PHASE DETECTI ON METHODS, APPARATUS, AND SYSTEMS FOR TRANSPORT REFRI GERATI ON
SYSTEM CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application cl ains
priority wWo 218289 ovi si onal Patent Application Serial ROT/US20128634366
entitled "Phase Detection Methods, Apparatus, and Systens for Transport
Refrigeration Systeni filed on August 25, 2009. The content of this
application is incorporated herein by reference in it entirety. FIELD OF

THE | NVENBHASH 00024 Tiuire METENYS, (priagd ates aansysirkvistion traNsebg 1of
transport refrigeration systens and net hods of operating the sane.

BACKGROUND OF THE | NVENTI ON RDBEHRARENSPYSTEM | ger ation systens, for
exanpl e, container refrigeration systemcan operate on 3-phase power

suppl i ed droOSH REETENCROWEREISY BtIE APPLIQ TIONt ance, during transport, at a
destination, in storage, or the like. If the refrigeration systemis

equi pped with 3-phase notors, a phase detection transport and/or adjustnent

capab! i tyoogn %jﬁp@ﬂéa@l@ﬁclﬁﬁ%{s ptriBﬁtyttB %W\Esi&ﬁf Pit&ﬁ%%bii&ﬁo§$§ia¢movmen t he
rotational direction of these notors is relevant to the operation of the

refri ger 11287y atidad “Ioapnprsctior Madpds, Myprrfuonend Systems for Transport

Refrigeration System” filed on August 25, 2009. The content of this application is

incorporated herein by reference in it entirety.
FIELD OF THE INVENTION

[0002] This invention relates generally to the field of transport refrigeration systems and

methods of operating the same.
BACKGROUND OF THE INVENTION

[0003] Transport refrigeration systems, for example, container refrigeration system can
operate on 3-phase power supplied by different power systems, for instance, during transport,
at a destination, in storage, or the like. If the refrigeration system is equipped with 3-phase
motors, a phase detection transport and/or adjustment capability can be provided for the
transport refrigeration system when the rotational direction of these motors is relevant to the

operation of the refrigeration system.
SUMMARY OF THE INVENTION

[0004] In view of the background, it is therefore an object of the present invention to
provide a transport refrigeration system, transport refrigeration unit, and methods of
operating same that can detect, adjust, or control an operational direction of at least one

motor by selectively controlling transport refrigeration system components.

[0005] In another embodiment, the present invention includes a control module for a
refrigeration system. The control module includes a controller for controlling the
refrigeration system can detect proper rotational direction of a motor based on at least one

sensed condition.



[0004] I n view of the background, it is therefore an object of the present
invention to provide a transport refrigeration system transport

refri geravpeniwmsilg and net hods of operating sane that eamn/u$eroosedsad] ust,
or control an operational direction of at |east one notor by selectively
controlling transport refrigeration system conponents. [0005]In another
enbodi nent, the present invention includes a control nodule for a

refrigerapooen S)shfsther ERBoGRBAT Bk pFRCH IR chaliMIRR s & c&RIEQLARAN f OF _
controlling the refrigeration system can detect Eroper rotational direction

of a not GFovissgdasclsteqiion lahd MmotR &S B BASROTEITIEFBHON Wejem Lo generate a

2011/ 02851 455pka YR AAbdRSrof BRARIdn anot her enbodi ment, the present
invention includes a controller that can provi de phase detection for a
notor within a transport refrigeration systemto generate a prescribed

rot at i ondPOU] r ed® PBASPEAt OF the PRednd rnveqt@ed¥fm i IRedegspaethodef C{e%ém‘&#f@s ent

i nvent i ORyhefHey ﬁrée?ph%e%dt&qgr(ﬁatﬁgﬁrmﬁg Ripedgle8id iRl RAn YR ENBEcrRidnNr €6 phase
motor is rotating in the proper direction in a transport refrigeration

uni t, i nendnfledishencegizngy least gnearatorgpepIrye by a tipt Gpsetien lor ¢ Arsy fi r st

diTect i onydyafci birfod br BHESHL Ingq RELAR G ol TR e TEATKE 08 oy eCti on of
air flow'In the ransport refrigeration unit, operating mtors In the

t r anspor tunitefpeiagag mpiognin ti tranppertrpgigpianert undi in detfirenligtteon whee teeasured air
flow is indi i . ; i i . i e rsin a
second oé&ggslﬁ‘?%md/iﬁ?\g%tl%ﬁgﬁau&%glﬁt%% Hg)pérrgcgltseht?%da ai %e%ﬂ%%ﬁ%gﬂ%og% nl| n |(§:n§t ive of
t he pr opeppdite dotdtiom whD@O 8lehsuralingt flvev isaspeditatot of the ppipesdérctiomvent i on
there is provided a conputer program product including a conputer usable
storage g@dﬂsg m tp ar?c}tﬁ r%%ﬁctco? %%&%mﬁf?@eﬂ&&l, thelld 9 gfoi‘zme& Q%m% hfxfeuted on
a conputer, causes the conputer to performoperations to operate a

t r anspor tpredeftringediag & ormputir usabldtoragranativio isstpmelcadpwigr remieblgipragraothe not or
to operalie, i\ ki ah ofLlSEhiON AL @ Lilifler BT ESREE RS RELI 9ol L1 e,
measure a direction of "ai P P e R e({#hnsp&?f re Plgera 1 on unit,
oper at e nmhpog réfrigéri@ntuntntp opdratioaf michpdingtehapize thetmdtor to bperdite is4 fidi r ect i on
when the neasured air fl s I ndi.cative of the proper direction, and

oper at o (HEIEGA T preveleled Rerod 55 B B 8 Ui AR & TP WA IS 42TPeR ai r
flow is netigéraibnaalt seradd mbloes ip tepenspdrtiretigeaton (X0 Hel fistalivettvarwhas pect of

the present inventi n,,thsre,is rovi ded a,traquort ,
the measured air flow is indicative of the proper direction, and operate the motors in a second

opposite direction when the measured air flow is not indicative of the proper direction.

