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FI ELD OF THE | NVENTI ON The field of the present invention relates to control
systens for transport refrigeration systens. Mre specifically, the present
i nventi on | wodioosztossyd t owar ds alternative neans for detpgryusedniidie anounts
of carbon di oxi de and oxygen in a transport refrigeration unit using a
singl e sensor and to prggh yé@ﬁgﬁl %%{c&;ﬁﬁ&és {%,mgych gases |n a
transport refrigeration uni't near impresel ec limts.

DESCRI PTI ON OF THE PRI OR ART A transport refrigeration system used to
control the envF_r[be‘redft THE SReMOSRIL areas, such as the insulated box used
on trucks, ‘trai s|mlar I nternodal units, functions by
absor bi ng heat fEben tiHeldnefosthe apresentd ¥retepgdpng refgfes otosiabmtablt he box

into the enVslyrsQBﬁ’(Enfor hkRaagghLd %,fng@fatt%a Pféﬂéd&abhﬁofé hRci ¥Rkl y
transported iin such oxeseﬁﬁﬁ)g {& duce respirate over tine;
|

produci ng cdMfoRTeAFRVKide q’rﬁeﬁﬁe VEAHRZHE o2 b5 LV R PPRRHAERE | f t he
concentr at i agletefmonigenthyet smbaots OWforcarhenccﬂimmtiéatauﬁn &fygemarhonadi oxi de
gets too hi a a |I Fresh, a L
exchanges a%%atntﬁ §rﬁs§%9rgag$£ej€ie)glt n@%?ésj £1un s ﬁngﬁgesu%’}s Tuh&FBi 1101 nt ake
and exhaust RISSABAYE aeentweneeel ﬁeﬁekmeot)oﬂuclanaaaeeress@r etxfinfsperent i al
draws fresh @ifrigbph@iddeniat aker and Buahesddae1catbom idiexi. de | aden air out
of the exhaust. It is inportant, however, that the exchange avoids
provi di ng excessive amounts of fresh air, as such air would tend to dry out
t he produce, ITandDESCRIPTIONI nn‘aﬂmrmonfhm of vvar nmer fresh air would create
an unacceptably Lar d .on_t st ar b rovi too much
Narm anbient ar r A cugRpr e A T aRa S SHEREM (eP g PSRN B

i ncl udi ng urﬁrtvsrommlrtenﬂl enclpstdprede svshghedhe! inhel prass bnk msmﬂentll on,

enploy a maahs!r eshiakkse x%egenéyssteew rsﬁma&t S Hte riBadY Olfh 1k RESe
probl enms. In such’a system personnel _invol ved t he shi ppi.ng . process

(e.g., a shifpaAENDPY EPAPHRIND EPEBNHAT tf‘?p“?ﬁqsﬁ s@fe2 and feleasing

heat outside of the box into the environment. In addition,

certain perishable items typically transported in such boxes
{e.g., produce) will respirate over time, producing carbon
dioxide while using up available oxygen in the box. If the
concentration of oxygen gets too low or the concentration of
carbon dioxide gets too high, the cargo can be damaged (e.g., it
spoils). Fresh air exchanges are thus used to prevent this
undesirable result, wherein intake and exhaust openings are
opened into the box, and a pressure differential draws fresh air
into the intake and pushes the carbon dioxide laden air out of
the exhaust. It is important, however, that the exchange avoids
providing excessive amounts of fresh air, as such air would tend
to dry out the produce, and bringing in a larger flow of warmer
fresh air would create an unacceptably large power draw on the
system (i.e., by providing too much warm ambient air to cool).

A number of transport refrigeration units, including units
currently sold by the assignee of the present invention, employ a
manual fresh air exchange system in an attempt to avoid these
problems. In such a system, personnel involved in the shipping

process (e.g., a ship hand or terminal personnel) typically sets



WD 2005/ 108872 PCT/ US2005/ 011618 fresh air settings manually. However, if
the personnel do not provide the proper settings (e.g., the vent is opened
too soon, or too late, or at the wong exchange flowrate), or if the cargo

box unexpeowedbosi108v: at es from desired oxygen or carbon mitop€208/011689/el s, the
probl ens descri bed above will arise. O her transport refrigeration systens

currently e Y | s sense, I t he carbon di oxi de
and oxygenn'fge\c/%‘l ‘er gét@{ﬁ( errlnag%g&%?oseéot%ﬁgefht aﬁe an(t? ﬁaﬁgf CE% 19%e

cargo box i rPIFCé@ﬁGn%et}brW &eFBRRIT riendset thpivens ﬁ-éromnﬁhl tgasewmn, For
exanpl e, Uniéedodt s, Bat eﬂttﬂ\éowréné%'écﬁéggeBJﬂo(«Ff&&se 8t £ the dhjfUsses

and di scl os%\?t he use e%ar at e ar bon di oxi de sensors in

conj uncti on Wt FPE*ESH aﬁl evl;'gg?? g%‘lélog't HSFP"E FEPeBy Y TRTPPReIE e

pat ent di sclb@@dsnhehedmhma dteyc:oifbesleabwng willorygea. | evel with an oxygen
sensor and sensigiged €2LRGHL sy@lonws@)}t@mgaw&@?ﬁ&% dpregnger 'n a

contai ner, and then adjusting a door "between rst (open
(cl osed) posYRHiShY 194s SPNEEERS dBQ| AeRvhdinecthE EBAt SPRRPR diwrdsr &6l ect ed

set points. Jdhiigensystsly ah@O0to FHp@W&iﬁ:ISciioBélrﬁlﬁr in®dkPl08l exfauski £§tshet he use
of separate %%Q/%%e and carbon e s nsorsﬁgrow des for. un eces ry
a

conpl exity 0% e ISIEC" f‘ﬁeg?ﬂ) o gt fF PRt CB?H'FB?% ai | abl e
oxygen sensgased. eunpe spewplec Unitdy attxes vidtenspati.al 6,265, gas Bl

contai ni ng neg Qena WS'@QSQQQ£E§ AdERASELEs 988 ahs 2138 S

Qﬂq ér%g‘% Thus
the use of an additiona sensor requires nore service and more
support (ando¥¥eererpd é’aﬁ?BPB 1d§n§Pftﬁ°ﬁ§) in (gepgupetiniriEl i alcoptefinsrr abl e.

