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APPLI CATI ONS [0001] This application clains the

benefit of U S. Provisional Application No.

60/ 401, 355 filed August 6, 2002. BACKGROUND OF THE

o L AR TP ror.

invention relates to a control system that

re-establishes the stability of dual centrifuga
CE@ﬁﬁﬂ@@@ﬂﬂ@ﬁﬁﬂéRABiﬁg¥FﬁDéﬁ%ﬁﬂ@éﬂﬂﬂﬂﬁon one of the

centrifugal conpressors entering into an unstable

r at nditi o ondi.tion, [0003

0838 5 2% SRACUCR-T BN Fhef LS PROE YT Ghpri i) o
6Gm&n§ﬂﬂﬂk@@u@@mmxeeﬁprs can be connected in parallel

to a common refrigerant circuit. Frequently, for

' cantr ol ne of the conpressors is

Bé@%&%ﬁé&%@)§gjgﬂapggg é@ﬁbressor and the ot her

conpressor is designated as a "l ag" conpressor The
[00012CT tThe Bfestii8nydtibh G444 Fé?féralﬁ%ﬁa%ﬂhtr@l st@ ?E&n ressors

conpressor, can be controlTed by the use of usta
Omngrlotmtalbh \‘Bamﬁcaﬂy ithrel Ia'csezyu imentian edaten tcn R pmnmlesystem

i,n_or j.acent to... tio nl.et of eac
e BEYRS TR sl g L oeBishpatemPiges R pheratipe in parale
upofl Gl o€ MR Yehtrfhigd] Q@mgl/e“sﬁﬁg’entehﬂg 16 8n GREtAB1E %Beﬁéﬁﬂ? SoRfition
each conpressor can be positioned to control the
ﬂ@hasﬁémgﬁg@¥%MQnthrough t he conpressors and thereby
contr ol the capaC|ty of the system The positions of
pr r m_ a c I et el
[056@ N pg’gl ?&eé’s@@ %Eﬁpﬁ?tgtlé%%gf‘%&% nsvS 0 reSSOTS
caprbemﬁﬁf&tedaﬁ pamle}stof DEOTAMOR l’ﬁﬂﬁg@‘éﬂrcm@aﬂ beequemy ttbrodap sty
in a nore open position to i ncrease the fl ow of
copgph g6 rOzirﬂle EAPBIFSIOY Hedesimpisdes sotleahicaniupsspy and the other
it v.0f t 0
cohBEESESE, JBEnERAT!d Yol obilifresih OeXarklly of the refigggation
systnma amg r e @ich&@damessbﬂ, ican Heocaemiled s thleeus‘el @ﬁNadaﬁstable pre-

fri erant ough the conpressor and thereby
10 gxgpé/ ues qriple Blg\ VEYESOCQTR agﬁ‘)(;slfléﬁ]a Ja[:@rgdgf]thqﬁgtmn inlet of

cabli 8SMBRELOY., @&Qn@iﬁ% RAGKE BaRBiaf %patcfff SRRRAleh% & th system,

refrlgeratlon systemis'to control he position O
the pee-tafionovaacs of escnesmpkssar canmbe eositionedta espmiske flod of

, 01 4 PCT/U82003/0 19 to.a deviatio rom
relf 2501 B0 P SSTRESCRE TR0 RN e EEP R i the System
THeS§joRRIoAS B Bie phe- idﬁﬁlon vanes can range from a completely open position to 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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evaporator. For a systemw th two parall el

conpressors, the pre-rotation vanes of the |ead
w@ovpoersor are control |l ed based on the | eavi neCTOR100&021903

wat er tenperature and the pre-rotation vanes of the

| ag conpressor are controlled to follow the capacity

of the |ead conpressor. In one technique, to foll ow

' f o I Or .: -rotation

o5 BARRTRY o Py 05l PR SPRRIESARL ey BBha R e
evhpErapanBops sstsih agid twofpatallel chrapdsdsvns, dhie Brero@tidn ivihdks BE the

| ag conpressor that is present in the | ead conpressor.
lezt ressgy ﬁrﬁd:opqq%llqglr}@,s Q%Fhedpav(yggﬁ}p]lequ@aqer temperature and the

_ ’ i not abi Ly

P R TS of B PERLRR S50l 5 BRihagho Bl BBl of te
leahcamstssbt. eln aeridthniqe, tohfallowelie capavity whiha lead compressor, the

conpr.essors, .such as centrifugal K conpressors, are
PIEBUIRITLUANGE Of e FuBISSSoR drerRsHiqHee S btanhg e percentage

[

B e R R

cases, the occurrence of a conplete flow reversal
[000&f] ougRuting tewaparaitnnort ceginifyalgzonipressonsconompridset, instability
. C e _ex ive vibrations in bothg,the rotating and
or SRUBE S BEAR Y , SrabfiRtee] POppfbsiE no e o o gt unstable
cohdisioh tthatnmpe ro¥eewhert @OMPRSSHE, FOABE entrPHEd] NDnhr&dSEE are

condition there can exist a nonentary reductionin
operadRs ainkihyrleadsyand high\pspsspredraties. o Syrgehis & tapsien senomenon

rt . I iy i n_the net

hafle 1B TRqBendr Siclafph, 4% oPesh ey A b, ity B e gses, e
octirecrcongf as sompleten floke revsal thiwigh e ceipiétsodeVisafsifg, if

the conpressor is an electric notor, the oscillations
mpwtrqlk?gg G £3Hse BYReFsiva dRations B Sathgtheconieting end stationary

[ n : sj.ve

colpRlrte o e Conp Rk ind MTieally jFbenf CpBERF Halfice
Dubgvesurge serdjéorcthaci danaist o romeniryirédigabn GO APwesd Pressure

can esult in a reductjion in nmotor current or |oad on
Aoy §laP e 335158 POBPIESSqro diHIRISBHOTn thets Sy dacBiciien ap dhe net
torg]ge LRIRBEARLMCE HdvAP 4tNEe ‘Eﬁ’z‘gﬂ{ge SR of ggclbmrpérgkesof? i Gt‘l?«ﬁgase

a surge condition can be detecte asuring
whene dhre duve davicoof tiadompres$re is ampelestsormotor, thé@scillations in

o S aERieR SR T sUBGPoRe B EARE U gHeilALpRoi: motor

cuffeihit @dcaaBMY Blectrichl dower o piggr stood that ot her
operational paraneters, in addition to the ones

di scussed above, can be used to detect the presence
[0Q}6] 5 sfF glscusssdiabpwym. 2 SprepoRrdition 0n 3 oantrifugal compressor can

resﬁm{n%%gﬁ%f 31? 91%‘[01‘[ 0%91%%1 ch‘?a'& g‘I}: gﬁ;&y&g@%ﬁsgﬁ ﬁ# ag‘%glfction in

punpi ng con _on OpCUI‘S on one .
dischange presaire apphipeitire fom tHRQoaPRRERS Shius \ihé fResERe ST A_trge

cog’ 1’[1%1? cgnaﬁe ggtelctgccl: {)5 ?nseeasagng 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 above, can be used to detect

the presence of a surge condition.



refrigerant flow. The increase in refrigerant flowto
the non-surging conpressor nakes it nore difficult

WO 200408396 Ur gi ng conpressor to overcome the  PCT/US2003/021903
instability. One technique for overcom ng a surge
condition in a dual conpressor configuration is
di sclosed in U S. Patent No. 4,646,530, hereafter

err 0 : g ' i :
OQFFEL! S Sg UE o gELconlion o2, B0 Lo i
duabvompressop applicafions; ¢t confpuesabr whichrdessnotsurgerine ah @dtréale in
aral |l el . ring a surge condition in the lag .,
re@a%%siw-%%%%@? oF TIpEPaTt dRWoto fheenuRpEREsypgpressor
mhiSesGh RS diffiFAMdr e i@%"ﬁfﬁ%l confROk6Llo SRECALd AR ih&?}ﬁlétg' One

surge control operat In the "530 Patent, a sur
teclondliet fosrpviescondeg acturge whrelitiothén rodual compressir @hfigiration is

N 0 ssor i an a selecte perce e
TS e o R Re RS o BSR4 B The
53 Peicht AN dirSctélet® e BperstRnb6f RIEERR A sy8tem having a pair of

predeterm ned period of tinme, the 1nlet guide vanes l%o
cenifugad agmpresspis eosneciel o prdiédd Puoringrnotungs condition in the lag
redet erym ned period.of time tg increase th | ow, of
oo R R o0 Gt of (e gotscRnhates o thpiprmal
conttol efdration fohEsuk @Ic@BPEREADN. ThAkE B3 Phtea Q%ardeBndition is

sel ected percentage, after the predetermnmi ned tine
~ dejrstedo hew rthe Heotor cygpRigolothet K8 campresset is eoteethan a selected

| .0 f the .. .
PSRRI 328 R oAb o R R Y Bl Ronion i dfjepted
toitse pilesdnt ifor @ dederinighd! @elod a0Ttime,othe €filet guiddV@fes to the lead
condition in the |ag conpressor and does not address a
COSTATEREOL Hifhilesedior Frothes Prodeteaminsaicaiod o tinenist ingtease the flow
D . . h e
of P RURREE o8 ol 4 BTk Bulfipleted: 31 02 LR ShEN S S mprossor
increasts tabove il seteoteddetcenfa@e Odier Aho predetetrambd itameepdrivd for the
contaglling sur i n_a dual c%ggressor arrangenment i
|

i s
clofiie Bsbg Vircy. & Tead @ Cuppresos480mm) ¢Raiohfapstation of the
confir8sbR0Gs tRuMed.t ORe dRADabled Lhls tedBque io BBt RRLF Bhly dRtect and

directed to a refrigeration systemusing a plurafity
copfectasrgs condifadn indberjpageswpressaopad dpesndtadimsal heke cormlition