[0009] In another aspect of the present invention, there is provided a transport
refrigeration system of the type having a plurality of three-phase motors which are
periodically connected to different power sources so as to be susceptible to being connected
in a phase relationship such that the motors are caused to operate in reverse including at least
one measuring device proximate to a fan driven by the motors to measure a direction of air
flow when at least one of the motors is operating in forward direction, a controller to
determine whether the motor is operating in the proper direction responsive to the measured
air flow, and the controller to operate the motors in a reverse direction when the measured air
flow is indicative of an improper direction, the controller to operate the motors in the forward

direction when the measured air flow is indicative of the proper direction.



refrigeration systemof the type having a plurality of three-phase notors
whi ch are periodically connected to different power sources so as to be
suscept i WO 2011/d2831ng connected in a phase rel ationshi p fathistéran4gsse not ors
are caused to operate in reverse including at |east one neasuring device
proximate to a fan driven by the notors to neasure a direction of air flow
when at | east one of the notors is operating in forward direction, a

control | gfpik:R HSCRTFIOR %WR)}‘ME@? or is operating in the proper

direction responsive to the nmeasure ir flow, and the controller to
operate the notors in a reverse direction when the neasured air flowis

i ndi cati V@0161 aNdvepleapes thdi are chiargreristihel eodotimehiserf theanwepesmedre sdt iathnot or s
in the forward. djir.ecti,on,when.the asur ai.r flowis indjcative of the
oroperaEklshle gy R DR ERPB e ot R et 381 RBD &BecEi ur e
t hat ar e tchasgatiatios hndcmehodoixpdiatien wsthatfeteche: to nwefiollovoing deserig@in tikent h wi t h

particul arit itn th@1 claims. The i nventi og. 'hjtsel f may be best be
under st odYCORPTET AL SRGICCeIPAnY 0E JFYARSS JAMISH and et hod of operation, with

reference to the follow ng description taken in connection with the
acconpanyiig] dr &idsnys aidingwdmi tiat shp@O Ad ¢fehiBlary emsodandhit afja amspdrat shows an
exenpl ar X%fﬁnbodi ne of a,.t ransport, 8([jti.efri geration system according to the

t .
applicati ?erf%ﬁsﬁ%}ﬁl?éccoﬁdlp%toa ditRgrEam't hat shows an enbodi nent of a
transport refrigeration systemaccording to the application; [0013]FIG 3

i s a di ago@ral t halGshowslizraot ther shewb ademBrlimaft ofa trarapaprfiigeraibn syemat i on
system a%g&rrﬁgl}ln Jo.L.he tl%le ication; [O0014]FIG 4 is a diagramthat shows
an addi t i*6nal eitbodient °6f a transport

[0013] FIG. 3 is a diagram that shows another embodiment of a transport refrigeration

system according to the application;

[0014] FIG. 4 is a diagram that shows an additional embodiment of a transport

refrigeration system according to the application; and

[0015] FIG. 5 is a flowchart that shows an embodiment of a method of operating a

transport refrigeration system according to the application.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0016] Reference will now be made in detail to exemplary embodiments of the
application, examples of which are illustrated in the accompanying drawings. Whenever
possible, the same reference numerals will be used throughout the drawings to refer to the

same or like parts.

[0017] FIG. 1 is a diagram that shows an embodiment of a transport refrigeration system.
As shown in FIG. 1, a transport refrigeration system 100 can include a transport refrigeration
unit 10 coupled to an enclosed space within a container 12. The transport refrigeration
system 100 may be of the type commonly employed on refrigerated trailers. As shown in
FIG. 1, the transport refrigeration unit 10 is configured to maintain a prescribed thermal

environment within the container 12 (e.g., cargo in an enclosed volume).



refrigeration systemaccording to the application; and [0015]FIG 5 is a
flowhart that shows an enbodi nent of a nmethod of operating a transport
refri ger avpan11402831¢m accordi ng to the applicati on. DETAPCEDSRPHSORI4PI| ON OF
EXEMPLARY EMBODI MENTS [ 0016] Ref erence will now be made in detail to

exenpl ary enbodi nents of the application, exanples of which are illustrated
in the acconpanyi ng draw ngs. Wenever possible, the sane reference

nuneral s [yails) ban BRed, tHarQHGOA Wi kORI AM109Scdnfedi@f @ bnd Qdloptesanme or |i ke
parts. [0017]FIG 1 is a diagramthat shows an enbodi nent of a transport

r ef ri ger &PR@RCShs tdfernapeely KesFpopppripp g eerntionunit Hhean §p coyndaditp g @reasits syst em

100 can ipGlisAsh Asilid ANSHOIHan b&E SIOGTRL dRAMiddP13. hQnb SMBbERerdCa @&aﬁ%' osed
space within a container 12. The transport refrigeration system 100 may be

of the tybEarsprttniligerasiopuoyewnba cowlqditgepiagledontpiapn iy SAltemativlpwn in FIG 1,
the tran t i.gerat i ANyt I J | hn prescri bed
t her mal 3121 |fertroa'ri11 Oﬁtrgﬁg%ﬂllﬂp?ﬁgl Occéur]ﬁt9 (c?il&%lgir%ﬁ?SZLl ?féﬁag@, fggfggfg%ﬁb'aﬁﬂeencl osed

vol une) . trayypoR@diis@28HIARAT/CUSIBTN¢ @46AE8ai[ OB temperg@uire bpd tovshausanspor t
refrigeratl nj S _cqgpnec - th ontainer 12.

A ter nat turelysdPhd et HBREC Ao SPLi FOS EALMAEL 031 o

pr escr i bedripasiidn wnit 10rwill bg wadBnathanoiiceintdivanl adrsectsthatghofratspat ebigeaitioer 12. | n
one enbodi t, a.plyrality. of. transport refrigeration unjits can be coupl ed
Lo a singrs TR e tohsarm? wir Ly Garner 16 I s tredie ot S8R er at  on
unit 10 crm he cenppl drigedat®n@hiin il ye afolet thah @eredwed 2ir sddtathitrdanspor t

refrigeration unit 10 can gperate to indyct air at a first tenperature and
o exhaudtnanr it ucand SReparutdn 00 e auth e bulinels Tt ABRERRaust i1

from t he réfrigaramaniniciefcan GaL@LIrgRNLIRE tortAndti 1R hatify WesiurE tenipeaifurt Te(d Nduct ed
air such that the transport refrigeration unit 10 is enployed to warmthe
air in tHEStéapeste)angd sxhaup! ajie thepepgingelthavinga supHaisstreaire 1% Gt he

t ranspor tedofll (dngRfadlré)0n unit 10 will be cooler than the inducted air such
that the transport refrigeration unit 10 is enployed to cool the air in the
container 12. The transport refrigeration unit 10 can induct air fromthe

cont ai nedO42! havp AR dnbosipsng theaFararatt fgirigerppon gnil0 capjinclyde OBRBiEPAFEUr e)  and
exhaust  adiperfurt Res6:R1 @nflfoudid ob ApbAGANSHIR e RFPRIPEMTuE TiSanlRr 9.
second tenperature). , ,
the supply temperature Ts. As shown in FIG. 1, a first temperature sensor of the transport
refrigeration unit 10 can provide the supply temperature Ts and a second temperature sensor
of the transport refrigeration unit 10 can provide the return temperature Tr to the transport
refrigeration unit 10, respectively. Alternatively, the supply temperature Ts and the return

temperature Tt can be determined using remote sensors.

[0020] A transport refrigeration system 100 can provide air with controlled temperature,
humidity or/and species concentration into an enclosed chamber where cargo is stored such

as in container 12. As known to one skilled in the art, the transport refrigeration system 100
(e.g., controller 250) is capable of controlling a plurality of the environmental parameters or
all the environmental parameters within corresponding ranges with a great deal of variety of

cargos and under all types of ambient conditions.

