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

El ectroni c devices, such as mcroprocessors, are designed to operate

wi t hi n ceEradyrdranper MapazgemegesSystamoperakilenttrheie ODeviiees generate
heat. If the heat generated by the el ectronic devices is dissipated

i nadequately, the electronic devices nmay operate outside 15 of their

desi gned tenperature ranges. Techadedl gt i on of the electronic devices
above their designed tenperature range nmay cause the el ectronic devices
to fail prémfturBF§sertrt Heviore,on f gheerahpyr attgrletofs t heo dewi ces

exceed - ' d el r oni 0. deyi ces_may..suffer
perﬁangﬁ}%ﬁgéﬂiﬁﬂﬁﬁa%§%§§$¥2r5y§?%?ra;% %E%éﬁ%%ﬁﬁ% evi ¢88; gégh as

avi oni ¢ecegguitpnmenteandceel ectsonire learstd cages mayhbe Jmuntsdging
electrﬁpic racks. Forced . air c oIing S %5 normal |y enpl oyed to dissipate
heat tHat® i 'GRdFLiEd By 22 heleCbr8Rt FoAfPE188vi ces. The el ectronic racks
are linked to a cold air distribution network which channels a
pre-determned flow rate of cold air into each of the electronic racks to
cool the el ectronic devices. st dagkgnounderein. A known environment

W2 ganer S8 SRS neh a5 fhy cncOlurer A aROTREeTY Disbrair
designed to operate 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 Lhe 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 c¢ool 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



1 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
tenperature entering the enclosure. A controller adjusts the speed of the
fan untiAVethetheefdércdtinre G ndfdeceRe EhckBsUFE i ad t hite adeprked@t er ni ned

range t%hreer%&té@g the gdgpgeqvéﬁurﬁhd@w%an 10, d nsi ggegae 1§} opyre do

not overheat. "A di sadvant own envi ronnment nagement systens
for el ectersgrircsidevi des iam t hatputhe siygteim dods: rotcdetiect dvaes heat i ng of

devices | ocated within the 15 enclosure, because the tenperature sensor is
di sposed AP HA& rSTRTRE BRENE& hot© r’r@ﬁsdf’gte OV\?IE'[ Fb&m‘?ré &t &t Tr e

flovs Achiart hanidivsadyant age wakk kiRWReEAYbLLEANEN he 20 JIRNAGONEAL SYSt ens
is that the systems only detect tenperature, thereby limting the nunber
of indi E8NGCY BRIV W useBPE b HBEer ANRETINIdEViEC N ATTE ¢ He

encl osulLB AR 10LE! Nep i FUADICrOpLeq the PEAYT Stk Ofun @l Y AN

det ector neans that the environnent managenment 25 System ceases {0
funct i otrempetrad urenperatarde sensbe  f @rdclosthere i §sa neddhtior pravi de an

envi ronnent. managenent systemfor elecironic devices that overcomes or at
Coast B8 CATHETOAELe T T BT © L EBRhI Saav S EayEogs  DEEE above, 2

10 inside the enclosure do not overheat.

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

i5 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 systemé is that the systems only detect
temperature, thereby limiting thelrnumber 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 functien 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,



Summary Di scl osed herein is an environnent managenent systemfor an

el ectroni c device, the environnment managenent system conprising: a casing

having an air intake opening and an air exhaust opening, the casing

capabl e of housing the electronic £§¥g%§’ the el ectronic device capable
ni r

of producing heat; an air noving % noving air fromthe air intake

openi ng, pastpibBelekegt herkanded cen agflvi pohenal haexhawsht R/, an
exhaust sensor for detecting one or nore paraneters of the air after the
ai r passé8Tt halel BéEFbAPBICdedrEecCand tRCc oRVaIrCaReate c MFEAISME Eoupl ed
to the eg?ggé& céﬁ?§951£8F receiving one or nore signals representative of
the detected one or nore paraneters of the air, the controller being
responsi ve toat hmaoiney ohanbng sagnalis t ontgkaeratsmiany akedt am the event

that one or nore of the signals deviate fro pr edef | ned.par anet er
range. Iﬁxéﬁﬁs nb88?ﬂéﬂ9’dig@ﬁbséﬁ“ﬁ%F%iﬁ?a?ﬂ%ﬁ%nv?fonhﬁﬁﬁl ﬁanggﬁhent
system naye6oAPhiSe aaviBtake tIeNsledd @siid caliéyicoupkbagdaboet he

controller, the intake sensor capable of detecting the one or nore
par anet eP5CBECi{ ARG B2t/ before the air passes the electronic device.

O scl osed her ghnais Bo2hgodnot ¥BRAGRANLNE CRLORIRNL 10! sa Alectronic
devi ce disposed wthin a “casing having an air intake opening and an air
exhaust oppennag, péhe hie¢hedecompniisi dgvimevieng &or thastirhexdaecttr oni c
devi ce; .
opening;
an exhaust sensor for detecting one or more
parameters of the air after the air passes the electronic

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
generate an alert in the event that one or mere of the
signals deviate from a predefined parameter range.
In one embodiment disclosed herein, the environment
" management system may comprise an intake sensor
electrically coupled to the controller, the intake sensor
capable of detecting the one or more parameters of the air
befcre the air passes the electronic device.
Disclosed herein 1s 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;



3 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 generating an alert when one or nore of the detected paraneters

of the air devjates froma predefined neter I n one enbodi nent
di scl osed her S5 ETHE &t ey ™ He &t éb%rmﬂé t$hg-ohe or

nore par anet =% @fs ﬁﬂgaéyébgggﬂydadgui@gr passes the el ectronic device.
According to a first aspect, there is provided an environnment nanagemnent

system for anTenadOramicc td]@vud@etecf@simm%mg B i B2 cowt i e mldutiee nount ed
within a 9§s| g, Wherein the air cooling nodule conprises: a primary
duct; a pIura |ty of spray bars in fluid communication with the primry
duct; and a seeordartyny rarmmoviegt unhénf onemowi mpreaidf, w@te adseconedf| ow

‘rate, fromthe prinmar uct thr to the plurality, of spray bars;
Wher ei 1 DR ASECTENG Ty o e G oA i 1P R o SAS r
electronkgng@eV|ces Accordlng to a second aspect, there is provided an

envi ronment MaRagSHENtBYee 0T aPBELEEH! B AEVi 68e xtifBNVEL pRTENt

nmanagenment system conpri sing: a casi ng having an dir i'nt ake openi ng and an
air exhauspropenitig, &tﬁpcaﬁlN@UﬁﬂmﬂﬂqiQﬁehOUSHngeaHﬁHﬁmﬂﬁQQE of
electron'ﬁ devicgs v ttg el ectronic d |cesrc%pable %eneratlng heat ;

a prinar§ &i FLhoYFhgTani °f 6r- T nBVRG Cai SFTPLLC FRSWFate through the
air intake opghtAgdihft a-d he CABHHE aspect, there is provided an

environment management system for an electronic device,
comprising an air coeling module mounted within a casing,
wherein the air cooling module <comprises: a primary duct; a
plurality of spray bars in fluid communication with the
primary duct; and a secondary air moving unit for moving
alr, at a second flow rate, from the primary duct through
to the plurality of spray bars; wherein, in use, the spray
bars spray cold air onto a plurality of electronic
devices.