. obd.surge in a,t C essor,. system the |ag i
in dBiged SotPessoh heothon daRREK Qi tRetpiqus i daa 4 Rygptormined
tirhé hiakdtbieRipsé BefbRed REBYorsO& 18 SE b BEndifiot AlrGnaty. speed of
t he ot her conpressor and avmg a surge condition.
However, if |oad conditions continue to decrease and
(009 suAgethesirghpinnes GTpeniselling seige aw oiddeliconpressot angangement

. ' - | ead [
S SERSEAS &, PRy S I RS0 .
's@n@atthbwbaiidected tbha Tefrgefatibh Ugstem hﬁﬂ% Zél gglé‘ﬁlﬁmfemﬁﬁlgal

can be -3 WD 2004/013494 PCT/ US2003/ cycl ed on
cogppessprs opesabaddn parallel Toavpid swge ithy twe carpliessos gysian, the lag

cog‘gﬁgészrirljp %&P@lﬁﬁzﬁ'@r SR off S Iréciurclgd il&dséigmi&jl & %er@o%lmﬁlrcrease 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



[0009] Therefore, what is needed is a control system
and nethod for dual centrifugal conpressors operated
w0 poopatabd el that can detect a surge conditi onPCTUS2003/021903
either the "l ead" conpressor or the "l ag" conpressor
and can correct the surge condition in the conpressor
W t hout a conpl ex procedure or repeated on-off cycling
3 : 0 —:(ne
O O e A SCont VARt o 2 skl PR hercby

respltingdn fignificdet moter ngnswoppioessor instability in a
mul tiple conpressor refrigeration system The nethod

i ud t steps of deter.minin n operatin
B8, e Brer e SR R anf R £ shfieal s6Fh fand hptiocp i dua
cORARIZEBERApre®bd GRIALd Ppagalfl Bl 8HdAet AGRAY condition in either
conpr essor of the nultiple conpressor refrigeration
they'deadmeompeesenrearabs Hgspeqrapresser and carheorfdct e surge condition in
0 L.sqthen c d_to the operating papaneter
5 SBERaR il QTR b, 7 Firipd SpBoh™ ety of
cqapiekdopd) for both the first conpressor and the second
conpressor is determned. Finally, the inlet vane
itiQn of the first conpressor is conpared to the
Sfﬁﬁ@fﬂﬁ%ﬁﬁ“ﬂ%@ﬂwwgﬁﬂaﬁﬁihe second conpressor and a
conpressor instability is determned in one of the
(ROP! SRS SmbB AP Hf [ResklR nyRATR &5 HREr Y] NIBALY for
a lower operating paraneter and a nore open i'niel’
detegimgperpinressor irstabiltthén etrheltiplecamyressorefrigditict] system. The

ot.her. enbodi nent t he .present invention is
B PR Lol s e B A sr Y G ER g e Baihea firs
cIRpRsHoR bf & BRUME SolBkid ARGBUEE St SndY s@ond compressor of
m croprocessor for detecting a conpressor |nstab|??ty
thermultiply eqmpressop ngfrigeration sysiémi gBreaopevatinpysarametel be the first
t. program pr.oduct incl.udes conpute
oSEREs Biel CoRRAE B chgraline SerER ot he seront somgressor

Naxt, apéiled vang positidnEbehoth TR tomBrebdok Bhd tHeERERE SRhpressor
of a nultiple conpressor refrigeration systemand a

isdstesminedo ynallys die igtet vergeponifian of the diovhsompsrssor is compared to
j Q0. lating a reference value. .. .
Sl SBRE oS iony o B es B Lhbleafbr s FRBPREaiorituy i
daterthihdtbinoper of thegoppias®isah redpohdtLtoSBE0SnpréREPhAESL both a
and conparing the calcul ated reference value to a
lo¥ier ApeEtling narapgien @nd 2 Angie) oepaimat3wae position than the other
cdRboktddS2003/ 021903  The conputer program product al so
I ncludes conputer instructions for executing the

steps of determ ning an inlet vane position for both
[00RY fi Hstotheo reprbedanent axfdthe pecsestemvadiononRpdies®drto a computer

compar i the.inlet vane position of the first
prggrrr%g} ggoggpt Flgb{)ﬂ]gg on a com%uter rea(ﬂlbﬁa medium and executable by a

microprocessor for detecting a compressor instability in a multiple compressor

refrigeration system. The computer program product includes 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 compressor of
the multiple compressor refrigeration system, calculating a reference value using the
operating parameter of the first compressor and the operating parameter of the second

compressor, and comparing the calculated reference value to a predetermined value.
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inlet vane position of the second conpressor in
response to the calculated reference value being |ess
wWa b@n/otiaed predet er mi ned val ue, and det er m ni ngP@EI/US2003/021903
conpressor instability in one of the first conpressor
and the second conpressor in response to the one of
the first conpressor and the second conpressor having
The lBmPuleP YRIer AR ?E&idcf‘ lso RANRLE tc@fhpﬁfég ifdtrlQidhs B Executing the
i nl et vane position than the other conpressor of the
steps of deteominieg sorinkeh dan @osisionrfdr dotipthesfist cofpPEERir and the
B e BRSBTS o e R B Pl o e
irfleff ¥dng @oaitiof 'of IS 5Fh€ @oMptesbdrdn FedpBast ©MBCERERNed Rference
lag conpressor, a condenser, and an evapor ator
velyaneeng dessn thenc thes sepdeisfringd r valie nande idetsthiningT ke comptbssor

. I r or_each have a.
fSpITRT 55 Ghe B ¥le o oA ST o Sliiiobip siponse to the
oa¢ bfitkedirst congpredsaard thy sentllcompsassdraiivingHoddlh M@wé operating
first sensor configured and di sposed to detect an
PHFEICEY PR 2JBPEAPER ALLGT vanggosiiey tharotheratlaes spmarrssarcof the first
[ j rresponding to the detected
copEﬁ%?#ﬁ%@ﬂ%g%éﬁgﬁggﬂg%mﬁﬁe Iegd con%ressor, a second
sensor configured and di sposed to detect a position
[@X12] he SillLiamdtheryenlodinmdne tof ¢he glesenaiesntidn ishkrebieddo a stability

c ressor and taq.generate a second Signa
"%‘g’frgie%‘/ﬁ@ﬁhifﬁfg_at tFitia Rl S¥TEH PYRPTIRH dofeadpgompressor, a lag
chthpfedol, ¥ @ndbideet afitlbflCva¥aRRs antd&d ifad closed refii gration

conpressor, a third sensor configured and di spose
cigesite c The kead oppenpaessog anh thanieg epmpfessdrecakiadavo aplwakigr of inlet

t o genera a third sigpal . ,correspondi ng to. the
£ AP sl AR oY Akt PRl CRRCT iy il o first
sedRer @oABEITEN ande AfPbscAOR | Ao hn2 BPerdiisP & det @et lead
a position of the plurality of inlet guide vanes o
CQUARTCPSRY a8 rr genekste andrst siggelnereasporlifin b tlie détgeted operating

r [ t et ect.ed position of the
PERAEET B 4 coftutIfer FSLGHISEBP Sttt md lifpsspdetecta
pdsition of thbiplirhijty @@ hitleDguidy sireBod tiedead6drbisiessoR and to generate a
m croprocessor configured to receive the first . _
secpph atgnal srrrespensdieg &9 givatlcteqterb positiony of hpnpluraditil of falet guide
] . . i . ey
R M S08 LT p BOREIAN i, Dt g e
offevatirigh@asexhetat @fs theoflag heomppressat | &nd ab igededte9Ui @ird signal
vanes Of tﬁg |.ead &onpressor and the |l ag conpressor b
C%’fb?im% e flptecied opgAtNe PYARCisEebig 1ag epvapressopand a fourth

snBbr” brd | alﬁf‘giLS}%&%dftﬁ Lﬂeﬁ:&&? Sialo trgﬁ ﬁlglpélgrr Iy, of inlet guide

2004/ 013494 PCT/ US2003/ 0219 con
vansafdf gbe dak compeswr rndetoageeratye acfonrth tsignal correspendihig to the

ced, B0 G bt PERLITP ALJURL 0 SRTFDR 16 i bMPFSSken The
stastiBCdonBBH syl BRb includes a microprocessor configured to receive the first
signal, the second signal, the third signal and the fourth signal during normal
operation of the refrigeration system, and to generate control signals for the actuators
of the plurality of inlet guide vanes of the lead compressor and the lag compressor by

applying the first signal, the second signal, the third signal and the fourth signal to a



surge in either conpressor of a dual conpressor
system [0014] Another advantage of the present

WO pwetnti4on i s that corrective control responseST/US2005€21903
taken in response to the detection of an unstable
operating condition wthout a significant tinme delay.
[0015] Ot her features and advantages of the present

coneE aldopithiti ddnfidBreaPRA HeRmink P ButeB Ecdhltl M GnEQrthe 1ead
detail ed descrlptlon of the preferred enbodi nent

comessoy #nd the ieaesressoni t h t he acconpanying draw ngs
which illustrate, by way of exanple, the pri nC| pl es

[OP%‘Htlg]e d'gré\g/agi?éﬁtgge F e%re?e%?@c%lgﬁg’% THCEaé’l detect and control

surge iniegtheradoinpnessysé fendwed cofprepioe SAKm. lnventl on. [0017]
Fi gure 2 illustrates a flow chart for the control
for det ect i and correcting an unstable

["@i) ?;'t A e O?g 089 gyresfRe ArxFatoph d& Shay) edrredhize control
ﬁ?ﬂ?esk%ﬁ%%ﬂ&ﬁ iR %g?sﬁs% ¥ichd dé%&tféﬁ%? ah Rh QLD %B%é?}lgﬁ‘ﬁ’f}“m

awm ngs to refer to the sane or |ike parts
Wl[ﬂE&CRS%ﬂIﬁQ&h@HEHEEWI\I\/ENTI ON [0019] A gener al dual
conpressor systemto which the invention can be

lie |IIustrat b ns _of exanple, |
(O], 6 Ofte? feleiied i SRR el A PBioro WAl e gpgent
frarhithd Ri1lossd B1Grd Aetailed Hbdaptich b Bt preRpRE %ﬁ’ﬁ)%ﬁlnltgé taken in
second conpressor 110, a condenser 112, a water

coppimptic Wi thaassemaing dewingsaviick dlustrase, hyamat ofled@mple, the
pn}gﬁ)ﬁg)scbq%gl%?ﬁ%gel 140 includes an analog to digital

conver 148, a mcroprocessor 150, a
non-volatile nmenory 144, and an interface board 146.

