wouliebeandicative of wisgnal leadinger thetcbinpigssony aad possibly

I ' fl : the.pre:rotati on vanes of the
of en a0 G Ahng cofMMi M he ik VRS Hreteaey 4ny fgve
betwezar 0%t and 36%icavithage% bbinkhe mefnE@tvalbon HARes, Bl

t he, conpressor havi he smal | er operating_ paraneter
predeliiiog VAE oy b B B bR compramndsie adutooPRtaly lowehes
forsﬁgeaetb@ﬁ@pnpressor havi ng the | arger or higher

operating paranmeter percentage, then the conpressor

aving the smal |l er operating paraneter percentage is
034i; df e

Y

Adtp YaBreppeteperthan e pradptermgnedsiahugdortbe differance and
I lthe hrAdcRPmiR QL ondition. |f
value BRI raiCRimbibd VA0, BEbiokOS (b B0 SR MM et
operatipgnparemetopior dtei conppss@nmotors 1501 md ritsag df &eCrati® tvalip i

0 han.the.pre-rotation vanes of the conpressor
lowerhglgrl{' r%e 3 ot f&’r“%&r V%‘ffe?‘gt ‘i%ﬁ gﬁfg‘a?%ﬁe‘ta&e 15 oyreatert Hae the hen
predetehainedeiliedfthe fBEOA oke ROHG IRV RSB %ﬂ@r&%&%‘q%

be du 0 ot her

d F(gwe(rﬁl?q present in the conpressor nmay
and 11 are gistected, ansteps2 48\ hlext insiep| 20 8.cthe gositied. aftes prenpintims or
137 j condi tion. The
vanes B Bl Ml LI B s et Rhoama ¢
1s corgperedctpitbmpesitivpexfshe pre-ratatioh eanee ob ddi dompteseh Hhligg the
£ i ntion, a unstable or ., syrge condition can
Targer B BEHE oppidhine ke itor heteontage o dgfermping i diegpro pofation vanes
of thewonpressss bavipthe Raalldie \
20041013494 PCT/ US2003/ s RubRak g ezrzrgtn?% open

or peryuiting oz refagcsa dloye than dhey prsrrotation vates of theneatnpaessornt
; : = j the c ressor
having 6 furkch 3P nishd opBtaff bl belBR: If e e FingRns
of the wgmp@ﬁpa@@iing[ m@srﬁyllegfopaatmamﬁ_ tﬁhieﬁgﬁfggeﬁatﬁ @fre open .|
ondi as n detected i,n st ..the contro
than ﬂgel g'rn:st% 'ﬁoﬁﬁ %?Se&erﬁﬁﬁ EYMPIESSAR hjig é‘ﬁﬁ%g%ﬁr%%omm@t i on
paramétaispdresningeleth@rthe ompraas? datias Thd gahiRr Hél?éeﬁ&%fzp Alﬁ@%?} o

- - with%gapr determned tine period in
percenfpge 1 d5feemiied tohe g an wistable eisuize ceniditton and stepsl asmiciken to

comrecE RERIEE SOHARS P N8 rbAlort g1 310 has been
det e{clzl_t%ed a pre et%%é?ﬁé%@%nu?%g{ S0 comassgr BRrine Brie
- smallepppetiting paiametdr paréaningp areinotimotchpen ten HRHRS-RIHOL vAddld | S
of the §Mre§g8rvﬁ1aw%rg the gr%\él‘? gpegtl%g]pgr%&\é{eg Serge?ltdagg,htﬁen the smaller

operating parameter percentage (lower power) present in the compressor may be due

to other reasons such as lower flow loading and the compressor may not be in an
- unstable or surge condition. The process returns to step 202 to repeat the instability
detection process. In another embodiment of the present invention, a unstable or

surge condition can be detected if the pre-rotation vanes of the compressor having the
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operator is provided with a warning on the control
panel 140 in step 214. In one enbodi ment of tdEebruary 2007
present invention, the |lag conpressor 110 is shut down
if 3 surge conditions are detected in a 60-m nute

WO 200443490 er i 0d. The detection of several suUf(éUS2003/021903
conditions within a fixed tine period can indicate
that there is a problemwith one or both of the