[0021] FIG. 2 is a diagram that shows an embodiment of a transport refrigeration system.
As shown in FIG. 2, a transport refrigeration system 200 can include a refrigeration module
210 coupled to a container 212, which can be used with a trailer, an intermodal container, a
train railcar, a ship or the like, used for the transportation or storage of goods requiring a

temperature controlled environment, such as, for example foodstuffs and medicines (e.g.,



[0019] I n one enbodi ment, the transport refrigeration unit 10 can incl ude
one or nore tenperature sensors to continuously or repeatedly nonitor the
return tewperarassa4Tr and/ or the supply tenperature Ts. PAI/USh@W044488 FI G 1,
a first tenperature sensor of the transport refrigeration unit 10 can

provi de the supply tenperature Ts and a second tenperature sensor of the
transport refrigeration unit 10 can provide the return tenperature Tr to

t he transegitabie f 28y, atie@Bndiibt 212Qan [IRREREEH Enc®)sdd vothih&s bt el y, the
supply tenperature Ts and the return tenperature Tr can be determ ned using
renpt e s&RBYPE/SITEePOphepedsdbe endlesed veJema? [ bnaxhestnarrlopy seas hpyisyi de air
wi t h cont,p ol &g 2 ERRPREALMERd HBHThAblddOf/ ARthbRREAIBSHHERNE BMdi@nkt | nto an
encl osed chanber where cargo is stored such as in container 12. As known to
one ski | lleekoniaineh2l2art . the transport refrigeration system 100 (e.g.,
controller 250) is capable of controlling a plurality of the environnental
paranet engy0] althe kiR @M RIRM18lis RAIAIRIS iSmitnlall Be GAPEARPONALNT ranges
with a great deal of variety of cargos and under all typeés of amnbient

condi t i o8clofedgohe2dst obthg somaipkr2d? anthintairedsHassicmperalpisoangse it onsf a

tr anspor ten{bga(lifﬂegt?fh@trétﬁger%}’&ltrﬁgﬁulmg%%%m &a E(Ln%re%or ﬁQF § ARRBRLL heat
refrigeration system 200 can include a refrigeration nodule 210 coupled to
a cont ai ra¢hapde? uninfA3L h comlandsefand, anicviposation pdt ekchanger bt 242paelal cont ai ner,
a train ral 09a%%nfﬁlﬁqié{?ld%rcoﬁt?oeilelr%be’ used for the transportation or storage
of goods requiring a tenperature controlled environment, such as, for
exanpl e foodstuffs and nedicines (e.g., perishable or frozen). The

cont ai ned0G23p caeicpmpigsher 247 @n bt pewdded /by tirae pPhase efegiricalipewer, apbgsor fof st or age
of such 4 havi ng an
interior Qg@ﬂ@g’ﬁ%’?ﬁ?g%@ﬁﬁga&?} 5 fc{)grrq%ef ﬁjjge%gtﬁ% icgglp%gs.og.g;ﬁ %ﬁﬁ?ee%%&gtﬁmspher e or
condi t i onshpwfsot,retagrgntoaipmrssor 2¢dprop 802 2pmhessoefor ihgdikat Toniransplul e 210 i s

| ocat ed 5g, 85,4 TRLALA) 1L AE SCIREF AL £001u lNG, BOGHRSES Yol g, 214 of the
cont ai ner- 222 W thi b & pr efine taeprrper atur® range. 1 n one enbodi ment, the
r ef ri ger atppoyunio@ud shoRiOsuclams 4 noldade oaneorig pessoervd?22an ataoigdewser heat

exchanger unit 23 condens fan 234, an. evaporation heat exchanger unit
oo, an ESBUIREY G et BPROTIh A SO k81 Flsrc BBOT OGR4I TR compr eesor 222
can be powered by three phase electrical power, and can, for exanple,

oper at e d0024] condit amidenser gt exaxbhrezespeElB?2 ciinbe gunivels SouplQD2 aniisghdyge a scrol |

tati [ ti :  the like. Th
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heat exchanger unit 242.

[0025] The condenser fan 234 can be positioned to direct an air stream onto the
condenser heat exchanger unit 232. A motor 230 for the condenser fan can be powered by
three phase electrical power. The air stream from the condenser fan 234 can allow heat to be

removed from the coolant circulating within the condenser heat exchanger unit 232.

[0026] The evaporator fan 244 can be positioned to direct an air stream onto the
evaporation heat exchanger unit 242. A motor 240 for the evaporator fan can be powered by
three phase electrical power. The evaporator fan 244 can be located and ducted so as to
circulate the air contained within the enclosed volume 214 of the container 212, In one
embodiment, the evaporator fan 230 can direct the stream of air across the surface of the

evaporator heat exchanger unit 242. Heat can thereby be removed from the air, and the



[ 0024] The condenser heat exchanger unit 232 can be operatively coupled to a
di scharge port of the conpressor 222. The evaporator heat exchanger unit
242 can bEogpav@sinel y coupled to an input port of the CORAISEIOOH642R2. An
expansi on val ve can be connected between an output of the condenser heat
exchanger unit 232 and an input of the evaporator heat exchanger unit 242.

[ 0025] The condenser fan 234 can be positioned to direct an air streamonto
the condeasgéd BRBEa@XCAANEBE clttildiePBithin heEIB%d23RNn0N 4 bh@e consanser fan
can be powered by three phase electrical power. The air streamfromthe
condenser?1? gnlopsitthe mpsrafwssmeHbaenclasebewlvaadlded from the cool ant circul ating
within the condenser heat exchanger unit 232. [0026] The evaporator fan 244

can be pgir7i onethe teOntEHIELLTI0 s8bh Al for SEamGRa UNERLLARENE YARMBldrAlaiA6RL
exchanger unit 242. A notor 240 for the evaporator fan can be powered by

t hr ee phd¥® edEet ¢PBARIPIASY 2 t5eNeN A98% A5y condie chairicalbneqpacqigiafted and

ducted s hAS 120 & tﬁ&éﬂnﬂﬁ«%sér@@z&hé mb b8} e the Wbhdthtr RS 38NmlRS 8 nYRbU nme 214
of the container 212. I'n one enbodi nent, the evaggrator fan 230 can direct

the stream dpr bf evageraiss san24d. dhe eansellgf2 P hen kovcapasutdi operate texchanger unit
242. Heal, Gal,tHEhGRY. 9 tﬁﬁ%Yaﬁlga E{]e %H:ﬁrﬁﬁedae'n(limrﬁ{é% {i.@% ftﬁe?ﬂhlped tenperature

air can be |?cu ated withint cl osed vol une 214 °o e contai ner 212
t o | ower enheonnen eviéintheenstoseheoleme? bised dhawintamer 2124 The ooiieheOzent r ol | er