BRD]EEDES@BIB]H@MOFWTHEDR)MWIINGSpaneI 140 w Il be
di scussed in greater detail below The conventi onal

i qui d. chi system i ncl ydes many ot her features
["m\m qu’f%i nstrafp & GEP@C#& agieBigsration systepporf the present
in29844 013494 PCT/ US2003/ 021903 Figure 1. These

features have been purposely ontted to sinplify the

dr awi for ease of illustration. [00201 The

(00iGhpr oBigare mblstr@tnsja flow dormbets cntafaggithanbr dapeting and

t he ndenser 112 by separate
Coggcgg‘%}lrng%g PRES e}aﬁﬁggﬂ {’ﬁ%r} enbodi nent of the present
i nvention, the discharge lines fromthe conpressors

[om(sa; anWhefder posshite, theRhhD eefeicAbO nAmBEBAVE bd Bt thﬁhghout
Ilyers r?frl % erant vapor to the condenser 112.
the awings to refe 1e same or like parts.

DETAILED DESCRIPTION OF THE INVENTION

[0019] A general dual compressor system to which the invention can be applied is
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-



conpressors 108 and 110 are preferably centrifuga

conpressors, however the present invention can be
wais@d/owi4dh any type of conpressor that can expRCT/Esme3/621903

conpressor instability or surge condition. The

refrigerant vapor delivered to the condenser 112

enters into a heat exchange relationship with a fluid,
F][gnﬁaf ErTdbbey/feanir@have besd fpodehir aiigted o ki 1fﬁﬁfertﬁf£‘\9§1"g for ease

fﬁ- 116 connected to a cooling tower 122.

PPa@Pant vapor in the condenser 112 undergoes a
phase change to a refrigerant liquid as a result of

[O&)Zg][ heathe&¥% Ers fl%@gltiq;iﬁ%ﬁq Wisk B b ﬁ{:? Hng &5 A dhdtd2Bver it

exchangér coi l Condens
tor élfemoglder&nt 112 diy sapackn dischakg@ lihkowdn tapother eutpa&in®lof the
126, % Gﬁ &Ee .evha orator 126 can include a
PIREAL 1RYEHAMgle distharae Bnesa{fPRgthe comptpssory 10 apdgidOaprm be
cotBifbdinfo b sAR1lRRRNSOMI e ridRraAt 9538 é&‘ Qhé &sl%P 112, The

The heat- exchanger coil 128 can In
copfpressbes 198 readdd Owia pricferatip cmﬁxgalaampréﬁﬁrs hé\vever the present

SRR At SR B0l b Bl SR Yoompresor

ingt@bilityo e QﬂF@ cénditioet Thk @&igeait CdpefdeNQEd B RN doRBerREr 112
sodium chloride brine, travels into the evaporator

enforg iionarhaairerchange relgRnshi veit tsfluide prefompby atatar, fd6/ing
th}/dughsﬂfég Xxéllﬁjgfer ]cg §I6Tgﬁl%e8{e§l'{h %ac{ogé S ag&z rJl"he refrigerant

ers |

Vapei mtthe patdepsan 1D uhﬂﬁgbés%}ﬁsé éhahg@torbﬁfétfn@f&ﬁqmﬁf asa result
128 to chill the tenperature of the |iqui

ofithe il?Pé Srehangn selgianshipi ith g Hapihin e hpajesxalranget ccth 6. The
h
cohlol-PE GHAROEREDN Aoh ARAGLARAS RIER SIRERER LR

relationship with the liquid in the heat-exchanger
[0824]I 17 Be evmmeatmamﬁ candhelidres hedt-ekchanper @iﬂamsrlﬁvﬁfg d@pply

B LA, 5 GO CRSRERT O iyl Pl e v
exdieBetoi B IIPERet 100 g‘llﬁ@ht %’&%J{xg Ht rgﬁie &Aforator 126.

suctlon lines fromthé eva orator
ﬁwdéssmfggm@st llawd M@chwpha"eraldgbwmed butt carabsiang! ether

exl t porat 126 that t plits or
SuLéﬂggc econc{agg &8&? ’r &fr | g@'rl E ?rl'go@‘%e brine or sodium
chiveid! 4R hi9val0 Sn@Nthe 1ha ora%r\/i@62ﬁg%%§4ﬁ&é 128R
PCT/ US2003] 021903 [ 00221 At the Tnpui or i nlat &a¢ gxits the

evepEalep hpe aéa srply (blae 3881 1Thef Knd tréfeigessap or ateoevapmeqr 126

t t
enlshhfo BhEes Bhyle RACRAG M k53R RS aHrebiueer coil 128
to rchiﬂr ihgeerapdratuge bhheCQQd B5HeMRatl@hatdr $40- 12§\CTH@I'é?ﬁ§erant

are.used to open the pre-rotation vanes 120 and

ligpgl mEeesygnomeins 12uunderasps pathesgyehaage to o tefigerant vapor as a
res%ﬁrmftﬁéﬁéﬁf Sxch %/eal%?atlg)égugwfitp e &%)dx in %\Cer eat:;ﬂcé;angeﬁ goil 128.

cool ing capacit
Thaozlapart wiitgeaars insledetapomta@siastthen fphens & el RMPraReS 1H80%nd
116l by slelz)élra’ge 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 into 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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decrease the amount of refrigerant to the conpressors

108 and 110 and thereby decrease the cooling capacity
w@bootle34sy/ st em 100. [ 00231 To drive the conpreBCSDUS2008@1903

and 110, the system 100 includes a notor or drive

mechani sm 152 for the first conpressor and a notor or

drive nmechanism 154 for the second conpressor 110.

b] e tAhané ' to | |
(1,2 V0S4 oPPAS 15 ARS8 8% oy RS qooror
126 thege lote omler sroooprettotetion vengsegmunlet goidervanes 12{band 121 that

limhedsto tor hut. is intend to 0 SS an
cAig L BRI iR Ga 5 s, S O e R O AR i used to
oSl tHé Pee-AtatidievAREMLE 88O 31 IDBicAiate hbmEhe Bf &Frigerant to the
vari abl e speed drive and a notor starter. In a

cqyrpspssprseld S dd Oraad thesebyt inerepredbe enoling wapavity of thehgystem 100.
S ' chani 52 or 154 are ele iC
anﬁgltagl&s ﬂggn ggt{lgt\égsogll%a?sée f:ogﬁf}oen éjr?t re- a&k}g%}eYa‘,ne%tclhg rand 121 to

détidaye thie ahRhs &8 refighrans 16 kA tb@pregstis 108" M@0 Qhd thereby
engi nes and assocj ated conponents can be used to drive

decrrase Bigispaling eapacitnef thadystan 109.00241 The system 100
can include a sensor(s) 160 for sensing an operating
(003512 T2 1% drRle thiBodhhdedord WPLRSHE b WsteANDORRAELARhYtor or
as shown In Figure 1, for sensihg an operati ng
dypraer raeabieismof 52t foe thedirstrcobdpPess@i amidl aanbiyr ot évesysdhanisiOF4 for

i,ncl ud 162 i , ti _
th-(ﬁ: 3?99&@ Eé‘r’[l%{,ff%s%hgl%g :@i}ﬁg )tltcotﬁ%q fé]glrgm?'ﬁpsi%gg wgq%gggpeerc? toI tﬂg drive

mBERhRAARrYthe 80ni086rs! TOSFARVT R, it i B bS ¥RELRB0@ hat the term
operating paraneter of the notor 154. In a preferred