According to a second aspect, there is provided an
environment management system for an 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 electrcnic devices 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;



and out through the air exhaust opening; 4 an air cooling nodul e
conprising a primary duct, aplurality of spray bars in fluid

comuni cation with the primary duct and a secondary air noving unit for
noving air, at a second flowrate, fromthe primary duct through to the
plurality of spray;pargoithg didodtnQ i RenpRdUliey bei ngripupyediyet hin the
casing such that, in use, the spray bars direct air onto the electronic
devi ces; apluredstyond exheast bseasom forudet eeminpglopsion nortd: Paganeters
of the air.after the air _has been ray o] . the el ectrgni evi ces;
and 4a aPtoRtrél Idtélrcecelae%?r ficaﬁ(?%lo%%%b‘?eggg oqiq%’elne%(h%ﬁ%? fgogfnslg?‘%f%?

recei vi ngieneadr sy &idqnal v r epreseftahi vecofpritrhe deteet echomegler nor e
paranmeters of the air, the controller being responsive_to the one or nore
signal s £8 IgénePab&cahtHl % PRIPHe Rt (h&t dhe 6POBPE OFOFRES
signal s deyjat gncfdfrpa"ecﬁ predefi nad rangen jAcqondi Rg ko a4 hijd aspect,
there is provided an environnent management system substantially as
herei n dpseyi bedswiiheref eiencetbothhecdectmpanyi ngvdcawisngs. Accor di ng
to a fourth asgeﬁt, there is ro%jded a g§tho of Jmanagi ng t he

envi ronment  of Fan S&&c FEni T ce “HY WefTne %%%W’gc%rﬁ%r?gilﬁ%r?he
steps of pERYLABe AL opashe tdie- €2 £ELF ODLE deVi Geis dRiACtihig: @ne OhitHore
paranmeters of the air after the air passes the el ectronic device;

nmoni t or i ABet Abedbrerieddeécer/ mdRE paranmeters of the air; and generating
an alert when one or nore of the detected paraneters of the air deviates
froma predefined paraneter

da



range. |l n one enbodi nent disclosed herein, the systemmmay conprise one or
nore i ntake sensors for detecting the one or nore paraneters of the air
before the air passes the one or nore electronic devices. D sclosed
herein is an environnent managenent system for an el ectronic device, the
envi ronnment nanagementlisysteheconped sing: caulasl ng-chavineg amhaiasti nt ake

openi ng and an gi{ exhaust openin t he casingsca abl e of housing t he
<] t

el ectroni ¢ déVicel ths“el&ctr shirc“det’es 85858 5 prgFggﬁgFﬁaehg ;5 an

air novifige unidtdOfedEmyg air hoem t perameténtaker apeni rg.r,pashet he
el ectronic device and to the air exhaust opening; one or nore sensors for
det ect i ngPRWE° bt S HOPEINGarSFRCEF Ve &1 A tM 5 $heMehRi AgInand &°

control lern el getrigald Yo COURhed Ho Lhenonergh mMye osensars fer checeiving
signals representative of the detected two or nore paraneters of the air,

the contsbdheis devhgteeSponstveredefheedi gaafis.to generate an alert in
the event that one of the two or nore signals deviates froma predefined

paranmeter range. 5a Disclosure of enbodi nents .In one enbodi pent, the
controll er qﬁféiﬂ%cFPic%H%F%EipPéBeggWﬂﬁ?%ﬁ%cﬂfanEOHQS?éeEﬁhd may

be respgRsi¥enhOnt hensh Snt 0 &gpdef, t hayedeatrioniic dew ce,drein
i noperative in the event that one or nore of the signals deviate froma
second péesiefimed widdgereference to the accompanying drawings.

According to a fourth aspect, there is provided a
method c¢f managing the environment of an electronic device
as defined above, comprising the steps of moving air past
the electronic device; detecting one or more parameters of
the air after the air passes the electronic device;
monitoring the detected cone 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 parameter

range.In one embodiment disclosed herein, the system may
comprise 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.

Disclosed herein is an environment management system
for an electronic device, the environment management
system comprising:

a casing having -an air intake opening and an air
exhaust opening, the <c¢asing capable o¢of housing the
electronic device, the electronic device capable of

producing heat;



The casing may have a plurality of air intake openings. The casing may
conprise an air intake 10 perforated plate having the plurality of air

i nt ake openi ngs extendi ng though the perforated plate. An air supply duct
may be provided on one side of the air intake perforated plate for
supplying air fromthe air noving wunit in use. 15 The casing nmay have a

plurality of air exhaust o engngs. The.casing ﬁaé cgggrise an_ _air exhaust
perforated pl@& ehaviagthe ptbr aPFt VOB 8i FHExhai% “Pop8nitngEtékfendi ng
through gdhe, aid, exhaustnpesioratedi20qptate. aAl abr chxhaust cdualisimy be
provi ded 'on one side of the air exhaust perforated plate for allowng air
moved ISPemE@ir nmoving unit to be expelled therefromin use. In one
enbodi ment the el ectronic deyi i.s a-_ .25 m.croprocessor f p ssi ng
data. The contt9l|&r ﬁ%@r%e g%%%?%éurgagtogégsgggﬁ dggg agéocﬁgggd W th
the m csopEREESSOrof aar dal eh Bt otldgecaethhgm apdi or to rendering the
m cr oprocessor inoperative. A plurality of _electronic devices nay be
mount ed wit hi® ERRLEGSTRY. S36CTEAL6RL LN RaTEst ,© pi%r aMt §LofC&Sr movi ng
units nmy, he proyided Lo MRME Al Isiglhe A I -OPVE e Uk {vamy ke tprovi ded
inside or outside of the casing. In one enbodinment, the air noving unit
may be pretedest owside mérehepacanehgrsocpusheaidri nttdet kenaire lilptrake
opening or.to _suck air into e ai.r_intake openin I n_anot her .
ohbod! e ing nEEERFn G TPng Tk PS w58 15 0UF dBa PAGHGe 2 SISEL in

the ewvent that one of the two or more signals deviates

from a predefined parameter range.

5a



the casing to suck air into the air intake opening and to 5 push air out
of the air exhaust opening. The air noving unit may be a fan or a bl ower.
The air nmay be conditioned air in that the air may 10 be at a cold _

tenmperature for cooling the electronic device provided within the casing.

The conditioned air nmay Pes@toauleMer Al ikdthe range of about 5C to
about 18C. The conditioned air nay be at a relative humdity in the range

of 20%to 60%!pref erabl y 80%dond5t 50% thEhe comditdldred aimaymay be
supplied The air pay follow an air novenent

[ n_ai.r. coolin ource. _
pat h tha(ta'f[%)g(trtng?\lL gﬁlfyr ocrﬁ%%ecgi foi ﬁ%‘gkee_]oep%ﬁ%l,c pasSYifhe a8Fedtrbr?e devi ce
20 and thespghstieet he aie exhaust s 0pENIrBAdeFNe Hea IMBY: 0§, & V@l pbLe speed
type equi pped with a_ controller. The speed of fan may be determned b

the “contPBPRERTIKAI dift tHe coWERbI F&=theyndecprogranméd the 25i@taks the
speed ofqLan,depending ap Lher LEMAIALULE  delecied within the casing. For
ari can be 1ncrea

i nstance, the speed of the ed by the controller if the
controller senses a tenperature which reaches a certain limt. 30 The
i nt ake sensor ey be provided along the air novenent_ path between the air

i nt ake openi n§ &nd“tH&" %l By ohifY et c1uiel it aldf setidor iy R

provi dedop@djagent titee ai taisnkaKe ARENI NGomh PGt he Al I fpve akd path.
Al ternatively, the intake sensor may be provided outside of the casing
and18dj RehtOrstere miptent BREing ‘the plurality of air intake

openings extending though the perforated plate. 2An 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. Ah 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 is a
25 microprocessor for processing data. The controller may be
configured to save any data associated with the
microprocessor in a data stofage 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 air moving unit may be provided outside



opening. In one enbodi ment, the systemconprises a plurality of air

i ntake sensors 5 The exhaust sensor may be provided along the air .
novenent path between the el ectronic device and the air exhaust opening.
The exhaust sensor nmay be provided adjacent the exhaust opening along the

ai r nmoveggpt Ratihg 10, %Egﬁn%.tiirveiﬂtot Qﬁﬁeéﬂﬁuﬁtn %%Sogpé}?iynqt:eopr yi ded
outside of the casing and adjacent to the air exhaust “openinhg." | one
enbodi meAtrckt hetigy st eni-conphiesesaiar pl inabkey afpeaiimg.exhaust asensers. Each