250 such . i i o] . [l om
Carrior " csh s EARTRL G MBS EARI R BRI PR Pl
connect edompomnngitir r2Morf efrigeragor syspreXPonci2@2he ¢congrevodir@22,280 f or t he
condenser_ fan 234, .and/.or .t he notor. 2 f.or the evapor fan 244. The
contror | 6P S8 T Famabh it dSwan faeBoet aft AR E0E modui e 210 (o
mai nt ai n canfiyuediat araimtaie gropevbradonmadirec(ien of motbREROEA30£1I0Ito onaigat ) wi t hin t he
encl osed vol une 214 of the container 212. The controller 250 can maintain
the pred®EFH N ERyPPBHirent by sel ectively control ling operations of at

| east one conponent of the transport refrigeration system 200 such as the

conpr ess@p02822, Thhecfdgmatiemaesdufesd023dluseaivdirionl foher Bvaplior ataomld anvrddd. The

refrigeration nmodule 210 is confiqured to paintain oper. rot ati onal

di r ect | oRCBI T BPRCTsSRIceABIPRo PPy Crsp e O s R e st & nment

[ 0028] Then tefréfrigah@in eduloTig] @e 2dWercabpdisie telcompreswakanponers of hem f or

exanpl e a nornal .conmerci al wer. servi ce, a shipboar owe eneration
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pover t o WReFatEoPBWEIITRICE$SL! the BRKTNGINS). AbWENE, WHANSPREdcrib&T fow@er at i on
system 200 can be received froma generator or alternator that is driven by
a prescrispgee ‘é(S‘Wé‘Pn%ﬁEﬁ feh (1%4‘51.“,% SEOF?éet1P%?é‘k%“"é‘??&i%e§qdlt}q693é¥ﬁé?20rtv\ﬁ?én t he

prescri bedRaven aSQULS Polvsr SuE VAREEH SO G UGHPIRSxEHA] REved IRERAR a stand-
| oadi ng/ unl oadi ng, additional transport, for exanple, an auxiliary power

source, BacksiupapoRapesiippAnprouds e ehoWeen stsifiacetion medele dhdisy syst em at
a renote @Mal%d‘ﬁ ed%fa‘?&'ggé % Qg& prRQABED pode Sorfed) &R 1oBRbAN iRRBR Ak hBioft O 1S

power ed enerator 2 , a prescribed power source), the rotational
di r ect i oR26f23Apt40cen PeGsurd80, 240 can be assured. [0029] As shown in FIG 3,
when the refrigeration nodule 210 or transport refrigeration

[0029] As shown in FIG. 3, when the refrigeration module 210 or transport refrigeration
unit 10 is not powered by generator 260 (e.g., in storage) and operated by an external power
supply 300, embodiments according to the application can provide a phase detection and

adjustment capability to the refrigeration module 210 or transport refrigeration unit 10.

[0030] Embodiments according to the application can provide single operation detection
for three-phase motors in a transport refrigeration system. In one embodiment, phase
detection for the motors 220, 230, 240 can use air temperature change nearby a component of

the refrigeration module 210. In one embodiment, phase detection for the motors 220, 230,



unit 10 is not powered by generator 260 (e.g., in storage) and operated by
an external power supply 300, enbodi nents according to the application can
provi de awphasézsittecti on and adj ust nent capability to PRE/USeIi0gEsHt i on
nodul e 210 or transport refrigeration unit 10. [0030] Enbodi nents accordi ng
to the application can provide single operation detection for three-phase
notors in a transport refrigeration system |n one enbodi nent, phase

det ect i on4f @4n dsb air A RFfure Abhing@&Qe. g 2GR 0p S 8n Al dwnb @NMS IRt MNER rafd@Nge
near by a conponent of the refrigeration nodule 210. In one enbodi nent,
phase dethégergianges it R nihesr sfap aon hepgigjectigipacgshanger iafiivendwgdhrse-ur e
change atyn{&-nhtor, MEALBErarttPShmEEDD thAAWPSRLIKS B RE e QNARCL 3L AR 8AT ,
exchanger unit 244. Wien a fan at a heat rejection heat exchanger is driven
by a t hr deupsideis @n metication fonphasedgieatiagi.ur e change of the air passing the heat
rejection heat exchanger can be used as an indication for phase detection.

[ 0031] As [ges¢r i bedicaB@¥@abdviand RE{deARbAMAMe TPHNEnGdM (CaPLrA e sbitBrs o
tenperature sensors Si. Wien there is at | east one tenperature sensor Si in
t he upst Péanfyhea tpre is@hleast PRYPMAFTAUET SCBWD & Hth@ BPIUERB (€. & T @EHEF at ur e

sensor Sig . %§@H& t [ tr - -

evapor at isg(%al %ﬁrﬁlfh%%e%ge%?t? EAGn po rl{n'e?egﬁ Orris(gig?g[ﬁ dé) %ﬁ@%ﬁa(ﬁﬁ%i 61 gl?a%i%g Eué gﬁ&gl e

oper at ed f¢hgevapgmaen fad)thd tmangpeyrt wirrgettipo sy sendl Wn20hah bavparieda@rg..be provi ded
or determ i . L1 i i Qn, af . 240 is
correct. aﬁg@ﬁgQ@ﬁ%%%?%@%@?ﬁfﬁ%gFg?%&%¥ %??%ﬁOégﬁggggﬁgggwéég?ﬂéggg%troIIer
250. [ 003@pdtionof theambad 22E 280, 2ah &serrdet coneembodinregt, dre dalermineirmerat ur e
change aéeth egeﬁ%cgﬁkﬁga%ﬁp evapor ati on heat exchanger unit 244 can be
perfornme © RGC det’sr i e “Whet her the motor 240 direction is correct usi ng
air tenperature change at the heat rejection evaporation heat exchanger
unit 244[0@2] | edstnoenebadengne mhtsgrdetesi@mspmg 8n ‘airitgmyterpeura clange atgbadaeavi ng and
at | east QB io%% Ora 1E)rlil L&y 2R3 Qer 1§Iilit .4Q ctarrll Be afi: SE: on&e?er};[me reiw thtep e heat
evaporatidn exchanger umi £ 24%°can e dsed? e refrigeration nodule 210 is
oper at ed nicer 280 deedtiod isoforeeteing @ir gempesdtat tixohye a@hdhaahejectidreeviporpegmat ur e of

the air streamat th om nal) outlet increases.(e.qg., t erature sensor
5 %t he Pt et s ung 24 B AT ol ke PEREST B B Seap ETRRERHAD) T o
gf ) t he ] heakt dneju@tickaite B@Rbr FXE RN@esrchm ﬁﬁt@ﬁlﬁgetﬁe heu gvapoﬁ&diﬁg@d’cﬁiﬂg_éﬁnﬁte ns O[:)
i), the direction is not correct and the opposite potar. direction can be
used. [0G33F¥TPedhied ehsd fﬁgﬁ?y”ﬁﬂﬁgégﬁﬁf%@?ﬁghéﬁgpﬁﬁﬁ’ “HFKﬁfeﬁﬁgﬁéturg
change atan@wh&dihe agRfaRink ONthd S@brRN A ARIBSMBAN okt PRFAQK (B4 tefﬁﬁeldmeer m ne
whet her the nptor direction is correct using air tenperature change at a

heat absdPPT dh hredifecuditinapiget, Waen the seaipepiie pidhp@rmingdnlsedidisrheal jn t he

air streaqediRantNI«@fhPiREBs@e. b CRRbeARE: LRIPST A IHIGSRATORot Shrrdch the air
stream entering the heat absorption heat exchanger can be used. The

ref ri ger &nd By oRPRYIE BrOPT dirgcdiop gy betwsed.-f or a period of tine (e.g., started),
and when the tenperature of the air streamat the (e.g., downstream outl et

decr easeggoszhe dj bREEHIRIAihéht, PREdEleeticdh dsBit ARk Y@ Peranil 8Rinb O& AiRAPer at ure at
the (e.g., upstream) inlet of the heat absorption heat exchanger decreases,

t he di r e@piospiiondiegisrchapgar gt be pei@mgie Toplstsepme vipther theimpwe dirgsior in be used.