"reotbid dis meblinvfedtther potes dut is mteaded on pndonepase asocempdi@nt that

and 162 are curren ransforners |ocated . ip ei r
o5 w5t By A BRE Fiohe BT e pEReSompraroton bP afbalf seyes a
vatrﬁﬁleos\lpéé& ative AN iadfstot @tafBE NP phdTBrrEPbRbSdiARAt 8N fhe present
154. ['n another enbodi nent of the present invention,

inyprgiopother mosms LeTpeiivh negchatismadSdr er 154 aacelectide metnrs and

. rm y ri W,t.h sensor.(s) 160 and 162
os3ifiE] RoMoRichut RSP AUl BORAGECRY sudba Sfearngr sas
tufbihesra chigihennald hbsbelatedcadngohents ciBe usddedo diivean@cbimipiREsors

ower. consuned by the notors 152 and 154. In
1&?@Sdilﬁents of the present -8 WD 2004/013494
PCT/ US2003/ 021903 invention where the voltage to both

t he t ' ' | | asur.e .
ol oSk S0RRASHTRL § Mo 1 85 SRR LGP ik
pdvameisedf dse finst @ognesate 108 pandsprefaitilpnaothdvwie ip Gigrre 1, for

cansuned by.the notor. .The out s of sensors 160 and
SCRRBE PcoRHUIP ST G b Of (e G0ty 52, Girplarty, das S¥FiFe 0P can

inkRdé Q%eﬁs‘%%f 062 R3NEhsind 49 opéerirfgnﬁéerﬁEtefa gﬁg@ilsggdﬁgaﬁ) ressor

t he ({N ese I nvention, the senso 160 e
110, and preferably, as shown in Figure 1, for sensing an operating parameter of the

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 consumption 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
-8-



sel ected and positioned to neasure other operating

paraneters of conpressors 108 and 110, such as the
waele@ehage tenperature or superheat, di schargepP€1/082003/021903

rate and possibly the discharge pressure of the

conpressors 108 and 110. [0025] A sensor 164 is used

for sensing the position of the pre-rotation vanes 120
in@éntiohe whiefes thet QBRARS &P bot08f ARE! rAotsANKO app}_@ﬁrﬁa%elg S&flal, the

for sensing the position of the pre-rotation vanhes
megspresnent [ the evment awayided tothe motorsThE gahd b4 sarl b4 vasas an

ref. 0si ti d. n relation.to th
o430 RS AL AR DSBS l uhB s
160 and ¥62 act theh Gent cved i8S 1PN abhd a4 GEHESSRONES tHeOcdntB] panel
rotati on vanes 120 and 121.

Aﬁgs'ti orfls of the pre- !
14foviaapther pabedimest of the present inewtierrihe sensorsi 160@mdd 62 can be
e [ e ' anes 120 and

A EEob SR bt W B BlARICHP Gy 0

arplo$1@,isooh of thbaligherge atabérature anespctRéhtadidchladds flberate and
sg@fotﬁ]s . 164 and 166 gre pr ef er abl égvari abl e

PqsENsths Jischarge arreswret e sompresserek@itelihe  angul ar
rotation of the pre-rotation vane actuator or

0023)K 2.0 &S senkIMVEALEHS ; ’ iti 3

[ usse]d. Thséenout putls u(s)?lf ﬁﬁg%@ﬁ%ggg%ygg@%ifgwﬁgn CERY 120

ofgthe irsti gpmepraspor 18hdnd 7&enses p6etis usdyfor sershey the rtosition of the

. 140. [0Q26]..The si.gnal s, tynicall | og, t
P30 liad ¥ ares M e §%obt 20RpRssor He” Thie sl 184 saa s arc
préfefablP Bogitiensonveldiof thahdh@hitdls B gﬁ@%l%-rgfaﬁ\ﬁﬁ fv%ﬁ?sb%/%o and

| e

A/'D converter 148, It is to be understood that
12do#td provskenegtuatgninfersatipn shati egictesponsls dodhes positiomsootherpre-
S -1 then t e sigpal s .do not
rolfBof] e, 120 36021 S et dbe aPBoe NErnd O Fat bpipestfioned
anivhetealn sélgial so HIep pRS@MtioAGvdnke 120 &id TOITRRASSA provide an
o‘?er ating. paraneter, the first conpressor
acpraterpiligioghol tha goptan pf a pratesatisacnes E¥handelddorThe sensors
p essor
O A Pro R ERaS vt [IRnEr BRI Bl paoure he
angiler D:ﬂat_l:mwsthe pib&0tatioh vagsachesqar dinkgged A Hodg&vER bther types of
r ocesstéetng, I . necessary. The processing val ues of
sefioBS it g et e QORI PN LS bbbt p Tigcropt @xer lines 176
anﬁqvgtrésﬂect%[‘}eto%ﬁ§b5ﬂtfm‘8m 1hd1e second conpressor
operating paranmeter and pre- rotation vane position

are then input into the control algorithm which is
(088 c r i Bbelsignals, t9pivdl PO PO BAFLHLIBAGDBI0RAED Gles 172-178

ndfB R Bogioned Pop e SRR Ghvas b AlBontteanss

It 162068 uhdékswd tHa 1f thé REnteA Hahdl| 149ir8RMN e di@fal tidfals from one or
actuators of pre- rotation vanes 120 and 121 are

mese ¥ ithre senisgrst H- Hide ihspribesssigralsl 6o noboneddeoi et @mivertsel by the
&fn&el%grglﬁetnﬂger %gﬁ%};sgér{a Zr%ﬁ%ﬁ%rﬁlgqig t-lll-g %rétncto?nrp];gs%gr operating

oar
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.



signal to the actuators of the pre-rotation vanes 120
and 121 to position the pre- rotation vanes 120 and
wa2m4fom4ed t he appropriate position. [0027] PCT/US2003/021903
M croprocessor 150 uses the control algorithmto
control the actuators of the pre-rotation vanes 120
and 121 through the interface board 146. In one
B @é’chﬂf%{‘ the follBw d’ré’éra;ﬁlsgﬁf bdHRPALE BPntRA s RrRMBH IR actuators
program having a series of instructions executable by
of the pré-cotepomvaws dr201:60. 12Thelleosuntiol sighajefort theactuators of pre-
‘ et erm ne wh ne of t ressors 108 10.
recE B 30 1S 1l i P VIS St PR e Eeminceroh 100 de fhslotegfece
bSd 86 6OTHY dohRBI FRe] 0O VIHSHtekMASS bted uwalehg)rm@es the control
actuators of the pre-rotation vanes 120 an

Slgnaiste thi eacpirators of dhé pre-todaion 1@es 420 adi13lota ecmt;lc}n theepre-

RS 1R e o SREhete R dn o cOrputer

program and executed by the m croprocessor 150, it is

[(m7]oe WMitesmbashbrt 15atustdithe @watby @llgoﬁihgpfd Edimolee dRuators of
i mpl enent ed and executed using digit and/ or anal og

theaPreriqtasiony vangss2 & jangd | ld  fyogghe thy tmtellfaceh Reddatdo. i sIn one
t t Lol I
cSEinkll, THE SR MERRR (A be B Rk Rrokiif tivine 2 gyries of
insarnctioas ehesutpbde bw thel micoppareadoe 160.e The cestsd ra)]{gorithm determines
ﬁ npone éﬁ and to r ve ?ﬂi conponent s th?
WhehgRs o ercea*@rqsé%rs gnd { K enkers iptgrapaisiapler ratlps @zgqmon
such a@Q%'u}geoébnﬁﬁloﬂsa!nﬂ%r&ﬁdé%’iﬁé%ﬂfch&?s foltfle £AME |of the pre-rotation
algorithmto detect "and renedy a surge condit I'n
varee 180 andhé2 t onglossthe pe-1biBioandnds1 R0 dndd 2iito mmdycths smstable
0.may al so use or execute the control algorithmto
the actuators of the pre- rotation vanes 120
and 121 during nornmal operation of the system 100,
[0028] bowhile 4AEPFeES B tHathS contebl Jiﬂ%%ri@c[rﬁ beRAAHIeASn a computer
normal |y and are not in an unstabl e condition.
piqgvesy apd gxgeupd bivethe anistrpreasator oS Of Reispioebemnderstood that the

a 0 g can
o YT TR R Y Lo BPBAEl oSl R weB pat o s
haisaenbyt Rosduskiligl imdienat. dfeaedwa8.is ssd 09 eReubRthe control
operation of the system 100, one of the conpressors

algomthay dhe quyrasgonging enmfiumtian of fhe copiglpenellfidh s s changsd to
m'ci:: ok Ble nackSs g)l gngﬂeg%sﬁ% op&g‘fo%%gg %Joggtﬁs th faay no

ressor Is as t essor
lodeai lgratniod, of. thedoDpoasatar 143.08 and 110 as the Iead
conpressor or the lag conpressor can be dependent on

AP e B B g A GO B
reﬁﬂﬂ'yta' éﬂ?ge &ﬁﬁltﬁ)%slhgﬂ@bf% mprBRotseAS ZnBTROSHS MicrABFbcessor
150 may a?so 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 not in an unstable condition.
However, in another embodiment 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

-10 -



conpressor can be changed periodically with no affect
on the operation of the control algorithm In the

wo edoovd4ng description, the first conpressor 1P8I/Ws1003/021903
be designated as the | ead conpressor and the second
conpressor 110 wll be designated as the |ag
conpressor. [0030] In a preferred enbodi nent of the

co%{rp?és%nf '&gegggi!gg %s tﬁeﬂ‘qlag"e%fnl%%%%gsﬁg%g%g% 1oﬁ%?'La\éﬁEn§§ssor
108i @italllo radnthe Slazmobcym]bnemer L28Be dfig bmapﬂamﬂoaraatlm défdent on

during normal operation of the system 100.
sefipiat siast eEeAls 5D at RetRligmgSomPERser ¥BAING P Q’reg‘iﬁ‘ﬁf“’“fyd}f the