of the plLuyral,.t f exhaust. sensor.s may.pe associated with a plurality of
el ectroﬁ?@gag&%é%f ‘%‘(Lgeﬂiaelrongm&ln@or‘éxb&gﬁé’teﬁ’% Franeted rinajdpe

sel ect edtheomabhe Qraups €ORsSa st NG Lef ‘trdl faeMMArALITrSoen Bhy PLESEYre; air
speed; relative hum dity; snoke presence; and air flow rate. 20 The alert
generat eBUBY BRE Ot 1l ITdre myr bexisedtt erPehhtbeat e the environnent al
conditions wwthin the casing. The alert generated by the controller may

i ndi cate one or nore environnmental conditions such that: the air is 25

wi thin a hi ghThenpératnurelnangeit thay bbeaafani srwat bilbwar.l ow tenperature
range; that the tenperature within the casing will cause the electronic
device to cease functioning; or that the air noving unit has ceased to

function. 30 frReons eragi MRNtcohBE SYSLAMITRY GONPRLEE tAUSElr haperface
on which the alert is generated. The user _
10 be at a col temperature for cooling the electronic
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



interface may be a graphical user interface. In one enbodinent, the
graphi cal user interface nmay be a display 8 nonitor. |In another
enbodi ment, the user interface may be an indicator panel conprising one

or nore indicator [lights thereon, the one or nore indicator |ights
capabl e phlhumm DaLd o, PO genelal i ofhiofid hecALBL! e Hane, ok, Somar e
indicator lights may al so conprise text i1 ndicating a condi FTen of "t he

al ert. | puasdtieercBnbiddt newrts irtche asybst e apeytconpr itde: amiaudiotgener at or
for genegaghgg thejalert as_an gudio sig&ﬁ{. 10 I.n an enbodi nent t hat
conpri seSPEREPr codl i g motiliP 8 mBEAted wiltthi P HEL asF PP RS ai P
cool i ng podukeirRBY fCc@APT ik kPl tmbbty_ of secondary ducts connecting

the primary duct to the plurality of spray bars. The plurality of
secoﬁhary ducts may be nounted orthogonally 15 to the primary duct. The

secondary airoHRvi Ogh UL M, De, TNt 8L VhEBLRALBE DRI ypduch ¢, BT | f

Description O Draw ngs e acconp ng draw ngs wh e 1 ncofr porated
20 i nt o mndemeonst iftaitte hpawteof tie déscrtirphiian dfvide anpvertd ogjr
illustrate, two_ discl osed en?,dinents and serve to explain the principles

of the drEPrESEA BREBATHent SPC | CHRAYD: bed SHASH sUBBH  RowekBs VLERdL ¢ ho

dr aw ngsaah8cedtsehes et Ha1s PUsPes e g0k LohlgUtHeAld iGN @ dme@dpReh . as a
25 definition of the limts of the invention. Fig. 1 shows a
crodd: seBtFBRERLAVEAY -vithWw ofxlapus envERSAFE MR YItagerentdeystehside a

pluralit¥fOEheeE%%H%%ng%&k%@fﬁéén§oto 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 associated 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;
air pressure; air 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 is
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. TIn one

embodiment, the graphical user interface may be a display



Fig. la shows a block diagramof a control systemof the environnent

management systemof Fig. 1; 9 Fig. 2 shows a flow chart of an overview of
an algorithmthat is used by the control systemof Fig. la; Fig. 2ais a
fl ow di agram showi ng nore detail of one 5 of the steps of the algorithm

of Fig. 2; Fi 2k i s anqt her fl ow.di agram showi ng nore detail of another
of thg s 885%% t E[g ﬁngoo%&i?$n§%?0€f8?ngf ftsleFiUg;f'..e c“}tse%f.d?%tlﬁ%i’.lf’?ow .
di agr am showingiyatorf upbhen steppofsthe abgorighmpl & gindickigr 3a is
a sinplified perspective view of a second enbodinent of an environment
manageneht 98y St dhe IR th3poBRoT d"PER s peeiicaEovi dvi Bt a heapaking of

Fig. 82 imanghdRhichi edobontddsali oo widh ghectionie. Ccard gages, fshown
in bold lines) nmounted therein; 20 Fig. 4a shows a perspective view of the
casi iy oforpi gnddastora lsigipld fiied edrbi gurgtiicr s:rglaow n@@m@ﬁm%gelz_ "
mount i ng hani.sm for_.nount i the el ectronic card 'cages; an ig.
shows a Sgﬁéﬁgéf)invé)fsitehﬁ ohie r1tq'el et F‘Bﬁ%i‘ercfr“@%{%&fnt[bettéﬁ et PeSéri ption
Two exenph@r Ydi@irilddm di NguembodJRMSc OF 88r 3RneR%iiaRNMBIHe NMRPagenent
system for electronic devices are now disclosed hereinafter. The

envi r onn@fit 2HaAdféRefi9NSyst em conpri ses a casing that has an air i nt ake
opening and an air exhaust opening. The el ectronic devices are disposed

wi thin the casing and are capabl e of producing
10 In an embodiment that comprises an air cooling

module mounted within the casing, the air cooling module
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 illustraﬁion 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;



10 heat when in use. An air noving unit noves air fromthe air intake
openhi ng, past the electronic devices and to the air exhaust opening. The
envi ronment nmanagenent system al so conprises an intake sensor for
detecting at 5 |l east one paraneter of the air before the air passes the

el ectroni c deviiges an xhaugt n or_gdetecting the paraneter of
the air afterw?ﬁi a?rqgggggsufhzlozfeggégﬁiéjgeﬁﬁkegygﬁvggﬁirSFIe?nis al so
provi dedagharithg éhedt discaldad doupited ¢anthel i o akensenseigandathe 10
exhaust sensor for receiving signals representative of the detected
paraneter of the air. In use the controller is responsive to the signals
to generate amiglerth iR therl®veaiaghah 9NBwOHg"RLEOfaddie S gnal Sa
devigtes froma predefined range. 15 Referring nowto Fig. 1 there is

show? a Bfo58e §EEPPoREl theoml damiviiet <fn B rdnment managenent system
10" that is used to nmanage the environnment in which electronic devices
reside. In this enbodi nent, the 20 electronic devices are in the formof a
plurality of Fafier 8pr decessnoshd?' f18we dilamadn t yhofinCcheplocassors 12'

are nmounf ed_on. racks .(npt shown i thin casing in_ the form of cabinet
14' . In %ﬁi%ggﬁégﬁiﬁgnggetﬁge §%Fﬁ%ﬁj“ifﬁ99¥ﬁﬁwwﬁﬂ%dFB%-a%Faircraft and
the 25 m croprocessors 12' process data to support different systens of

the aircraft.. The cabinet 14 congrises atop wall 3, a bottom wall 4",
twoSi de wal | 5195, 8€), 18 part fursnewal E1pw 30 agrteendisigowierd i ot y

t hrough fﬂftﬁégdggeﬁg BPetﬁngE%%rithm 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