correct using air temperature change at a heat absorption heat exchanger, at least one
temperature sensor S1 in the air stream leaving and place at least one temperature sensor S1
in the air stream entering the heat absorption heat exchanger can be used. The refrigeration
module 210 is operated for a period of time (e.g., started), and when the temperature of the
air stream at the (e.g., downstream) outlet decreases, the direction is correct. Alternatively,
when the temperature at the (e.g., upstream) inlet of the heat absorption heat exchanger

decreases, the direction is not correct, and the opposite motor direction can be used.



WO 2011/ 028514PCT/ US2010/ 046458 [ 0034] I n one enbodi nent, phase detection
for the refrigeration nodule (e.g., notors 220, 230, 240) can use air flow
di recti orwatoa/heat exchanger fan (e.g., conponents, coRGENSRI10/08635234,
evaporation fan 244). As shown in FIG 4, a mechanism (e.g., sensor) such
as one or nore sensors S2 can be installed in the air streamof at |east
one of the heat exchanger fans, which is operable to detect the direction
of the al[oo3f4h OW.Ip bike &ﬂ&dﬁi@@@hmm@aec%&@dhafeyrlg@ﬁfbamoﬁﬁﬁ (Eanmofed ude a
flexi bIe iece of materi al uipped with a strain gauge (or simlar sensor)
t hat can 2A@asS0r@0) srovse @hﬂawgge%tioaﬁt%hrétwhw%fﬁnﬁﬁaa SNRPNGERds wher e t he
bend is camRasd:Bh @hrevﬁﬁ&wl&ﬁalg%@ WAE Bh Ry nfiRRTd. St b YHOBhAAG N Bl t%éd’ééit)' vely, a
hi nged devi ce can be used that can nove the hinge dependlng on the

di rect i onudfaspRecrinprefsersrs (58 cgn be inieltedan tharnir seany ahdtiggyt ana obte heatbodi ment
a_moveablega ALl Gk AUniGRT RGO UMNAR: 1P R SOROPEL 1R T0R. IPORI AbodfNhEe SO
that the position o vea |cator reacts to determne t

directi omX@ﬁpltheneahermsrrmsman mIChld@néleehbmcmﬁmateaalsrwiaﬂm vg&wg%ra(rwausﬂ m | ar
sensor) . fan, S ,

rount e oy g r oo ks B BBl in bAFRARYGE R oY SR b O RABIRNE o g
oper at i orbend 1@@85]:(1 by ainBow Koo dwlaare fan ssualhmmgemhbmatyveseakmtgsd dvicdehect i on

mechani sns _ar n red or has t elr 1 at uat ed duri a phase
ot oot ot sRtutatmOht REECHaEu o B UleRbBb e R BNEH EoMEHA BRAT oL T on
mechani s asnnGa). bﬁ)neeﬁlebdlalfehteﬁ nﬂvéa@&dhdﬁ@at@r&:aﬁi% sbiieEa a(chathe] oftarsamsiy tted to
the controller Al terpativel ch exe sensors or detection
mchant SHEviEate B8 teaaiof BER: pbr e BOF TSR et FOATEOEP AL M. 11 one
enbodi mentr,flow gh ofxenRldanisht, S@ﬁ‘éﬁrgaug}f(oﬂ@ﬁlﬁﬁ{sbﬁhﬂr)réﬁﬁB@ﬁb&ﬂf&d fafal@ r eset

upon startup or initialjzation. [0036]1n one enbodi nent, a mechani cal
sensor sURASHS2 BoNasnt.dor %{H‘ﬁ{eeﬁo‘t“ﬁeda‘?nrth? fag\Rlads ip Beasesg Ahe defledlion 9t B8t er mi ne
if an athMﬁde'eduﬁngblg‘erﬁﬁ)ﬂsor S2 is noved to a first position (e.g., closed

i

position) where the rst position of the act uator in the sensor S2

i ndi cat es the correct air flowdirection (e operational direction of a
component®&e! notlp Pye erﬁqdé?%ts}l‘?}bqX}?mp{aWeseaﬁstgtdﬁﬁethor? PEFEAUERHY 8% can have
at | east phoMoRASH hdsQRSr G & NRVE BTHg o had detebBén RREkILA.OM dnBdi cat es t he
correct air flow direction and novenent to the second position indicates

t he i ncorP®edimsnt sych gik e seRIOrsT delagling meghanisns A be BufLa e Tsatee Bet ween

mul tipl e PRENWRY (Y., Bhigked tl%Qﬁé édn%lle?@@é)o r&iteﬁl%u{ré?y %&h%x@i'n?ﬁnﬂ‘s*éﬁstoﬁ’s% the air
flow direction is correct. [O 37] I n one enbodi ment, an optical sensor can
be used fdetectiGreneshanisns @p be %@tjwaﬁwtethemh@edﬁstepmOpg@ﬁglbrln@aﬁ be nount ed
to det ect®RyARkTRA CkanAal LT of aliEldof ihebhnlshlthn b3l KA EfuAeEOr di ng to
the fan rotating in a forwar irection or rotating in a reverse direction.
Such an optidlzatiorsensor coul d be nounted in front or behind the fan.
Alternatively, the optical sensor could neasure an anplitude or patterns of
a sensor (g}t qRe dfhddltferialmdch Akt sblifasTBRSHS Ll AR hlaitdfonor
correspondl ng detected pattern is indicative of the air flow (e.g., correct
fan di r ectn bayvalup@d 38Jdatamoal amdsodiomenthe S@S@rﬁssmpeedsteﬁémﬁ pesinorie.gused f or
the Sens%[os%osf%h) %e%rﬁle?mgﬁﬁucﬂ{(ﬁ%ﬁeuicﬁla%? {hstﬂ se%%} %%qncﬁpalﬂélttﬁéjcohgctdet ect an
asymmetric al ressure across a conponent suc e evaporator to
determ neir\ﬂmdlepmﬂ'(e gnopgatiqnel (Qrepucm}tfcarcompomnh@ remaxpoAa(:mativreamhei s turning

t he correct d|r tion. or exa Qr essure can p{a 9 drop) as
tuator 1n sensorS have a east EVY%) ep031 1 ns where movem i) 0 1rst I%Oﬁl on
it passes OVEI’ t e evapor a or Is pera correct

directi omndldrdmmh/a&roneufalrtfhﬁz dmbﬁxm anﬁ nmemarﬁtltmgle|setohd11posltnmand1m¢s thki r ecti on,
the pressure at t.he evapor at or not hi gher

t han t he Hbctogggt&fr oM C}”ﬁeﬁtéonb (ﬁlfo IddatSQFt op ﬁgulg@g fl%l?eéweeélgptﬁtlﬁe one way or

single position sensors 52 to determine whether the air flow direction is correct.

