Envi ronnent Managenent System for El ectronic Devices Technical Field The
present invention generally relates to an 5 environnent nmanagenent system
for electronic devices. The present invention also relates to a nethod of
managi ng the environnent of an el ectronic device. Background 10

El ectroni c d&RviEsnmentnManagepeph, Systswr §oraEtegsspphedPeviopsrate wit hin
certain tenperature ranges. |In operation these devices generate heat. |If
the heat generated by the el ectronic devices is dissipated inadequately,
the el ectronic devices nmay operkachmidasl deielld of their designed tenperature

ranges. Frequent operation of the electronic vi ces _above their designed
t enper at ur e ra&é& néyxﬁﬁﬂgé th%v%T%%??ongenﬁﬁeggﬁs t6lafgs frenedlrel y.

Fur t hes noegwiirbnia tt apeinene ofyddien davi CRscexGerRdIuS Ratd i cplar
threshold, the electronic 20 devices may suffer pernmanent damage. In a

mlitary EFFEPAft IRY¥tkoni eldevirRteuchoas metlad cofequipnging and
eleCtron'%h%aEQV9§gﬁﬁenga$Fb§ndg?g@g?thg 82%;&%9”'C racks. Forced air

cooling is 25 normally enploye i ssipate heaf that is generated by

these el ectronic devices. The electronic racks are linked to a cold air
di stributi on network whi ch channels . a gre-deternined flowrate of cold air
into each of the electronic rackB2f59EBBPYt he el ectronic devices stored

30 thegein A kDewr6AYLr OREDNLCBRNAORARN!2SY ShELR GORPOLSES: AN ol osure
for housing el ectroni c devices, which generate heat inside the enclosure.

A fan i s d€edInedbl v @perpte within certain temperature ranges.

In operation these devices generate heat. If the heat
generated by the electronic devices is dissipated
inadequately, the electronic devices may operate outside
15 of their designed temperature ranges. Frequent operation
of the electronic devices above their designed
temperature range may cause the electronic devices to
fail prematurely. Furthermore, if the temperature of the
devices exceeds a particular threshold, the electronic

20 devices may suffer permanent damage.

In a military aircraft, electronic devices, such as
avionics equipment and electronic card cages, may be
mounted in electronic racks. Forced air cooling is

25 normally employed to dissipate heat that is generated by
these electronic devices. The electronic racks are
linked to a cold air distribution network which channels
a pre-determined flow rate of cold air into each of the
electronic racks to cool the electronic devices stored

30 therein.

A known environment management system comprises an
enclosure for housing electronic devices, which generate

heat inside the enclosure. A fan is used to blow air



over the electronic devices to ensure that the devices are kept cool in

operation. The fan has a speed that is responsive to an input signal. The
encl osure has a tenperature sensor nounted to an inlet of the enclosure 5
that allows air to pass therethrough. The tenperature sensor neasures the
t enper at uC¥eant Er¢ n§lerErendcosigeices tontarsiuyne bbpbstthet hdespees of the

fan until e %ﬁﬂp u i.nsi .t he closure is within redet erm ned
range to g%%h#% t a§£€%eiglggtF%ﬁﬁ%gdeﬁﬁﬁﬁéénloh?%sngpFﬁ éitdostife do not
over heat . rasgiosadvant age wht hikpown ethghednnebhe megageseate Systens for

el ectroni¢c devices is that the system does not detect overheating of

devi ces I%@ﬁ'ﬁ’?& ER PR e Fedule, Fechukett RE (et EleBuERnsor s

di sposgd ahatt hg1abhsi @t apd SaRHOL HIBASY, & gWnskheam Legperature  flow.
A further disadvantage with known environnent 0 managenent systens is

that the S$PSEEHs NGRISPrGSt ddte tteamreratins aifermlng |ihe témgleherewunber of

i ndi cat or t n . t etermne if. devices.wthin the _enclosure
are over hte%g{litt%%}l%%rt %gltj&r%(r%% t%ﬁ% prS \ﬁescfor?fof e%oenl yfadhe “Hré%ije]ct ori%reans
that the e¢ewpeeamermt nanagereEnt 25hsystencteases toikunctiiahid the
tenperature sensor , fails. There is a need to provide an environnent

managenenPTeELLPEMLPSH &PEGEr & etV ddathdihoveleoeanir dvierst 30

anel i pg at ¢ss9pe eheMehe18butReqdi sadvagtagestdescribed above. 2 Summary
According to a first aspect of the invention, there

A disadvantage with known environment management
systems for electronic devices is that the system does
not detect overheating of devices located within the

15 enclosure, because the temperature sensor is disposed at
the air inlet and cannot measure downstream temperature
flow.

A further disadvantage with known environment

20 management systems is that the systems only detect
temperature, thereby limiting the number of indicators
that can be used to determine if devices within the
enclosure are overheating. Furthermore, the provision of
only one detector means that the environment management

25 system ceases to function if the temperature sensor

fails.

There is a need to provide an environment management
system for electronic devices that overcomes or at least
30 ameliorates one or more of the disadvantages described

above.



is provided an environnment nmanagenent systemfor an electronic device, the
envi ronnent managenent system 5 conprising: a casing having an air intake
opening and an air exhaust opening, the casing capabl e of housing the
el ectroni c device, the electronic device capable of producing heat; 10 an
air moving unit for noving air fronfWHeRE¥r intake openi ng, past the

el ectroni c devi and e, ai X 0 i,ng; an_exhaust nsor for
detecting one ggﬁﬁﬁrerlpé%gd%tgégsgfggﬁéEgigﬁgﬂ?%% %éﬁ?%ﬁ%o%@sgggr?he
el ectroni ¢s 1pdeniidest and ancdmbnokher mbaetiemeak! ys¢gouphedfbe tde exhaust

sensor for_.re eivLQg one .or nore signals representative of the detected
one or nofe rsﬁpeovflct%e &N (FYLIEYHTHE | PABRIFIERespBNETSR to the

one orsnokenyrdRalng:to 20 generate an alert in the event that one or nore
of the signals deviate froma predefined paranmeter range. In one
embodi ment of heCR$+RY ASPEY, 2healgnvirbakencpeaiagenend systahr may

conpri se i ke ensor ectr] y C d to.the control]er, the

i nt ake s%%gg%%%apéﬁﬁgﬁg¥’defgﬁiiré#%iﬂﬁ<3ﬁ§%%gk§%reo%a?%%%?%?% o#hethe air
bef ore t helsiat rpadses deve ced,ectiteni ceIdewi ni AcCidi dg tGapalsEsondr aspect
of the inventjon, t%gre 30 is provided a nmethod of managi ng the

envi r onmeR O AR %St oni ¢ devi ce di sposed within a casing having an air

i nt akgp openi ng 2anda@p ahdvExhausti t0PeRi-NInot ey Ml 10d £ LONPELSI Ng; , MOV Ng
air past the electronic device; 3
intake opening, past the electronic device and to the air
exhaust opening;
an exhaust sensor for detecting one or more
parameters of the air after the air passes the electronic
15 device; and
a controller electrically coupled to the exhaust
sensor for receiving one or more signals representative
of the detected one or more parameters of the air, the
controller being responsive to the one or more signals to

20 generate an alert in the event that one or more of the

signals deviate from a predefined parameter range.

In one embodiment of the first aspect, the
environment management system may comprise an intake

25 sensor electrically coupled to the controller, the intake
sensor capable of detecting the one or more parameters of

the air before the air passes the electronic device.

According to a second aspect of the invention, there

30 is provided a method of managing the environment of an

electronic device disposed within a casing having an air

intake opening and an air exhaust opening, the method
comprising:

moving air past the electronic device;



detecting one or nore paraneters of the air after the air passes the

el ectronic device., nonitoring the detected one or nore paraneters of the
air; and 5 generating an alert when one or nore of the detected paraneters
of the air deviates froma predefined paraneter range. In one enbodi nent
of the second &€HE&t1nCheCtfRet REd MATE nBgraBaperse athetBeepisf @Bteeti ng one

or nore p%ﬁ%”%ﬁ%rﬁa%%e%h%h%i%#Q%EQB iEhgeQEEepasses the el ectroni c device.
r

According to a th aspect of the invention, there is provided an
envi ronnment nmanagement. ngy stieen Heteatedd @ ecbromerdsepiacemettke senyi r onnent
nanagenen%Q%ysten1 conprising: a casing having an air intake opening and an

air exha 8péni A4 t he casing capable of housing a plurality of

el ectroni ¢ devige@sratihe atl eglr@nivhFeWUESr LR e of ggeseradi ng
heat; a primary air nmoving unit for nmoving air at a first flowrate

t hr ough t Rérapetiegeakefopehbfig, dilm o d¢relass ngframd eut predefinede air
exhaust OB%?E%%keQn al,eco0l i ng nodul e conprising a primry duct, a 25
plurality of spray bars in fluid comunication with the primry duct and a
secondary air noving unit for noving air, at a second flowrate, fromthe

primary duct through to the plurality of spray bars, the air cooling
modul e’ being_ﬁﬁuﬁgﬁﬂ P AT HmERE 855ﬂ%§?sﬁ%§o@ afSPPRtusdPs HRethed spray
bars th r eghyaicom@Hi@et RecelRWY QY QAU LGSR e | Ao AN, £XRUSE rSENSOT

for detecting one or nore paraneters of the air after the air has been
sprayed @At 6hehelal befosni theeviicepasand the electronic device.

According to a third aspect of the invention, there

is provided an environment management system for an
15 electronic device, the environment management system
comprising:

a casing having an air intake opening and an air
exhaust opening, the casing capable of housing a
plurality of electronic devices, , the electronic devices

20 capable of generating heat;

a primary air moving unit for moving air at a first
flow rate through the air intake opening, into the casing
and out through the air exhaust opening;

an air cooling module comprising a primary duct, a

25 plurality of spray bars in fluid communication with the
primary duct and a secondary air moving unit for moving
air, at a second flow rate, from the primary duct through
to the plurality of spray bars, the air cocling module
being mounted within the casing such that, in use, the

30 spray bars direct air onto the electronic devices;

at least one exhaust sensor for detecting one or
more parameters of the air after the air has been sprayed

onto the electronic devices; and



4 a controller electrically coupled to the exhaust sensor for receiving
one or nore signals representative of the detected one or nore paraneters
of the air, the controller being responsive to the one or nore signals to
5 generate an alert in the event that one or nore of the signals deviate
from a predefi RedCPRRELLIER onbeelbber hbvit asfupled t fior dthepeexhatsie system

My COMPri-3fsehe Alr MELLHLALe SENSOE Subol dBlRElING LNE 40,006 L or e
paranmeters of the air before the air passeés TtThe Orie OF nore el ectronic
devi ces. Adcdrht ndetechtefiowrich @sprotreofparmmatreenteOnththerie, isherovi ded

an environnent nagenent system f.or an 1§1electronic devi ce, the

envi ronmﬁ?nﬁﬁﬁﬁgﬁe LI FERP OGS Gihd-% ity TR iyt HR S rt9 nt ake
openi ng agdnakadiel arexXBaNSt QRENIHYW, ot B8t CashRY Gapabt englchousi pige t he

el ectroni c device, the electronic device capable of 20 producing heat; an
ai r nmovi n§igned st devigtiengraiy af pbeedeldngidr rangeake opening, past the

el ectronic device and to the air exhaust opening; one or nore sensors for
detecting two or nore 25 paraneters of air within the casing; and a
controller el edthricat | gmbodphedtt af hehenehirdoaepesensahse foystatei vi ng
signals representative of the detected two or nore paraneters of the air,

the cont P8l EPTRELTE PESpOHSIMRF S oM IS SFT S fF YerdR RS e 3h@al ert in

the eyent chBato,0ngopd pRBahWL-PE BB &1l ARl Spedg¥bates fJiam g, predefined
paraneter range. 5
the one or more electronic devices.