The lnventorﬁeﬁlgte&atpdsles(edﬁtﬂdlve%i:@m hawe d@&@ﬁéﬁﬁﬁh&ha&sd&@e@rﬂmnt of
oxygen and c rbonbg%]l in_a closed car

at nospheri c Yasé&s (3% 0% fht %’Tyﬁengfev gn%’f"\é\\gfqtan ?ﬁl’”ge#]af‘z?fls%eag‘dnot
change by vi Nmngfaremcmamgmdﬁ lewvht witihge, carbdyy dinkidev sehsbr eigh aai r

from an exch ma?usan&h@heﬁxy@ﬁﬁtane saamn ﬁetqeg'eqefh%@' o) h'é?ldt he

cargo box ca E%eom mat ed the Tnput of a single gas sensor
appl i cants df é8 ?@aﬁmsiﬁl‘tﬁsdéﬁs?‘"&) ynosy Aeeiat iongpie *\é’?ﬁjcéﬂﬁﬂéieé’nt

system for cofn @rkboledttrl g88esoMitishi This tshabeRPrtod, ebbb@Ricdt kORumber
of problems. First, the use of separate oxygen and carbon
dioxide sensors provides for unnecessary complexity and cost.
Second, the most cost efficient commercially available oxygen
sensors require specific calibrations with specialized gas
containing no oxygen and using normal atmospheric gas at 21%
oxygen. Thus, the use of an additional oxygen sensor requires
more service and more support (and therefore more cost and time)
than is commercially desirable.

The inventors of the present invention have determined that
the amount of oxygen and carbon dioxide in a closed cargo box
which has normal atmospheric gases equals (approximately} a
constant. This fact does not change by virtue of rxespiration of
the cargo, or by inflow of fresh air from an exchange. Thus, the
oxygen and carbon dioxide levels within the cargo box can be
approximated by the input of a single gas sensor. The applicants
have found that, in order to provide a simple and efficient
system for controlling the gases within a transport refrigeration
system, it 1s desirable to use a controller within the transport



system it is desirable to use a controller within the transport 2 WO

2005/ 108872 PCT/ US2005/011618 refrigeration system which determ nes the
oxygen and carbon dioxide levels in a cargo box froma single gas sensor
(pref er abl ywe 20mribgsn2 di oxi de sensor) whi ch conpares the p@aswb@ni1zis such
calculations to preselected levels (e.g., linmts) entered by an operator

and act uat es,. r X .such al cul at ed vel deV| ate

fromor excee ﬁgf'lé{bllgl tgng gﬁ%s d%%e’gh tﬁ% ?\rl\?g %ﬁ

control pr oc‘é‘s@ﬂai@d 9% m én the qarggerkoX nfeemi @n gs@@sle agesnt seidcer Whl ch

recei ves val Hﬁ&ﬁe&@.ﬁl? §|Mh%nga§o§§i§%%n369f eutrﬁrcﬁbl:asmﬁa;?@sr hea digxide

sensor) and u€ C?l ziages t deri ve $ I’OXI mat e oxygen and car bon

di oxi de | evef e V5 Pr?%%lﬁcgﬁ as 89!505‘?‘9%'% LESPH EERFRT o

process furtheran cprpatsesaml meanatéoropenpoys i g tihes caegb oxsehestsanthl evel s

(preferably gdeshiiafeli fhieds (Qy:Lbe A0080 BRd&ALNEN Hade, {ayals wthin
ues derive rom-t

t he cargo box. the va sensor deviate fromor exceed
t he presel ected limts (e.g., if the carbon dioxide value obtained froma

carbon di oxi ¢fer Smyréﬁwhmﬁdﬁ esel ected nmaxi mum |l evel, or if the
oxygen |l evel derived Tromtne sarre—s'ensor falls bel ow a presel ected m ni num

| evel ), then the &‘an’?rbqlic’&r PEPFEssaePdAYSTER ShdhenBreer AAGEIHIORTYSESh ai r
until the oxygeéntsllear bhori cii medéevéeveémésal from tdi Binglhe PiLsadmeired

limts agai nb%referaB#LEFaD%§%§5 @xﬂ: 'I;—eﬂIEis?RlA Néﬁuggeeg sent, d nvec[lt ion is

il lustrated exanp i OR° i N gures °5f
acconpanyi ngdeiriawi £5s afrprqmrnehewmeneqm arEbeon | didixideelevalis aitkireent s,

and in whi chi HFJRE detdilgehEdbeScargB! Qe .di 208 3B Rfrod 5§<scge,sueh£ther
practicing an exanpl e enbodi ment of, the gr esent invention; FlGJRE

illustrates 8°I§91?'?‘ﬁler5f i BdPERAYr A0 of I PHES PR T grPLERE nBoaT Akt es) Jt?\‘?la‘"l r
exchange pangbreferab@ypteserdd i Mneintsi ofipr EhéSUREgRn ldndsichabes @idsiew chart

practicing ayLiLal REShEREEd IRLDOg Loyl ng. 1 Leaent ddVARL] e and
FIGURE 4 illustrates a'flow charf practicing a se
sensor deviate from or exceed the preselected limits (e.g., if
the carbon dioxide value obtalned from a carbon dioxide sensor
rises above a preselected maximum level, or if the oxygen level
derived from the same sensor falls below a preselected minimum
level), then the controller will actuate an opening to bring in
fresh air until the oxygen and carbon dioxide levels fall within

the preselected limits again.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
not limitation in the Figures of the accompanying drawings in
which like references indicate similar elements, and in which:

FIGURE 1 illustrates a block diagram of a cargo unit
practicing an example embodiment of the present invention;

FIGURE 2 illustrates a simplified diagram of the preferred
embodiment of the air exchange panel of the present invention;

FIGURE 3 illustrates a flow chart practicing a first
preferred method embodying the present invention; and

FIGURE 4 illustrates a flow chart practicing a second
preferred method embodying the present invention.
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PCT/ US2005/ 011618 V. BRI EF DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The

di agrams showi ng a preferred enbodi nent of the clained systemare shown in
FI GS. 1 andwd2oisamssref ri gerated cargo unit 10 nmay consig¢r/0é20850818ai ner,
truck trailer or conparable unit for containing perishable goods. The unit
10 typically houses a refrigeration unit 12 which is controlled by a
controller 14 The un|t 10 further |ncludes at Ieast one wall 16 which
conpri ses, : : : RAED exchange panel 18

i ncl udes an i nt a@eoagegegm;osmnan %m%&edomme%% oft (I QL g cover

24 preferabI% slides to cover esSe_openings, In sed
upon directi BHSHRP ad’(?nF‘PBWe’rn 1F4[Grsn } brAse T}éetlfﬁtfqlﬁﬁﬁﬁtﬂ srgocarHon
di oxi de sen$orma£56 msdescof bedzantagient erudit atdilkel QW caﬁgeammbr@ﬁiter of

the present entiQ recei vi,ng an, i froma._single
sensor, suchkg}é( c(r:ng 1?1? g(?&gglhggggnsg@og% fglr?duaé’f P@\ PG h&BBg%ﬁ mat e
concentrat | oﬁ%fmgeiitatlpéasmlt'- h&2 owhydgsn ign¢oohrbbrediihyiadedngvel Semi 14i n

cargo unit 10he hhiWDSio CFeeenef haeia&égtaﬁalle(aﬁ%rléft@bhshcqrsgowhiégﬁ
respiration quotient or R(%O t he ratlo of the anpbunt of carbon _dioxi

e
produced to CABPLARSTac Tt T epheeeenaedey £8-wiMt his in
mnd, a si rrpbedn:aigmlpahleam1asinn@ludtelseaneadia1@ @beﬁmﬁg SENSNd s akhaddi@at is
reqU|red to bo o]} d de ntrations in
the cargo gg%g%gr%veng%&?g%ggg g%%lze%a%PeO (i ?18?0 %g The
present invehbedm ¢remipgisgaliny Plaésﬁdeé in Wmlﬁal lmsmsisp#@@rll Gilrégwcnrt imns

cont ai ni ng apgheXdNRirel Zl.ll%r@éﬁ:gﬁge apgl ﬂ?&'irﬁi&' efranQU@a%beﬁ gasban
di oxi de, and further asig ﬁ’gi'r 5%alratlon he cargo and the air
exchange fr offPITEA® EEnDED ktedo&f‘sg etrhgeEHI]t at?qu&”" -are the only
i nfluences to therrsontanterlleat oS phies eprédentappivibttivhe ianDeugakale w@/gen in
t he contai ne al. t b red_c on di.oxi de and
subt ract i ng. FeoERADpRLAE Atk LOKD Bl E AR G CaL, BLOEC
condi ti ons aaen$ewidfy ande;e’@ﬁrmméng the @ppéamrn@tanfcoa%ntratlons of at

least the oxygen and carbon dioxide levels within cargo unit 10.

In most cases of horticultural (perishable) cargo, the
respiration quotient or RQ (the ratio of the amount of carbon
dicoxide produced to the amount of oxygen consumed) is
approximately 1. With this in mind, a simple calculation using
the reading of one sensor is all that is required to determine
both the oxygen and carbon dioxide concentrations in the cargo
unit 10. Given that cargo handled by systems employing the
present invention is typigally loaded in normal atmospheric
conditions containing approximately 21% oxygen and negligible
amounts of carbon dioxide, and further assuming that respiration
of the cargo and the air exchange from normal atmosphere outside
the container are the only influences to the container
atmosﬁhere, the approximate amount of oxygen in the container can
be calculated by taking the measured carbon dioxide and
subtracting it from 21 percent. For example, for cargo loaded in
normal conditions and having an RQ of about 1, a reading of 5%
carbon dioxide could be used to derive an approximate oxygen

level of 16% in the unit 10. Conversely, by using only an oxygen



carbon di oxi de could be used to derive an approxi mate oxygen |evel of 16%
in the unit 10. Conversely, by using only an oxygen 4 W) 2005/108872