- onpressors 108 and 110 or with the operation of the

Sma“%&&% § HEFARISE POIPIYASE AESsOmeR @t ieietermined; et imsee then t he

the RBRftAOA! vankd ' CorPhiERE 5
Iiﬁ‘nventi o?a,n tr?grtlgéeggﬁ%%%gfggﬁgtﬂieggar%ég\norb%lg%%uép er&gnv\% i f

paramgtey pexgentegendi ti on is detected in the |ead conpressor
108 the predeterm ned nunber of tinmes. However, +the

hut A+ s@r . 1.0 not
10035 04y ARG i blablet o BB ARIRL BE°Ren Mooy M0 a1R.ate ,
contrely glgpzitluo defietmioes, iftan amsiabile @s pamgel icorglittonr ise Heert Betbdis 4 ead
| so reduced, . which results in

. 1 i
_ predeg-g é'éuﬁYS‘PO%eﬁg? o Wi Iral% terymed tipe period i gam e s dbfm 110

unstabla oR €@ CidaRdNnVih lelihdr e BT FoRhprERG BRI R Il g@ﬂb&re&or
above and thus providing the |e

di scussed
1_10 %iﬁ%@%ﬁdmﬁdﬁ@w Bpper p? fimesy _Wlifbmﬁthc Irpeeﬂetermiaed
ine o 8PE el s 5018 UGl B B S 8t

operaipy ifcprotided with al®dming dnhibe contpnl aisb140 HRepnd. LilGnar e
e condition has _not been

cnsof B S BRSBTS e

C

conditions ded dviettedefl af (0ARinRRI thRpdridd St Bl deledtion B?se%ﬁfsé\ﬁ]% of
re-rotation vanes 120 and 121 to the conpresSsors

the | ,
°°nd“a%‘g vt & Hxpdrtinag paried san ndicnte et Bire is afprabiper with ohoort he
both FARPESEHNsSrs 498 48919 1P F@@%@S@%m@g il Sl 000,

~.conpressor to correct sur
requirgs) fgrtheriinvestigapinn b tresopeOBr.a it arbilidr ambodimattWAtiRpreseft

. termine i f the r gi,ng, conpr essor has corrected the
foventt; B el Sampreswy L Phcal Do hdoinde e condilion ioftecked
in the (iead c@nipressoy € 08 il preddimbndd ABmBG W ithiean }Rﬁ\févagﬁ]s hut

a %@?ﬁﬁi ie%réed -14 N 6 February 2007 WO 2004/01
own VPO LOPPesy 3108 may met jhe reauived dreealise rwhenethe 2d:d

2 at I -f: A t 152
o L a5, S i The R SRR Sl 36 e e
compryyser mptor d¥lsisfalro rekbiced, whidhrrgsuilth i b eedustivhga teoaicht 18N

ted in.step 218 is simlar to st
the 1 3350 10 1t Roncs JehuBF uimialonsrabms prrgedues dneussed
above ambthabp@viding hie Ba S8ASHdbOI08 Wit POty 4 8dkect fne! N

un%g,abl e or surge condition has be corrected 1n step
surge oppdition fysfo dqyeer flgwdn thedag dommrassondt. 120 and 121 of the
conpressors 108 and 110 can be opened in step 220 and
[0036]t helnSy 1288) tREPrelrSRHSEvAY I ratid o fter.,the
eyst erje‘?r esumagr nor%qavna fﬁﬁan&’@flt@tﬂie J&mp'zéésgors 108"%d
110 are closed if an unstable or surge condition has not been detected a predetermined

number of times within the predetermined time period in step 212. The closing of the
-pre-rotation vanes 120 and 121 to the compressors 108 and 110 restricts the flow of
refrigerant to the compressors 108 and 110 and permits the SUTging compressor to
correct the surge condition. In step 218, the compressors 108 and 110 are evaluated
- to determine if the surging compressor has corrected the surge condition. In a '
- preferred emb_odiment of the present invention, the surge condition can be considered
~14- '




operation, the control algorithmfor detecting and

correcting an unstable or surge condition cang B&éruary 2007

restarted at step 202. [0038] |In another enbodi ment of

the present invention, steps 202-206 of the control
WOZ“Q‘V‘BB‘@Fthm can be replaced with steps thatcTdE2WA213Hq

conpare other system operating paraneters that are

i ndicative of a possible surge condition. For exanple,

in the con&ressor di scharge tenperature or

drop
o beg’ﬁ’é@ﬁ&f%gﬁtsfeé P18 nRor B Atieselie frog Se Rempresser wajorsaiSa aadin
154 tfagUsEferthdntnt g?edgt@fnﬁﬁ O TR0k for %L?x‘nﬁniuﬁg éi% tlﬁ? | a

determne if surge condition ‘s prese

surgef apnditien hasnisonl coneertedah steh @19 iscaimiidr to miepn 201206 debdribed
con . ith an be applied to apy two

abov%%ﬁ%‘grt%%@lr] §1 SF"EST#E? ?risBrlgg € Pé%%rgf‘engsyst em of three
or nore conpressors to detect and correct surge