According to a fourth aspect of the invention, there

is provided an environment management system for an
15 electronic device, the environment management system
comprising:

a casing having an air intake opening and an air
exhaust opening, the casing capable of housing the
electronic device, the electronic device capable of

20 producing heat;

an air moving unit for moving air from the air
intake opening, past the electronic device and to the air
exhaust opening;

one or more sensors for detecting two or more

25 parameters of air within the casing; and

a controller electrically coupled to the one or more
sensors for receiving signals representative of the
detected two or more parameters of the air, the
controller being responsive to the sighals to generate an

30 alert in the event that one of the two or more signals

deviates from a predefined parameter range.



Di scl osure of enbodi nents In one enbodi ment, the controller may be
electrically coupled to the electronic device and may be responsive to the
signals to render the electronic device 5 inoperative in the event that one
or nore of the signals deviate froma second predefined range. The casing
may have a plurality of alighcsure Gfequkpdimantsasi ng may conprise an

air intake 10 perforated ; i,ng t | ural j f_air jntak openi ngs
ext endi ng thougﬁ the %erf%lrngjiogi&g%\ﬁgt’e. %ﬁlegi r @Clsdu%%?léedﬁct Iﬁrf{ak{/ bgoeprovi ded
on one si déeoftrtihelayr doupdleel tperflos atédcprabecf deviupplayidngnaai rbd rom t he

air novin unit .in use. 15 The casing nay, have a urality of ajr exhaust
openi ngs. 9%8083%?’% ﬁa;?h@or?&ﬁ“?gtsaﬁoail?e‘éﬁﬁﬁe %e?cftb"rod”tjéﬂ Gt havi ng
the plaraihbyepbtrave @xhatsd oRRANI NYSt eXhendirngot-Br Qgh Hdes A2 exhaust
perforated 20 plate. An air exhaust duct may be provided on one side of
the air eRR¥‘L3ESpErPHr at 8cphdt Predefankewragggi-r noved by the air noving
unit to be expelled therefromin use. In one enbodi nent the el ectronic
device is a 25 mcroprocessor for processing data. The controller nay be

configured to $aee aayidgt amagsohaabedaw phutdeityi codpratessaitdie a data

storage nedium prior_to rendering the m croprocessor inoperative. A
plurali tyOB?nlﬁggct r oM dEFFERY Ye FOORECEESW tHn BRE casiifi® 30 In

one enpodpERRbradell Upahtty REvahy MPMENGLURLLSitPBYobEe ProVided o nove
air. The air noving unit nmay be provided inside or outside of the casing.
I n one openings extending though the perforated plate. An air
supply duct may be provided on one side of the air intake
perforated plate for supplying air from the air moving
unit in use.
15
The casing may have a plurality of air exhaust
openings. The casing may comprise an air exhaust
perforated plate having the plurality of air exhaust
openings extending through the air exhaust perforated
20 plate. An air exhaust duct may be provided on one side of

the air exhaust perforated plate for allowing air moved

by the air moving unit to be expelled therefrom in use.

In one embodiment the electronic device 1is a
25 microprocessor for processing data. The controller may be
configured to save any data associated with the
microprocessor in a data storage medium, prior to
rendering the microprocessor inoperative. A plurality of
electronic devices may be mounted within the casing.
30
In one embodiment, a plurality of air moving units
may be provided to move air. The air moving unit may be
provided inside or outside of the casing. In one

embodiment, the alr moving unit may be provided outside



enbodi nent, the air nmoving unit may be provided outside 6 the casing to
push air into the air intake opening or to suck air into the air intake
opening. In another enbodinent, the air noving unit may be provided inside
the casing to suck air into the air intake opening and to 5 push air out
of the ai%héxﬁﬁﬁépgoﬁaﬂﬁﬂﬁh1¢kraiﬁtﬁnﬁhﬁga&ﬁiﬂﬂﬁ@%QM9H?ﬁkﬂ9cﬂrat%lomer.
The air e ity d alr ing.that air . 0 at
tenperatggéc?or%@gglfﬁgnfhe@%%ecg%%nignggéfceo rOVIé%d Wi hi%ﬁ?ﬁ@é%asing.
The condi embrddmant, nEy beiat modtienpenattr enayn bde prangeleafl abolde 5C to

about 18C_, The conditioned air, may be at a relative humdity in the range
of 20% t o “BEUFAPETEr 56 ¥ B0t P S0dhe P A RS GPRRP S Ry B

suppl izd ppeR aRrablit 6¢0khBJas@UERBautRecgkhifgy fol low an air novenment
path that extends fromthe air intake opening, "past the el ectronic device

20 and through to the air exhaust opening. The fan nay be a variabl e speed

type equi pped *E%h?%g @gﬁ?bgngﬁtnégg ﬁgegdfgk E@nangxgggrdeternined by the

controller, whic be "programred to alter the speed of
fan depending on the tenperature detected within the casing. For instance,

t he speed of &ge fan can be increased by the controller if the controller
senses a tenperafufe wiith PRacRBE1E108FELiALT |1 tPa80 thRe 3idt 4RRY sensor

may bep prpwi ded akong,itde @nf_'g)eﬂ&%w&?ntfo&at bobBetwgenchhe & &4 Atake opening
and the electronic device. The intake sensor may “be provi ded
device provided within the casing. The conditioned air
may be at a temperature in the range of about 5°C to
about 18°C. The conditioned air may be at a relative
humidity in the range of 20% to 60% preferably 30% to
15 50%.. The conditioned air may be supplied from an air

cooling source.

The air may follow an air movement path that extends
from the air intake opening, past the electronic device

20 and through to the air exhaust opening.

The fan may be a variable speed type equipped with a
controller. The speed of fan may be determined by the
controller, which the controller may be programmed to

25 alter the speed of fan depending on the temperature
detected within the casing. For instance, the speed of
the fan can be increased by the controller if the
controller senses a temperature which reaches a certain
limit.

30

The intake sensor may be provided along the air
movement path between the air intake opening and the
electronic device. The intake sensor may be provided

adjacent the air intake opening along the air movement



adj acent the air intake opening along the air novenent 7 path.
Alternatively, the intake sensor may be provided outside of the casing and
adj acent to the air intake opening. In one enbodinent, the system
conprises a_ plurality of air intake sensors. 5 The exhaust sensor may be
provi ded BRSAg tHetat itdeenthpatintswessnske draxt benirredeided and t he
air exha ni ng. e t sQr, . e oVi,ded _ .ad] t he
exhaust oggﬁfgggalﬁg t;l:‘he glégf"i‘}f vearsrrg&]nt %Sétg% ) %’t\e@rh%at F\}gl yj?l9 & exhaust
sensor nmaypbeippovi ded owkesi cdeboafintene ,casiing asystash acemtptsdde air
exhaust ogini ng., I n £0ne er.rbfg_d' ment, the system conprises a plurality of
air exhalsPredntdr 8T BAENIBF2EReSHIGPAPIty of exhaust sensors may be
associmted with a plurality of electronic devices. 15 The one or nore
paraneters of the air may be selected fromthe group consisting of: air
tenmperature; &Pf prEsigte; sgnsogpaealy ME aprovifdadi ditgng sivbke apr esence;
and air f . T I ergat t he o] r e used to
i ndi cate ftnﬁ\gefeﬂ%b?r g%%ng?@%%én%l '? ﬁ(g)nfqvﬁe%cth%ﬁ(ﬂed%‘gg%%g%hsTﬁ:ﬁgl%lr
gener at edekitatthe copendhber Thy | adhsate osenoor Mg eEvwi rEreehded ]
conditions such that: the air is 25 within a high tenperature range; that
the air i §dQ\FFﬁP% ghel Bibe PREFESG 1§89 i at%?%‘f%‘é‘?%? KM thin the
casi ng) W hhteaHseiBeye! eatr eiihe udeVised do> ¢RASBe fIMGHI QI NGt H1ad hat the
air noving unit has ceased to function.

of the casing and adjacent to the air exhaust opening. In

one embodiment, the system comprises a plurality of air
exhaust sensors. Each of the plurality of exhaust sensors

may be asscciated with a plurality of electronic devices.

15
The one or more parameters of the air may be
selected from the group consisting of: air temperature;
alr pressure; alr speed; relative humidity; smoke
presence; and air flow rate.
20

The alert generated by the controller may be used to
indicate the environmental conditions within the casing.
The alert generated by the controller may indicate one or
more environmental conditions such that: the air 1is
25 within a high temperature range; that the air is within a
low temperature range; that the temperature within the
casing will cause the electronic device to cease
functioning; or that the air moving unit has ceased to
function.
30
In one embodiment, the system may comprise a user
interface on which the alert is generated. The user
interface may be a graphical user interface. 1In one

embodiment, the graphical user interface may be a display



30 In one enbodi nent, the system may conprise a user interface on which
the alert is generated. The user interface nmay be a graphical user
interface. In one enbodinent, the graphical user interface nmay be a
display 8 nmonitor. In another enbodinent, the user interface nmay be an
|nd|catormﬁaﬁéprcoﬁﬁrﬁ@pﬁ@eéh§mh0dﬁma@ﬁrmﬁhﬁuuﬁerIJQﬁﬁEfam%ﬂe@m be¢he one

or nore |gg|c§kgac %ggtspgggfbl Ombkggg%natlon upgn ggggratl n of the

alert. The one or nmor e* I ndi cat or may al 86 conpri se e%?t?ndlcatlng
a conditilaghak ttheraloert .tHen amot ber merbodintetat dhel sytetencapalyleonpri se
an audi o gﬁaerator for generating the alert as an audio signal. 10 In an

enbodi nent TEHEEPEGARPI SEROTN I8N TS NPt nddifl e2hBbht edThE t RS tRE casi ng,

the ais cpelrkngneRdele mh%%nwaysealasoolég@fltye Of oS CONGAL ¥ %&l}t
connecting the primary duct to the plurality of spray bars. T plurality

of seconda&fPpddiérs @ﬁyt@@ @ﬁ@ﬂﬁedZMWt&nqﬁhﬁﬂI@mHQﬁIMEnﬁwe¢h¢nay§tGMCt The
secondary_ g o?qﬁbﬂﬁééﬂg gﬁg&geﬂpanylngg %%thln t he prl gx? g?ﬁgBrlef

Descrlptlon aw ngs "The acto dF S TS SRR rat ed
20 into amd eansudtivt eigpait of the description of the |nvent|on

illustrate two di scl osed enbodi nents and serve to explain the principles
of the disclosed enbodinents. It is to be understood, however, that the

drawipygs are dhsclaﬁsegmgealﬂgﬁeosgﬁaef ebh,g?fég@%igﬁgonéyr and,pphgas a 25

definition of the limts of the invention WS a CroSsSs- sé%tlona
front vi ewodfilgn moamiiedo migritimeageneaingy stom fadr axqulluirad ingdoie

may comprise a plurality of secondary ducts connecting
the primary duct to the plurality of spray bars. The
plurality of secondary ducts may be mounted orthogonally
15 to the primary duct. The secondary air moving unit may be

mounted within the primary duct.