[0037] In one embodiment, an optical sensor can be used for the sensor S2. For example,
the optical sensor can be mounted to detect an asymmetric pattern of reflected light that

varies according to the fan rotating in a forward direction or rotating in a reverse direction.



[ 0039] An enbodi ment of a nethod for operating a transport refrigeration
systemto detect power supply rotational direction for three-phase power

wi |l nowwe 2da#esilbed. As shown in FIG 5, a correct di PETIUSMOOIISHE
selected froma first (e.g., forward direction) operational direction and a
second (e.g., reverse direction) operational direction for selected notors
in transport refrigeration nodule 210 after operation of at |east one
conponentsubard HRichllsbsbr QRES B ha@d ifl oAU beiind (O CAL] A& oM thdofticsd S,
after a process starts, external power is connected to the nmotors 220, 230,
240 (bl o¢RnsgaEPpld mppsvre ap RBPEYdE ArRaleRS plet SPWF APwiPPhinghe pif Bow gihewdkq on for
a prescrifad, RefhAfuRlor boiBporh delcRadel Bl is¥did8aShe ROSr AOTRONENT such as
one of the notors, for exanple, "an evaporation fan notor 220 can be

oper at ed cpiech famidirsetiat).r ecti on for a prescribed period of tinme (block 520).
At this point, a neasurenent detection for the operational direction of the
ot or  22Qnd38] Perth 8hd&ERbJIRhGE K PPAMre sdnBorRAR b€ IRAMMRNMens R SSEPSUxample( €- -

hi nge detector) nounted on the correct side (e.g., downstream side) of a
heat excHETRIEPUR 4pspicap g MeaRied (o dstegbareas i pSUTiCfATHIEsHPR AHPB R COMPPIAL sensor

S2 1's MoYg dd epdribth BRANE Rloh B gl RILMRGTHE OB)apbES Gucple 115t
position of the operator In the sensor S2 I ndicates the correct oper at i onal
di r ect i onurofng thvecompeiploraionofof examplyl e kre5B0) can changn €. e ndropi avempasses

t enper at i itare t i : e..change in the
prescri b%&grttﬁﬁe&a?%ﬁggghéétg?H{O{Og&%f{?ﬂﬁrég&ttﬁ%&ﬁ? tecgrr%&g%?ﬁ%%}eiv%’ gﬁ%ck 530 is
af fi r mat invegr it beravng ox e arcerrap dirattied, thapredyerefai the topdef ecdviaparatpbdadlokill550) .
When the . determ nation jn block 530 i egatijve, the correct direction of
the ot oS H0! SEIAD b B PEEuR I el i S BorSfh The ot or s are
operated in the second direction (block 540). From bl ock 540 and bl ock 550,
control ddiOl nue's ¢ncbodphdnonizd mithodtior 5Batinigertansrog refeigsation (yeleg.to 52) can be
reset or (i SaDlERnbr oMLK 28G: 1ol RS PIRCSRRF RN KNG dOQH2H! R One

enbodi nent . an I ndreat or - can be enabl ed Tor X ne oper at or Wi th notification
of the coehevecin HGt D cdire@ direwion anddeoelenod frbmedirstdn ¢f, katvatihigrecrndr s ar e
operating in.the correct. direction (block 560). In o enbodi nent,. a switch
for o cotPRRIUHET RYIE T eIt T S isePond cegp el TP aaeT BT T educe a
| i kel i hoagbt@$ irdangpRire fitgeBUbIS BGMaa R 1 DIer apdratvnion a@Bast GreaiomPoientlinrget i on.
[0043] I n one enbodjnent, exenplary sensors for notor phase detection (e.g.,
sensors $99 REPOPAEEEFied as a nechanical sensor. However, enbodi ments
according to the application are not intended to be so limted. For

exanpl e, [60401 esArsBose SIAG. Hfdkeea poass uues, ehamaeowsr isroimeakd wahof a proper

oD oSl S ARET T TR A0, SRR RSt gy o Co
prescribed period of time. Alternatively, at least one component such as one of the motors,
for example, an evaporation fan motor 220 can be operated in a first direction for a prescribed
period of time (block 520). At this point, a measurement detection for the operational
direction of the motor 220 is performed (block 530). In one embodiment, a sensor S2 (e.g.,
hinge detector) mounted on the correct side (e.g., downstream side) of a heat exchanger fan is
evaluated to determine if an operator in the sensor S2 is moved to the first position (e.g.,
closed position) where the first position of the operator in the sensor S2 indicates the correct
operational direction of the evaporation fan (block 530). In one embodiment, a temperature

sensor S1 is monitored to determine a temperature change in the prescribed time (block 530).

[0041] When the determination in block 530 is affirmative, the motors are operated in the
first direction (block 550). When the determination in block 530 is negative, the correct

direction of the motors 220, 230, 240 can be the second direction and the motors are operated



can be used as a primary determ nation, or a secondary (e.g., backup)
determ nation for the refrigeration nodule 210. [0045] The contai ner 12
illustratwo20n/28534 1 may be towed by a sem -truck for PORWSLIIQO$GEES T .
However, those having ordinary skill in the art will appreciate that the
contai ner of the present invention is not limted to such trailers and may
enconpass, by way of exanple only and not by way of |imtation, trailers

adapt ed fi@the Re@EY uR@Gkn 6k 548). IFrORABIRRES0 ariNlo &R AloRes] BRtHeS
contenpl ated for |and and sea service, including internodal container.

Cont ai nere8tigns! blegePWorherathergpseyp &0 r ¥P 630 hegeseher Ewblgd. Sparlogs o], teuck.