PCT/ US2005/ 011618 sensor (not shown) in the practice of the present

i nvention, WWe2005/emslizngs of the oxygen sensor could |ikepcs@shRsiss@ t O
derive the carbon dioxide levels. In addition, in sone cases, those' of
ordinary skKigdehsWi! tnotiR@8HA] Wtﬁga%rééﬁc&floﬁ% QES&%E%.nvl.-ntf %ﬁgrrpl e,
RQ I evel s of greater Hggn 1 exi st aci di c_car suc

grapes, and?® R@gﬁﬁgﬁe% e CX¥GBR FAYIPH FORLDi %Eﬁ%ﬂ%?el€§su%?QuFQLdeFéVg
avocados) . @heepasbdmalioxiadkubedels.t he RQ of the cargo to be shlpped (mhich
can either be progr e est ahl i shing s Qi nt,s,

pr epr ogr anmred fo?gs?%EQQUh?dgﬁtgpﬁga ?%ﬁé 6 S |86§%n£%y ﬁ*l%%aﬁéélln t he
unit), a camdgratawh ek Ebeﬁﬁhé°¢@ﬂuﬂh@qe@hdbntEvrlewﬁmﬂie@nEQghswge g.,

oxygen) baseg upeatkhe tMaASUr eBiRt fAeMa219€RS@hrQb @,Béh%ge@pg@és 68 9.,
car bon di oxi de Those of skill the art upon réview n th di scl osure

wi |l under st%ABSEhat "SRR #Pﬁ%e“lﬁa§é§g?% high dppiieify afgy %%‘3 YHeBdticed by
respirating (eaggp,aanadbhat (mlwen a rkaoengme«s fer ghe Re\r@ﬁ)rt)xeadiaa:gmr esent at
|l ow [ evel s i n t [ | ct;.of L such ses on

the accur acf%ofgmfgL %alqgﬁ at i S%npge(rl?'g%}r:m pﬁ;gr %@en \’/'enéf | S%gl S

i nsi gni fi castapdishing t gpe 0P03?§¥en1Wﬁerénﬁpﬁagﬁmﬂmﬁttlénrlssnmplen1t

certain ga%d%ﬁ'EEQﬂéé@sldrpr!@y Mher gn fogeserod ”El?é‘déaégcb ”P:Eetﬁéeﬁh§€)|,y acontrol
gas levels (suych as,a controlled at rmsll])here system wh i njects nitrogen

into the encdSBLAEHR 21 e PRRHCSr & %fc‘ir}?@ntﬁﬁ&%‘ht"q RPENETDr 8l eve
that a bett exygppr dackednayorbehtanetsmirenett ifrbn gaenseBSOf thei bthexr gastrol | er

whi ch may or My n e of using the derivation techni ques taught
by the presen{Tg fngéern]%)ﬁlodq%ﬁg% e present invention, the use of a carbon

di oxi de sensor Theseaef ofkidd drygea sehseron srermlee’lpgef-léw edi Fdosare| east
two reasonsllti (88erddands ltmgtaoa@ézb%a@eoggm@s sansQl,, eﬁﬂﬁlé'béﬁt el Se

rin he r is |i In fr ir
reasu gt roguce k}/y %esplrgta.ngscarég,t edd ‘tr'}x e%ﬁ]}e% tra eStggses (e.g.,

Argon) are present at low levels in normal atmospheric

conditions. The impact of 'such gases!on the accuracy of the
calculation performed by the present invention is insignificant
for this type of system where a main function is to limit certain
gas concentrations. Where a user intends to more precisely
control gas levels (such as a controlled atmosphere system which
injects nitrogen into the enclosed space) the inventors of the
present invention believe that a better approach may be to use
multiple gas sensors with a controller which may or may not be
capable of using the derivation techniques taught by the present
invention.

In the present invention, the use of a carbon dioxide sensor
instead of an oxygen sensor is more preferred for at least two
reasons. First, by using a carbon dioxide sensor, the system is
measuring the primary gas that is limited in fresh air systems,
thus eliminating potential error introduped by other gases, such
as the creation of ethylene referenced above. This accuracy is
particularly significant because in a closed container with

respiring cargo, the carbon dioxide concentration will typically



thus elimnating potential error introduced by other gases, such as the
creation of ethylene referenced above. This accuracy is particularly
significant because in a closed container with respiring cargo, the carbon

di oxi de conggehsosasseen W ll typically 5 WO 2005/108872 Bethida®9ehsfsl1618
reach a damagi ng concentration (i.e., too high) | ong before the oxygen

I I | h at t oo | S d, th

| vent or s of SEFE DrESERERP USRS EEPT ce o haboe HO.dibst LBt BFPebts ve
conmer ci al | yxpgen llabed widigenasters dasagingt hencersirkelion eduier. ¢ P&y iled) ¢

cal [ brati onssglodol Ryndsudicdicor TASULELBIL ssect it ohagl oy zed gos

cont ai ni ng no oxyde usi ng nor nal ~at nospher % oxygen
use of an E‘R?@e@?%eﬁ%?c‘f’ﬁ’set EHFCiR LA N AL 1abd R eRYISEN §BRSRE PR Bhe

subst anti al nyrk® € r@quYirée pidoagdi pjmﬂbrﬁtlﬂmvrt atOrpdtl NeadNi RE gRod
accuracy. The_carbon di oxi ge sensor g j['es | ess freﬂ%ﬁﬁ cal i brations
only at the™ RAPEBH N SPEGETP &5 e SHS5H2 11389 B85S 6PR Faffe OXEgTh

cal i brati onsnersipacoompl i stewpherh att|Zdn okyesh. aiThuby obhea user o8l an

at nosphere. ;}hgesy$ ﬁgﬁr' Qn%*ﬂ@a@f%%erﬁ LOYELY | ‘&E‘og?d?r%%ééf tr'é&ulf%ma”t

use of carbon di oxi de and/ or Xxygen nonitoring an imts, or I'n
al t er nat i ve Sthetapddaligymenst SSEYl‘Eﬁ A0 §IUIRIENYr BUPFIE EORtPBINtAREHRG t hm f or

control | i nggead t&]ﬂ:u&"hayL deI'l'ﬁandarB&Y@ﬁ.@xh&HQ&éﬁms@Qafeajhzlﬁe@ le§£tﬁﬁe&Gehiﬂ accord
with the procgi%r t he Iplresent Lovent i n_the S§ tic_ of