14', and front wall and rear walls that are not marked on the drawing. 11
The cabi net 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 includ ' haust enings_in.the farm of outl et 0' provided in
the top \%%Ia}tm%ﬁéo# ﬁiegggbi ?fg} 77 BRA*MGutiett IV eE o@ilﬁe(fzr(%“ t'He r ear
si de wal kiandistodwn bpendash) |paes 36ic 20eTheosyst emlQie4al sad nehudes an

air nmoving unit. in the formof a fan 24' . In other enbodi nents, the fan
m ght be“&%bl G\er. BIFPH | PHBURTed WPEN 1 L @S EitbumiImGRITEn 26
which extgRdsSmalong andnadiaeentan t onthgepertaragt ef, pl ate 18, The duct
26" is in fluid 15 comunication with a refrigeration source pIgOVI ded on
the %airédeabt- orife pafanfesat P6ntheurcie praftdest teohing paisse Al ng t he
The fan 24' blows the cold air

duct 26’ h.to.the inlet 16",
fromthee?%fqg%%&‘g}égt%éfﬁ(tée%utalnecfsan( SRy S6TCRE TRE B E i passes
over theth20 phchoprecessarsthd . alite HRIOPr GERSSQAS 13,5 O8ner atiee hea:c in
use and ccordingly the cold air passing over the microprocessors 12',
causes tﬁgeﬁitEf’Bﬁgoé&‘?&%stoAcodFOfZ‘Srfélb r AR exetpl BEgVadedndventent path

[ S shownj By ggégtri'&gg§y3§éogﬁi§@diﬁg ftrh%rr] gH(ﬁék%GI Sé}gﬁg{)e %fl(tjt hcehé nlets
16', extending past the m croprocessors 12' and out rough the outl et
20' 10Accerbipngly, steaer gdier atredehyirtches ijoabpr acgsseientRtivs removed by
the air @ﬁetggfgdked parameter of the air. In use the controller
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 is used to manage the environment in which
electronic devices reszide. In this embodiment, the
20 electronic devices are in the form of a plurality of
microprocessors 127. The plurality of microprocessors
12" are mounted on racks {(not shown) within a casing in
the form of cabinet 147. 1In this embodiment, the cabinet
14 is provided on an aircraft and the
25 microprocessors 12’ proéess data to support different

systems of the aircraft.

The cabinet 14’ comprises a top wall 3, a bottom

wall 4, two side walls (57,6'), a partition wall 77

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

the drawing.

11



30 passes over, thereby maintaining the tenperature of the .

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, with

ilt- int it . (P1), .mwhich are nted .adj acent to one of the
Pﬁ: ets Ilg Lﬁ"r}ﬂ}@e %ag#]tn(esg Zile4 ofaiﬁg %aﬁﬁéfslﬁar. l,&ﬁakgdquws & sensor
(F2) is ahso poowi ded adj guental@potdrer ibhnket dfenPRAgLhe; gi ghly, sige of

the cabinet 14'. The system 10' al so conpri ses,ex_haust _sensors 1n t he
form of EC&MF8Fatthece@nser preforphedi ©ivdunt 8’ adjredents trordshisladit | et

' and uress or that;4i s4,10 moyUpt ed adj acent ;o the outlet

3(2) .aThebggﬁgg?ltst (?’?L, %%%stéggé% g%llaré (':ormgfrq%i acial% e aflflablael.sel'he

t enper at Gp€lsdasorisvd Ta_iﬂ’z,ew)awm:as%peniﬂn@s 1? tterper atmr @ggfcliﬂel%@l r

assin FO he cabinet 14 . The tenperature sensors may

BI at i ngnﬂ?pesilf%}janlceecﬁi gh- %%’gch%y.wélgr]rs s. OEx&RfI &3P Pt i AdM el st ance

hi gh- accutaey sEIsopso@i@caorrer ehal Int-avaiiabl g,firon e%_a \INHsthwments

Pte Ltd of Singapore. The tenperature sensors 20 (T1, T2, 3) are _

respecti8@IS§l 6g%®se§6by tenperature transnitters (TT1, TT2, TT3) shown in

Fig. 1A The fan sensors (FI, F2) nmeasure the speed of air in flow ng

through the cabinet 14'. Exenplary fan sensors 25 are available

cond¥r ci al | y FhemsAmstesk Rotrensof Raolides Peansylvami@if bpited States

of AITEI’iEﬁL The pressure ensgr,(Pl is a static differential pressure
St o ke

sensor (W th n 3rashi r) Hhd Gkdsdur @gbodiments, the fan

might be a blower. Fan 24’ is mounted within a
distribution duct 26’, 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
(207,227 S0 that the cold alr @passes over the

20 microprocessors 127 .

The microprocessors 12’ generate heat in use and
accordingly the cold air passing over the
microprocessors 127, causes the microprocessors to cool

25 down. An exemplary air 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, théreby 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

12



[ [ [ ' d the
30 the static difference between the pressure of the clabl net 14' an _
pressure of the environment outside of the cabinet 14'. Exenplary static
differential pressure sensors are available conmercially from Flotech
Controls Pte Ltd of Singapore. 13 A controller in the formof Central

Contr ol ty i I nt ed wi thin the cabinet 14" adjacent
to the Ollfmlet 22" ﬁgl{éoﬁﬁ%&f% e%:is elFectT el 1357 EUmett'dd ol he |
sensors (ifi .t sABLt&d, (F2), Phhichn a5 canahlitfe £ ripgidgnt .« d %&%28 nay

I th i0 of the fan 24'. The CCU 28' has a nenory (not
gﬁg\t/\nz;) fore f%jf:%%% ?516 a ettt Lehhmmdsier ot ople acrhgnehe 14énvi rbnment

managenedaikstam 1 asrdrs desddbed poher gighatt e PGy PPl OCEF PO &QOt
shovv?n for plsrtts)cesm ng 10 data assgm gt ed wit FE% theﬁ ‘? commbnds.

exenmp? ar PrAtEg 1t Hartles beai <I>Iab’¢1@ecnmabtcsaﬁbyofnthadesban&ynmt 700
controller from Siemens AG of Minich, Germany. The CCU 28" is al so
connected to a user interface in 15 the form of indicator panel 30" that

i's shown in Stttee nmyt 5 toend i BQY ail £ Qeothige 1 ¥BE CAXBROWE SoRL9EK ghagf.lgm of
t he control sy m 15" for CCU 28 . The sensors (Fl,F2,P1l) have
t r ansni tter’rérl lS’Lﬁt SURPLHP 6 STHIRN 652) behal ééu@@@@t@tﬁr@@mgenb t he CCU

28" . Eacmoofchreh@lﬁqétemragmecéﬁg@pé@uﬁglseﬁéorT?z\ﬁf% pgotively

directly coupled to the tenperature transmtters ) for
powekr( ngmPHEtSehsetiacant donvigre iouft tdie 22t ected transmitter signal into
an anplified digital signal for the CCU 28 . 25

The sensors (r1,T2,T3,F1,F2,P1) are commercially
available.
The temperature sensors (T1,T2,T3) measure the
15 temperature of the air passing through the cabinet 14°7.
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 {(Tl, T2, T3) are respectively powered by temperature
transmitters (TT1l, 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 available commercially from Ametek Rotron of Paoli,

Pennsylvania of United States of America.

The pressure sensor (Pl) is 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 147. Exemplary static differential pressure
sensors are available commercially from Flotech Controls

Pte Ltd of Singapore.