[ 0046] | n ohesgabeg ment of the refrigeration nodule 10 (e.g., as shown in
FIG 2), the condenser fan 234 can be replaced by a first circulating fluid
heat exchanger and the evaporator fan 244 can be replaced by a second

ci rcul at iy | uilt opespbaditeinbig didicaty sax g @ipdled Fog thegppitpr Midingtifiag pn

exchangerys GRR A& hidedr MBbdibn GRYB! RArEQioh Sy GRIARES &l &%&ng%@ﬁ'@d&%ét unit 232
to renove heat fromthe coolant and transfer the heat to a second

ci rcul at idigctonplack e beme aabedimeni] agvwikeg fenagoaresneading Mekpa agjele lgepd be
ther mal | y, gaupled itQibRe LYREGTRLMoRERY: FAShAY L bpedftidntiPyd r ansf er heat
froma th(l)l’d [gI:rrcu attli ng r%Yui g IV\A&'[ OiOn ﬁ]réj és(\’gcon%%gli&l{ﬂcﬁ atfoﬁg ‘?‘r{ ui d heat
exchangenndogedtgeddmol ant wit hi n t he evaporator heat exchange unit 242. WO
2011/ 028514PCT/ US2010/ 046458 [0047] Enbodi ments according to the application
can use SOMSPTS 1hBnd GRRAGAY ShdinERSHErsGORNAGE HabSddikiofle 4 Nensoust em such
as optical patterns (e.g., by fan rotation), an air flow direction or air
flow t emder atgrdesonipechisrt mévbarniead pengor tHometen gelhadinans asyadiamid®e. Such
Sensors G ICQ&OI‘LﬁgR(thné%??J Be s elﬁmt%aomr éxgm 13€a éljé%slu}e%gnsjopwflé}g %Esturet hat can
conmmuni cate wth a controller (Oe.g., transport refrigeration Gnit 10)
t hr ough whange ovindicatok o6 s popenmmpaiatart dfohsrefripratiex awplle 2 10w andle aissl.
comuni cations can include one or nore radi o transceivers such as one or
nor e of 411 radi o Lr J: radi o i M GPS
Fadi ot r aneedi iy ROt o RSk S R Qe B
col | ect edable ysedrat ®pryears deEr)ingmn, e sagwdarg ge. 8 npagkup aeamengion foighe a
controll . . ri ous conmponents in transport refrigeration
syst ens. Gf\%&%%@%&h%‘%@het%l@' present invention has been described with
reference to a nunber of specific enbodinents, it wll be understood that
the true [8@idtit Thadomeiogel 2aflustrhied imilént ivan bs totdddy hecaetresknforredd only wit h
respect | ai t . 1P . i fi i Qn.
Fart hor , "ARIPR TRkl 6800, SUBRETAAK e S GuPLERERL GRRE LHERH A s and
nmet hods alneeprekesianydnedn asiohlavitergo auaherailens anduapercompass] ymente ekampie | | be
under st ood, t hat such syste par at u and t.hods can.be practiced with
fover  t hanbeHd el e, REREE AR Ty MR B8 e OGP Mimoer
of parti cuhtainererded comangathdioe ldnéand satservioe tihcludihg imdrinody camdserst ood t hat
features nd.aspectshthat havle bgeen ?lescri bed wth %ef erence to each
part i cul &PPEHRSEE HERCEAh ARSI PR R PR Wy particul arly set
forth enmbodi nent.

[0046] In one embodiment of the refrigeration module 10 (e.g., as shown in FIG. 2), the

condenser fan 234 can be replaced by a first circulating fluid heat exchanger and the
evaporator fan 244 can be replaced by a second circulating fluid heat exchanger. The first
circulating fluid heat exchanger can be thermally coupled to the condenser heat exchanger
unit 232 to remove heat from the coolant and transfer the heat to a second circulating fluid.
The second circulating fluid heat exchanger can be thermally coupled to the evaporator heat
exchange unit 242 to transfer heat from a third circulating fluid within the second circulating

fluid heat exchanger to the coolant within the evaporator heat exchange unit 242.

10



VE CLAI M A net hod of determ ning whether a three phase notor
Is rotating in the proper direction in a transport refrigeration unit,
conpri si YO 2011/0288rMer gi zi ng at | east one notor to oper aPETIUS2@0f0#G458
direction for a first preselected period of tinme; neasuring a direction of
air flowin the transport refrigeration unit; operating notors in the
transport refrigeration unit in the first direction when the neasured air

flow is ijpsli7gat ingboafmdnRecRir@Refo @k bRk ca®B& sensors 1@ REpALIVAY nleh@rd1Ot Or S
in a second opposite direction when the neasured air flow is not indicative

of the prbyaicriireeiipgiysiem such as optical paierpst(rg el Dungertiograntin pve| ai m 1,
wher el n sk diolRt & b téi‘n]%'fdtﬁ(l% wiBlhe trfhsBort FRMRRRh sYs&lnf 1@LTREL QAsstystem A

met hod as set forth in claim2, wherein said notor 1s an evaporator fan
drive notcarbe mmetshesgrsass kmewnfiopnckilled i G mt that gineominynisaiedvithgt or is a
condense rcoﬁt?d?leg(e!ég\./,‘%raﬂg}oﬁrrefﬁéérg&(gnhﬁﬂ 185 thS&eh Wfelod widle§! @hhicaiIR" b0 sai d
notor 1S a conpressor notor.

example, wireless communications can include one or more radio transceivers such as one or

more of 802.11 radio transceiver, Bluetooth radio transceiver, GSM/GPS radio transceiver or

WIMAX (802.16) radio transceiver. Information collected by remote sensor(s) can be used

as input parameters for a controller to control various components in transport refrigeration

systems.

[0048] While the present invention has been described with reference to a number of
specific embodiments, it will be understood that the true spirit and scope of the invention
should be determined only with respect to claims that can be supported by the present
specification. Further, while in numerous cases herein wherein systems and apparatuses and
methods are described as having a certain number of elements it will be understood that such
systems, apparatuses and methods can be practiced with fewer than the mentioned certain
number of elements. Also, while a number of particular embodiments have been set forth, it
will be understood that features and aspects that have been described with reference to each

particular embodiment can be used with each remaining particularly set forth embodiment.
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A nmethod as set forth in claim1l, wherein said neasuring a direction of air
flowis perforned by a nechani cal sensor device. A net hod as
set forthwonrool@asim5, wherein said mechani cal devi ce i neCudsgoian4d4sst one
of a strain gauge, a strain gauge on a fan, a strain gauge on a flexible
material, a hinged device, or a floating device in channel. A
met hod as set forth in claim7, wherein the nechanical device is

reci procaVky1ngvebl e to at | east one position indicative of a prescribed

direction of the air flow WO 2011/028514PCT/U82010/046458 9. A
net hod as set forth in cl?|n11 wherein s tor isin.a trgns ort
refrigerati on!syst@meipgior feewijaing yhripere WGB SHJOLE ATREHBY ™ (BE BOBGwer

sour ce i Qirt@&anS 8 uRipsSe rot@deddtioR M Pmprising:  10. A nethod as set forth in
claim?7, wherein said measuring a direction of air flowin the transport

refrigerati onCHAESIFING Arfpast eINYPr P QagRte dhd fitst difgeerutar A §irs REsdsdt et i on of air
flow ng g%n&hgwggynstrean13|de of the condenser fan after the notor is
energi ze measuring the direction of air flowing at the upstream side of

t he condenserHﬁéwﬂag#éﬂﬁﬁﬁéoﬁﬁtﬂﬁwthéﬁﬁﬁQWQE@H$#@@§Hmmng the direction of
air f1ow ng abpddih, dRNES H GAMRRGA? rfodrlifon SKRRPHETikCMird Al Rh{rehe t he MOt OF
is energized, or néasur|ng t irectt of air ow ng at the upstream

si de of tveswwbpoiiar isondifaine af the prophralireoiay aids ener gi zed. 11. A

met hod as Set e%} gtﬁe”mff A, }eco}(‘@gﬁrp i @ALGhL dﬂ"bﬂ%?eorhéas%r%ﬁ Elr?l%aé hQn system
conpri ses: $Sor Rav i s port and a secon a condenser
heat exchmhgmweuhh@mmpammtuumly coupled to said first port; an evaporator
heat exchanger unit operatively coupled to said second port; a condenser
fan di sposed proximate to sai d condenser heat exchanger unit; and an
evapor at or faf. di sposgthdps exiférdt i@ claim $ awhbreéiv ago nmtwis héate nexatianger unit.

transport refrigeration system.