FI GURE 3. FEr8Panty ?ho go? hglﬁf%(i\%ntfreﬁveﬁfll orf fwi 118
typically b@ganumtt hleartg&r:g@ug:hl tcalabrabingiseteadnigt adaempil abhed ewpes at ur e

pul I down, opibfnthedrieaRer 8t & dekR&t eftnospefPre than 5 degrees Cel sius
above t he initral, setpoint and the initial  pulldown has not occurred. The

preferred method™vaFSEEMS APy dthe sRERFeBE oFnYeREioBNMaY | BPTHES t BhT ng the

carbon di oxicdfisedsk @wgeﬂ |c€!thbr$ apskidie sidPr3bhenckheattyeling ogedi ng the
not ori zed sl i, di cover, g)%gre et er ni.ned St)OSl ti on E%Oow di n€ f or

airflowthr E]ﬁﬁ{l ’he°FnI"8t 5ﬁd R Spetitthg cEBtE feet
per hour]" }ﬁestmﬁa)n)t'hahmnteamhelgcmi@hmx@cg:enontroldanbomanhooxdd@ddeveh@

derived frogyl0&, 0RLReY ALLXId8: NS t2Rg in accord with the process of
the present invention is shown in the schematic of FIGURE 3.
Most preferably, the method of the present invention will
typically begin when the cargo unit has completed its initial
temperature pulldown, or if the temperature detected is no more
than 5 degrees Celsius above the initial setpoint and the initial
pulldown has not occurred. The preferred method involves a first
step 30 of the controller monitoring the carbon dioxide and
oxygen levels and the step 32 of selectively opening the
motorized sliding cover 24 to a predetermined position providing
for airflow through the inlet and exhaust openings {e.g., "10 CFH
[cubic feet per hour]" position) when either the oxygen or
carbon dioxlde levels derived from the carbon dioxide sensor 26
deviate from their desired preselected levels (i.e., the carbon
dioxide level sensed is above the preselected lewvel or the oxygen
level derived £from that sensor reading falls below its
preselected level). These preselected oxygen and carbon dioxide
levels may be input at the cargo unit (e.g., by a DIMF type pad,

not shown), at a remote location which is then input to the unit



deviate fromtheir desired preselected levels (i.e., the carbon dioxide

| evel sensed is above the preselected | evel or the oxygen |evel derived
fromthat sensor reading falls belowits preselected |evel). These
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fromthe carbon di oxi sensor i nput exceeds each t he prese
limts by atfurshsr drciiezmps ﬁ'éltece-?ﬁe(n 84, ofhetdndrinuihg moadteeihgarbdn
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limt and the oxygen Ievel i,S 83 | e st one hal f pércent greater t han t he
S
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desired car I OXI e ad &°Car bon
di oxi de |i nitheamephpred gaxhon dbepide develols tate Jsamitt oneg Mﬂé aedeentdi oxi de

l'evel input mwt h8a8en%er prhfietdionmnar 1ihbe il | Sfygdat akbnesst hat
either gas Iimt is n(_)Lt satisfied for 15 mnutes after, the cover slides

open to it sSFPEdRRe MAlAcRe SR PERRterhERAR (FBe BTRIGEIFBINGb B b t € step

36 of actuattineg ae allmdtﬂg axevesatigfapan wvwddihi arfal mimctesreafser (&hg. ,

provi ding f t%@lz dcf“ oivg . ds]'%l%uz :.tgpﬁ%éﬁ\%ﬁrglnerdy&%glt%% UICES uor\]rtelrl bot h

the gas linmts are Sat I'mts are
satisfied, twidlcaitidel Ioérosml Iuntpbrbm nex heokh ega 21 ity oasﬂmgende@dedver 24,

again. If the desired carbon dioxide limit is 0%, then 0.5% will
be added to the carbon dioxide limit at the time for comparison
of the limit to the carbon dioxide level input by the sensor.

If, however, the controller determines that either gas limit
is not satisfied for 15 minutes after the cover slides open to
its predetermined position, then the controller performs the step
36 of actuating the sliding cover to open additional increments
{(e.g., providing for an additional 10 CFH of airflow) every 15
minutes until both the gas limits are satisfied as per step 34
above. Once the gas limits are satisfied, the controller will
perform the step 42 of closing the cover 24.

2 second preferred embodiment of the invention for
controlling airflow once a limit has been exceeded is shown in
the schematic of FIGURE 4. Similar to the first preferred
embodiment, this method involves a first step 30 of the
controller monitoring the carbon diozxide and oxygen levels and
the step 32 of selectively opening the motorized sliding cover 24
to a predetermined position exposing a percentage of the inlet

and exhaust openings (e.g., a "25% open" position) when either



A second preferred enbodi mrent of the invention for controlling airflow once
alimt has been exceeded is shown in the schematic of FIGURE 4. Simlar to
the first preferred enbodinent, this nethod involves a first step 30 of the
cont rol | er wipsot/fusg7ag t he carbon di oxi de and oxygen | evetsusrdsotibe step 32
of selectively opening the notorized sliding cover 24 to a predetern ned

position ex i erce peni.n e.g., a
" 25% open"” %ggl {blgto Hmkl?gnryea?tg Ei%ﬁ% 2%%%0%%%‘%&%3@ %8%/ %ffé% t he
oxygen or c i Y 0 n i de Zhhasor
Sipshdei o%ﬂ”&é?rl el §xa@¢<ﬂ édetrormncwelegredn Limibsi de Ehbi 26
exceed thei empbasebeet also | Ifuteheﬂ'hpérf&mOd&H@nét@é 594f Wet hednReLigg s the