13



The operation of the environnent managenent system 10' is now descri bed
hereinafter. The environnent nanagenent system 10' is used to nanage the
environment of the mcroprocessors 12' The system 10" involves 30
forcing cooling air past the mcroprocessors 12' and using the sensors

(T1, F1,F2, P1) fo.detect ;paranet 0 %nhe gol i.r. ;bef.or ssing the
m'croprocessorpgs f% a%&lgsensorgg“(ﬁarz,%?g after tnﬁlerraall réﬁggrggs:% he
m cropr ocl€s8hr 872" is Thes€OuoBteroriitoris the sensors: 114 adjacent

(TI, T2, T3, Fl lerts in the event that one of the

LF2, Pl nd geper at es
moni t or ed pardifet é%Jstqtﬁt tﬁ?& air devitat €M F YOS prictef§ e Tyl Y5 The

system 1Qorees &0t tepaiat eskAsbhe | nif) alre st@gtupiphase objthe
m croprocessors 12' as the aircraft air conditioning systemis initially
in a heatfigghsdenypdinavi detbar #Edr ¥84i matvo comd rodbitiet dpirdoroma

predefin i of 11 i u 6. Ihe warmdry air ensures 10
t hat the%gl etgfér oﬁ%‘:sﬁ\%\ﬁ t’ﬂi%rl]]\ét %éfdggzb%jngfga%f are rgdé(ﬁlﬁ%{ ékﬁ?w&’e}h Mified
before operatigen. Aftera theedryiofy pevhadndshe mif cepdichit@Agng wyst em
automaticallly switches over fromthe heating node to.a 15 cooling node to

supply c6Pd EPMD he BRREIZBS Fhe SOITAtr i s?Zont LAuousISpBUAd ed to,
the duct neeiWRitdi@r t Nendl Gr APFOCESSOFS (hdt aLiBou) OEGEatﬂ%eégﬁ]% ring

nowto Fig. 2, there is shown a block 20 diagramof an algorit
repridsentifg theseeiabéd gty utheorsett haf regimds t he nenomylaofy t he CCU

26 1o EROILAL & Ne; envLEQNIRAl Qfuddie {151 PP ACERSSE SalBynahie f63 28 1S
switched on at step Si.
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 28’. The sensors
(F1,¥2,P1}) have transmitters built in and are shown as
being coupled directly to the CCU 28’. Each of the
20  temperature sensors (T1, T2, T3) are respectively
directly coupled to the temperature transmitters
(TT1,TTZ2,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 Thereinafter. The environment
management system 10’ 1is used to manage the environment
of the microprocessors 12’. The system 10’ involves
30 forcing cooling air past the microprocessors 127 and
using the sensors. (T1,F1,F2,Pl) to detect parameters of
the cold air before passing the microprocessors 127 and
sensors {T2,T3) after the air has passed the

microprocessors 12’. The CCU 28’ monitors the sensors

14



25 In Step 2 the CCU 28" perforns a built-in test to determ ne whether

t he nmeasured paraneters of the sensors (Tl,T2,T3,F1,F2,Pl) falls within
the valid ranges. The valid ranges are programed into the nmenory of the
CCU 30 28' as "operating paraneter ranges”. The operating ]Loar aneter
ranges argpC t hat e angt er all _wthin.a " e" operating
range, thgﬁl'ﬁ%ﬁ'zﬁrzﬁmbﬁqt@hép 0es %ﬁnea%/ijeﬁséelayleﬁtfsectl“t hEESpe?‘é‘IE')’ian of
the nicridpriocessors I2e mdnitosi@ppSRApetbesCold 28ie i$i Progragred to

i nt errogafte t he sensors é;[l , 12, T3, F1, F2,P1), which respectively transmt
their det'ected HYiHaT s oF t hat'¥e5 measured paraneters to the CCU 28' . The
CCU 28" uses these neasured paraneters in steps S2B, S3, S8 and S19 to
determne if the transmtted paraneters are within the operating

par anet er randds asvstadescrl’bediassr einraf t epeiratef uihhethdetahltbelow. | f

one of t ur ad r rs 10 of the sensors., (T, T2, T3, F1, F2,P1) falls
out si de rog:‘s‘cat e persg%li %gﬁbtglreanr%]t%l%g?%%%%sséoﬁﬁeigr RSt &1 eF 15Tkt
gener at echiby dcieli@0WbRBYg i systep S2CinTheaaligr tis, indi&atéhg ehddercdhat the
rack is qverheatin XTgggnerat,ed as an "Rack Overheat" alert) or that the
rack i s &6t eo“fér 5AEKuBdowt A deter atongas 44" R4k Shurerimting@rt), in

which  caes itle JY of aRs OFESSPRS ddctab@ I enger g, ine a&iﬁ'e%nsJPeese .
alerts are displayed via an illumnation lanp provided on the i ndi cati on
panell 30thazg | ghet e IS2B; rethicOCUWAg hireadshehe daddirovi ng1gf gnadse

gener at e%d%u%%’éﬁ‘gf Séie(hﬂm:irc?if-ri?’églbeFJ:ZGJEé;l')éperation.

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

15 cooling mode to suppiy cold air to the duct 267. 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 S1.

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,P1) falls within the valid ranges. The
valid ranges are programmed into the memory of the CCU
30 28" as “operating parameter ranges”. The operating

parameler 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 127 .

15



Tl (the "TI sensor value"); T2 (the "T2 sensor value"); T3 (the "T3
sensor value"); 25 Fl (the "F1 sensor value"); F2 (the "F2 sensor

val ue"); and P1L (the "Pl1 sensor value"). At steps (S3,S8,S19), the CCU
28" is programmed to 30 conpare the above values so that if any one of
the conditions listed in Table 1 are nmet, the CCU 28" generates an alert
at step S2C. 16 Table 1 Measured Value Condition Alert generated Ti
sensor value TIn? FAPRackZ@verdat TLUseriSUr vakue Miofradie®Racko

Shut down . T r value T2 T2W Rack heat _T3_sensor val ue Rack
Over heat lﬁ%elglgﬁi%?eval%ee R SE'I%’Q%OﬁﬁckqéﬁﬁJtﬁgmﬂ?"%'g@m?&r’ rval W8 1REck
Shut down répsenses 1 v alwieaBagke Ovgidipat adile QNS0T (a8 Ragk Shdtdown  F2
sensol val ue Rack Overheat F2 sensor val ue Rack Shutdown Pl sensor val ue

Rack OverMedturel Saisgietrdite toi &hepiGCRadB ShufHewCCWheld: uses
TS A 0Bk ik SRS BRSO, S8 SRS et o

set poi mstqoring | T2, TSheernsomsmltes] parameters are within the

operating parameter ranges as is described hereinafter in

further detail below. If one of the measured parameters

10 of the sensors (T1,T2,T3,F1,F2,Pl) falls outside of the

operating parameter 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 via an illumination lamp

provided on the indication panel 30‘.

20 In step S2ZB, the CCU 28’ reads the following signals
generated by sensors (T1,T2,T3,F1,F2,P1):
e T1 (the “T1 sensor value”);
e T2 (the “T2 sensor value”);
* T3 (the “T3 sensor value”);
25 e Fl (the “F1 sensor value”);
* F2 (the “F2 sensor value”); and

s Pl (the “P1l sensor value”).

At steps (83,58,5819), the CCU 28" is programmed to
30 comparé the above values 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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tively air flowrate warning set points for FI,F2
Eéx\éngV\\//::’ 5e2?5980 F1S, >IQZS are respectively air flowrate shut down set
points for FI,F2 sensor values; PlWis an air differential pressure
warning set point for Pl the sensor value; and PISis an air e
differential pressure shutdown set pgiyit ;15 for P1 the sensor val ue.

Ref erri now.in particular to_step Sﬁ, dt e CCUf 2;3 CPeEEZLtggzag?t ected

i s a Pondétapbhed view o era

B oo W e TR O
i gure ]JQ

S4 of fli Ortﬁa Ceu 28 Tis>pFdgramed to deRefki ﬁéerhenﬁ’t <_ 'Fl\\/lxvhi LL
Pl sensar P ps*rnfﬁﬁﬁe-%yﬂ—em—p%qeeedg_t_a_s!_ep_m_m

t he Rack Tmygééggsé?rl?jgﬁ?gon 5 1 il%gcgigL ggnell %@)@k@hili‘ljﬁ‘ﬁtlnﬁieg (g’;\e/\;)

3A) . Therz GRALS: $henspro SE iy OF -vai-te

précesm ng_continues at step g S? in step $4, P SkndBFrhat e > PIW set

point, Y skh«) 28ludés priogy ammed. 0 progress ﬁgC?L€§ ﬁ‘g ‘;\rll_ﬂ‘ﬁ“ﬁk' t he

In

Ti sensar_value is_checked tlo determ ne if Ti sgnsor _ val TIWs Ehe
poi nt. IfT3TIseverworvakbeie > [FAWsefzy poi nt, the | GIERE L M% nat es jLhe
Rack Over-heat—Light—on  thelindicated panel 30 _(Stdeigt 3_Bli eFI : ‘-B '