F‘lgﬁ GiU atIﬁra&H‘ltl%QhQr sighidH 109y "’l@ﬁ}ﬁ cln%?ré%goﬁ B& the lag

conpressor position of e-rotation
congiressor dé.h(bel crhangemmmdlwby i ﬂd}mﬂit e gteaipemnhné the control

ol dnats iprans dRetist: HeRsstrprasy DY, dspienated as
th¥ qEe cétgpregor thg the @éi:on@%ﬁ’fp?&%&r 110&iha% R_BMAated as the lag

determ ned, the position of the pre-rotation vanes 121
copipresser. Iag conpressor 110 is determ ned. The
pre-rotation vanes 121 of the | ag conpressor 110 are

RS 255 R Gl A OB S Bccor

1302RREIVEY a®bn iyt lacleskis® enilles IRfuidl R&petdhgre F(L@H[OE)aéi sl from
vanes 121 of the |ag conpressor 110 are positioned to

supbbyaline 42%%0pbtheceyrp@ator de6 siwiae nospalsensttionrrf thetshigem 100.
leleagngrgg}&ogs%ﬁlg 5(5"&%6@ éfglgr%teg r}taé n%?lé %él b dhd? g({‘th@tgr o¥ the pre-

aV|ng percentage o
rofaﬂioh viagel1 200d fthe toad belmpreaﬁrtlbé thagommp bEhS Pre-réthicd vanes
I n anot her enbodi.nent of the present invention,

1%00m'f BFPUVE i dhe BEHLTT e can jbe detsparined Asreduns torgggeral well-
leddWh Bf&e&ﬂ%@t 'lgﬂervﬁl@g?osgt?o:h 6f e BrelRetORRES 9D dilfle lead

are “positione ain a discharge pressure or
cainedsar §@8 hasrhpen detarmeined, thdpoditiaon ofttherpreessation Whfled 1At of the

10 GARBF BT 01 7 Geie ML ad T BlFREA 0B 2365 | 0088 foirs gprgssor
18 bllen#{%ﬁtfcﬁ%@ So th@@e RNk Q‘Jon‘fi‘)lr&%ﬂ Im&fovs; bR RISSBNDS the lead

i nve for detecting and renedying or correcting
caampressot 408.1 Lo yfolbew ther gppacityneki the mdcbampmgsswmk% the pre—rotatlon

adjgf i@{ Pﬁ@l ! ﬁ%{ugl%rlgl%ﬂ }ngﬁﬁgne &8 ropﬁbrp A OC |current or power

cAREh flbl@ﬁl Qb légt’kﬁ)nﬁﬁé@&elﬁ&@f $54 8t ﬁﬁﬂltslthh@Iag%bﬁ'@re?sQ& motor
In s 202, an 11 WD 2004/ 013494

15@&1@@ doasamee 9@sent@gsfepﬁfqlh @aéam@tntetcwrentsasdb@ é@qde@pmpnessor

fthe [
?962 39}1‘1}% Pnotﬁe boéi‘c' §§ r?% 81e & gepfl gxentéo& g o?lgyvl tﬁa capa01ty of
thedeaheé@preSor L1108, the PrEk@sSA vamksans dfiSBe aégjcdrﬁﬁr.es@)rgw are
the motor current_ or power Consurr('{)t i on,
positioned to 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 correcting an instability or surge condition during the

operation of multiple compressors. The process for detecting an instability begins

during normal operation of the compressors 108 and 110 at step 202. In step 202, an
-11 -



detected. The detected operating paraneter of each
conpressor 108 and 110 is then converted into a
wpergemn4age of the full | oad val ue of the operBCT/N§R003/021903
parameter for that conpressor 108 and 110 in step
204. The conversion of the detected operating
paraneter to a percentage of the full |oad val ue of
opdratind prahicRd i0alcBRideforfWyth tdFehe G &%&%fld%eaﬁﬁ 4%0. m a
c npressors of different sizes or ratings to be
54r eerbagiment safctheaprergnt Myentivay nawr eperatinig qmrameter of the

0] erceptage of full |oad valu
°&ha%%%%f‘ SRR b o Rk Atof outrin ar Per Smemgtian, is
daécted eThageﬂedﬁ@ ro@Sﬁﬁﬁg pd@metbd loif @chﬁ&ﬁﬁ@fl:ss@ia @0@BAP D10 is then
4§¥ In step the operating paraneter

fnte, é§e¥0@f1tagﬁ of dsrigHdeabyajug o8 theaapdrating parameter for that
e ref erence
coMCEEH 108 BCL AN URD S0k O el oA E "4kt E bpGatine
paspeetat tng gmareat@beif the fidk tdad gl off B sprehtingSakAfcter for the
essor 10 has an o ting. paraneter percentage
coGETRIS6F BRER: SRMZPE QhiiEBenhgiac oBgaes/ lhohe commesdmore
n r n nt
ac%@l%tew FRriRESIRE ! & ES”Z‘BE’?J §9?1i {bo9b {hlaﬁa ?Je%?a%o Olge 1 load value

invention, the ratio va cal cu
canheg uqe@lo%r pqslttomrg the gpiretatidth eatesgl XooP RSBGIcompressor 110

rcent d|V|ded by the | ead conpressor
dd%% ag B ratio value is then conpared with a

predetern1ned value to determne if the ratio value is

[0D32)s t Mastep 206, &%%@iaﬁﬁﬁ‘pﬁﬁﬁqevéi"ﬁé?oen%éscﬁ)rvfﬂéjl:éjm ssors 108

i.ndi cati ve of unequal | oadi ng of the “conpressor
anddd Qjart Jivistedy anesngthiertoopusinairafyrence oi ratmnvalu'Eh éFor example

if H{(c)ea)ggfn gcfrg]}z#/?s% tlﬁ@bgff'n{oczp rtleﬂcgep%?agnlﬁ%tp % g t}gl% And the lag

cohipresser 110 hes @i eﬂﬁh&ﬂig’fpmﬁletéﬁlp@ﬁeﬁﬁ?e be gs‘féﬁ/th\élgtd’thgﬂatrtlggtalue

ﬂﬁ%é &%ﬂgﬁ to a _desired sensjtiyvi
w Ei T é@%?] 8Q% ghéﬁ’@?“@‘rﬁ@h@‘h@ﬁm of the presentdseamtion,
[ r ce es for
the PRTLRs chCIaRRTh BE 150 1B D% Hh euEEieh BB Presirprssor
peznsotageris dividabbypithe dead edoarmeeiser percélithides” TRE SatiAlbige | 1§‘ then
conpressor 108 has

F I f the | ead
Coilfﬁ’%%ﬂe"l" P&Sgdﬁgﬁ%ﬁ%@fﬂ% tc@?ﬁra%ge Hfthe sYoayrdug ﬁelesSagan the
préRBmMEFIAOvaikib0 RRh afoRRe KRt h{/?ﬂ?a?i‘:'\'fg agPtLg{egR:ﬁ;goag SFf the

of 60% then the difference al ue woul
compyessarh ankli possihbo df meninstableeoptirdtingr esm@tional The ipgedetermined
val ue by subtracting the

b
Vafug 18 Cpgﬁ%{;ag@é%ﬁy IXEPJ% I L) %&’{9 rAdn20% axigh 80%p beig a preferred
VaRl@04H%84&4tlﬁcﬂ_ﬂe§§3ﬁ9§écp%§1%9%anCB% f\%ﬁﬁ% tha(? cBHELR8Es to a

The difference value is then
degjredperstivitylstel fonsurge datetionp 206 to det er mi ne if the
di fference value is greater than the predeterm ned

[0033] In another embodiment of the present invention, the operating parameter
percentages for the compressors 108 and 110 can be subtracted from one another to
obtain a reference or difference value in step 206. For example, if the lead
compressor 108 has an operating parameter percentage 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 subtracting the lag compressor percentage from the lead
-12 -



val ue, which would be indicative of unequal | oading of

the conpressors and possibly of an unstable operating
w@oondiori4en. The predeterm ned val ue i s preferabdHUs2v93/021903

val ue between 10% and 30% wi th 20% being a preferred

val ue. However, the predeterm ned val ue can be any

val ue that corresponds to a desired sensitivity |evel

cdnmpressur pe@celeb el t TiNdiffefdod kallié id then E@ﬁﬂ)&ec}' ﬁjeiﬂhea bR determined

reater than the predetermned val ue (or
Vel metepneo todterraimedt the slifferpngs vahie ip gesdist thanithepredetermined

. re t te 2 to detect an
vald, ¥blon $ 00 dAE ES R i Sot L aTPe cufaieSiorE s Gipsivty
ofleﬁléhéns’{afolet qspEraétiitgi c:mnd'ai(oue l?ﬁ prﬁ%ﬁ?fniﬁé&ﬁﬁhlﬁé"ﬁ preferably any value

r ede ned val ue (or the difference value is
beg‘i”%%]t elﬁg/%nrﬁ’rﬁi @9%’ Witls deltar heingda varefasted vaseposiloweres, the
i r ssor.s 108 .
préfert R BAGELAL bOMnY 9062 llcoBRodef Ik BRIy S ity Lovel

for fipgpdetpttionn of the pre-rotation vanes of the
conpressor having the |ower or smaller operating