step 34 of cantinui npni L or | d conpari h on di oxi.de and
oxygen | evelS™ g&’éﬁﬁgtanpres&pg&lg% 5 T4 %38 ifg? NEXRFE: HEVedas
val ues der iagednét opreded ectirtoge i ldviide sende)tremnipat whatl@@ds;aaaerlalﬂést he
presel ect ed (@agyld Niitc Qxea&aﬂb%ﬁsal&&%e ghﬁs&e g)gfct%,?@ee\efst Q%cﬁ NG Lhis St

preferred enbodinent, if the control etermn gas
not satisfi GFeFBLeqtedgag dimbs by taﬁel%éﬁ'epnesh?%l%é’%ﬁ’@ﬁtt o iR with

pr edet er m netieposidd @ﬁrefé:h@al efifodiaRhE Pl iﬁfthep@csrftebnei histetapnedd taht

actuating th Lidin ver. pen | ncrenment 10% of the
exhaust and egt?’ef gaosgél%?'ngs 3’\?% ?/at_LJSsaf%e f“l"f1 bt t‘?@ﬁg tgl‘g‘as FFRfts are
satisfied aslpdessopen 3P a@@vared}#ﬂmhedgassiftMSthee tlyatdcgiftiredlet he
Contr0||er‘Herko?ﬁﬁfeﬁg1Eb@p5§5p0§8aeéu£§ﬁﬂ@H%@gslﬁQ§§§OE85ﬁiot§|b gnto its

original poSition. If conditions are not e Increnental ly
greater opefidfgiionyl BBEFEMGUS | (id-s at®® n8E e ap¥hAusthearsbedrhes ful ly
exposed for cpRninyHUt @very ha500zmirnﬁ:ldserurvualll PEEK Okt REasSt AL Obre

activating an, %l g %not s e)lp owever ,Ontcge ondj ti o? ar e net and
the cover SPrgd cR%t &%t 6P gf haf %%l tion ContT of FB Wi PFE
continue to sashasfbeds d:heanoa’dmltlle@nahll&)enﬁmm%he ostsa@e 38haf admatdoqdi tions

are still Mg éb@%}. Ao fsqlaenﬁcs qrt'sn3r§§§rpal3$os§@9&?)’ Ifaegnam{] donshgRe PETfOrm
the step 42 of cl osi tglct e cover |f conditions are mnet eriod of

time. It wietpEey PRY RF et FReeemertrl by 95satne eranipgat and botn

gas limits are not met after the openings fully exposed for 90
minutes, the controller will perform the step 40 of activating an
alarm {not shown). If, however, the conditions are met and the
cover slides back to its original position, the controller will
continue to monitor for an additional 15 minutes to see that the
conditions are still met (similar to monitoring step 34, above),
and will then perform the step 42 of closing the cover if
conditions are met for that period of time.

It will be appreciated by those skilled in the art that
various changes, additions, omissions, and modifications can be
made to the illustrated embodiments without departing from the
spirit of the present invention. For instance, it should be
understood that the wvent openings can be incremented for
adjustment either in tewms of air flow (e.g., adjusting the
openings to provide a given amount of air measured in CFM or CMH)
or in terms of the percentage of the vent opening (e.g., a
percentage of the surface area of the vent opening space).
Furthermore, it should be understood that the most preferred

embodiments practicing the invention are intended to control



vari ous changes, additions, om ssions, and nodifications can be nade to the
illustrated enbodi nents without departing fromthe spirit of the present

i nvention. For instance, it should be wunderstood that the vent openings can
be i ncreneri@shobmizs72adj ustnent either in terns of air flpowusemogonemdj usti ng
the openings to provide a given anount of air neasured in CFM or CMVH)

in ternms of e o] e ( nt.a f the
surface ar e(ft'%% Bhé&cge@naﬁz%gﬂe&%%gl%pg'gneffggergéuaqgﬁe?%r%%% %tttgg ekf %1%

under st ood tH&erppbivHRATYFLAFes reech ashadinentng @ré(GPFcPﬂeetmehim\tenﬁl on are

i ntended t o xeREHEH c&l%b&OQﬂcéﬂ&@%o%Iéde(iﬁéO&ﬂe@ﬁr& 0X¥9&ddANGngar bon
di oxi de Ievq{}‘g ar I|mt ﬁettln%glbut t aIt rnatlve gra%%llces such as
adj usting a vEnf-8Rte 15“ I m-teiRre 8eé8‘é%f’ l?l 5‘05 413904 28 By t he
clainms. In addiel ony sudie aalvgbue tdmmldf behealpndsénat eonvdsieronnedwyd theoi d use
of an RQ valde, & oi;éfiatarvah&elﬁ dopes CM@@% oLy @Sdtpféet he

user or operator and i nput on er pad connect to the contro

t he val ue cdiﬂn&rﬂélﬁep?lbgtr%ﬁ@(}“an&%%‘édb%M?Pré’élré’&‘f‘?%nartﬂf Ya®enPPRcat i on
tobt he C_on} rﬁl]lcef@l‘:l@fﬁ drhﬁdﬁgfmda(tlbﬁ t& hihepesntddikew &£, th&lclagg& h:%f Qea(r]I e
substanti a erences and  advantages to usi arbon di_ oxi de
sensor in |i% gfadan )?ydgn senisalor%%c?gﬁ%f% (#)gtﬁgé %]vdﬁtf%aléen%? taﬁé
present i nvaﬂwaonagése t® ustag culsdnghy tambogadivsideesehsomia diegle gas

sensor) woul g .lb%s%quaéé%atla SY SiMRabSiged &t %Leep%.«y&ﬁn 3 86ARA6n
(i nstead of car di oxi de sensor) wherein the controller derives

appr oxi mat e CadbonclBRAEENG IOl 832 V@LBEE STFMpBns I EG HRS ISOFhptAU LAy om t he

oxygen sensaippl bqedlQy B0dEstenki Wiishgaldsimlangeryedy @ehfﬂi:ﬁﬂdﬁdt&ﬁ e
covered by the | oW o9, resg ondi ng claiml uac%%t MWe claim
S

n
1. A control® f?tréﬁ{lf oP B EncPoRRaTt r SREFEFE a?rl GEPEToh me srives
conpri sing: aEjpr@xsnage ecmmmmi@)@edgageﬁgmels based upon readings ox

input from the oxygen sensor. All such modifications and
changes are intended to be covered by the following corresponding

claim language.