PSE ! r‘b’fg]rlé%s tq 188,> whish is shown |[iRadetsdbtddin T 2B.
%15 Br'(lj'glg “rocessrP.. cont-i-ndes--fromstep S6_ to|step S8. At step S8, the
Ccu 28 ?ﬁeél?é‘st% ettt ed |iFl & FI20 sensor val|es:i RiydiyeatAl step S9,
the CCUIZ8 Sefisor value F1 < Fl8§ Rack Shutdown

F2 sensor value "2 £ FOW Rack Overheat

F2 sensor value F2 < F28 Rack Shutdown

Pl senscor value Pl € P1W Rack Overheat

Pl sensor wvalue Pl < P1s Rack Shutdown

Where:

* TIW,T2W,T3W are respectively temperature warning set

5 points for T1,T2,T3 sensor values;

* T1S,T2S5,T38 are respectively temperature shutdown set
points for T1,T2,T3 sensor values;
* FlIW,F2W are respectively air flow rate warning set

points for F1,F2 sensor values;

10 * F1S5,F23 are respectively air flow rate shut down set

points for F1,F2 sensor values;

¢ PIW is an air differential pressure warning set point

for P1 the sensor value; and

* PIS is an air differential pressure shutdown set point

15 for P1 the sensor value.
Referring now in particular to step S3, the CCU 28’

checks the detected inlet sensor vwvalues (P1,T1). A

detailed view of the algorithm for checkiﬁg the inlet

17



' [ int. If Fl sensor
rogranmed to determne if F1 sensor value <_ F1S set poin _
\F/)al ge <_ F1S set point, the system proceeds to step S3B in which thel Rack
Shutdown |ight on the indicator panel 30' is illum nated. The CPU 28" is
25 progranmed to initiate a shutdown of the operation of the

i i f in
i I OGRSSOY i t S . sPra ng._cont.i nues at Is_te 519. |
;ntgLOEQ, Fl seﬁs%%li\lléi@ug?%'lagl% slegt %ﬁﬁ%,g?hgl%og&u% S?%Eg)p?%ngm"red to

] 812 e whtoh2she i sFlprsensemalwe dscdBasyLedrt g;det erm ne
progeed to e < Fl1Wset point. If FI sensor value <_ F1Wset point,

i | P - -
ItLeF!sy:tee%%?{jr o\ég@%gplla FtepeB3AFltswhFch the sRackoo Over lhetate I Egs\t;eg? t he
i ndi cat o rpane! ‘o | St kbl wngnnat . F norae>_|ls
Ip(r;idln'fa ?%e systdesr3710tp()r o%te%%s%{yg algfgﬁh%%g. the E{Fé&% ff,r\iﬁ?e celgl ops

med ' pepaBdlf BR’ sdmsoilvahigagedF2S paj Nt . +heF2.
progr% Lo dererhvne roceeds t{ﬁtep S3B i n which

. set point, the system
tS ﬁgs%;c\é@g?ﬁ??amﬁ%%gh‘?r%‘ﬁr?ﬁééﬁn&ioc e p%§e| 18071 gengqunyabeed> The i
CPU 28" PIW hexopreegriamgretbioi didd | 2t est@pshyt down of the operation othS e
m croprocessors 12' 10 (Step S16). If in step 514, F2 sensor val u_e)h -
set point, the CPU 28 is programmed to proceed to step S17 in which the

[T F2 Sonsor wal e = How St “Rol W= Fhe’ 0By 26" Tlr G5bed@ o1 g B3 | n
whi éf t hEPRaéR " Oder pemyrdningdd om phegiedbcabostpanels 30 Wisidd | upd nat ed.
If F2 S'ﬁﬂsoger\{é%fje vElEJZeW %L%t gggg&(édt hi?osycisetteergn?:{noeceei?fs' TEO ss;r?spor
value 2 TIW set point. If Tl sensor value 2 TIW set
point, the CCU 28’ illuminates the Rack Overheat Light on
the 1indicated panel 30’ {Step 3B). The CPU 28’ is
15  programmed to progress to S8, which is shown in detail in
Fig. 2B. If T1 < TI1W, processing continues from step S6

to step S$8.

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

‘20 sensor values (F1,¥2). At step 89, the cCCU 287 is
programmed to determine if F1 sensor value < F15 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 127 (Step S11). Processing continues at

step S19.

If in step S9, Fl1 sensor value)» F1S set point, the .
30 CPU 28" is programmed to proceed to step S12 in which the
Fl sensor value is measured to determine if F1 sensor
value £ F1W set point. If F1 sensor value < F1W set point,
the system proceeds to step S3A in which the Rack

Overheat light on the indicator panel 30’ is illuminated.

18



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 progranmed to deternmine if T2 sensor val ue T2S set
point. If T2 sensor val ue > T2S set point the 25 system proceeds to

step S3Byicn [ t own ht t he i ndi cator panel 30" is
|Ilgnlnatngw$ﬁ%%'éBU‘§§E F%ﬁ Fo P (;hQ§|§ﬁﬁﬁ%ﬁép%P%ﬁﬁﬁﬂoﬁﬂ of the
oper ati ontop Bh@.nlcroprocessors 12' (Step S22). 30 If in step S20, T2

sensor val ue< T2S set point, the CPU 28 is programred to proceed to step
S23 in which the T2 sensor value is neasured to deternlne if T2 sensor

value ? T2Wsg i T2hsensqy Mal u L L he, s stem
proceeds to stgpggé |%i%h|§h t he id %5 E§E§¥£§¥‘|lg det?% di cat or

panel> 301Li §2i Idaumoat ealue | ﬂZBseasopoiakue<jﬂﬁvvgegeﬁgbﬂtva%h@ system
roceeds tep S25, 5 S25, the CCU 28" is programmed to
8etern1ngkgléeﬁ3%ﬁﬁ%5r ﬁﬁﬂ? 5998 BEPCREFAt .F9 1S séABor vathiech T3S

set poi nthet hea GCUSB@t doSvrPr Qggﬁﬂmi‘@nt QY 0968%590;“&%@%3” %é ch the
Rack Shut down |I%ht on the i cator panel Is 1 l1'umnate e CPU

28' is theéhwrdnp 66ranﬁ§§3t6Panﬁlaﬂesathﬁutéawgr@mmEHetmperm&nxmt@ﬁ t he
bt the S Sg PE el Bherdeidh PEP G omd O RS Rer Cut it T he 15

poi nt, the I'S progra Y5 procee
T3 dénsofSvapuBlies .processed to detern!ne if T3 sensor value > T3W set
point. If T3 sensor value ? T3Wset point,
If in step S14, F2 sensor wvalue) 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 wvalue <
15 FZW set point. If F2 sensor value £ F2W set peint, the
CPU 28" proceeds to step S3A in which the Rack Overheat
light on the indicafor panel 30" is dilluminated. If ¥2
sensor value>» F2W set point, the system proceeds. to step
519, which is shown in detail in Fig. 2cC.
20
Referring to Fig. 2C, at Step 519 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 T2S8 set point. If T2 sensor value > T2S 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" is then programmed to initiate a shutdown of the

operation of the microprocessors 12’ (Step S$22).