Brief Description Of Drawings
The accompanying drawings which are incorporated
20 into and constitute apart of the description of the
invention, illustrate two disclosed embodiments and serve
to explain the principles of the disclosed embodiments.
It is to be understood, however, that the drawings are
disclosed for purposes of illustration only, and not as a

25 definition of the limits of the invention.

Fig. 1 shows a cross-sectional front view of an
environment management system for a plurality of
electronic devices;

30
Fig. la shows a block diagram of a control system of

the environment management system of Fig. 1;



el ectronic devices; 30 Fig. la shows a bl ock diagramof a control system of
t he environnent managenent systemof Fig. 1; 9 Fig. 2 shows a flow chart of
an overview of an algorithmthat is used by the control systemof Fig. |a;
Fig. 2a is a flow diagramshow ng nore detail of one 5 of the steps of the

al gorithm of FF§9.2;:2Figdiowh Bs h@haftowodi et amvehrovieny abr eamet ai |
of anot he : S algorith hg...2.. .10 Eig. 2c.is a further
flom/diag%&§%§%g§Pngﬁ§§tnggggﬁekgs%é%sgéﬁ£fgg 3Y§5?Ftﬁn1g%gFié§'2; Fig. 3a

is asinplified perspective view of a second enbodi ment of an environnent
managenment system 15 Fig. 3h shows a perspective view of the casing of
Fig. 3ain a s'ﬁﬁki%?e&scén Qi G Al SR MEG M detdrid @lged§ shown in
boi'd Iinesy mRUnkedptherekfe 20g5k9cnAdoshpng asperspective view of the
casing of Fig. 3a 1n a sinplified configuraftion show ng a possible
mounti ng nmechani smfor nmounting the electronic card cages; and 25 Fig. 4b
shows a perspegtive,yi o] el e ni,c_ card cage. Detailed Description
Two exenpl ary % -1 iz?ér)i ?Lygng;ne o(:H]i1 n’g% ‘g 8?‘agﬁam33%é)%\}ingoﬁn i1t (g%fhaa]g]gnent
system f obfebactheni efdeiecesepseocfnonedaigbosedmhereingfteg. The

envi ronment managenent system conprises a casing that has an air intake
opening and an air exhaust opening. The el ectronic devices are

10 Fig. 2c 1is a further flow diagram showing vyet

further steps of the algorithm of Fig. 2;

Fig. 3a is a simplified perspective view of a second

embodiment of an environment management system;

15
Fig. 3b shows a perspective view of the casing of
Fig. 3a in a simplified configuration with electronic
card cages {shown in bold lines) mounted therein;

20 Fig. 4a shows a perspective view of the casing of
Fig. 3a in a simplified configuration showing a possible
mounting mechanism for mounting the electronic card
cages; and

25 Fig. 4b shows a perspective view of an electronic

card cage.

Detailed Description
Two exemplary non-limiting embodiments of an
30 environment management system for electronic devices are
now disclosed hereinafter. The environment management
system comprises a casing that has an air intake opening
and an air exhaust opening. The electronic devices are

disposed within the casing and are capable of producing

10



di sposed within the casing and are capabl e of producing 10 heat when in
use. An air noving unit noves air fromthe air intake opening, past the

el ectronic devices and to the air exhaust opening. The environnent
managenent system al so conprises an intake sensor for detecting at 5 | east
one par anBeéir sthearhelmi vshef Bhe atiffe MEiinsa skt theves| adtr o déwd ces and

an exhaust ;sensqr r in he r ter of. th ir after, the air
passes t hrgl%el ectar%érzi 88§é\§/|ﬁéés%afttcow?(rgol%ﬁ%r(ﬁfggal so(?%‘?lo({’:ﬁ%eanfjhatto is
el ectricakhg cadpl e@xthausite iopealiegsendiite arshutihe nheraxhausiagensar for

receiving si Pqnal S re[)r esentative of . the detected paraneter of the air. In
g -

use the cS¥f SCORLDTHET vBt I HRE S| QT t bOHeREFECE1RA Afert in

the eyentichhat opRre ratR0fot hensi goal sedeybatgs LM sJyedafd ned
range. 15 Referring nowto Fig. 1 there is shown a cross- sectional front

vi ew of aRleftirpearerdewetefbdt dyseahrusd’ sdmmor sfasedlateatdmage t he
environnegh in g@%&@tegleg%rog%g dgy%cegf g§id@§e|n fpis §g§g§“rgﬁg’ the 20
¢ devP i he Tty ot™ " mik

el ectroni ces are in ormof a plura croprocessors 12'.
The pl ur akileytebniiccrdeprieeassd s chb'trald eOUE edloa paoks deadott isdown)

wthin a casing in ,the formof. cabinet 14'. In this enbodi ment, the

cabi net 1% FEEOTBAFHEY of P LGS cF8f t thRid &S RPRESEr okedsdie 12!
process dakaahigtSupRsdr diffofrerﬁ&t:eﬁi’ﬁ(%e@g‘?xfaltsheré’fbfégéﬁ{:a 1pe Ft?%)i AL
conprises a top wall 3, a bottom wall 4',” two side walls %5 ,6"), a
partitiontihgl deteci@dextagrdiatgrvert i thad | §irhr dughsehdhs dutbret wflde cabi net
is responsive to the signals to generate an alert in the
event that one or more of the signals deviates from a
predefined range.
15
Referring now to Fig. 1 there is shown a cross-
sectional front view of an environment management system
10" that 1is used to manage the environment in which
electronic devices reside. In this embodiment, the
20 electronic devices are in the form of a plurality of
microprocessors 127. The plurality of microprocessors
12’7 are mounted on racks (not shown) within a casing in
the form of cabinet 14°. In this embodiment, the cabinet
147 is provided on an alrcraft and the
25 microprocessors 12’ proc¢ess data to support different

systems of the aircraft.

The cabinet 14’ comprises a top wall 37, a bottom

wall 4’, two side walls (5',6'), a partition wall 7'

30 extending vertically through the middle of the cabinet
147, and front wall and rear walls that are not marked on

the drawing.
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14', and front wall and rear walls that are not marked on the drawing. 11
The cabinet 14' also includes air intake openings in the formof a
plurality of inlet openings 16° which extend through a perforated plate
18" that is provided adjacent to the bottomwall 4'. The cabinet 14' also
5 includes twoTaer caktingst 1d|6em'1rﬁg>s dincluse s erim ofntekd etperg0lgpriovi ded in

the top I t abj and. outlet 22 prow ded, on ,t he rear
si de wal }MEE] nd sﬁglfﬂ %@ % i nesySGOf fdﬂ'leﬁC s??s?{leﬁthS.O' fgl sowrijh%f udes an
ai r novi ngxtieintl |trhrdntm-t f ar rpa::ffca:a‘tmt 281 atén 1@ herhenbaedi rdsiddde fan

m ght be a hlower. Fan 24" is nounted within a_ distrjbution duct 26, which
ext ends aPSAGCERE ddf aEE‘ﬁt PG TheWpet | dF at ed THcat @@g et TR diets26" is in

fluid 45 comupksatiyN M+ NegnhEEi Q/eling S e pffewnd%% Oahé]h
aircraft. The refrigeration source provides cooling air al ong the duct 26

and througR't ;undeidad einl16he T femll 23" Igfovshe heablulhdtallrﬂ fra:tmlt he
inlet 16 h %he ﬁ,;tllgro%éezg 22 t) so that tgte &Qg#a%éd ver the
a

20 m croprocessors 12 m croprocess e and
accor di nghgshhe iaekd3ai'r, passi ng over the m Croprocessors 12' causes t he
m croprocessors to cool 25 down. An exenplary air novenent path is shown by
dash lines 36" extending fromduct 26' to one of the inlets 16",

ext e 19, past e AP 5ES5955 WACIAB0U ADEoyghs e ULl S 20,
air as thsheai rt@mpadses dweer,2¢her éby ohhataiemrglidenttsgnpehat ufan of t he
might be a blower. Fan 24 is mounted within a
distribution duct 267, which extends along and adjacent
to the perforated plate 18’. The duct 26’ is in fluid
15 communication with a refrigeration source provided on the
aircraft. The refrigeration source provides cooling air
along the duct 26’ and through to the inlet 16’. The fan
24’ blows the cold air from the inlet 16’ to the outlets
{207 ,22") so that the cold air passes over the

20 microprocessors 127.

The microprocessors 12’ generate heat in use and
accordingly the cold air passing over the
microprocessors 12', causes the microprocessors to cool

25 down. An exemplary ailr movement path is shown by dash
lines 36’ extending from duct 26 to one of the inlets
16", extending past the microprocessors 12’ and out
through the outlet 20’. Accordingly, heat generated by
the microprocessors 12’ is removed by the air as the air
30 passes over, thereby maintaining the temperature of the

microprocessors 12’ in a desired operating range.

The system 10’ also comprises air intake sensors in

the form of fan sensor (Fl); inlet temperature sensor
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m croprocessors 12' in a desired operating range. The system 10' al so
conprises air intake sensors in the formof fan sensor (Fl); inlet
tenperature sensor 12 (Ti) and static differential pressure sensor, wth
built- in transmtter (P1l), which are nounted adjacent to one of the
inlets 16'(T3h B |séfatis di fdfenant icabimrassire  sersomddiitonali¥an sensor

(F2) is al;so dj nt ot her _inl on the right side of the
cabi net 14 i t%rgl\éé‘ggﬁ'gee% 1%% w%lC(rglrrparrltz‘\semsc”‘lenx adlusafd i &9 e Pf or m of
tenperatuthesenﬂﬁﬁx(TEB’thmtths reunt ed didj @t ethe tabihetouulet 20n and

tenperature sensor (T3) that is 10 nounted adjacent to the outlet 22'. The
sensors (?fd?§1?§a#1 %é Np| §engee cﬁﬁ%bréﬁhlﬁ}soavﬁFP&bﬁ%d TH&) 38 er at ur e

sensors (EnoFReF3)meastie bLhe ks tlemaee%grefozheheaaaﬁeeawng t hrough
the cabinet 14'. The tenperature sensors may be platinumresistance high-

accuracy sensors. Exenplary platinumresistance high- accuracy sensors are

commercial ly awvail Al Instrunments e Ltd of Singappre. The
Cenper at ur e sonler SYsbepTL0 1515055 Bk PES, Sebrlar, SeBiereathy Chemer at ur e

transnitt epgm( Tlremb2rathdy sehewr i(M2Fi ghatAisTheuhaadseasaesntFl, F2)
measure the speed of air in flow ng through the cabinet 14". Exenplary fan
sensors 25%af a9§FP§BIéocoﬁﬁéréﬁﬁpﬁyaFP6ﬁ1ﬁﬁﬁ?@% RS8P ohhdt Paol |

PennsmjvaﬂbgnQEdUgagggeggaggstgg Anehi gaz The pressure sensor (Pl) is a
static differential ™ pressure sensor % bU|It-|n transmtter) and

measures 30 the static difference betmeen the pressure of the cabinet 14
and the pressu&%eOfs%%%o%%Vir5H¥n¥E f%“ﬁ% %% %I thare commercially
available.
The temperature sensors (T1l,T2,T3) measure the
15 temperature of the air passing through the cabinet 147.
The temperature sensors may be platinum-resistance high-
accuracy sensors. Exemplary platinum-resistance high-
accuracy sensors are commercially available from Acez
Instruments Pte Ltd of Singapore. The temperature sensors
20 (T1, T2, T3) are respectively powered by temperature
transmitters (TT1, TT2, TT3) shown in Fig. 1A.