[0037 ondif theamstable 00 3@ke Whiditenthhebden \contdicdninhag 218 ek the

escri be it eference to a preferred  enbodinent,
Pfe'f‘g?u%vﬁesgéwﬂwg@s‘tf Wf%f%%@%&ﬁﬁﬂ@amw PRREdAR fteR hat
220 andHfieQiySteGah GREmMERYrmAP SpsFRA, b ALy ViR sBliS e BYmRE

substituted for elenments thereof wthout departing

operafipiy the gentl glgeridm faredetaqiins td porrecting duliunstahle orraurge
condiﬁBx‘fléaEibE"i’ésita?t@&a 2%3 made to adapt a particul ar
mat

.Sltuation or riral to the teachings of the
i nvention without departing fromthe essential scope

[003§] herla gmothgh embddiment dft the prasertt dnvimtion, heigps t208-2061\0f rthé on
0 limted to the parti.cul.ar enbodi nent disclosed

conted) gefihns o} b Fenlted, i Ao, et 8 B8 SPInBER it 5ot <

operatifiygatdrheders tHat/hre tidtidativd\6f d poYEbIE kigPe YinditionNEbikiiemple! a

embodi nrents falling within the scope of the appended
drop ip fhencompressop discharge ipmpRsEyre GOSTRITIEAD 9B 4% compressor

disché;f'g 43P EHO3A2 1R8N AE dbiSctioh Ff{é&gﬂﬁosi’giom @%ﬁ%@% if or

etecting a conpressor I nstabi ,
a surgecnepdiiers oy present r ingiitl ait fugther syubbdiment dfctherptekamtl invention,

[ Si e st of .. det erm ni ng. an eratin
the oHETACHI el e SR Sy DL S RS St o
- system ofihree 98 flord @hipr@&iredoidefecians tafacBitflgreonBiEOMRd
, conpressor of the nultiple conpressor refrigeration

ys onpari.ng .t he operating' . paranmeter of the
100397 ? Sl i BEeR e Rl SepRhed i TpARRRote TBYORYe
bo@igAH Wi BRHRRER0d b il i i hiy on
e by ioBt SN LRt (B SridkR SRy
be mads #p¢ equwentmap b isehtituted fonelements therep withous desirtinghe
. ﬁ:om“ Eﬂers%pe(:%£ R o ta&}ﬁtién? lmeahy modifications may be made to

adapt a particular situation or material to the teachings of the invention without

departing from the essential scope thereof, Therefore, it is intended that the invention
not be limited to the particular embodiment disclosed as the best mode conteﬁlplated
for carrying out this invention, but that the invention will include all embodiments
falling within the scope of the appended claims. |
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vane position of the second conpressor; and
determ ning a conpressor instability in one ofgkdguary 2007
first conpressor and the second conpressor in
response to the one of the first conpressor and the
WO 24H3HE conpressor having both a | ower ofd&TAR4{y021903
paraneter and a nore open inlet vane position than
the other conpressor of the first conpressor and the
second .conpressor. 2.. The method of claim 1 further
“RHE6§ﬁFF g the step of closing inlet vanes on both
' the first conpressor and the second conpressor until
the.determ ned conpressor ,instability in the one of
1. A et B detpeiing s bponieon, isBUE0 iR & e Somprossor
nﬁ%&ﬁﬁﬁh@ﬁmﬁé{hﬁﬁ&hﬂﬁkﬁ@ﬁgﬁéﬂ&kﬁ%@%ﬂ further conprising
the steps of. determning a nunber of tinmes the one of
t he fpteBminiasap epesating naratheten Somshwtion frst compresssaif ahas

h ' .abi | | ithin.a redet er,m ned
¢ P16 SO ERGenloBR AP bt et Qe borBIRF CB I | s
t odfinde embgiressorirefeigerationndysiempf i nstabilities; and
t ' th f the first dth
 SecoRIRTEEE SBraing PaERgiEn eb oMt omsspion e