b) an adjustable aperture for providing airflow into and out of said
enclosed transport unit; c) a controller operatively connected to said
carbon di oxi de sensor and said aperture, wherein the controller adjusts the
apertur e Wpgh receiving a signal fromsaid sensor which corresponds to
oxygen and carbon di oxi de val ues deviates from presel ected carbon di oxide or
oxygen V¥l &&sim:2. The control systemof claim1, wherein the presel ected

| evel  correspoRdsnt@ol REsPEMisBHM: eNelostll Pa%eEdtdestFi8d ki dnhgnder ansport
refrigeration unit. 3. The control systemof claim1l, wherein the

presel ectBB 1%V@l corresponds to the maxi mum | evel of carbon dioxide

desi r ed d)natdimgl ¢ anRsped tdiokBdd sgedat;i on unit. 4. A control systemfor an
encl osed,transport refrigeration unit.. conpri.sing: a Si n%e carbo

di oxi de 2eRsor Eu Sabgﬁ RIS R %lrﬁ‘e'rl?hnrgeg?rogrl%r%vtiod%%% C’éflkr S r‘?t"SP%sr?g out
of sai d tere$mzedunittransport unit; c) a controller operatively connected to

sai d carfon gjexide SeNsat:ANd Seifdcrapent g{i% YAGLeh L LRE SQREE Al seLaiqa

adj usts the aperture upon recéiving a sign rom sal d sensor which
COr r eSpARESEYLS  arfheIg gy civeanentaal bom adiwstisdehey abereirewrarne Fecedvihe as siged of

the oxygednafdaCaden #HieKi da UabdiRs BPRKPGG 8R4 darBELRbLREILTalidH L. 5. A
control systemfor an enclosed transport refrigeration unit conprising: a)

a si ngl SR BEN DRI EREISERTD LR R0 Feust SBVEeFéttti-e for provi ding

ai rflow i nt o ;anthoubnofolsaystandosadimty,ansfe@ih tHY pbresdledc&dnbval | er

operativel y_gconnect ed to.said ?%é)lon di oxi de, sensor, and sai d agert ure,
€

wher ei n TRESESARET 017 &P S4P0%YS ShePYEFR AF56F°T dBetRA AG*HPSFgnal  from

sai d sensdrigdyatiprconiesponds to oxygen and carbon di oxi de val ues wherein
at | east one Of Tﬁé‘%o%}/ogeg au SPrﬁQQE'm dﬂ,oéﬂ%%i}{aéh‘éeﬁr?s%‘ikgé & 1Lram a
presel ected set point. . % control systemtor an ehclose ?ransport
ref ri gerc@treaponds tto tompekinuylewgl of ngirbon)digeidsdasred 10 the transport
refrigeration unit.
4. A control system for an enclosed transport refrigeration unit
comprising:
a) a single carbon dioxide sensor;
b) an adjustable aperture for providing airflow into and out of said enclosed
transport unit;
c} a controller operatively connected to said carbon dicxide sensor and said
aperture, wherein the controller adjusts the aperture upon receiving a signal
from sald sensor which corresponds to an oxygen and carbon dioxide values
wherein at least one of the oxygen and carbon dioxide wvalues approaches a
preselected limit.
5. A control system for an enclosed transport refrigeration unit
comprising:
a) a single carbon dioxide sensor;
b} an adjustakle aperture for providing airflow into and out of said endosed
transport unit;
¢} a controller operatively connected to said carbon dioxide senscr and said
aperture, wherein the controller adjusts the aperture upon receiving a signal
from said sensor which corresponds to oxygen and carbon dioxide values wherein
at least one of the oxygen and carbon dioxide values deviates from a
preselected set point.
6. A control system for an enclosed transport refrigeration unit
comprising:

a) single oxygen sensor;
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b) an adjustable aperture for providing airflow into and out of said
enclosed transport unit; c) a controller operatively connected to said
oxygen sensor and said aperture, wherein the controller adjusts the

apert ur &,)upong E@gteib\ib NheRedidnal JIQMsR dir S8NSH M E Qusz%{ S3PONIR1IQ
oxygen and carbon di oxi de val ues wherein at |east one of the oxygen ang

carbon dFaRFRPECVHHGés is in excess of a preselected level. 7. A control

system fd)raad%neﬁ&‘lltéseﬁbetrraamqr borrRbELPQbALA AN olflfeln &MY hisd RE1d HpedeileNyl €
oxygen sensor an_adjustabl e aperture fordlgrow ding airflow into and out

of said " ﬁ’é‘l’l@séﬁg PPERSYSF 2 HAPES OF PEOHTT SPPRIFSGHEF G deFifrabniett ¥ddt o
sai d oxygescis@hsdi cantkgands apeoiiyed, and\keriginndidhadeoriruek| werath Wst seddte

aperture _up C naI fro sai.d__sensor_which _which ¢ rre ponds
to oxygen aér)lﬂa tégr q&’ﬁ%%@% (cgiie val ueoé‘:JL Whererm af T SASTSDRE ofpreﬁePoxyéen and
car bon dieyg}de val ues approaches a preselected |imt. 8 A control system