The fan sensors (Fl, F2) measure the speed of air in
flowing through the cabinet 14’. Exemplary fan sensors
25 are availlable commercially from Ametek Rotron of Paoli,

Pennsylvania of United States of America.

The pressure sensor (Pl) 1is a static differential

pressure sensor (with built-in transmitter) and measures

30 the static difference between the pressure of the cabinet
14" and the pressure of the environment outside of the
cabinet 14’. Exemplary static differential pressure
sensors are available commercially from Flotech Controls

Pte Ltd of Singapore.
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cabinet 14'. Exenplary static differential pressure sensors are avail able
commercially fromFlotech Controls Pte Ltd of Singapore. 13 A controller
in the formof Central Control Unit (CCU) 28 is also nounted within the
cabi net 14' adjacent to the outlet 22'. The controller is electrically
connected to the G¥HsRLIg inTothag form gf Geptraly SophseherUiehbodi ment ,

the CU 28ccRy 28010l 1 1H3e RSN N ern 1M TdAlIb e 140 - has a
menory (not shown) for storage of a set of commands for operating the
envi ronment mahagenehilesysE2m as Thedescntbetleheries nadlert riaodl by

P omands. CRACESERR s, Chel) SRt J4T0r | dire Lommite: a1y FALT udds a
Syncotgn 7@8ot&ert kabbainkheM Shemens 4G efa Mbtivo1CaiHBpeddtei LU 28" s

al so connected to a user interface in 15 the form of indicator panel 30
that is sRéwkbhien IS¢heifat cThig dgf@nd &1 ghapaa WeMERYsHOWS Shswsok ihmgr am of

the contrgbosystemdp’ or U 28:. Theysensor solFl E2.BL) o have,

transmtters 't 1’n and are shown as ei ng coupl e Irec yto%heCCU
28' . Eacheofitrbem2tt enpemraigarergensosgsi{dih, Tas T3)isar e despeidiedel y

directl oupl.ed to the tenperature transmtters TT1, TT2, TT3) , for
POV | né F‘ €g§8ﬁ§%?§'ar?dldcg%vé’rrﬂcﬁésf’ﬁe et eEFBﬂn§r§ﬁ§mﬁ’ﬁ%‘?eg§?3§j’rﬂal into

an anp i f hadadigddiatsddngithorcHhesCEU 28’ cordprarddg, ORSS aé)&é?ﬁbﬁlﬁ)‘ he
envi ronnent managenent system 10' is now described hereinafter. The
envi ronmefRfU fawigdremvaibalele 10omperosedly oinahugdest he Semda™onhtht

controller from Siemens AG, of Munich, Germany.

The CCU 28’ is also connected to a user interface in
15 the form of indicator panel 30’ that is shown in
schematic diagram Fig. la, which shows a block diagram of
the control system 15 for CCU 287. The sensors
{F1,F2,P1) have transmitters built in and are shown as
being coupled directly to the CCU 28’. Each of the
201 temperature 5ensors {T1, T2, T3) are respectively
directly coupled to the temperature transmitters
(TT1,TT2,TT3}) for powering the sensors and converting the
detected transmitter signal into an amplified digital
signal for the CCU 28’.
25
The operation of the environment management system
107 is now described hereinafter. The environment
management system 10’ is used to manage the environment
of the microprocessors 12°. The system 10’ involves
30 forcing cooling air past the microprocessors 12’ and
using the sensors (T1,F1,F2,Pl) to detect parameters of
the cold air before passing the microprocessors 12/ and
sSensors {T2,T3) after the air has passed the

microprocessors 12’. The CCU 28’ monitors the sensors
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of the mcroprocessors 12'. The system 10' involves 30 forcing cooling air
past the m croprocessors 12' and wusing the sensors (TI,F1,F2,Pl) to
detect paraneters of the cold air before passing the m croprocessors 12’
and sensors (T2, T3) after the air has passed the mcroprocessors 12'.

The coU 287 1ndRi L6r €1t K8, Béhs orBd 10§ T AR ST 3 REIES, P})‘l ‘afn@ RFRIat es
alerts in nt_ et r

devi at es ?’?gm%\e{ll%proefde i ne &‘r?%lﬁr%%éa %gﬁ%%?gnﬁ?oi oes no e%%:tr%te in the
initial <tramt apppedséiokdt hengecr oprocessors 12' as the aircraft air
conditioning systemis initially in a heating node to provide warmdry air
to the cabinet 14' for a predefined period of tinme via the duct 26'. The
warmdgy air enmsdresydfehhatot heyglectygani %?eWaTt@' nihheigabinets dh are
adequat el y dehum di fied before operation. After the drying period, the air
condi t i onSkGLEYESt @HﬁaS@t%ﬁm’@@%amlyr@m@@ﬁééoéﬁeﬂfr@m tthe rﬁeialtcirrfgﬂ?mde to a
15 coolin I i 6., I r.1s

conti nuoug %Dg%p[;)jﬁ gBtFR t%g geﬂl 156(111&%%'&1‘1? hé m crt(;é%rlon srrgooa;%s t_LdZ are in
oper at i onprRefider wagmnaixyt ;B gho 2the heablnsts hawn farblzogkee ¥ thefr am of

an al gorithm, r%{)r%sentln .the set of instructions that reside in the nenory

of the CCcBt28° et 8t ke r‘?\}’icrtor‘?rﬁent P Thi Yo (FH o SEEHEER2' . The

CCU 28) isnaw tched oB18Lt$bBRcSL: wixih SteRe? (8 iGfdd 287 gper fords a
built-in test to determ ne whether the neasured paraneters of the sensors

(TI, T2, T3aFegr2tPly dehbmgdpfihdnbelergeabpdrathges. The

After the drying period, the air conditioning system
automatically switches over from the heating mode to a

15 cooling mode to supply cold air to the duct 26’. The
cold air is continuously supplied to the duct 26’ while

the microprocessors 12’ are in operation.

Referring now to Fig. 2, there is shown a block
20 diagram of an algorithm representing the set of
instructions that reside in the memory of the CCU 28’ to

monitor the environment of the microprocessors 127,

The CCU 28’ is switched on at step Sl1.

25
In Step 2 the CCU 28’ performs a built-in test to
determine whether the measured parameters of the sensors
(T1,T2,T3,F1,F2,P1l) falls within the wvalid ranges. The
valid ranges are programmed into the memory of the CCU
30 28" as “operating parameter ranges”. The operating

parameter ranges are chosen so that the parameters fall
within a “safe” operating range, that is a range that
does not adversely affect the operation of the

microprocessors 12°.
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valid ranges are progranmed into the nenory of the CCU 30 28" as "operating
paraneter ranges". The operating paraneter ranges are chosen so that the
paraneters fall wthin a "safe" operating range, that is a range that

does not adversely affect the operation of the mcroprocessors 12'. 15 In
step S2A, the CCU 28" is programed to interrogate the sensors

(T2, T2, T3, F1, F2, P1) i re cti y nsmi their _detected signals
of their 5 neaé&re&ﬁga¥2n%?éfs ﬁ%ﬁéhe¥§§llggﬁ. Th% Cﬁﬁo§§amﬁ§§3 d%%ese
neasur ed patemebensei n sheps S2BsoB3, S8Tand2 St9, o, Feleper M newvici he

transmtted paraneters are within the operating paraneter ranges as is
descri bed *REPEFhATESY iﬁra?§W%FertQﬁ&EnIJ%£99£E | #1gRelsr Phe %@%&%red

par ameg er ;eb@uebdt hea88RSOLSs (Tt TRRd3.ddy F26P) rhal lewpubsh de, ofs the
operating paraneter ranges, one or nore alerts are generated by t%e CCuU

28' in stépesCrnepRargte g amediecst én sitelpsr Sd¥at Ithe Shaekid sSSiverdeat i ng
(generat eegs flne FAEK (BLerNEAcr BLALL ) 0L ARARL LNe, fACK; LR, gboti to be 15

shut down (genéerated as a utdown" “arert),  in e case e
m cropr ocepeansihd’ paremeerdenrethgesoper atd WescriNese edeiim B« displ ayed
via an illum pation |anp rovided on the_ indication panel 30'. 20 In step

S2B, the EBOLHET ﬁ%ﬁﬁ?Jth%g%%Wio&fnd”§iQﬁglghegéﬁﬁﬁ%PﬁﬁiU@a%ﬁﬁﬁﬁﬁ¥§
(TI, T T30kl ,tres Phdnsodh ((trhe,T"zTrhs,%QS,@gSw%ref'('atlﬁes ,,égﬁtéias oF2 Sghnsor

val ue"); T3 (the "T3 sensor value"); sensor value"); F2
(the "F2 sepmgetingl ugaramengér ranges, one or more alerts are

generated by the CCU 28’ in step S2C. The alerts indicate
either that the rack is overheating (generated as an
“Rack Overheat” alert) or that the rack is about to be
15 shutdown {generated as a “Rack Shutdown” alert), in which
case the microprocessors 12’ are rendered inoperative.
These alerts are displayed wvia an illumination lamp

provided on the indication panel 30’.

20 In step S2B, the CCU 28’ reads the following signals
generated by sensors (T1,T2,T3,Fl,F2,P1l):

o T1 (the “TI'l sensor value”);
e T2 (the “T2 sensor value”}:
e T3 (the “T3 sensor value”);
25 e F1 (the “F1 sensor value”);
o F2 (the “F2 sensor value”); and

e Pl (the “Pl sensor value”).

At steps (S3,58,519), the CCU 28’ is programmed to
30 compare the above wvalues so that if any one of the
conditions listed in Table 1 are met, the CCU 28/

generates an alert at step S2C.
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P1 (the '
to
in Tabl e

"Pl sensor val ue").

30 conpare the above val ues so that
t he CCU 28

1 are net,

At steps (S3, S8, S19),

t he CCU 28’

I s progranmed
I f any one of the conditions |isted
generates an alert at step S2C. 16 Table 1

Measur ed Val ueConditionAl ert generated Tisensorval ueTi TLIWRackOver heat
Ti sensorval ueTi Ti SRackShut down T2sé&fakkeydl ueT2T2WRackOver heat

T2sensor 'g§*“>*2“h %'Shutd iosensorvatve T3 3\WRackoverfieat
T3sensor g%ue+ gaTigaa%kShutdggﬁdifégﬁsorvalueFlgﬂ%ﬁ%@ﬂﬁﬂﬁﬁaﬁgﬁ
Flsensor yafiugehsbtSkaakghut doywn EF2sepsor val ueF25RAMNRacdAridaat
F2sensor yal ueF25F2SRack Shut down Plsensorval ueP14P1WRackOver heat
Plsensor yalluePns ol SRackShut down> ihes e: T1W TAWak3Wshartelawespect i yel y
tenperat ire warning set.5 points for T1 T2 T3 ensor_val ues; T1S, T2S, T3S
are respeéti veNyOrePdiigt ur e] SALLADIM set  poi nt|RFDe OvBrIEar3  senyor
val ues; HIWF2\W—arerespectively—airflow ratd-warning set—points for
F1,F2  senforcPaPted2l 6  FISI2F2l28re respect iNRAGK aTo4do rate bhut
down set T Ui%%%o&”%alF%’Fz efrsor—vattes—PHW ‘slgr aia}d%;feren i al
pressure mgrﬁlng Set’Zpotnt 6P P1T#We sensor vel%ﬁﬁ YFrhea
T3 sensor value T3 > T3S Rack Shutdown
Fl sensor wvalue Fl < F1W Rack Overheat
F1 sensor wvalue Fl £ F18 Rack Shutdown
F2 sensor value F2 £ F2W Rack Overheat
F2 sensor value F2 € F2S Rack Shutdown
Pl sensor value Pl < P1W Rack Overheat
Pl sensor value Pl < P15 Rack Shutdown
Where:
* TIW,T2W,T3W are respectively temperature warning set
5 points for T1,T2,T3 sensor values;
e T1S,T25,T3S are respectively temperature shutdown set
points for T1,T2,T3 sensor values;
e FIW,F2ZW are respectively air flow rate warning set
points for Fl,F2 sensor values;
10 ¢ F1S,F2S are respectively air flow rate shut down set
points for F1l,F2 sensor values;
* PIW is an ailr differential pressure warning set point
for Pl the sensor wvalue; and
¢ PlS is an air differential pressure shutdown set point
15 for P1 the sensor value.

