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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 respiration 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 is desirable to use a controller within the transport
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The presen 1n\|7\£rntlon 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 4illustrates 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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amounts of carbon dioxide, and further assuming that resplration
of the cargo and the ailr exchange from normal atmosphere outside
the container are the only influences to the contailner
atmosbhere, the approximate amount of oxygen in the container can
be calculated by taking the measured carbon dioxide and
subtracting it from 21 percent. Fer 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
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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 alr systems,
thus eliminating potential error introduFed 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



respiring cargo, the carbon dioxide concentration wl|
typi cal l yreach a damagi ng concentration (i.e., too
whe@hkjlodseng before the oxygen level will reachrP@r/us2005/011618

damagi ng concentration (i.e., too low). Second, the
inv nt o 0 r i nve |on e t t
“hos cd% é%f§£%°§88§§£%%$%ha évglfagfghoggngh%efore the

osmmr@veaﬁ Whél ggralcdt ar @@f@ﬁtgaelgp@pnoelm‘@radmonbr(atqao,ns:m low) .
80L b, &N ds, Of; 1l BRL JRASIH %’E%%ré@&&% F D FanﬂgﬂﬁH 284t the

gas cont ai ni n% no oxygen and usi ng norma at nos ere
ngst 2905t @ffes: l‘rﬁu%omr%%leééywvw@é;ﬁg@ﬁygeﬁsﬁnsors on the

mh PRE €ad-fuidCapBPNodi OXicAe 158AEOEnE €U BSth ends of the
substantially nore service anpd. equi pnent support for

mﬁﬁ?ﬁf%@?ﬁ?&f uﬁt@3F50§p6§ﬁ%1%%ﬁQKﬁ?%ﬂqﬁﬂt&én§@ﬂSBP oxygen
aﬁ@quéilﬁ@ NSt 1f hequepheﬁala&)rza]ta @xygenl y @aiud he&he use of an

ar bon_ di oxi de free e@d of ure range, .
°§ﬁ%ﬁnc£eq§%ﬁllns %S ng acconp gﬂeé§ EFCI%%HS r e§RAULres
sabstdntoinld ymormal satniosphkedesqThgnsystsepporh féme maintaining

B&S%‘éudéa%ﬁm RO JeWhLeab h§e§§JPE%§EéH§§ Pefss frequent

9car bon de and oxygen noni tor
cphibphetdner ﬁawv@tt h‘éh%lsé'lcaﬁﬁynoﬁiloéﬂ}ﬁeoff#%"s end of its

mé§§£ﬂéﬁént7@§n§@ntEQEhaEQQEbEQ91$£§ 5004 OLLERGL CANRAN with
di oxi de and efgen levels near a limt setting in

Cé@%%rﬁrﬁﬁﬁtﬁ%qw oMo eRSTHY ! tHEGPESERT i nvention is

showmhé n stﬁ%eﬁlghemat rtﬁeofpﬂas@pRE SnveMisdn prefenalfiire the
t he net hod of rese i nven will typicall .
CBRSF IR LnOReL i (TR OHAE o e 4] fopttqring and

liﬁﬂﬁﬁraburejputm@owmmexﬁaﬁﬁvdrmhdeﬁ@@ramuyeodetemtedxf this
rees Si us t he i i al

f%%?%0|:ﬁyh§ngo?ﬂ€§ﬁ nlg puI%?fbcon asfﬁ%ﬁg occur% poxide and

Oih@EmNIﬁVEﬁGe@EﬁethoﬁﬂmﬁV@EVQSHQ fi rastcogdepiBl Wie thmcess of

tfig ”EFQEESE qg%he{wg ?@‘@F bop éhgxgéﬁeﬁy&@qﬁeﬁmm 3.

S an e ste ectively opening t
Mﬁ‘étorﬁrzﬁec&rﬂbllmrngt%v@?thdt ofa phedéressinied pesitdiopn will

ww&ﬁwgbé@{n am&éﬂ Ot\ﬁﬁé he drhe inletocapdcexhaust initial
openi ngs ic feet per haour]

. cu !

CBEEPET BRI e e Pneprt b ‘as&/gfeﬁﬁnp@ﬁaéaefsoﬁem%%ﬁddés no more
theyed sdddplcevedef s 018 bheve afkon rdicexi d@ewsl@r a® the initial
Late fromtheir de |re§ké res ect vel s e. .
PRRLSRHT AT PbxTUE T evel LEhaud e BBGVE Ao ool s o Fixst
spépsebeat@dth@vebntmollmr(n@mnnbﬁmmﬁluﬁercafmbﬁrdﬂnx1de and
o%?%%nseﬂg¥¥isre§9 a'£§H$ MIEES EA) %%h%%&?d Jﬁ@ﬁ'ﬁ% the

ese preselec carbon i oXi de
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carbon dioxide 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 level 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
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A  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 dioxide 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



the step 32 of selectively opening the notorized
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various changes, addltlons, 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 vent openings can be incremented for
adjustment either in terms 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



or in terns of the percentage of the vent opening

(e.g., a percentage of the surface area of the vent
wWop@ailesg7space) . Furthernore, it shoul d be unPEr/BESWOE011618
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Céﬁé@lH?P@P%ﬂquOM/lnto 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 aperture upon
receiving a signal fromsaid sensor which corresponds
to a gas value deviates froma preselected value . 2 .
The control systemof claiml , wherein the
presel ected | evel corresponds to the mninmmlevel of
oxygen



desired in the transport refrigeration unit. 3 . The
control systemof claiml1l , wherein the presel ected

WO ewsl108802 r esponds to the maxi mum | evel of carPORUS2005/011618
di oxi de desired in the transport refrigeration unit.
Anarhscontrol systemfor an enclosed transport
'refrrgeration unit conprising: a ) a carbon dioxide
Weegd@Am:b ) an adj ustable aperture for providing
airflow.into and out of said enclosed transport unit;

C ) a.conirgbheFoORSiakhveby sonneaiRdd @ rsakdocar bon
di oxi de sensor and said aperture, wherein the
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4. A contreol system for an enclosed transport
refrigeration unit comprising:

a) a 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
dioxide sensor and saild aperture, wherein the controller
adjusts the aperture upon receiving a signal from said sensor
which corresponds to a gas value which approaches a
preselected limit.

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

a) a 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

dioxide sensor and said aperture, wherein the controller
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b ) an adjustable aperture for providing airflow into
and out of said enclosed transport unit; c ) a

W@ ooushnadsier operatively connected to sai d oxygrOI/BE82088011618
and said aperture, wherein the controller adjusts the
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lurality of selectable |oad categories, each of said

orresponds to a gas value which approaches a preselected
limit.

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

a) an oxygen sensor;

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
aperture upon receiving a signal from said sensor which
deviates from a preselected 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
out of said enclosed transport unit;

c) a controller operatively connected to said gas sensor
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cat egories having predefined respiration quotients; d

) a controller operatively connected to said gas
wa@ensnessand sai d aperture, wherein the control PEF/US2005/011618

adj usts the aperture upon receiving a signal fromsaid
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a carbon di oxi de values, wherein said values are
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dioxide limts control systemfor an encl osed
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categories having predefined respiration quotients;

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
either an oxygen value or a carbon dioxide values, wherein
said values are derived from said respiration quotients and
said values are in excess of preselected oxygen and carbon
dioxide limits.

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

a) a gas sensor;

b) an adjustable aperture for providing airflow into and
out of said enclosed transport unit;

c) 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
either an oxygen value or a carbon dioxide value in excess of
the oxygen and carbon dioxide limits which correspond to the

selected load category.
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