30 | If in step S20, T2 sensor value ¢ T2S set point, the
CPU 28’ is programmed to proceed to Step 523 in which the
T2 sensor value is measured to determine if T2 sensor
value 2 T2W set point. If T2 sensor value > T2W set point,

the system proceeds to step S3A in which the Rack

19



the system proceeds to step S3A in which the Rack Overheat light on the
i ndi cator panel 30" is illumnated. |If T3 sensor val ue( T3V\I/s_et poi nt,
the system proceeds to 20 step 530. At step S30, the CCU 28" is |
programmed to determ ne whether continued nonitoring of the environnment

of the i 14" kS T, iyed;. . Tk L ~hS -Rr.ogr to 25
conti nuoﬁgﬁ%ﬂ%ﬁi ?é?h?hgggéﬁn}g%réng(g%é?%}?Té%EilFﬁi glsgnml’q'alfi nélr%??%%‘ | oop as
shown byI§tép S8hsoThealOd 28I'2WcoAti Pues LHDRINEOrH NG 4, SRASQIS to

(T1, T2, TgtFl;Tgﬁé1 and perform ng steps (S2A, S2B, S3, S8, S19) ulnt! | the

envi ronment? genent system 10' powers down. 30 The CCU 28' is _
programmed to ensure that the Rack Overheat |ight and Rack Shutdown |i ght
on i ndi cat or ganel 30 remains illum nated while any one of the _maas_ured
sensor val uesAFTEEER, B2, FRePOL W@ 8ot i sreproyhenn2d dendidi@ansi eef i ned

f L.nt 1 2 Fl F2W PI | S, T2S, T3S, FI S, F2S, PI' S)
?’EgveRag fs&%r %gggoﬁi éf(ﬁ;ﬁu}gsgo\r%}s)gﬁ% Jo’?v¥' (i\/\éEr &SetCNAEN Vaiye =

par anet er3sobteai npd-het ; rorTBECOpeBat ing seBdihinRRS: @oAPn%%Ee%E exenpl ary
set points for _the set points tabulated in Table 1 are tabulated in Table
2 for the*CPreséht dPscHEIEd entirli nBack Tabhedewal sdiiahdl udes alset of

reset vahgesaf{JiRpIARI T3R-FIR: | LPLLor sepsor .10 ualue
?Tl,TZ,TS, B F2, P1) - Fable 2 leﬁb\%@%ﬁs&v FTWEFE\E}@’%Z 15 then
10 programmed to initiate a shutdown of the operation of the

microprocessors 12’ (Step S27).

If in step S25, T3 sensor value < T3S set point, the

CPU 28" is programmed to proceed to step S28 in which the

15 T3 sensor value is processed to determine if 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 S530.

At step 530, the CCU 28’ is programmed to determine
whether continued monitoring of the environment of the
cabinet 14’ is required. The CCU 28’ is programmed to

25 continuously monitor the sensors (Tt,72,T3,F1,F3) in an
iterative loop as shown by step S31. The CCU 287
continues monitoring the sensors (tr1,T2,T3,F1,F3) and
performing steps (S2A,52B,53,58,819) until the
environment management system 10’ powers down.

30

The CCU 287 is programmed to ensure that the Rack
Overheat light and Rack Shutdown light on indicator panel
30 remains illuminated while any one of the measured

sensor values (T'l,T2,73,F1,F2,P1) do not meet the

20



Set point (C (O (C psid max max rpmrpm22.5 40.9 38.1 0. 776 70 70
T1S T2S T3S P13 F1S F2S Set point (C (O (O psid rpmrpm45.9 43.1 - 55
55 TIR T2R T3BR HR FIR F2R Set point (C (C (C psid rpmrpm20.5 38.9
36.1 0.350 85 85 The speed of the fan may range from 10,000 to 20, 000
rpm depe e di /pes of fa It 15 shoul d be noted

t hat the%%ntg%i%eed gg%& an |n ““fabl e %Scirs aboG120, 00BCHBHS |t
will be aﬁ‘rirvhcfi?a\‘t SR, HAtW , i VEBlWIﬁ'BlSQT2BhQ’3@bW% E@%t PRGNS arene
determn a{srrp ricall from | abor at ory 20 testin A second di scl osed
enbodi nmen %‘é%]é Pehed LS e haf (¥rLY Fryrngg (aesimRpdf ) eghen
perspect kN8 Ya@Wmeferan &j’t\glrrprgfgélirnggaggneg%e]@ggﬁ@ 19 d‘m__e s stem 25
conprises a casing 100 having an air intake openin {e ‘of an

inl et® port 200 and an air exhaust opening in the formof an outlet port
400. 21 The casi 1 h St Si wal | 11 being the Ileft end of
the casing 10 ggtsg%on%§ gl |S?’L‘go p((]bréfi%g%{aﬁe 1W%ht"’eéndli%\l?“iiﬁe

casi ng 1®apulatte|a§ r idn srlde)lé vwal Iaﬂe’SOt(albeﬂl@@ermeuf]rq%tbleendz offC;Lhetﬁ%m ng
100), a fourth sjde wall_ 140 (being the rear end of the casing

bot t.om wBFF°E86 Aassis vitto e the Trilet Zparlts200nd kudosi @i ened at

the bottem wakkset values (T1IR, T2R, T3R, F1R, F2R, P1R) for sensor
10 value (T1,T2,T3,F1,F2,P1).

Q

Table 2
TIW ToW T3IW PIW FIW% | F2W %
Set point (°C) (°c) (°c) psid max max
rpm rpm
22.5 40.9 38.1 0.276 70 70
T1S 28 T3s Pls Fls F28
Set point (°C) (°C) (°C) psid rpm rpm
- 45.9 43.1 - 55 55
TI1R TZR T3IR P1R FIR FZR
Set peoint {(°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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10 150 of the casing 100, where the port 200 links the casing 100 to a
primary air moving unit in the formof fan 24. Fan 24 noves air at a
first flowrate 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 200. A plurality of
el ectronic devices in the formof electronic cards 28 (refer to Fig. 4b)
cont ai ned wi t fihe C;_EOSJe’lQecl@@nhascar o icagess{ a2, 24.126)1 1 e3¢ 1 @hHged-0ne on

top of t t her h in_Fi.qure . The electronic card cage at the
boltotom i rsl%afc&flgs JJcht%\rl}\{gnl cEary céé 22,9 tIREMYdIE W evrddni £2€ar d

cage i s aredn dtleé ectiLOni Cengarst cage ?élasﬁ{ljd tlh%)topae't%%tﬂooms ggard
cage s a thqug 25 el g?tronlc card cage 26. ‘An air cooling rmdu%e in the
f or m%f ferldedld? r (R&9 nghroddirensooend abEo tﬁT&)VlCdaexingthlomt,heacam ng

100 and u t corper the fourth si 140 30 and the
first si glg%\}r\/a%?ll rgll% |ﬂ?grlsgtc[{t§ lﬁ’%gﬁgl 14Tﬁlcoo TG ﬁﬁgu?\gaﬁ’@ conptides a
primary ddét .320botwoms@eddddri ahitts (340,360)160rt hogonal to the
primary duct 320, and a plurality of spray bars 380 nounted al ong the

length of the secondary ducts (340,360). 22 A secondary air noving unit

in the form ofha aQwaoqxn&an2§QZle;ﬁkgthﬁﬁa fh%h@r' ord %1§20 In
use, the fan 322 noves cooli ngoalr a second ow rat rom

pri r?Eer dolt 320 thwr oGgRing t heOpl wiakiey Wie spoay: bane B38Akso tat col d
air is SE&@XGQ qb@EQ&ﬁyaoQﬁgu&QSy Sh%C%&RQHF C&AQ% 26 ag Qe%%rhf(generatEd
'n use. 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 1is connected to a cold air source. An inlet

15 orifice plate 220 is 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 cooling 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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Primary duct orifice plates are installed within the 10 primary duct 320
bel ow each junction where the secondary ducts (340,360) intersect the
primary duct 320. For instance, a first primary duct orifice plate 324 is
attached below a first junction where the first secondary duct 340
intersects the primary duct 320. A second 15 secondary duct orifice plate
326 is attached below a second junction where the second secondary duct