(0B R0 Lk P 8 e S I st Gt "Rk (e eterence
vaharig &ss HanMhOpeletonahed v416:)Pake 35?&16% reg.?ﬁsfl‘égi%gﬁﬁttg detect an

determne if the pre-rotati'on vanes npresso
OPRER(ING paramectervior |the comereasdrnyotoss dibted 1p4r déthagrioavaue is

it i f) h
o TR o SHr BT S, (! o CBeBEe Shlueriaviior foan e

prédetegeinedrvahic) 1Bs pORRSTRIHG: RHELERSE Y alke KsHHAS Ije{1sors 108
re-rotation vanes f the conpressor havi ngpt e

e.p or |
ané Héplaéﬁ‘v defpetedin pigp BABaMEsxbrinstapcAft dpepaaitnnafithe ppefotation
haky =L atat | f_the conpressor havin
vah ey e Solb Rt B U ARG o oG SRERGE eireelit ayeontuse
is pormpartddo tlonposisapof trvpregotatien SaRds! 6 theRBfPsBSt having the
1 gar agﬁé er ger.cent age is determned to be in an
TEHARERET QPCIRiipg BATABISHT PRISANtAER tosdabprmning i thesrrotation vanes
FEY & C b . re-rotation vanes
o e e e a0k oBatib phelficf ol Bafhe 3R HESpen
or peravitsige mope refeigeragie flawethan ttherpresrodfin v4hed of e compressor
of the conpressor having the

haﬁr e-fofation vg%nes _
38 Ji5 1aR5E PR PIERGT PReraling RATapEieT RRIcatege. tIhée raotation vanes
f sendd BPRAvAA - over
O b o e DASER? Bolc UL RS pen
thag, {bp paesTatesiger vines wr Itz dompressod htviag cherir g o iy opetating

- nst abl e, or surge condition. The process
R Y A M STRENA s —

perdeiitegd i dteRhReE $5be I arPRRIDE! or&tRRdi R
present invention, a unstabl e0 or ~ sur ggl%g%&%%'{gﬁ%%reé%l%ento

corfet fq aEge gonditieme Ifthe-protretatiom vamesex thé compressor having the
-13 WD, 2004/ 013494

S T -
of fhercosmtager lavingOfe larger S RARIR PatAeer PRl e A aller

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

-13-



the pre-rotation vanes of the conpressor having the
| arger or higher operating paraneter percentage.
WO 0®356])34M t er an unstabl e or surge condition hBST/D&E®N3/021903
detected in step 210, the <control algorithm
determines if an unstable or surge condition has been
detected a predeterm ned nunber of tines within a
stpalidl @peraling dratrict® REJeh@Pe iafe §3e@Pa gledetetrhindd amdist ﬁg}eethan
or_sur ge conditign in either the |lead conpressor 10
ths, preratafign vaeshod sther compresshm haiimgnthdelaeger eat higher operating
] nunber of tines within the predeterm ned
pzf}:éﬁgt%{) (JFIIF% ?&f he | ag conpressor 110 is shut down or
renoved fromservice and the operator is provided
[0AB5]h a Adtar ranngnstable be sogatdoaditipanak bédD detecisd 6 s?e#a4210, the
ag

In one .enbadj nent of the present invention, the
°°&’6r.f%g .a’%%@m %i%ﬂﬁgleé ﬁﬂ?ﬂ JBHADIP for Furger epmditiopnlenst hegngletectsd a
detieatng i " e : . . ;
AL s O el i = FReaRfebieg (G SR KB 1P
unstabld erosusge eondition inheither itte ad caiprssonil0B c@rike Big cdaffrbssor

1) e R e R ese A e iy B mrgdetrarined
tithy pbihied, Ahe ! @mpreoAN0h fe e BRI dERlo9fd KRk, 9&6@\%% 'éHii? the

i nvention, the |'ead conpressor 108 can be shut
opgraler §errewded tiidna ivarriag oot the contmol pemel €4 i SRPrAHLS O one

R TN T P
conditjons ert deidsin aeMihie tkaferic® rmn‘h%&fe@écﬁ!,@%fisév%réelasg:ge

syrge condition, the corresponding current to the
COBEWBP%%%%H ket tims peried aarsmdm@mﬁgetdhemm elprotdemlvith éme or

ctd LAt t he | ag co essor 1
bt e ottt [ FLT BT it (o opePilg SR an 00 tha
regliiss fesleat inedstigatioans thb wpeicdy i iagththemb&Bfient of the present
. conpre s:]:r 108 with an opportunity to correct the
1%%955% tg‘% crdiooBwTeRse 108 gasviershpt dawn if & sisg¢ aepdition is detected

in GRRES SR - re-fotatio
vanes 12OIbg%ga&llzdfotgg?)t}ef]dg&g%hn%?égué&&eggﬁgg% n oxﬁelv(gr,&ﬁ% shut
dogmos®the feadncampressot € 08r mayrge o peljulrb@bed@fe NOhed GR lead
cOlq]f)teect e?%? .gr.edet erm ned.. .nunber of tines within the
BPEG Y er i ded™t§ i 85eFostition, e eqprrespondmge cutrens tog thef lead
coinPeessd@BotoP §4 iOAsy i int i SONPE €SS or
1?8 and 110 restri ctiz){,@1 ﬁ?%dé%%lggvgg%l@lrn e ]feltdggt%oglnftﬁp@lg CPH%I% to
thelggspmpsesse 11080 anebrdae avith themuithal dphetiag hesce@ure discussed

. cprrect the sur condition. In ste
abgdl%ﬁ, Lniiy rc())t‘r{%rme%sgrlgad[lﬁ)én@ﬁﬁoﬁg@g 5B 2 RPQRVRIEY toragrrect the

suige cenditioredid tollReSUG i Ghe S BINGTSREr N1@S corrected the
surge condition. In a preferred enbodi nent of the

@r ﬁseg(tg I nvention, the surge condition can be
[0@8hsi darstsp 2109 thewrs-rgainnovegan 2 0Rary 12320 @87 @2140€30rs 108 and

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 surging 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 embodiment of the present invention, the surge condition can be considered
-14 -



to be corrected in step 218 upon the ratio value from
the conpressor notors 152 and 154 being greater than

wao b@4prrget er mi ned val ue. The process for det eP@i/nE2993/021903
if the surge condition has been corrected in step 218
is simlar to steps 202-206 described above for
determning if an unstable or surge condition is

toPeesRftbted [iRQ@RA12 18 upolehd ! RsbaiR Mm I &Sns el hidtsts 138 and
been corrected in step 218, then the pre-rotation

13/aheing graptes e the medet¢raineshyales s The pi@sssafod deétbommang if the

: ' p... 220.and t syste an re .
soffs SERREDH R oney A Heb & L SRR [ RebR 3PS described
above fatdeimining ifeantrsableddr @ardetcbndition isqetwat.i ng and

correcting an unstable or surge condition can be

[ tari&gﬁat sfep 202. [0Q38] In_another enbodi nent of
(00§ pr tUnsiahlert ypge comdpionins bogpcasteciaddn stapnd i8othen the

1 | repl 1 c nd.
P R a0 SR P R oMk e 308 ah 0 B G e in sep
22(nalidctht isystenfcan rposisé hdreal operaticondifter thie. sybtem @xan® gormal

a drop in th 0 essor, di scharge tenperature or
O@ﬂi}@ﬂ“h@% _°<8}tf°§ Wigqr}gﬁlar fzg dsfecting aud fOFECH AR EsEbleany surge
c@ititnRen Be Fdktdre@ ofskpobs on of the vane position to

determne if a surge condition is present. In still a

further enbodi ment of the present invention, the
[0838) r oln gngider cmbodimenbefatppliresdnt drvantjor, videps 202-206 of the

P L RO SR B 8 S S S
opetdiligtpatinseters Q3 Afe Mbichivd d¥en horviBIY Juefe HATItRAC For example, a

described with reference to a preferred enbodi nent,
drpp i fhe pemprraworseiseltrresy temperatusk jor | sigetheatt loe the tcontpatssor

VAL nd i val ents. be . .
i RAC Do IRt o ARG G B TRaDia dgfermine i
a furgencoritiac tpgresdnt.t e sii veftthenembotiest 4 A8 prd¥8ftYinvention,
nodi fi cgqi ons may be made to adapt a particul ar
the CORFER PZATIHIM G Be pRRICH 0 AR twermRTREseTSHF amltiple compressor

sySIRUESH @B oWMrloROMmpdGRAY thidREcf Jngefegh{ag st%fgeﬁ&hhﬁfoné cope

t hereof. Therefore, 1t Is inten a e I nverition
not be limited to the particular enbodinent disclosed
[0839]t he Walst theptwentiont bapbatredeschibed owitlr yefogenoeltto tahpeeferred

T TN
beCtnaddTBnd cqibtvaléhts @A/ B6l ARl o SRAAM ORLROB il ddpirting

claimed is: 1. A nethod for detecting a conpressor
fram ghesedpetf tha iaventioni Bl eddidem rmesryomodifiehtiongemay ibemmade to