for an enclpsgd.ii:ansPQYckeh Sidr LAk QM aUPEdnapbATRILESI NlGa : Adn Angi NOl € Oxygen
sensor; b) an adjustabl’'e aperture for providing airflowinto and out of said

encl osed=°‘“P¥’eFH§1éort unit; c) a controller operatively connected to said

OXygen sfngodingél oxgbéh @@gg&ure wherein the controller adjusts the
aperture upon receiving a signal fromsaid sensor which corresponds_to
oxygen and*% & BBTatts ét\’i‘éﬁ G8E RIPEIH atriledstn oot 61t He BXY GER AT
car bon d:rempi:etv»almes devi at es froma presel ect ed oxygen or carbon dioxide

set poi nt Acsantrol. syste Lc?r[ne%g £nel soas gd transport refl| gec'i ation unit
conpri sifg” a a si-ngfe "§as’ s 59 an HHCuSTEbT e HpSFt e *F 6T BFOVITE ng

ai r f | owviheteimanbe (mtltmllsal aljesnts ohedapdrtans pmopn negelvying) aasigoal riolohesaid
operati s%hxoxc%ﬂ?&?%ﬁﬁcﬁ QoS AL MRS SC0RYeniih S8L5h AR M Cra1u) eg@rgn’i he

control ler adjusts the aperture upon receiving a signal fromsai sensor
whi ch cdepespordet ttoe amg'asn Valdy eaghgnesirxd de ofalyep appedadreds [Frabelecsad d
control l,egif urt her bei ng capabl e of conparing both oxygen and carbon di oxi de

8. A control system for an enclosed transport refrigeration unit
comprising:
a) a single oxygen sensor;
b} an adjustable aperture for providing airflow into and ocut of said enclosed
transport unit;
c) a controller operatively connected to said oxygen sensor and said aperture,
wherein the controller adjusts the aperture upon receiving a signal from said
sensor which corresponds to oxygen and carbon dioxide values wherein at least
one of the oxygen and carbon dioxide values deviates from a preselected oxygen
or carbon dioxide set point.

9. A control system for an enclosed transport refrigeration unit
comprising:
a) a single gas sensor;
b) an adjustable aperture for providing airflow into and cut of said enclosed
transport unit;
c) a controller operatively comnected to said gas sensor and said aperture,
wherein the controller adjusts the aperture upon receiving a signal from said
sensor which corresponds to a gas value in excess of a preselected limit, said
controller further being capable of comparing both oxygen and carbon dioxide
values derived from the single gas sensor against corresponding oxygen and
carbon dioxide limits.

10. A control system for an enclosed transport refrigeration unit
comprising:

a) a single gas sensor;

11



val ues derived fromthe single gas sensor against correspondi ng oxygen and
carbon dioxide limts. 10. A control systemfor an encl osed transport
refrigeration unit conprising: a) a single gas sensor; 11 b) an adjustable
aper tur &,f of LfQYi 8109k i OWok NEQvaRh LUl r AfowS Al sﬂ&lo%e&'f sfaaam%éed
unit; c) a user interface, said user |nterface providing a plurality of
selectaUF@nsWﬁédu%%iegorles each of said categories having predefined

r espi r atdyon umom@mfsce dka8a GREE M Qb efaRPEratiyed Yo sORNACLED L ge SRIELTAS
sensor and _sai d $erturgf mhergln the contraller ad%usts t he, agerture upon
recei vi n§°8 SGARTFr oFATaPl 53 E8nToP IR e P e or P R PEINEE 1 *658/F8h-%hd car bon
dioxidecn@tUssﬁ wherein said values are derived fromsaid respiration

guot i ent n a 0 ecte y d.carbon
di oxi de %1%3%%%6\{‘ L%%%tt?& l)s?/g nee)égg?)fma%aigc{n??osea " éﬁlﬁl)ép%arlt% QQ? rtlugee'r ation
uni t Cdﬁ’FrFPEﬂ tge ePntacklengedivghs Wenapirtuby wanagjcesvaid @ ejmmed ufrenf grid
provi di nGaabt fnQW, id3k-Pe IHaOWo Byl Ehf RGO o fRNFPRUel, WHelre i )saBa USET
interface, said user interface providing a plurality of selectable 1oad

cat egor i BdReRACR TTiYsd f TORt BY6r FePizet s petidents Padpraideritied B56¢Bn  and

carbon di;Q¥kslesl prddeSecthd Bxffnt 5@ lc8kndPai &tilaeel ymicgnnected to said gas
sensor and said aperture, wherein the caontroller adjusts the aperture upon
recei ving alsi gnaPPHFPOMYSAFR f°§e?1%(ﬁncx]/\?ﬁeélht’é%’fsp%tp(fﬁ&?gle&aﬁk%§E1tand car bon
di oxi de ammbyesingherein at | east one of the oxygen and carbon di oxi de val ues
isin exgess qj th%$o§&%§n and carbon dioxide limts which correspond to
the sel ect 8d°1°9aa %alegory 12

b} an adjustable aperture for providing airflow into and out of said enclosed
transpoert unit;

¢) a user interface, said user interface providing a plurality of selectable
load categories, each of said categories corresponding to predefined oxygen
and carbon dioxide limits;

d) a controller operatively connected to said gas sensor and said aperture,
wherein the controller adjusts the aperture upon receiving a signal from said
sensor which corresponds to oxygen and carbon dioxide values wherein at least
one of the oxygen and carbon dioxide values is in excess of the oxygen and

carbon dioxide limits which correspond to the selected load category.

12