N4p&etingQarailoftR 5f 186 bdtBndlécRPr&tor! han the — predeterm ned
nunber of instabilities. -16 -------- I 6

Febr fgleipninipg 7n injgh vane pestionfon bl the B2OGBIBBIG0RI4. The

matRedn8t im.3 wherein the predeterm ned nunmber of
i nst a(g)lnpi(tn?i Igéslmé 3 and the predeterm ned tine period

i s 6Companing d. inlst vahk @ositidrhofithe ffirst kabpressombdetheidiett he

: st%fé of...det er m ni an _operating paranmeter includes
-t FECPPERE _eﬁyg&o}nﬁgs TrifBtor current of the first
CONpéReaiing aNBmprRRS WstBlitR ilBRObT S e Nonfesiof®

second cog(*pressor. 6. The nethod of claim5 wherein
t PR 16p 8gpoBd coraressor inirergoras o Hisraue iofi herfinstamipeassor

f j e . calcul ating. a
i e e S BB B o T Pl bR and 1, o1
cunyer epepoinlet Siang podittontias the Gthep tofpRbsor @R tthd first he

first co%r?hssor nd a :
comipressor and the second compressor. _

2. The method of claim 1 further comprising the step of ¢losing inlet vanes on both
the first compressor and the second compressor until the determined COmMpressor

instability in the one of the first compressor and the second compressor is
corrected.

3. The method of claim 1 further comprising the steps of: _
determining a number of times the one of the first compressor and the
second compressor has had a compressor  instability within a
predetermined time period; _
comparing  the determined number of times to a predetermined
munber of instabilities; and |
stopping the one of the first compressor and the second compressor in

‘response to the determined number of times being. greater than the
predetermined number of instabilities. - "
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full load current value for the first conpressor; and

cal culating a percentage of full |oad notor CU§ F&dhary 2007
for the second conpressor using the neasured notor
current of the second conpressor and a full | oad

WO 20040138t val ue for the second conpressor . PGI/USEHEOREIHod

of claim6 further conprising the steps of:
cal culating a reference val ue using the operating
paraneter of the first conpressor and the operating

4. Tpamgihed of claiin 3 Whesmdbnpredsenmired siomber of dpbilitiegis 3ad

I ed . reference.valuge to a predeterm ned val ue;
ﬂ‘%??ﬁ%%ﬁ:}g%&pﬁger& éf)ﬁdc;?“n&l%ﬁpari ng the inlet vane
ositiqgn.of .the first. co ssor .to the iplet vane
5. THE Beltof e Gaish 1 owhiabit e %8125-{ B, PROMIAS DEEATISHR s e
iﬁc@d&&lﬁe@t@ﬂ;sﬁﬂ ated reference value being |l ess than the

predeterm ned value. 8. The nmethod of claim7 wherein
t he * SRE@PHE ageater pugent afthy firss pemmresser; ol ue i ncl udes

the Ea%ﬂt&l@uﬂéﬂt%@@fs%;?zﬁdfogéwgésyo% using the

cal cul ated”percentage o notor current for

. [ r ng. t cul at ed per cent age of
6 ThefiplpA RS RERB PGS o fen oo bbb R PRl
fiwterinclndes e stept b6 val ue is the ratio percentage of
t he C%|Cl L at ed percent g%‘% Zf full |load mptor current

& L

for f st PELEHERRQ ord mnior correry) for e first

PRbGSREDBE iKY thé HlehsuteARtbtéRInt 6 cond
co gﬂgssor.ﬂgj 17 g February 20n07pﬂhséﬁ)f%8%ﬂ2§r8§f%%§%

pd¥} losdogenioriugdar the firsheompuseskaypandf ¢l ai m 8 wherein the

or o SUETHE A, Dokiihe 3 A RBlop Elibr 5 P Gaspanc

aloompre@0r pung thetmeatifred Toeor neirém df te wb@idotprdagdrei n
t he etermned, value is 80 percent. 11. The net hod
o@%?%ﬁﬂ?%‘eqriﬂ:’gﬂ@w2%%%3%@3501?‘%“%eps of cal cul ating

reference val ue using.the operating paraneter of the
7. Tﬁﬁ‘l}l O‘{Q,fgf’?ﬁflég%‘g]i‘erm e tsdiraoting paraneter of the
secopdlcf hSfeRhce vafRTRRE tHAGpLen e €r ence
val ue toﬁg@pr edetﬂét_arvrri ned %gﬁug; %}%Ag}tg?%ﬁt%% step
oFomapyRiser and dhetdperaling parameieref frosidond pompretshe fi r st
COMPLSARDhe b A1 BhorchBO GRS § pAeRImblP5S O
and

- wherein the step of comparing the inlet vane position of the first
compressor to the inlet vane position of the second compressor occurs in
response to the caleulated reference value being less than the |
predetermined value.