T R N ——

departipp €a0thessedtial scope thereof. Therefore, it is intended that the invention

not be limited to the particular embodiment disclosed as the best mode contemplated
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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mul tiple conpressor refrigeration systemand a second
conpressor of the nultiple conpressor refrigeration
w@yBBem49conpari ng the operating ' paramneter ofPE€TES2003/021903
first conpressor to the operating paraneter of the
second conpressor; determning an inlet vane position
for both the first conpressor and the second
Waanjsrekdmed js: conpari ng the inlet vane position of the
first conpressor to the inlet vane position of the
second conpressor; and determ ning a conpressor
L nstakthod t for | det@MRg0h dohSprEdshs intIRE 55 Of fml?ﬁ@e% Q&n}gressor
0 Irs

second conpressor In response to the one
c apfpigedyen sysig, the methwdeothpeisimg tiessens dfavi ng both a

| ower o .| araneter _and. a . nore.open. inlet van
posi ti o%)&%%g{ﬁ (R DEERE PaTRRIcEE g g?tht zﬂﬁrsf IF‘?IEP“’SSOI of a
conpinelipds cangteidoe raFigeaton HERMEaBOk second [MdEgiBEHOGF @E

claiml further conprising the step of closing inlet
vand8uitiplecampressperefiigaptionypems sor and t he second

conpres iyt erm sor

ot a; Ty 5 e e AEnARprbRGR: 50 RE SRS ommessando: e
Seconeramgpasssaer 6fshe soofi®cingdtessdr; The met hod of
claim1_further co_nPri sing the steps of. determning a
nunber GHCTHIREE qnales yang,position forbeth thenfiusk serapressed and
t he 8685008 cSRBRL&ssor has had a conpressor
instability wthin a predetermined tine period;

conpar i ¢rgnpaniagdbe @rleti vaad positibe of dfe fiisne@mp@ss@r to the inlet
pr edvet er m'.ped fﬁ??]]urr‘oer of instabilities; and stopping

t he ‘GRE PGYHPH AT e se50ond SRIPESIB: adhg t he second

conpr eSdgdrmifing £ i :FH-QP

ti mes being gr%ater hgg&%%ﬁggg&gaﬁﬁg nu?é)nége%spr
i nst@Bithe secend comprag®riogaspolR404hP6H¢ LSHROBADREIR3ssor

4. T d.of claim3 .wh in th det i ned
s BF SR Bompiefiob g §o8 thower b iorermriabmd o
ti manger o inSet6Pan® pokit@sh ttan thBeothBt B&H?ﬁgso‘flcﬁi e Lfirst

wherein the st eg of determ ning an operating paraneter
i nclqEwEeseprand thpsccond compressor.

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

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
number 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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measuring a notor current of the first conpressor; and

measuring a notor current of the second conpressor. 6.
wab@4noebpod of claim5 wherein the step of detkRCTUS1003021903

an operating paraneter further includes the steps of.

cal culating a percentage of full | oad notor current

for the first conpressor using the neasured notor

C - £ ; | |- o
oareanm el of Qi » Her TR FSAA BN Al of s BBflis i 3 and

c shepredatemgined thee peribdgesOahinfites] | oad not or current

for the second conpressor using the neasured notor
5.cuthieandthod of Rexidel andreiDther 865 0f detdiflinggl 4 bpdrdfth parameter

current value for the second conpressor. 7. %’he net hod

ofnclydes thestergrather conprising the steps of:

cal cul at| I [ oper ati ng

par arre?ltélF of gﬁgﬁﬁﬁfgﬁn\égﬁ%ﬁggg%c??glgﬁ%&frhgn%per ating

par anet meanfringhenster curttnc ofhe escvad compR@Ar i ng t he

cal cul ated reference value to a predeterm ned val ue;
6.amtewhehed Bf chénS aheRin GRMGY bN8etbhinind! £ op@iifhg parameter

pasition of the first conpressor to the inlet vane

pd&ither gpclugdes theestens«@dind conpressor occurs in  response

to the n I being | ess, than the .
pr edet e?a?n&ﬁ%é?gf/ gld%éergérg{g% Tﬁg f@tlﬁg% Ig?toglcgfrﬁ?%tf%hg’lﬁegﬁgt
t he ahgpesbr tdhg theahéanged ntordrefuRaeofMat ARt boehsRs and a
t he ilj@’ of calcuylating a ratio val ue using the

cal heyent e fe tey fisyeompressar; 2t or current for
the firsh g4 C G e of
e, 1Sl TR SRR o OpLP YA e R S hRCRELa
wher@mpredser nsihg dhe aleasiréds niobe quadehp of fier LesidgsmBbssor

the calc te ercentage of ful] |oad notor current
f or al'“ﬁé‘ h?g?({jc'&?ﬂﬁ[ U oK e RECPeromTessPat ed

p% centage of full |load notor current for the second
c h“‘pff@ of clajm § fprtheteomeprisyeshestep 2003/ 021903 9.
The net ' [ e i.o val i ess
han 100 ubingty RlcTftoMIRE B e Aol Rifplen § B
bet weepredsotidndahe pperathiy parardetadefithe Sop@teaplessok0. The

method of claim9 erein the predeterm ned value is
80 per c&f{parng qtlle ?\Pﬂtguf%@fiﬂé%?r‘?i’fce Salientos? pradeteamined value;
conpgigsi ng the steps of

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 calculated 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

COMPIessor.
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calculating a reference val ue using the operating
paraneter of the first conpressor and the operating

wearaledes of the second conpressor; conpari NRCT/082003/021903

cal cul ated reference value to a predeterm ned val ue;
and wherein the step of conparing the inlet vane
position of the first conpressor to the inlet vane

9.p@hietrmethodfof tchemse emedine tiENLEs Salueds 3ok Thad1100 FSLORSEd the

to t cal cul ated reference val ue being greater than
trli’ée‘ijegﬁr@b@@é’@ erié hetyraptyabout 60 pengentraad labeltI0 peteentn 11
wherein the step of calculating a reference val ue

1G- e sppeBod efdainy @ pheeincthe pradatermiped veliub ies@pareental ue
usi ng the cal cul ated percentage of full |oad notor

1 (The epathdcoof dldim 6 further conpisispsthe sepsgof: he cal cul at ed
per cent | oad, notor current for the second

age .of full t

conpr es%ag?qla% Iforenchy amefuls’éllgéﬁ% P aingaparametpeof the first
di T @ianesobaideebplditn plril et SknPELORALBYG Rlorf Ul

| oad notor current for e first conpresso And’ t he
cal cul a¢wepasgctbatcalgulatsid fefdrénce oetuentot o preleter@iicd§ wilue;
t he econd conpressor. 13. The nmethod of claim 12
wherein the predeterm ned value is 20 percent. 14. The
met hod wheretnaih s]te[y\fﬁﬁchhPaﬁiﬁ? tifd 8etOVand SHGEtHnNb thePArst
operating paranmeter includes the steps ‘of measuring
one GMPECHPLIHERE delet empaosition of dheisezontd sampres®r obbwwin

r at h e first: conpressor and.the second

conSfF’£ sglg%)%lgw,&agcg%%& 5?{‘%418@ aiweprrtl%rlﬁ:tgr%aﬁ?fodhaéﬁ the,

a cqmpidtemineladdld. e nmedi um and executable by a '
m croprocessor for detecting a conpressor instability

121 Theni@tdd g2l BimCOWh&@8i Ahe §t6H bf Qﬁéﬁﬁth‘%’h fe\f%&?d@ vall¥ncludes
conput er program product corpri sing onmput er

i hststapcof erleulating e dfbueioagalivensingeths efculdet perotmaggof full

' t f bot h first f
<Baghisol ORRIACIE Bl LRRRBSE Bk Sy SRTBESESEL, Sl

skead mebteoeqrrens arth®secbi® coripheldoB] $h&GSARKE SFRY i
rg.f;i geration system -18 % 2004/ 013494 ence value is the

19850 Osiirendbs calealeted| prreantpgs ofefibirlond enotar werans ifogthe
t i f the fir ressor and
P SBEpRk R and BB Bhnef pelchfiogs bF Rl BEHgRaCEGtent for the
cssopat ¢angpredver.cal cul at ed reference value to a
predeterm ned val ue; determ ning an inlet vane

13 piisd fethod bOElaii@ D vk ihepreRRIRIRASAucdH 0 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 compressor and the second COMpYEsSOr.

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 pro gram 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 compressor of the

multiple compressor refrigeration system;
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the second conpressor; conparing the inlet vane

position of the first conpressor to the inlet vane
w@ominiam of the second conpressor in responsePCDUSI963/021903

calcul ated reference value being |ess than the

predeterm ned val ue; and determ ning a conpressor

instability in one of the first conpressor and the

second E41BMESSSPFeférBndcBRREEd B bP&BREpRhmbRE 0{11!115 $Hrst

conpressor and the second conpressor having both a

| oneforaesser piththe persing paramdten of thorseccng@nmiprdsedr; vane

ositio t.he ot ressor of the fir.st
go npr esgoo&flf’]%%h& tF?} %ﬁggg%% ?j&gl%ﬁfﬁ ‘éagléeo‘io. a %(_fetemgn%\%% er
pr ogr anigtemmivin @f inldt aafiz pbsition FdrBotk MWEFitss chBBpressor and
cointer instructions for executing the step of
cl osAGEGOMICOMPERSEN; on both the first conpressor and
t he sec £ J L t i.ned conpresso
instabi [Tty | nh?%g@%%agﬁ@?fo ls]ttlltqg%ff ?Eesﬁijsglgﬁ%?%&%rog%dm et
t he smeopubitimnpf dss eecond warpresbeth rdsponsth® @¥BMb@hted

program product of clajm 15 further conprising
conp‘iﬁ%é?‘%eivﬁﬁ"?&’l‘?g‘tgilﬁﬁ§h% ¢ Prdetermingd vawesandps of
det er m dt&ehiRinB WTBGHpREsok 1B shilitySin® |
conpr essor énggthe geégnéﬂgé%% §£§%% ag&ﬂgﬁtg&ééﬁ$ﬂn
conprdshesedand tcabripréssgr inirbspionseto the edebé e fisd céip@ssor
period;..conmparing the determ pned nunber of tinmes to a
D e P SR cridpisaror VAR PtA IO QBT RpEPERBRISF hed o
the 06@ Gperd RBetl VARt PSR FEROTheBifel _ragmgl%gﬁﬂdof the, first
conpressor in response to the determ ned nunber "of
t i meeopEssgr #nddhe egcondheempieesor.pr edet er m ned nunber of
instabilities. 18. The conputer program product of
16¢ Ta¢ neobpukbre pedgrarh h prqdueid etf eclainneth nfurther coiprising  computer
ins%@tylit%es is 3 and the p efeterm’ ned tinme period
i SSEHCHRRS Ol sSXee ST SiGRp At &rosPigo dilaimVesdor tbogh the first
Ct@hpiedsor Whe 1R sBedrlag oftpPds O urfi® HRY dBtdtn M
paréﬁgter incISd%s tﬁepétgps o?H%fghﬁ&@gg8@?@%%§$ﬁ£ﬂ&%hq'
PaTthe)spooBihe g cemprasseyuni tlge secomt amppessoeRicontotbdie
first conpressor; and neasuring a notor current of the
17s€bonwngoror pspram  dudinef celaput B MARET abMpPFifidy CloButer

clajm19 erein the step of determ ning an
In3trictions or executing the stepspof: J

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
number 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.