Referring now in particular to step 83,

checks the

detected

inlet sensor

values

the CCU
(PL,T1)

-

28’
A

detailed view of the algorithm for checking the inlet
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P1S is an air differential pressure shutdown set point 15 for Pl the
sensor value. Referring nowin particular to step S3, the CCU 28" checks
the detected inlet sensor values (P1,Tl). A detailed view of the
algorithmfor checking the inlet 17 sensor values (Pi,Tl) is shown in Fig.
2A. At st égns@rofvalpiegur @A 1) hes GEp98' insFpgogRanméd tsdedet® nohe if Pl

5 P1W I[f..P1 _sensor ,val W.set point, t system proce to step
S3A in V\hlféﬁutrﬁer}%éclg\ﬁgvgfcntgafgll i tplg%?qnheeyﬁ?di%attwlﬁhene]tfeg%l gs
i|lum nat edw( St ep 341 . sER@orCREL P8 thepnpr @@rtes&%gnﬁ,o ghep sPstdd Pl

sensor value > P1W processing continues at step If in step $4, P1

sensor vaPg@csepsWisetstini nt3A t ke whoclpuhegRack ghvsgheated tdhthrogress to
step i i t Ti r | ue,_ i o] rm if J1 sensor
val ueslg- 'rle'il\\%fvnsl(ei{alpé(;aletn%]% ? %H%?' s3\ebﬁsofsvgllggﬁ'.gﬁgﬁ%ise@%oﬁ%f'theirl-&:u 28'

i Il um nat €8Ut Bé’ RatlenOrerchgatsdd ghto ontep hesol ndifc @tledepanal 3 ud Step 3B).
The CPU 2?' Wis 15 %rogran’med to progress to S8, which is shown in detail in
Fig. 2B. Ff7i PEOFERPIBE0EREEIRYSSoRti 588 fPom step S6 to step S8. At
step S8, the CCU 28" checks the detected inlet 20 sensor values (Fl,F2).
At step S9, the CCU 28' is programed to determne if F1 sensor value 5 FIS
set point. |fIfliserss@r i uePs Fassert vpohat > PAE Sedt amingrocdeds to

I et G0 ke epuBaatiremd SRBA e Ba i AR the
oper ationTaf $desorm araipreocessofisediRed ( SloepdStdymike oGessirng sonddnues at
step Slg'value 2 T1W set point. If Tl sensor value 2 TIW set
point, the CCU 28’ illuminates the Rack Overheat Light on
the indicated panel 30’ (Step 3B). The CPU 28" is
15 programmed to progress to $8, which is shown in detail in

Fig. 2B. If Tl < TIW, processing continues from step S6
to step 58.

At step S8, the CCU 28’ checks the detected inlet

20 sensor values (¥F1,F2). At step 89, the CCU 28’ is
programmed to determine if Fl sensor value £ F1S set
point. If F1 sensor value £ F1S set point, the system
proceeds to step S3B in which the Rack Shutdown light on

the indicator panel 30’ is illuminated. The CPU 28’ is

25 programmed to initiate a shutdown of the operation of the
microprocessors 12° (Step S11l). Processing continues at

step S519.

If in step $9, Fl sensor value > F1S set point, the

30 CPU 28’ is programmed to proceed to step S12 in which the
Fl sensor value 1is measured to determine if F1 sensor
value £ F1IW set point. If Fl1 sensor value < F1W set point,

the system proceeds to step S3A in which the Rack

Overheat light on the indicator panel 30" is illuminated.
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If in step S9, F1 sensor value > F1S set point, the 30 CPU 28 is
programmed to proceed to step S12 in which the FI sensor value is neasured
to determine if Fl sensor value < FlWset point. If FI sensor value <_
F1IW set point, the system proceeds to step S3A in which the Rack Overheat
| i ght on e Filndieostar vednel > 3AW is=t Ipaimnatete dgsiidm Rircensds val ue> F1IW
set point tt he i}éstem proceeds to step 514. At step 514, the CCU 28" is
prograrmea £5 d&fernine 5 if F2 sensor value 5 F2S set point. If F2 sensor
value :5 F2S set point, the system proceeds to step S3B in which the Rack
Shut down |ight _on the indicator panel 30' is illumnated. The CPU 28" is

t hen programedtt Gtem tSte the sEGE’d%% 8f tHewpEred diP ofetememine

M Cr opf OCESSH,S ' e ). Lf in step 4_.,F2 sensor._val ue) F2S
set pgglg nt ,ﬁftﬁg %%ﬁoi%%aflgepfgog}%gm% tpo°lpnrsto'ceelcsi%t gzsﬁgrﬁsgf?‘fl‘a\ﬁ(uﬁh?ch t he
F2 val ue F&Sprsetessetht 0 detesiisnen fpdotsensoto vatep $38B5 iRWisth poi nt .

If F2 sensor value < F2Wset point, the CPU 28" proceeds tg step S3A in
whi ch thetgﬁc@%ﬁlj%rﬁé‘éﬂftdowpgk&l%tt R8 i f caficpangl el s 301 | uh§ nat ed.

I'f F2 sengonuyahuezaf2Wast @ehnis, the $HSheBRIQCRRES 4P SIEPiad9, which
is showmn in detail in Fig. 2C. 20 Referring to Fig. 2C, at step S19 the CCU

28' checks shedistrecpéd tdhd t opensbiovalafestiid2 mit3ppracestsepsS2E’ the CCU
28" .5, pr o determne if T2 sensor value T2S set point. If T2
sensolrSO vaﬁgéggﬁgéét point, the 25 system proceeds to step S3B in which

t he Rack Shutdown |ight on the indicator panel 30" is illumnated. The

If in step 514, F2 sensor value) F2S set point, the
CPU 28’ is programmed to proceed to step S17 in which the
F2 value 1is processed to determine if F2 sensor value £
15 F2W set point. If F2 sensor value £ F2W set point, the
CPU 28’ proceeds to step S3A in which the Rack Overheat
light on the indicator panel 30’ is illuminated. If F2
sensor value)» FZW set point, the system proceeds. to step
519, which is shown in detail in Fig. 2C.
20
Referring to Fig. 2C, at step S19 the CCU 28’ checks
the detected exit sensor values (T2, T3). At step S20,
the CCU 28’ is programmed to determine if T2 sensor value
2 T2S set point. If T2 sensor value = T23 set point, the
25 system proceeds to step S3B in which the Rack Shutdown
light on the indicator panel 30’ is illuminated. The
CPU 28’ 1is then programmed to initiate a shutdown of the

operation of the microprocessors 12’ (Step $522).

30 If in step S20, T2 sensor value ¢ T2S set point, the
CPU 28’ is programmed to proceed to step $S23 in which the
T2 sensor value is measured to determine if T2 sensor
value 2 T2W set point. If T2 sensor value2 T2W set point,

the system proceeds to step S3A in which the Rack
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CPU 28" is then programmed to initiate a shutdown of the operation of the
m croprocessors 12' (Step S22). 30 If in step S20, T2 sensor value < T2S
set point, the CPU 28 is programmed to proceed to step S23 in which the
T2 sensor value is neasured to determne if T2 sensor value > T2Wset

poi nt. |fOv2rieasod ighituen? thawigwligedian pandle ¥/stisn bl boebusted. st ep S3A
i n which e.Rack 19 Overheat |Jight on the indicator panel 30" is

i |1 uni nat gg TléeI fse’]f’fo§eﬁ’§'&|”ev(alql&|@? SFﬁN%Cé]tntpoiﬂTe, TR LY R PTG es to
step S25. sbept sgbep S25, the CCU 28' is programmed to determine if T3
sensor value? T3S set point. If T3 sensor value >_ T3S set point, the CCU
28" is programmed to proceed to step S3B in which the Rack Shutdown |ight

on thes indicaper panels 30" 9, 1 bEymgat ed. ??a%ir%e@' d Sad e, 10
programmed to 1nitiate a shutdown of the opgrat on of the m Croprocessors
12" (StepiB2TB. skhsior stadmeS25T3F3seenpointal ua K TR S&EeioPordtue the CPU
28" is programmed to ’g{oceed to step S28 in which the 15 T3 sensor value is

processed ts d&terRPhetif the Mdof®’ vaPuLTPITRNNES bBi REOCPEdTERensor

val ue >_ I3W,seb3poi A, hReHSYSIHRM BRALEds HUSHEP 1534 N Wi chyd he Rack
Overheat light on the indicator panel 30" is illumnated. |If T3 sensor

val ue( T3Wrgétcapeirnraneie 3 stie ptbembdsted. 20hst §PUSIB.” Ats stlegn S30, t he
envi ranmenf SSEAREE Ean Lt SHY P T rEn ST DT I Brbariimed o
25 conti nmeusbprovekkorst he’ sessepss2¢T1, T2, T3, F1, F3) in an iterative |oop
as shown by step S31. The CCU 28
If in step $25, T3 sensor value ¢ T3S set point, the
CPU 28’ 1is programmed to proceed to step S28 in which the
15 T3 sensor value is processed to determine i1f T3 sensor
value 2 T3W set point. If T3 sensor value 2 T3W set point,
the system proceeds to step S3A in which the Rack
Overheat light on the indicator panel 30’ is illuminated.
If T3 sensor value< T3W set point, the system proceeds to

20 step S$30.

At step S30, the CCU 28" is programmed tco determine
whether continued monitoring of the environment of the
cabinet 14’ is required. The CCU 28’ is programmed to

25 continuously monitor the sensors (T1,T2,T3,F1,F3) in an
iterative loop as shown by step S31. The CCU 287
continues monitoring the sensors (T1,T2,T3,F1,F3} and
performing steps {S2A,S52B,53,588,519) until the
environment management system 10’ powers down.