-8, The method of claim 7 wherein the step of calculating a reference value includes
 the step of calculating a ratio value using the calculated percentage of full load
motor current for the first compressor and the. calculated:percentage of full load
motor current for the second compressor, wherein the ratio value is the ratio
percentage of the calculated percentage of full load motor current for the first

compressor and the calculated percentage of full load motor current for the second

COMpPressor.
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response to the cal cul ated reference val ue being
greater than the predeternined value. 12. Thes pedrha¢ 2007
of claim 11l wherein the step of calculating a
ref erence value includes the step of calculating a
WO 2004/4184% ence val ue using the cal cul ated pefdéh 2{5@%3?3
full load notor current for the first conpressor: and
t he calculated percentage of full |oad notor current

wherein the difference
9. Th@meles ST &y PG Shrcelih st e legh e oo o
pﬂﬂétélﬁﬁh@ﬁ@l&fls bdtlréenlaBRf 60P&ONT G B o0f %fc #lthe first

conpressor and the cal cul ated percenta full 1oad

10. TH®#6Mhod Uf S8 9 HiBdreih BB p rea@@eﬂﬂe pre §§§§Jm entS: 1he

met hod of claim 12 whérein m néd value is

11, Tﬁfm@ﬁwsmmﬂéfmﬁé?%oﬂgﬁsﬁ&dch@& @ m1 wherein the step

determ ning an opetrating p arreter i ncl udes the
st epsalolatingsigforange valie usfug zﬂmbpexahﬂg peahaefudtial fitkie and

flow.rate f first conpressor
| ‘anglh?%e gglgdo %0%65%3 BYABper (%ghe sﬁc@gﬁﬁﬁi’@ﬁs%r ogr am-
. pr oduahparingate edotdedretanmes vikie 16 8GRk R BA) Yanmand
executabl e by a mcroprocessor for detecting a
cﬁ?l‘ﬁr essor instability in a rrul tiple conpressor
T ef I ivieieal 1oy ot Sipalifl iR ORY (Ble. BLARGAT AL g]'gsl%(:t
conprising comnputer “ins ruc I'ons f rexecu
s E@pRresspr ethe imet yatreppagition péttmtsaamgd pampnmber)coﬁ:fscim bot h

omnpr f nmul t ressaqr
r e%sfgtlﬁlééer%t EH())en %gl?/&si?t%c?n IS%E?H%? s@l?gn Palar s Bjan othet he
npieti¢tpinengionfiteessor refri gerati on system -18 6
February 2007 WO 2004/013494 PCT/ US2003/ 021903

12. Theahathd o] cﬂ@malfvﬂlfeﬁ[tﬁt% Stepy 68 daRuIBAD S 1df J;J& g%ﬁé‘iﬂcﬁaes

gara ter of the first conpressor an e operating

pripulgime; o, differencsimlus e dhs @alculatcxbmn@mtagg of Fidl
1 rmned val.ue;
e PR T B ERE okt o BISRSR i en s i
lo @dngtp@ exrent fon d}e se¢md s?tnprﬁﬂo? oilipreisthe diffefenBPAdlhd g rt}ﬁd“ €
. vane poesition the fipst conppressor to the
- cilllth O RES Bl reroeinge of B o8 Biagawsent fonthe
. firstesppressortaad tiecakalail E@a‘c&ﬂager BN EHEHEY UErehCloPthe! €SS
than the predeterm ne al ue; and determning a
SCBHPIBREHPL-| nstability in one of the first conpressor

and 't he second conpressor in response to the one of
13. Thp Fsthod of elain by Whasei the predetermined value is 20 percent,