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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operating paraneter further includes the steps of.

calculating a percentage of full |oad notor current

WO 20040K8394 i r st conpressor using the measured POL/U§2003/021903
current of the first conpressor and a full |oad
current value for the first conpressor; and
cal culating a percentage of full |oad notor current
for thengemeing a reeOPELERObS 1S g chRBrdi&ASHEd not or
current of the second conpressor and a full |oad

cur r ent MEAUHAS peROtPTHEIEEE ofilie senopd eempress@l. The
conput er program product of claim20 wherein the step
2(y{The ospuer ipnegram prefent exfctaimal Uevheroid ttestep bE detetRingfe an

at i ing t | cul at ed
o SpGtlif plshgfict Birods B e 8 e o ant for the i rst
conpr essuldulaing hheereakapel 6t edl 188] GRALAYE igf' h{e'hgf%?

t
notor current for the second conpressor, ereln
r at | QRFesseusing th sopguredmotar correaigd thuf fitsh eomnpressok aids

t I d t nt, for the first
P o188 Siend Ve R0 MR REprfBtSAidge o ful 1 1 oad

not or  caalcubating 4 Perchitegs @€ GOl 16TRIBSSQlrrenf dor fH:Esecond
conmput er program product of claim?21 wherein the ratio

val FOMPECSUSESG Hie mewyredemeiontcusmet ofhibe meentel eymprasdr
val i t _and about 90
8 gt APORSLES ABRR sy 2P m 22

percent. 23. onputer progra
j ternm ne al is, 80 percent. 24. A
210G pRpblef R BTt SRink S Fhciear el Sop o seering o
ceiirencel vafueintdes the GRR GaWulatRel 2816 %er%ﬁ%f the gglcmated

condenser, and an evaporator connected in a
r RFPRECAL T9H lead mofar, curnent fosdlee Gostpompsmssoramd thbealcalgted

CORY; ' lyrality,of inlet guides .

van esrf a JcHufsf?l g g %@X%ﬁg%e%{ gogt’flger ?ecf)%%c%%?qoﬁ erein the ratio

caate islthesmativ arcentaps o6he galc@afet] petoeSBES OF ful8bRAPmotor current
g

cont.igured and di sposed to detect an operatin
pféf gf?&#@? COPPIeROT| a8 dhe s¥lplaisd mercaniage of dlhduedtmotar current

ffof 8e sgj:(gﬂagompg&g{l{sspondi ng to the detected operating
paraneter of the [ ead conpressor; -20 WD 2004/013494

29 econd. sensar bhei confi gured

ZZ%HOIE/ éi s'l%oés)ije@% %o dg{oéﬁg?t %fog%lé‘} ? F B ttﬂegra&%YaA‘F‘f fsylegss than
| If0eteremit dad wenesdabmiiiel Yaad iCOamEss Sut %@qﬁ:}&n’c and about
39Z)ner ate a second signal corresponding to the

tREYY position of the plurality of

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

percent.

24. A stability control system for a refrigeration 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 COMpIessor;
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i nl et guide vanes of the |ead conpressor; a third

sensor being configured and di sposed to detect an
woperalidsng paraneter of the |ag conpressor aneiCT/0S2003/021903

generate a third signal corresponding to the detected

operating paraneter of the |ag conpressor; a fourth

sensor being configured and di sposed to detect a

positio t | I i yanes of,. t he

Pag congrsg‘gosr,lgrsggs b@fn@ 6ohﬁgl9ried b ﬁffsg(gsléflqg Q¥ tgﬁtaq pos1t1on oF

corr ﬁEgﬂmahtygoﬁmlet @mdd eheat (ﬁ‘dhephﬁd chﬁhpre@ﬁortdﬁﬁ to generate a

pluralit ionl et guide vanes of the conpressor;
and SRR rs E%%SQPH‘HB&I*‘P dhe defested Ipeélapv é’ftth@ piyrglity of
Si gN@flet JulR vBRECHKhe RlaGBnprdsdt; third signal and the

fourth si gnal during normal operation of the
refri geaahllrd)ﬁelzspsbemg canflgtired gtadeh@beed:mdertedt a3 cgj@?dtﬁlg

for theatua{q[ t he Iural i nl et
vaneBH8PChe” gﬁl %@nﬁ?’é’?gfgfor IarH 3e§6ratec ]mégsagnal
by apgteshHeind® tﬁé tstectedl 8p&htingd ﬁ“a?arﬁ&%log‘f’thﬂ

third si %ﬁr)]al and the fourth signal to a co %&Hprés@&
al gor i t Adowtnsdngen kaing gord"@ueadmndehq)ossdjtogdaetmmpdmmn of

oo, el AR iR RGOS e et ey S8 T gmarate a
the foueth QAL &S fRho 0ah& 8etbdi&d p&%ﬂ@ﬂthé bR of Riles

the actuators of the plurality of inlet guide vanes
the BEgvancsrp ﬂ)@é%@omsaoneanﬂag conpressor in

respons t nin ne of
he ook hifrdrSeeb bt Fra W b HELBLTHE B ferag
a ssipoge, thetidid dignnl byd thavibinch ﬁgﬁaﬂ darih®Werm I%ﬁéraﬁbl{‘gf the
paragﬁter and a nore open inlet vane position than

t he ABnHEEEs ddp seherafecspmtiobaignels Sor thenagtuatars of

| a I e S of
ol ai SEOTRREREr migh g BET R b0 Yo B Blea g 8 e
m cr oprwesssby applginguhd fitsheigasi ﬂﬁts@écﬁldoélgﬂam ahe Ilﬁfdadlgﬂay
inle %ﬁ vanes of the |ead conpressor and the
| ag %‘@n’%‘?%& Sigpat [l decqniiel &I&?P&thcynégurﬁmt@tdegqmmw a
vane§r I t or.
D e R e D PR PR i e %@%ESF’%—. :
e M _Croprocess
2 e SOBHAP bRt A S 4R A i IR G oot the
Coamtmilmgnal%]_foV‘ﬂleZﬁI@ddt&ﬂs?rﬁ&Ke Bﬁfﬁl@@ﬁl’e@%&ﬂ@&anes of the lead
r|thmg%f{1 Lm ning that the one of the le
08 Prosiop anth dhe nlas| SYMRISHASF eds B¥SPOPREs t@n‘ilér @Hltlaﬂ salggrithm
C @BtrhinBiy @nepB? B! RAMCBRHAISPH B b Bhpdisd has entered a

predet er m ned
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

COmMpressor.

26. The stability 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 microprocessor shut down the lag compressor in response to the control
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time period. 28. The stability control systemof claim

24 wherein: the first sensor conprises neans for
wore@sitidng one of notor current and power CcONBCIP$10031021903

for the | ead conpressor; and the third sensor

conprises neans for measuring one of notor current

and power consunption for the |ag corrpressor 29. The

S taaddrithrh YeG@RHiRS t}ﬁ}’ﬁfeedﬂe%? e Bhdt 5o o?ﬁ(? t}{ehgﬁg gompressor

m croprocessor cal culates a percent

pdwe enterpd suavpgs amdition asmredetarfninddentnatzed of Gnes és 5 predaterinined
tge | ag. Gonpr essor and applies the cal cul ated

Pl&ee?] es of full | oad power consunption for the

d ¢ essor. and the conpr.essor to the control
Zgl Ffﬁ%ﬁﬁwe’n‘géﬁéﬁtsm@ Fiﬁémgé’fﬁﬂeé‘?msn gnals 30. The

stabi | i jy eNidnRly @E ealfsl %%éurf% {f motor current

conprising: an analo glta conve 0 T ecel
t he mdm?zwmcgnsaimpttohefosihedmd comipgassdr; aiche third signal
nal fromthe_first sensor, the

and the_ faqurth si
second g’@ﬁﬁ% SCRSAE CQIAPLISES SRS, FoT IRGHSYINE P 0% HOtOE urgent

and &t S Qbhsuifion b 8t 18 Bihessdrhe second signal,
the third si gna alr?rd1 t he f%lurt %Slsgnal to digital

26 gRakH 1ﬁtg {% | st r o Qlﬁﬁf‘ §? (wheRld tﬁ c%per{)fzeascs:c?r 808 des a

to recelv SI gnal s rom

mpercepﬂagc‘; of fudt lcmdcbotm:r ponstntheion fermedad ¢hihe dedduedir8ssef and
I uralit i nl i de vanes of the |ead
Pish &bt amd ibafjes Bt Fagualed popeeniages of Tull load power

consumptlon 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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