30

The CCU 28’ is programmed to ensure that the Rack
Overheat 1light and Rack Shutdown light on indicator panel
30 remains illuminated while any one of the measured

sensor values (T1,T2,73,F1,F2,P1) do not meet the

20



continues nonitoring the sensors (T1,T2,T3,Fl,F3) and perform ng steps
(S2A, S2B, S3, S8, S19) wuntil the environnment managenent system 10' powers
down. 30 The CCU 28' is programred to ensure that the Rack Overheat |ight
and Rack Shutdown Iight on indicator panel 30 renmains illum nated while
any one ofonHetpenasured debhset val weVETl, T2£93, F1, F2eP1l) dmoimts neet the

IE(ZJV\?(I;Q\C/I\I/ %K@T@Zg%f’gg%ﬂlg?@ @‘&P%}ﬁeﬁ'}lg%%c%?’&%%-@%T%\lé\}:l S onrjlﬂlﬁle t ur ned

of f (i e rrsek) oshkemeaal |1 pgliamekersniopt ahpnkheigt Mol @l reperat ivten
conditions, 5 A set of exenplary set points for the set points tabul ated
in Table 31 érEaF%%%FﬁFédOPEa¥%b¥E92rfBPrWﬁé CppEaEARIdFeRTaEEENENbOdi Mment .
Table 2 al so includes a set of preset values (TI1R T2R T3R F1R F2R P1R)

for sensor 10 value (T1, T2, T3, F1, F2, Pl) . Table 2 TIW2W3W1W1W42W
% Set poi nt ( C) RO)HR) psi dressemmd apnT pﬁt222c51'_4025938010 2%67680 points

T1ST2ST3S Set point (O (C T pm 3.1:5
TlmzRTsREiéﬁ%ﬁE‘ig & ﬁ%eﬂ%( ) ( % z)gla%ﬁldpr‘r’rrﬁ Ef%‘g’g %% %8%5%%85 The
speed of pheséan auyclapgea Emﬂﬁﬂlﬁeﬁeo rabd@, 00Q1so includes a set
of preset wvalues (T1R,T2R,T3R,F1R,F2R,P1R) for sensor
10 value (T1,T2,T3,F1,F2,P1).

Table 2

'I'OIW TOZW 'I'OBW PlwW E::;f Fi:x%

Set point {°C) (°C) ("C) psid rpm rpm

22.5 40.9 38.1 0.276 70 70

T1lS T2S T3S P1s Fls F2s

Set point (°c) (°C) (°c) psid rpm rpm

- 45.9 43.1 - 55 ‘55

T1lR T2R T3R P1R F1R F2R

Set point (°c) (°C) (°c) psid rpm rpm

20.5 38.9 36.1 0.350 85 85

The speed of the fan may range from 10,000 to 20,000
rpm depending on the diameter and types of fans. It
15 should be noted that the maximum speed of the fan in

Table 2 is about 20,000 rpm.

It will be appreciated that the values for the above
set points are determined empirically from laboratory

20 testing.

A second disclosed embodiment is described
hereinafter. Fig. 3a shows a simplified perspective view
of an environment management system 10. The system

25 comprises a casing 100 having an air intake opening in
the form of an inlet port 200 and an air exhaust opening

in the form of an outlet port 400.
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rpm dependi ng on the dianmeter and types of fans. It 15 should be noted that
t he maxi num speed of the fan in Table 2 is about 20,000 rpm It wll be
appreci ated that the values for the above set points are determ ned
enpirically fromlaboratory 20 testing. A second disclosed enbodinment is
described hereinafter. Fig. 3a shows a sinplified perspective view of an

envi ronnment ma e t. syst 10, The.system,25 ¢ ri.ses,.a .casi 100
having an air ?ﬁga%%g&f)] ni%‘rg)gmhnas t‘_ﬁeg%%%?n 8?‘d3nw92:12t11§0r(tb%f? and-an air
exhaust opetitngend n dthether madimp auwiohet pordedd 2k dehewgasi nppd00 has a
first side wall 110 (being the left end of the casing 100), a second side
wal | 120 'PRéPAg fthfe FF@H{? & 0Pt hdecaSiFng08Y0a thi t8isddes Bl | 130

(bei ngg t hggfikoni 3@nd 1 Rf; dhergasi 0) Fourg ' '} 440 (being the
rear end o? t he casgngJJ%QO), a %%?%%n1a% I0150 S%d%ggﬁgﬁpmaPﬁﬁiGO. The
i nl et por£oR@Ohi ssigtssi wabhed48t (hveityot tioen wakl <Gl 160 d¢het heagasi ng 100

where the t 20 Lnks t ing,100 to a i y air noving unit in the
f or m of %§§524§ 8%£3% W%@gsigﬁragg 3 FPPsWaiﬁoaﬁ ate into the casing 100
via intake duct 32 and inlet port 200. Intake duct 32 is connected to a
cold air source, An inlet 15 orifice plate 220 is positioned inside the

inlet port 208PeAlBlgtaRaT; A0%Ibttponiblarefcas ithe Rotitammerll
electyon gsealde 24dMebeink0 fd; 4Rkreontabnad i hgh 29; glectigni ¢ card
cages (22,24,26) are arrangeéd one on top of the other as shown in Figure
3b. The eksetingnil®Ccate a primary air moving unit in the form of

fan 24, Fan 24 moves air at a first flow rate into the

casing 100 via intake duct 32 and inlet port 200. Intake

duct 32 is connected to a cold air source. An inlet

15 orifice plate 220 1is positioned inside the inlet port
200.

A plurality of electronic devices in the form of
electronic cards 28 (refer to Fig. 4b} contained within

20 electronic card cages (22,24,26) are arranged one on top
of the other as shown in Figure 3b. The electronic card
cage at the bottom is a first electronic card cage 22,

the middle electronic card cage is a second electronic
card cage 24, and the top electronic card cage is a third

25 electronic card cage 26.

An air cocling module in the form of forced air
cooling module 300 is also provided within the casing 100
and is mounted to a corner where the fourth side wall 140
30 and the first side wall 110 intersects. The air cooling
module 300 comprises a primary duct 320, two secondary
ducts (340,360), orthogonal to the primary duct 320, and
a plurality of spray bars 380 mounted along the length of
the secondary ducts {340, 360).
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cage at the bottomis a first electronic card cage 22, the mddle

el ectronic card cage is a second electronic card cage 24, and the top

el ectronic card cage is a third 25 electronic card cage 26. An air cooling
nodule in the formof forced air cooling nodule 300 is al so provided
within the casing 100 and is nmounted to a corner where the fourth side

wal | 140 30 ang %@%Okh%st si.de_wal.l 110.inLer§§Pt§E)TheigE% coohhﬂg nodul e

300 conprises a pr|naryrgugﬁrSEﬁwlpﬂougégoﬁ ary© é?%(?

or t hogonalfano 30i2e iy igwswididti320he apdimarpl dnaki Beoof 1spray bafise 380
nount ed al ong _.the length of_  the secondary ducts (340,360). 22 A secondary
ai r movi ndg2nid4 MRS FRM I 2BUctt oh SPERNG2F1PY pRdd dePn thee

primary duetnd2Q. durwisgaotbRrofign 322 HRYes; ¢l | 3 seeand flow
rate fron?tﬁg 59prinary duct ggoathrough tgétﬁe p ﬁ?a??tﬁﬁ%ﬁ%épray bar s
380 so thdBOcokg akhaks spldyedidiréest|sponyedt hdiredtely r omito carles 26 as

heat is g r dn use. Brimary duct orifice pl.ates are installed within
the 10 p%?%ﬁ?%%gﬁgtCﬁfgsbgﬁoﬁﬁeag Ejﬁﬁc??BﬁrﬁﬁgﬁelPhgsgecondary duct s
(340, 360) intersect the primary duct 320. For instance, a first primary
duct orifice plate 324 is attached helow a first junction where the first

secondary ducET3HeT¥ntErselrd ke prlivtacy sfcti i@l e etiditiri stk condary
Secon seBerlary duot 30y HHTereears JRalsi PRI 0 RENRY 4S chows
one nount drgteechdd? sebd or imhetserg 20et hprihacy r ghiak cadd.cageor
(22,24, 26) Wi thin the cgsing 100, A paig, of Support frames 500, 510 may be
attached below a first junction where the first secondary
duct 340 intersects the primary duct 320. A second
15 secondary duct orifice plate 326 1is attached below a
second junction where the second secondary duct 360

intersects the primary duct 320.

Figure 4a shows one mounting mechanism for mounting

20 the electronic caxrd cages (22,24,26) within the casing
100. A pair of support frames 500, 510 may be mounted
onto a pair of opposing side walls, for instance, onto

the first side wall 110 and the second side wall 120.
Bach support frame 500, 510 has a recess portion 520 and

25 two projecting portions 540 and 560, wherein the recess
portion 520 is between the projecting portions 540 and
560. The electronic card cage 20, as shown in Figure 4b,

may have a protruding portion 21 on its opposing sides,
wherein width of the protruding portion 21 is the width

30 of the recess portion 520 of the support frames 500, 510.
The electronic card cage 20 holds a plurality of

electronic cards 28.
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onto a pair of opposing side walls, for instance, onto the first side wall
110 and the second side wall 120. Each support frane 500, 510 has a recess
portion 520 and 25 two projecting portions 540 and 560, wherein the recess
portion 520 is between the projecting portions 540 and 560. The el ectronic
card cage 20, #seshowrlhited guke fbe swppdrdyeframet POBI ngYfor thlem 21 on

its opposi I r-ei.n A d t i ortian i.s,the
w dth 50 SEoftetiBs, SRR N EbE Che RECBEERALE' PR 255, ™ '
el ectroni orca2@ cage 2htwl tdhea yassd | pyrofonelsect roni ehearssopd:-t 23 When

slotted into the ppart frapnes 500, 510, the protruding portion 21 of the
el ect roni ¢TEAFE éi @ %é9-24T é;?%qt§?QQR h&Wdee¥d pot tibnt % of t he

supporg  iaReLR0Gbafd 0o THRe f kEEbnaeeoRdaLYndUCLa340 dagd B4, NP Wi th
the base of the second electronic card cage 24, and the “second secondary

duct 360 it&ei rpadanel wieeondr Y hilndt 8lf€ctironie tand wagh 2be THeispray bars
380 al ong hae. L anat n.ofq theaLi vl seepnoapy dust, 340-gpe asi i i gned
A ar ) 16 and t

beneat h t hée base of the seco el ectronic cage 2 e spray
bars 380 dkagght hef | edgt hf bf st heseseoniaty secondaya0 duek 366k b Hoposi ti oned
beneath the base of the third electronic card cage 26. A perforated plate
600 havingepﬁ@tgaﬂﬁ“%r%%§e ?5 i ANy @ECGETPREC c58F Ag CROG 144

posi ti @nednbetmeensihayf aLed 8gh eodorARdyle 390 sndethe é’&é@@d por t
200. The vol une of space between the i'nlet port 200 and the pertorated
pl at e 600sgebindesyanvgitr 35l0emnn 4®s ithengge tfereattdd thleattm60®hasha fir st

gggeigzo %ﬁqr% %%%%%%O%gch%g%dG%gg%uEGRnto the plate 600. The first hole

A perforated plate 600 having the same cross

15 sectional area as the casing 100 1s positioned between
the forced air cooling module 300 and the inlet port 200.

The volume of space between the inlet port 200 and the
perforated plate 600 defines an air plenum 40. The
perforated plate 600 has a first hole 620 and a second

20 hole 640 cut into the plate 600. The first hole 620 is
directly below the primary duct 320 of the forced air
cooling module 300, and the second hole 640 is directly

below the first electronic card cage 22.

25 The outlet port 400 is positioned at the top wall of
the casing 100 to allow air that has been heated by the
electronic card cages 22,24,26 to exit. The outlet port
400 could, for example, be a pipe (not shown) linking the
casing 100 to the refrigeration package such that air

30 that is heated by the electronic card cages 22,24,26 can

be cooled and recycled for further use.