14. The method of claim 1 wherein the step of determining an operating parameter
. includes the steps of measuring one of a discharge temperature and a discharge

flow rate for both the first compresser and the second COMPIessor,

15. A computer program product embodied on a computer readable medium and
executable by a microprocessor for detecting a compressor instability in a multiple
compressor refrigeration system, the computer prog;rem product comprising
computer instructions for executing the steps of:

determining an operating parameter from both a first compressor of a
multiple compressor refrigeration system and a second compreséor of the

multiple compressor refrigeration system;
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and the second conpressor having both a | ower

operating paraneter and a nore open inlet vangFebruary 2007

position than the other conpressor of the first

conpressor and the second conpressor. 16. The conputer
WOZ"B?’@%?*‘ém product .of claim 15 further conpti<yHEp3/e2903

conputer instructions for executing the step of

closing inlet vanes on both the first conpressor and

the second conpressor, until the detenrined conpressor

i nst FBICPBHEE 2 ferprence Vil ppusine thmeparating pargmir efdkotirsand
t %n@%mn@ﬂ%ﬁ&ﬁﬁ@pataﬁm&gsgﬁg%ﬁ&d le%e-ggb?' conput er
flaim 1 urther co

program product” of C rising
c onp$pPBEparinghe ¢alpslatedmefefanee wwda b pregetetmeneitvalns; of |,

det 1.0 f 1. t f the first
cormpr e by WRE lne Boxli RS RoliCied B Romrmize 35
c dhepseesricompresforbi | ity within a predeterm ned tine

period; conp r'{qrﬂ% t he determ ned nunber of tinges to a
pr ed &PTPFRTG (YB%y PagHion of thefirst qompesssos iy ths tidpipi ng

t Ran® Pesifidn b el debdild CRARESSSRY {fe,gb%sé B 1RGP hted
e

‘conpressor in_response to the determ ned Aumber of -
t iTRESNGRYafg being lasethen hg pradefermipedoaibiepandi ned nunber of

cl ai PR colroeitIna IR i onBi et Ceferior”

i mad tigi se¢cni esmpressdr mndspone: tpribdeicarMided: édngfﬁ?es&ﬁr i od
i%%és%em naﬁes. 19. ,The Z)otr@rter pr ogr am product of

c PAT 1 PECOfh &ymprpsseriaving bgth g lowes qpe PRyamgter a9 ér at i ng
PatoddTope irlétChaue §Rsititte tRInCRe dther chipresir LY 2007
WO 2004/ 013494 PCT/ US2003/ 021903 neasuring a notor

c GPrRIREsopgndihaseeondcomprsssor.essor ; and rmeasuring a
notor current of the second conpressor. 20. The
16. Theo spripeter proseamarprpdustioft clain diSaffurthe comerighg) compusst ep

infecfSEORT, At e 5" B BRI RE Valkhert biatpe
coinprdssdraad| thewtcond cantpressbr ﬁlgfjtrhf Eﬁtgﬁn&)ﬂfiﬁ{cgg@%?&r%g gﬁﬁ@i‘ﬁty

. in e asured notor
mg%%&?? Qgﬁﬁrﬁfngﬁ%}n%ﬁsww thepsepnd gpmprsssovisicomectedr t he
17 Tfi rst conpressor; and calculating a percentage of full
- Theo SoPpHieio Progiat dweduplo of t ¢leims d& ofiether comprising computer

instructions for executing the steps of:
determining a number of times the one of the first compreésor and the
- second compressor has had a compressor instability within a
predetermined time period,;
comparing the determined number of times to a predetermined
number of instabilities; and
stopping the one of the first compressdr and th_e second compressor in

response to the determined number of times being greater than the
predetermined number of jnstabilities. '

18. The computer program product of claim 17 wherein the predetermined number of

instabilities is 3 and the predetermined time period is 60 minutes.

19. The computer program product of claim 15 wherein the step of determining an
operating parameter includes the steps of:
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conpressor using the neasured notor current of the
second conpressor and a full load current valggelir@iry 2007
t he second conpressor. 21. The conputer program

roduct of claim20 wherein the step of calcula}h&g a

WO 20048188 nce val ue incl udes the step of cal ‘U &%
rati o value using the calcul ated percentage of full

| oad notor current for the first conpressor and the

cal cul at ed er cent age t%; full load notor current for
t he g%eg%mgegq%qrggrg of {jp SpsbpepuRreRsol g 0 val ue i s the

rat | mafiiag R oiibed: BPmE Bobh nfbtkeR! cont age of ful |
|

| oad notor current for the rst conpressor and the

20, Thebilal 98 PBF SRILACE B’ 1) bk GAHIRE PG SHELSEL: of O

t he, second conﬁressor. e computer
ORsFRIE pRrappterfughenincludghthesieps ¢fhe ratio value is |ess