3, A method as set forth in claim 2, wherein said motor is an evaporator fan drive
motor.

4, A method as set forth in claim 2, wherein said motor is a condenser fan drive
motor.

5. A method as set forth in claim 2, wherein said motor is a compressor motor.

6. A method as set forth in claim 1, wherein said measuring a direction of air

flow is performed by a mechanical sensor device.

7. A method as set forth in claim 5, wherein said mechanical device includes at
least one of a strain gauge, a strain gauge on a fan, a strain gauge on a flexible material, a

hinged device, or a floating device in channel.
8. A method as set forth in claim 7, wherein the mechanical device is

reciprocally movable to at least one position indicative of a prescribed direction of the air

flow.

12



12. A method as set forth in claim9, wherein said neasuring a direction of
air flowis perfornmed by an optical sensor device. 13. A nethod as
set forthwprodlesiml2, wherein said optical sensor devi PETASLEON$648%
asymmetric pattern on a corresponding fan when the notor is operating in
the first direction. 14. A conputer program product conprising a
conputer usable storage nediumto store a conputer readable programthat,

when execut edgon aaGRRYALIE Lot SIS RHith NewRQER Y8 ot i hfiRRspoaper ations to
operate a transport refrigeration unit, the operations conpri si ngq:]‘ energi ze

sai d not éeiriggaEpeysen haispusGepidhle Wi ReBRICPHIFCERD FO BPIYY SQUItsH I8 $RICEBE PBTC per i od
of time; oeasMdke a direction of air flowin the transport refrigeration
unit; operate notors in the transport refrigeration unit in the
first direction when the nmeasured air flowis indicative of the proper

direction; angy n%ﬁ)rdaatsgettf&ﬁldﬂma%%, Wher@n Bﬁ%gsuﬂﬂggﬁlr&%o%fﬁﬁi on when
the measured air flowls not indicative of the proper-direction. 15.
A transpdlow indfertiageroatrivigers et wnh comptibes at lppe ohcanti masering] toy difectign @fair
three- phq‘l%%i ttﬁ{esdo\v'\v’rﬂgt?eram%rﬁ O? ﬁ{elcgﬁj e%@r lf% a(f?tgptrﬁg o?q‘.ist &e%fe]a,erhga@&r'%? Wer .
sources S0 as to be suscepfl bl e to being connéec ed in aphase relationshi p
such t hatthda diectiot drg fbmwinga tsegsta@moyd@r dile dondaneardasdtec drdteiing: at

| east one _measuring devic roxi.mat.e to fan driven.by.said notors to
rmasur o SIE7BEPlegRrBE e e PR AR iz o s 8P Bl BBy B2 sSPLoh

oper at i ngar aftet Olewauiel idléne@GiddOdt; measuringahcdifticti@] dfeir fTodvittedt eicndps@canhedder t he
notor in Q erati ng. iré]%‘:‘??e ‘I%ro er .direction responsive to the nmeasured air
flow, and' "°CVaROEIGn PHhe BT ds e %fe the motors in a reverse direction
when the neasured air flowis indicative of an inproper direction, said
controller to operate the notors in the forward direction when the neasured
air flowis inbicaftinrehogfs sgidorhyigskyimd; vieein sad transport refggeratipa sysefhspor t
refrigerabimphsegystemas set forth in claim15, wherein one of said notors

is an evaporator fan drive notor or a condenser fan drive notor.
a compressor having a first port and a second port;

a condenser heat exchanger unit operatively coupled to said first port;
an evaporator heat exchanger unit operatively coupled to said second port;
a condenser fan disposed proximate to said condenser heat exchanger unit; and

an evaporator fan disposed proximate to said evaporator heat exchanger unit.

12. A method as set forth in claim 9, wherein said measuring a direction of air

flow is performed by an optical sensor device.

13. A method as set forth in claim 12, wherein said optical sensor device detects
an asymmetric pattern on a corresponding fan when the motor is operating in the first

direction.

14. A computer program product comprising a computer usable storage medium
to store a computer readable program that, when executed on a computer, causes the
computer to perform operations to operate a transport refrigeration unit, the operations
comprising:

energize said motor to operate in a first direction for a first preselected period of time;

measure a direction of air flow in the transport refrigeration unit;

13



17. The transport refrigeration systemas set forth in claim15, wherein
sai d neasuring device is a nechanical sensor device, wherein said

mechani cavogeuieesesisncl udes at | east one of a strain gau@€T/US2610/084488 gauge
on a fan, a strain gauge on a flexible material, a hinged device, or a

fl oati ng device in channel. 18. The transport refrigeration system as
set forth in claim17, wherein the nechanical device is resetably novable

to at |east 0QfrR@siotdrOM thd @Sl Migefaridn REERGRd Bediifti@cii@nnof the air
flow. 19. The transport refrigeration systemas set forth in claim

17, wher éiqsued dr Hevasdpdiengiveelihe aroper difscét prhl sensor device, wherein said

]92';] i cal  sensoppdQY teGndisrs ifa SELRCIppale ITYITR Wik £ R da&Irl £P118y GHot €Spondi ng
- indicative of the proper direction.

15. A transport refrigeration system of the type having a plurality of three-phase
motors which are periodically connected to different power sources so as to be susceptible to
being connected in a phase relationship such that the motors are caused to operate in reverse
comprising:

at least one measuring device proximate to a fan driven by said motors to measure a
direction of air flow when at least one of said motors is operating in forward direction;

a controller to determine whether the motor in operating in the proper direction
responsive to the measured air flow; and

said controller to operate the motors in a reverse direction when the measured air flow
is indicative of an improper direction, said controller to operate the motors in the forward

direction when the measured air flow is indicative of the proper direction.

16. The transport refrigeration system as set forth in claim 15, wherein one of said

motors is an evaporator fan drive motor or a condenser fan drive motor.

17. The transport refrigeration system as set forth in claim 15, wherein said
measuring device is a mechanical sensor device, wherein said mechanical device includes at
least one of a strain gauge, a strain gauge on a fan, a strain gauge on a flexible material, a

hinged device, or a floating device in channel.

18. The transport refrigeration system as set forth in claim 17, wherein the
mechanical device is resetably movable to at least one position indicative of a prescribed

direction of the air flow.

19. The transport refrigeration system as set forth in claim 17, wherein said
measuring device is an optical sensor device, wherein said optical sensor device is to detect

an asymmetric pattern on a corresponding fan.

14