Two intake sensors Tl and Fl1 are provided adjacent

to hole 640, while intake sensor Pl is provided adjacent
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directly below the primary duct 320 of the forced air cooling nodul e 300,
and the second hole 640 is directly belowthe first electronic card cage
22. 25 The outlet port 400 is positioned at the top wall. of the casing
100 to allow air that has been heated by the electronic card cages

22,24,26 t8 &hete ed-oufret porausuoseesard, Tor Xanpre, desresside (not
shown) 11 BkEDGehhernEaYdntl Odﬁe»@sretjcg%gis@dz)lzo%gaacgﬁgee chddhat air

30 that is heated by the electronic card , 26 can e cool ed and
recycl ed fensbur tTher igserohimleidntakicansots Hheandutle@ar poptovitded

adj acent 0 hol e 640, i i.nt ake_sepsor Pl i s provided adjacent 24 to
hol e 620. “Hio BXIRLT éﬂsi?s&%,ﬂ(fﬁiagi) ditdpeded bﬂv@@ﬁthg ndary
ducts 5(34@&1&@0)&«1&3}“%59n@ne&hl@u%nv%}ﬁﬁntT%éﬁacgér@é’ﬁ@egyégjaﬁc_Q'Ot’ t; the
outlet port 400. The sensors (Tl,T2,T3,F1,F2,Pl) function in exactly the
5 same wafté§lpaefheibhviedakeRcentfafétgent s8hevem 10' as disclosed with
reference to Fig. 1 above. In this enbodinent, a CCU 28 (not shown)
functions according to the algorithmdisclosed in Fig. 2 for the 10 CCU
28' of envir onentt nenagemehinayst een TTU. Zfhe (86U 2Bownseddra:tciaiig ol t he

sensors (Tl ,T2,T3,F1,F2,P1). In th envi ronnment ,managenent system 10,
however, PRECELLPEs 5 thst ad%l&iﬂ‘ vt pEHesed d&si R 100 EB¥ dltssi de. The

ot herip di £ter egee oW tdhdile R GBI ehBNA0SPRN iy SYSt enrih@ fc@mokd system
10" above is that the sensors T2, F2,” being Tounted on fourth side wall
140 and buf@derra heorerohdihe shivtary 3401362)T3ark, BbIRLY 0 Pnovilde a nore

crhanced eRLEEhokBnd YERGRRDLo UG Ry VB L BT 3, 1
not provided within the casing 100 but outside. The other
difference with the environment management system 10 from

15 system 10’ above is that the sensors T2, F2, being
mounted on fourth side wall 140 and between the secondary
ducts (340,360}, are able to provide a more enhanced
alert to a user. For example, if the overheating occurs
in electronic card cage 26, the sensor T2 does not

20 indicate overheating while sensor T3 indicates

overheating.

Accordingly, the CCU 28 can be programmed to
determine if there is a variance with a particular sensor

25 located throughout the casing 100 and can infer if a
particular problem exists on a particular electronic card

cage 26.

It will be appreciated that only a limited number of

30 sensors (T1,T2,T3,F1,F2,Pl), have been shown in Fig. 3a
for illustrative purposes. Additional sensors disposed
within the casing 100 <could be wused to identify
overheating on particular electronic cards. Indeed,

temperature sensors could be provided adjacent each spray

25



20 i ndicate overheating while sensor T3 indicates overheating.
Accordingly, the CCU 28 can be programmed to determne if there is a
variance with a particular sensor 25 |ocated throughout the casing 100 and
can infer if a_particular problemexists on a particular electronic card
cage 26. Perwi BB betappiéeﬂgiéﬂ t hatadnl gverheating nimbarawfic@msensors

(T2, T2, T3 , shown in Fig. 3a for illustrative purposes.
AdditionaFE%gﬁégﬁékdfggggeggsafthin the casing 100 could be used to

identify overheating on particular electronic cards. |Indeed, tenperature

sensors could provi.ded adjacent each spray 25 bar, 380 to identify |ocal
over heat i ng ingﬁﬁr?P@&ngmegkegﬁpéﬁﬁgeg§r@¥ 10rHe A igneitly

nmanagesrentss¥st eAnl@n SvR¥tiiceUddtaded gisRfidn 11 afh @ o &Sc gy ade
programin which el ectronic racks "are nmade Tedundant and are repl aced by
new el ectR6kPc éaed dmflss (puxlasy . andsughesi reatlicord t iy v

el ectroni e 2 6),ha n faound, t di.ssi.pate hi gher
anount ofgﬁgggg?ﬁgg ?ﬁ%éeFééﬁ%oAF%’?g’?gﬁKs t agﬂﬁg}éxﬁﬁlégfgluﬁ:é%t.
Advant ageoes| wlddteromirovestdncagespr@? ,l2ar, 9 63l |owse cokdn aifbutattdias been

boosted by.the fan 322 to directly cool_ the electronic card cages

(22, 24, 26Y18A4PEYEr ONE1FBEEN FBPUBE ofenBeatis dd@mt BRewi S G HEdEfuat e
cool ijg. }ackBe $88%0r ferkTlmbael 3. febifiaidnl). ensirfidptodds Lg&g{d air

cool i ng nmodul e 300 functions effectively to adequately cool 't ectronic
card cagepre22s2gn2@)f ppray bars allows cold air that has been

boosted by the fan 322 to directly cool the electronic
card cages (22,24,26) and overcome potential problems
assocliated with inadequate cooling.
i5
The sensors (r’1,T2,T3,F1,F2,Pl) ensure that the
forced air cooling module 300 functions effectively to
adequately coocl the electronic card cages (22,24,26}. In
particular, it will be appreciated that the environment
20 management system 10 may be used to identify if the
fan 322 has stopped working effectively due to sensors T2
and F2 or of there is a problem with the operation of the

fan 24.

25 Applications
The environment management systems (10’,10) can be
used to monitor and thereby protect highly expensive

electronic devices.

30 The environment management systems (107,10} can be
used to ensure that the electronic devices do not
overheat by raising one or more alerts that the cooling
system has failed or is inadequate. Advantageously, the

alerts can be used to instruct an operator to shutdown
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particular, it wll be appreciated that the environnent 20 nanagenent
system 10 nmay be used to identify if the fan 322 has stopped working
effectively due to sensors T2 and F2 or of there is a problemwth the
operation of the fan 24. 25 Applications The environnment nmanagenment
systems (lbe r)ediPbe udedleos nbei torewait t heeBby iorot et rig aghing
expensi ve ; ehgggronic devi ces. 30 The environnent nanagenent systens

e

(10', 10) can used to ensure that the el ectronic devices do not

overheat by raising one or nore alerts that the cooling systemhas failed

or is inadequaég. agvantagiouslﬁ the alerts can be used to instruct an
operator to shfitdBRA2IEOFREYel eEPPoNFRYHEOPRERT { JUBRRTFREDE heTH T8

overhesiti Rgy | NadbSmad¥aNt fgeodshvdodhe &md roppertcABRageseNt gystem 5
may automatically shutdown the operation of the electronic devices to
prevent tReRCELemieyedHeshgton purseent t them freormppreshgeédnghain t he
ability tggsg10 sinultaneously nonitor nore than one type of parameter of
the cooling air (ie tenperature, pressure, fan speed, relative humdity,
snmoke presence) provides additional redundancy should one of the sensors

measuring a particular parameter fajl. [t wll be appreciated that 15 the
nul tiple sensora[lg cdfﬁpﬁerreﬁ? e PR PAL o cabBett neye negBitétiul thidl e

parangd er siphlthRedub1§ MBhi’BeOUShY thAVARRIGIH %or RRGANRE JPr&e t han one
paranetertkz cooling air (ie temperature, pressure, fan speed,
relative humidity, smoke presence) provides additional
redundancy should one of the sensors measuring a
particular parameter fail. It will be appreciated that
15 the multiple sensors complement each other because they

measure multiple parameters of the air simultaneously.

Advantageously, because more than one parameter 1is
monitored in the disclosed embodiments, overheating of

20 the electronic devices may be more expedient. For
example, 1f the fan fails, a lag time for an increase in

the temperature of the cabinet (14’) or casing (100).
However, because the speed of the air within the cabinet
(14’) or casing {100) is also monitored, the CCU (28,28%)

25 can detect that the fan has failed and raise an alert.
This allows evasive action and prevents damage to

expensive electronic devices.

Additionally, because there is provision of the
30 inlet and exit sensors, it is possible to determine if
there is localised overheating within particular parts of

the cabinet (14") or casing (100}.
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nonitored in the disclosed enbodi nents, overheating of 20 the el ectronic
devi ces may be nore expedient. For exanple, if the fan fails, a lag tine
for an increase in the tenperature of the cabinet (14') or casing (100).
However, because the speed of the air within the cabinet (14') or casing
(100) is al so AdnMtiddede taRPaCERDY ety yapBusrodeeeciodhiicationan has

failed an ai | ert ..+ Thi . evasik ti pr.event s damage
to expengin\lglje aa%ggértgr??{:s d)efvi%lle%. fl{ﬁé%%{\?f%%aﬁﬁ %%cé%g)ea tq}écr etol stq-f)er ovi si on
of the 3@eirsbat skilkxdt ivensbes.antt bStpossididing dakerfdregdindg here is
| ocal i sed qverheating within particular_parts of the cabinet (14') or

casi ng (1687C12Fure %ﬁl}%oﬂé S5PAEAT Y l%t%mv P dtterrModi99R&t s  and
adapt ag i oggeOf fhesdtiMant i @gAgW Iilt bej appangaindsd t henaper 9 skihdged in the
art after reading the foregoing disclosure without departing fromthe
spirit an®osédpeasfonst mnqd nedartehigng icons Watbadedhdhascabe suth
nodi fi cat i-ens p Lons cone within the scope of the appended

cl ai ns. 238%13?%gn%gaA%§é%&?fonnent managenent systemfor an electronic
devi ce, the environnment managenent system 5 conprising: a casing having an
air intake opening and an air exhaust opening, the casing capable of
housing the electronic device, the electronic device capable of producing
heat; 10 an air nmoving unit for nmoving air fromthe air
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i nt ake opening, past the electronic device and to the air exhaust opening;
an exhaust sensor for detecting one or nore paraneters of the air after
the air passes the electronic 15 device; and a controller electrically
coupled to the exhaust sensor for receiving one or nore signals
representative of the detected one€dRifBre paraneters of the air, the
controll er being responsive to the one or nore signals to 20 generate an
alert in the event that one or nore of the signals deviate froma

predefi ned pardnet eAnr angevionenenvimaoramEntenianagestertn sysbem asn cl ai ned

in claiml, further c rising.an intake sensor electrically 25 coupled to
t he cont rgﬁle&t,ropﬁé: i r‘f{ég’ﬁ&es’eng%}e cAPRBI B e R H T S He oS T ™ mor e

par ames er gogbrilkenai:r before the air passes the electronic device. 3. An
envi ronnent nmanagenent sg;ten1as claimed in 30 any one of the preceding
clai ns, wherei @ tP&SHHE SRVADLe Par 8FEt kBt e t RESALPJarandebact@br from t he

group conshksti.ng of...alr. te r at Al r ure; - ai ; | ative
hum dity; %zillrrl%%g[&prg) gr?gg;g'an % rt ngl\}gfatceaga%?%. eo,fn eélc\)/fflg? n%ljig
managenenelsystremias cleaiimed | rtheanye leye afnitche deneicedi nopedisi avs, ofvher ei n
t he casin% has a pbur%Lity of air intake openings. 5 5. An environnent
managenen f§§%¥&ﬁﬁa €aimed in any one of the preceding clains, wherein

the cpsing hasaa Bhiur ahdd @l Wit exBaushoPDERi NgS: GroRN €RYi rppment
managenent systemas clainmed in 10 any one of the preceding clains,
wher ei n alpltakal iopgndng, elpastr dhicc dedtdenisr davine edhdaittchitthe helxcasi ng.
exhaust opening;
an exhaust sensor for detecting one or more
parameters of the air after the air passes the electronic
15 device; and
a controller electricaily coupled to the exhaust
sensor for receiving one or more signals representative
of the detected one or more parameters of the air, the
controller being responsive to the one or more signals to

20 generate an alert in the event that one or more of the

signals deviate from a predefined parameter range.