th . d det ' | '

bt wead el el SERkEAC of B RESCRAGE BuBgH 7 dbi o

[ e gkl o i |
rmined, val ue js ercent. 24. A stabili

g%‘ﬁf@%qe°“§f§§wé1ﬁe?%ﬁﬁ%ﬁ%sféfompg§ﬁoa%n syst em conpri si %g a

| cadealeMifiBf &Sphéontage | R Guf B £330 burdls RAENSH0a AN

an evaporator connécted in a close rigeratton
- cPIRRIPSEOT yshg the spaneedpmetos ovrrenh df thessetand conpREE®S S OF

. prietos ouraandf ek
oA Ol Pt B b YecSha kit |10y “cont o

adj ust a y an actu
CTHY. | sing. .a first,sensor being configured and
21_ T}%i c?p seeggf%{é&ilp febg%l Cta?]tf%ﬁjélr %\‘? i“ﬁ’&remp'g'FaﬁtF%t%frc%?“?@ﬁé 3 ead

refenpr edisdnciaded thiestgesfraRiRtiAg § rdidtvaile GBRL the calculated
to the detected operating paraneter of

corres in
Pe{“’ﬁléta@e‘ﬁoo‘ﬂ@ é‘rf‘grﬂé%%fo?“,mnt fop the frsimomaressae@0d the@lculated
= al bei |
D B oud bbb S S DB SRR 5 B

confl gured and di spose ete posi
- valye {iythg Fafig pepentage of thg galdwatedipersentie bhll leAdnGORFERS O

forahd cond. si gnal carresponding to the

or P 5P GRS, e PAFHAC Bordaifhee oF g1l ok mvior Gurens

forvlasesondfcotimesdoead conpressor; a third sensor: bei ng
configured and di sposed to detect an operating

22. Thp acraputrasrogrim thaiubBer SAHPY L HEHindR i WG Bl afn.
IO(Lh' rd S%gnal corres ondynggto the detected operating
Byt ent the prodaterminen valwyis dstivsen about 60 peivergend abowei ng
90 &@bdrk.gur ed and di sposed to detect a position of

23. The computer program product of claim 22 wherein the predetermined value is 80
percent.

24, A stability control system for a reftigeration system comprising a lead
compressor, a lag compressor,. a condenser, and an evaporator connected in a
closed refrigeration circuit, the lead compressor and.the lag compressor each
having a plurality of inlet guides vanes adjustable by an actuator, the stability
control system comprising: . '

a first sensor being configured and disposed to detect an operating
parameter of the lead compressor and to generate a first signal

corresponding to the detected operating parameter of the lead COmpressor;
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the plurality of inlet guide vanes of the |ag

conpressor and to generate a fourth signal 6 February 2007 .

corresponding to the detected position of the

lurality of inlet guide vanes of the |ag compressor; "
Woz‘ﬁﬂ‘&sﬁ“m croprocessor configured to recei'(’fgr['tlsi?g‘}%mlr"ﬁ
signal, the second signal, the third signal and the
fourth signal during normal operation of the
refrigeration system and to generate control signals
for ttheceidtsgasop being tonfigimed priddisposedyto albtebtrd msitigubfie

SV - conpr nd the |la co essor
oy 22 infili A3pleE Bl SR 3R Hend Rnoror ] o SR ¢ e
t hiecahd ssigpab torraspehdtriaeto fbeldétbotei poationt oF the REHIIEObE
al | it%fm conftj red to determne a surge condition
in‘gjg 16t VaPEee Iﬂg‘;aadccﬁﬁ?‘ﬁi?eésé’{éor and the | ag conpressor.
25. THheirstsalkb? by 6l afd Asfie@’io ﬁétéét%%fser\ﬂﬁfie' n
%e " srgna

the m croprocessor generates t contro for

t Heragetes apbribe olpg t ¢rmppdssarapiid o ogerierateeta dhirdiesignanes of

t - the | i
- B Btin BTRE S B M SRR Rr S one of
t he Iadammégmgrcgaﬁyﬁuddmd Idiggosﬁdmmﬁas@ @fpoflfien €Nt er ed

r { n ot a lower operatin
SO -L Bhon b e B s S o
t Bure sigel CREBIATHL Lo tg_% dét8ifed RS OPTRE pRAM i