2. An environment management system as claimed in

claim 1, further comprising an intake sensor electrically

25 coupled to the controller, the intake sensor capable of
detecting the one or more parameters of the air before

the air passes the electronic device.

3. An environment management system as claimed in

30 any one of the preceding claims, wherein the one or more
parameters of the air are selected from the group
consisting of: air temperature; air pressure; air speed;

relative humidity; smoke presence; and air flow rate.
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7. An environnment managenent systemas clainmed in claim6, wherein a
sensor is disposed between two 15 adjacent el ectronic devices nounted
within the casing. 8. An environnment nanagenent systemas clainmed in any
one of the preceding clains, wherein the air noving unit conprises one or
nore fans. 20 9. AN eRPVASARESD tnatRiEIRRN sy sYeherRas a9 arkadmpd Jahy one of

t he preceding ai i . I sLS. a t: rat ur t ange of
about 5C tg(k)lg}agglllﬁt © 85}1\@2?Iefgé&,&r?l%e?v]iarlg%demhaeﬁéaﬁglg%%ntééssésr{d;%agsg A(’:I ai med
in any opéuochltihg prfeeédi ngtekai npenwhgsein the air is at a relative

hum dity in the range of about 20%to about 60% 11. An environment
managenent systemas clainmed in 30 any one of clains 1 to 9, wherein the
air issat a rebatime Bubhigbhieh® thehd 010 sgbeuh 309 Lo aheyt {P% 30
12. An environnent managenent systemas clainmed in claim?2, wherein a
plurality2s¥ are ot dke PaesedEngr €lagnevi ddengirhithe masdasd dy@s 5 13, An
envi ronne t S cl.ai .n any one of the preceding

cl ai s, mﬁgﬁg?2§g9gﬁgrgﬁ¥t%ggkﬁggi%gggﬁgggf sensors are provided within the
casing. 14. An environnment managenment systemas clained in 10 any one of

t he preceding %Iains, wherein the alert generated by the contraller
i ndi cat es t hat °t hd*? eV -SRRERE t oMM thgSYStaR £3 efpeiBetr etabove a

defined tgRperAre: LReldroMRBRY ONERN, NRASSSIENL SMSeMids lained in
any one of the preceding clains, wherein the alert generated by the
control | erlpAdireatesderaceshartanchnated within the casing.

7. An environment management system as claimed in
claim 6, wherein a sensor 1is disposed between two

15 adjacent electronic devices mounted within the casing.

8. An environment management system as claimed in
any one of the preceding claims, wherein the air moving

unit comprises one or more fans.

20
9. An environment management system as claimed in
any one of the preceding claims, wherein the air is at a
temperature in the range of about 5°C to about 18°C.
25 10. An environment management system as claimed in

any one of the preceding claims, wherein the air is at a

relative humidity in the range of about 20% to about 60%.
11. An environment management system as claimed in

30 any one of claims 1 to 9, wherein the air is at a

relative humidity in the range of about 30% to about 50%.
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stopped functioning. 20 16. An environnment nmanagenent systemas clainmed in
any one of the preceding clains, further conprising a user interface to
generate the alert. 17. An environnent managenent systemas clainmed in 25
claim 16, wherein the user interface is an indicator panel conprising one
or more indicatér IAYhEBViRGRBOAL MR ISHENGr F¥EeN ndf catledmeidghts capabl e

of 111um BALLAN 2 UPARCPERET Al 10011 16 BICTd sy 39ndfye ALY IONIEN!
managenent system as clainmed i any onhe of the preceﬁlng clains,
conpri si ngramided wébblinnghrodakéngounted within the casing, the air
cooling nodule conprising: a primary duct; 31 a plurality of spray bars in
fluid conmunication wth the primary duct; and a secondary air noving unit

for nwing airi3at zh &REOAENMERYW MAMRGRM thestdh MY duGhdhrovgh to
the 5 plurality of spray bars; wherein, in use, the spray bars spray cold

air onto 2BYplWieal ?%ythf PRECECdED ontainfyi desrein. aamattedd tof efanagi ng
t he gnv!rgggg@khggsgnSeﬁgoggegEEOE;%VQQEHC%igh§80§ﬁ%eghégh§da casi ng having

an air intake opening and an air aust “opeéni ng, conpri si ng:
noving air past the electronic device; detecting one or nore paraneters of

the air after 5 the air, passes the el ectronic device, nitoring the
detected one OF%nnﬁglp%?%hg?%?gannﬁpﬁgegﬁPFaﬁﬁftem as Claimed 'th

10 any one of the preceding claims, wherein the alert
generated by the controller indicates that the
environment of the casing is at a temperature above a

defined temperature.

15 15. An environment management system as claimed in
any one of the preceding claims, wherein the alert
generated by the controller indicates that the fan has

stopped functioning.

20 16. An environment management system as claimed in
any one of the preceding claims, further comprising a

user interface to generate the alert.

17. An environment management system as claimed in

25 claim 16, wherein the user interface is an indicator
panel comprising one or more indicator lights therecon,

the one or more indicator lights capable of illumination

upon generation ¢of the alert.

30 18. An environment management system as claimed in
any one of the preceding claims, comprising an air
cooling module mounted within the casing, the air cooling
module comprising:

a primary duct;
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generating an alert when one or nore of the detected paraneters of the air
deviates froma predefined 20 paraneter range. 20. A nethod as clained in
claim19, conprising the step of: detecting one or nore paraneters of the
air before 25 the air_passes the electronic device. 21. An environnent
management sysferPi®Fabhtyeladct spmRy desfee,int héleadi roemem ioanbegenment

system corphi $4,09: 3022 ,CASLRY %ﬁ&ing an air intake opening and an air
exhaust opening, the casyng capabl’é of housing a plurality of electronic

devi ces, , theaelsstorotiicy devircasovirapabhe tof f@enenatingg heat ; a32 & primary

air noving unit, for anng air at first flowrate through the air intake
openi ng, gﬁ?8nghéﬁéﬁ%iﬁﬁ and T6tt 9§ oRGRTERY HUCTexhRESHIBpeM ne an air

cool i iy mpdul-816@KPHIESE gag Bei-gary duct, a 5 plurality of spray bars in
fluid communication with the primary duct and a secondary air noving unit

for noving ai Wheagin, sddondd| owre aserayrbarshepprynmoldduir témiough to
the plurali ay b , iLr.coqling nodule being nounted within
t he casing E%gﬁg%ﬁgg,anéﬁge?Egﬁggo&égs%Fgggsgfs direct air onto the

el ectroni c devices; at |east one exhaust sensor for detecting one or nore
par anmet ers of age ajr after the air has been sprayed onto the _electronic

devi ces; and a‘donttolTerPef edth i &ANABICGUPILEE t 8NVRECRRAREStOf 1538 ensor
for rerei ¥iBeteBR;Or JERARSIANRSILR LR ahi ¥8siRE 1R 4Gt eGf eds pone or
more paranmeters of the air , the
intake opening and an air exhaust opening, the method
comprising:
moving air past the electronic device;
detecting one or more parameters of the air after
15 the air passes the electronic device;
monitoring the detected one or more parameters of
the air; and
generating an alert when one or more of the detected

parameters of +the air deviates from a predefined

20 parameter range.

20. A method as claimed in claim 19, comprising the
step of:
detecting one or more parameters of the air before

25 the air passes the electronic device.

21. An environment management system for an
electronic device, the environment management system
comprising:

30 a casing having an air intake opening and an air
exhaust opening, the «casing <capable of housing a
plurality of electronic devices, , the electronic devices

capable of generating heat;
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controller being responsive to the one or nore signals to generate an
alert in the event that one or nore of the signals deviate froma
predefined range. 20 22. An environnment nanagenent systemas clainmed in
claim21, conprising one or nore intake sensors for detecting the one or
nmor e par anet er & & {9 Yaid1l h ety E1g t Belfi fopa@%’gngh@lo?neatoraf nbrest

el ectroni Vi . envi._r ql nt. system for_an

el ectroni gl g’vir%g% tt%%oé:rém ﬁglnemre‘]anjtrr ﬁla%em%]&glﬁgqe’en%n%%n%? s?%sg?n% casi ng
havi ng anaaidr outit akeocopénichg aid amhaust 3peedhayst opening, the casing
capabl e of housing the e|ectronic_device, the electronic device capabl e of
produci ng heat 233 %n G971 ho%i AGUhet FEPRATY Al PTARSAYL KB 21 nt ake
openi ng, pastatihe elcﬁf.ctgﬁflaf davisCe ANel § 09t BemAlihi cBXRBHSLyARENERG; one or
more sensors for getectln wo or nore 5 parameters of air wthin the

casi ng; aRglBagYntISIY ean@| actsEcealday yo culpf emovbngh@lgdme fTrr neeeingensors
for recei Vi L.gnal r Lve o detected t or, nore

par amater\é&g? tgﬁe%aisr%,goﬁhe%ﬁ;%%ﬁa& ’erﬁ]c Oérpﬁtgher e%rplonrllasrl%e ?%ttﬁ%r%?%}ﬁal s to
generate an hheal pitrahithe cfvesprapabaese afhd heitwedylimy ensd@nal s
deviates froma redefo'l ned ‘gara ter range. 24. An environment nmanagenent
system sOBSPANtTHIEFD a¥1hBEBI FFese?$Hed RHER ridfadrenéB tU$erhethe

acconpanykpftaylba@kaWiR@st air onto the electronic devices;
at least one exhaust sensor for detecting one or
more parameters of the air after the air has been sprayed
onto the electronic devices; and
a controller electrically coupled to the exhaust
15 sensor for receiving one or more signals representative
of the detected one or more parameters of the air , the
controller being responsive to the one or more signals to
generate an alert in the event that one or more of the

signals deviate from a predefined range.

20
22. An environment management system as claimed in
claim 21, comprising one or more intake sensors for
detecting the one or more parameters of the air before
the air passes the one or more electronic devices.
25

23. An environment management system for an
electronic device, the environment management system
comprising:

a casing having an air intake opening and an air

30 exhaust opening, the casing capable of housing the
electronic device, the electronic device capable of

producing heat;
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25. A nethod of managi ng the environnment of an electronic device disposed
within a casing having an air intake opening and an air exhaust opening,
substantially 20 as herein described with reference to the acconpanyi ng
drawi ngs. 34

an air moving unit for moving air from the air

intake opening, past the electronic device and to the air
exhaust opening;

one or more sSensors for detecting two or more

5 parameters of air within the casing; and

a controller electrically coupled to the one or more

sensors for receiving signals representative of the

detected two or more parameters of the air, the

controller being responsive to the signals to generate an

10 alert in the event that one of the two or more signals

deviates from a predefined parameter range.

24. An environment management system, substantially
as herein described with reference to the accompanying

15 drawings.

25. A method of managing the environment of an
electronic device disposed within a casing having an air
intake opening and an air exhaust opening, substantially

20 as herein described with reference to the accompanying

drawings.
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