| ag.. conpressor. e stability con system of
c|gHidmvenss phde bagrompeessosrand ol si gnal s generated by the

m cr ] t ors. of. tthe plurality
of 1 ATBRRBREot RRHEN 1b REelF E SR ek, biocind e
| atgnalotirp thimissignal and theabert dignapdiuting niotrival @perhtineif t@ui de
vanes t%‘ sthe | ea con‘grrsessor 1ar_ld he | ag conpressor.
2 7 &gﬁﬁnr 1oosrrgie copaqlesigngls for HercDstoR e ei n
t hiee glonlitobf Hgnalide GaReoLaRMRY coﬁagx%sg& THOREOEESSO"

shut down the |ag conpressor in response to t
c SPRpISIsor bypappdyirg e dizst yigpdohe sepondsigepl dhathid signal

P 0. [ .det er m ni that .t he one
ofg[ ‘% E@Zﬁgﬁé% g%é%pﬁe@é%&%h%%%% ?‘Egg%r& ?éigt%g'i‘me flas
eswrge emdiios in gre of tredéddicompressor adiethelgicomprequber of
times in a predetermned tinme period. 28. The
25. TJ?; M;l-litjr tontobsytstond oi_fi:}llzﬁlh%vﬁzfereﬁif thé fictdprobRioe igé}ierattésf@he
r sensor, conpri ses neans_ for, peasuring one o
* cqpspyenali Pe e CHRETS hibs PRGNS, ApIcS 89Kl Faten of Kisclead
COREPIARERS B ithed 'lg% _tcBn%PngEof %S%gttﬁ)%e GOMRE! Sfiftol R R0S MmO

nmeasuring one curr
determining one of the lead compressor and the lag compressor has entered a

. surge condition by having both a lower operating parameter and a more open inlet

vane position than the other compressor of the lead compressor and the lag

COMPIessor.

-26. The stébility control system of claim 25 wherein the control signals generated by
the microprocessor instruct the actuators of the plurality of inlet guide vanes of the
- lead compressor and the lag compressor to close the plurality of inlet guide vanes

of the lead compressor and the lag compressor.

27. The stability control system of claim 25 wherein the control signals generated by

the micropr_ocessor shut down the lag compressor in response to the control
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and power consunption for the |lag conpressor. 29. The
stability control system of claim 28 wherein tfl®ebruary 2007
m croprocessor cal cul ates a percelnt age of full IoadcI
ower consunption for each of the | ead conpressor an
Woz‘ﬁﬂgmfgéig conpnPessor and applies the cal Cu?cﬁjrg%oosmzms
percentages of full |oad power consunption for the
| ead conpressor and the | ag conpressor to the control
| gorithmtq generate the control signals. 30. The
ag&"g figicrmanipg thal the gre of thedpad sompresser and theljeg compressor

A A _ eive
Hip ik lige SRR RabEmihal hifbool SR EL pleuy g
tizedberipd fourth signal fromthe first sensor, the
second sensor, the third sensor and the fourth sensor

28. Tanstabidityoonivelrsysttth of clir2dtwiskgmal , the second signal,
t he tpi d,signal and the fourth signal to digital
s gnelfs 55, Ponkl Fomprises S1egRsOE Bleasusihg onmof meeF el boar d

t Gind @eREMDiUMDLER Tt (iRl1ea8icOMpIeSsof; 288 t he

m croprocessor and to provide themto the actuators of

t he ﬁﬁ% iSERROFomprisgs apcapy for Enegamiag oof of tetor evamdnt

CORRGERHUn @RI Rr R%SBHRESTO - - 22

29. The stability control system of claim 28 wherein the microprocessor calculates a

percentage of full load power consuniption for each of the lead compressor and
the lag compressor and applies the calculated percentages of full load power
consumption for the lead compressor and the lag compressor to the control
algorithm to generate the control signals.

30. The stability control system of claim 24 further comprising:

an analog to digital converter to receive the first signal, the second
signal, the third signal and the fourth signal from the first sensor, the
second sensor, the third sensor and the fourth sensor and to convert the
first signal, the second signal, the third signal and the fourth signal to

digital signals for the microprocessor; and
an interface -board to receive the control signals from the
- microprocessor and to provide them to the actuators of the plurality of

inlet guide vanes of the lead compressor and the lag compressor.
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