360 intersect’s thecpidanaryidunbv3AQ. ubiigurier 4eheshows, ane ounti Agn
20, the electronic card cages (22,24,26) within the

mechani sm f or untin

casi ng ; %f%ailf Bgoé’ﬂrﬁlﬁﬁlr 7 ridfesPBEH02 T B 10umEy 356 -nduntese, ohhe a pair
of opposimg size mal ks, chen ihastance,+ opt g fqr i.de | | 0 and

t he second side wall 128. I%agjh support frgﬁ%ngoélog;l t%s %@?%célsll

porti®n FXOEY 28u€io 3poj detdugh pbot itdres BUQrahilt 566F whersj nbhhe recess

portion 520 i et the projecting portions 540 and 560. The
el ectronic carss caegga O,Jbalscpshdolvﬁq ilngFng%’FEéy% , CHESChhYe ¥'prot FRi ng

portion 2legrtndrsi opposing &igsesheathes egBnvt-gEBq0fint Hg=protrudi ng 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. 23 Wen slmatitd-y i her SEPPOT b1 frates 500, 148,581 Q8 ruding
portion 21 of the elyectroni crcard c%ge 22,%5% q&rssc}]g']?eﬁc{]sw% n 1ontilL‘|J}"e\erecess
por t1®bn BZAMGE Y HE1GuppdP t beflpanes: B00j usd0iolhehbires tchsecandatyagyct 340

second sERSdary A06e 580 FLPROFThe Wt h REGHATr et 32000 T or e
instance, a first primary duct orifice plate 324 is
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 Jjunction where the second secondary duct 360

intersects the primary duct 320.

Figure 4a shows one mounting mechanism for mounting

20 the electronic card 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.
Each 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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el ectronic card cage 26. The spray bars 380 along the length of the first
secondary duct 340 are positioned beneath the base of the second
electronic card cage 24, 10 and the spray bars 380 along the I ength of the
second secondary duct 360 are positioned beneath the base of the thlrd

el ectroni c canth&ags: 36r-A Q@{tfcpréﬂ@dsgkpb‘%& vl ”906“6 o3 gfcg}gjggfr

sectional area as the casing 100 is po I one Ween
cool i ng ﬁﬁﬂﬂﬁ?@yﬂyzﬂﬁﬂtimmlﬁﬂeKﬁpdﬂme%mhctﬂ$mnwotuﬂa @bg%page bei ween

the inlet,p nd erforated | ate 600 _defines an air plenum 40.
The perfora?ed%g1atel%%8 has atFrFst %%éi_ g%a £isetbfiid Frkrore 640

cut into fifeenes a&0,600.0 Therhir gt rhel @e@&%ib%g Gi'uF:%Ct3'4¥) bel ow t,ﬂf‘rl.é’“ mary
duct 320 of the forced air cooling nodule 30 and the second e 640 is

directly gl 0t M2 ¥ r ef éﬂ%ﬁ%ﬁﬁﬁ?ﬁcﬁ%%ﬁt%@ﬁﬁ%écigﬁ Thgeogﬁrefﬂgmraagoo
casi
IS posi t'i‘.@ﬂﬁds@éoﬁcheséegn}ﬁ@h:#’ d:Hct ?@O §§23%241]2})e sl Jé h Thteh

been heated by the electronic card cages | et
port 40@L§ﬂﬂn@nlhoﬂxemanpbge b2t a pifpe (sptaghbar)s kunklagoh@eijg§3|ng

100 to t rekriger tio kage such that air 30 that is heated by the
el ectr Omﬁ% afrhd %]ggggl 35356 E%ﬁongﬁréfoﬂ%ﬁt ardOr ety élflwﬂd?rqutﬁ her

use Two bienteak & Sﬂ{lﬁolbés@ AN vk §éeoHBO@1%%%Ml%Ce<Fﬁr% gaB%
|ntake sensor Pl is provided adjacent 24 to ho 2 WO ékhaust

senéd}s ?pd Poheyr PgRYpJIRES B%KMeéhOﬂ@eté@toh@@gyhdmm&sth64exﬁﬁﬁyaand one
exhaust <seRsQh 3d'u% pr?%\qd:flde é)gf@{]cgnég kg%?ﬁotjlltalegltﬁepggsell%% th-lc-e €

sensors (T1, T2, T3, Ion 1Tn éxac
third electronlc card cage 26.

A perforated plate 600 having the same cross

15 sectional area as the casing 100 is 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 Fl are provided adjacent

to hole 640, while intake sensor P1 is provided adjacent

24



5 sanme way as in the environnment managenent system 10' as disclosed with
reference to Fig. 1 above. In this enbodinment, a CCU 28 (not shown)

functions according to the algorithmdisclosed in Fig. 2 for the 10 CCU
28' of environnment managenent system 10'. The CCU 28 used to control the

1, 3, F2, . I agenent . .syst em 10,
honever, The GCU 26 1 6 ot Sroardad o LRt R cadrng 10 Bate BUthi de.

The ot hePetdiekher Bhee sethntdheyeniiconnmeis Oy@egemant syss et fgwom 15

system 1Q' ve.is.that the sensors T2, F2, being nounted on fourth side
w)a/tll 14095H%%%e?r\/\%eﬁst r%r%%%%%ga Jagéts ¥346h860ut Hite BBKE t%®%rovi de a

nore enh@heedserd@rd (@13 User3, Forrexampl eunktibhe Qyerheatipo geeurs in
el ectroni c card cage 26, the sensor T2 does not 20 indicate overheating
whi | € sef88f T3Y ndf caflestldvEPHeAPPRGNtACEDdIaNginG $het@TU188 ean be

rogra t erine. i yarjance with a particular sensor
IC2)5 ?ocmgsggfggghgl}t@ht ﬁ:éé%ea%él}ﬁcggeelﬂo% Ezln%' cianaqf%‘f%‘r if a particular problem
exists on a particular electronic card cageI 26.2 I g \I/:vlll ::Zbgl ?ppLem a})egn
that only a |limted nunber of 0 sensors (TI,T2, T , F2, , _have be
shown i nyFi g. I a ter?los’r ?T‘Eﬁgﬁf“&ni%Ve apu?%%s@%. _ {Redi t Poaun) s&nasitd odiss posed
Wi thin thecoaging %29 eawl dabgousetnt @iisdantddy iHV?iE;gat? g, PN par ticul ar

electronic cards. Indeed, tenperature sensors coul provi ded adj acent
each%pray? 28" p&f I8/ iernment | Mynpeenknoyeniseatt ndin Paet Coul as

el ectronjgegands £89€ro1 the sensors (T1,T2,73,F1,F2,P1). In the
environment management system 10, however, the CCU 28 is

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 TZ, F2, being
mourited 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 used to identify
overheating on particular electronic cards-. Indeed,

temperature sensors could be provided adjacent each spray
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i i i ful in an
The environment management system 10 is particularly 5 use
avi oni cs upgrade programin which electronic racks are nade redundant and

[ i tuations
are replaced by new electronic card cages (22,24,26). In such sitl
t he nQM/eIect¥onic card cages (22, 24,26) have been found to dissipate a

hi gher a nt 3@f h t; he elect roni racks that were nade
regundanFEQAdégﬁtagggugﬁﬁﬁéiﬁy 5§ﬁ%¥éiéﬁ79 Spray? bar's éFF8W§W%ﬁH.alr
t hat has ¢B€€fR ropéostoeddsy ddeefan 322 to directly cool the electronic
card cages (22,24,26) and overcone potential problens associated with
i nadequat e cooling. 15 The sensors (T1,T2, T3, Fl,F2, Pl) ensure that theI
forced air comhbn@dﬁmkddméﬁx)ﬁwm@%éﬁgﬁtegygggthbyi%opa (ﬁg&ﬁé%ﬁ&coo
t he ectroni ¢ card cages (22,24,26). In parthulart it Wi e
apprgéiaPéa Phatit F& ehdd Yohp@NEP20adanagedern Sys tbmch0 airy-therised t o

i i fyrk he N 324 ha workjng effectiyely due to sensors T2
:'iggn};z g]rfhg%cgt héarrfaeai s a pro%feg{nﬁg%ggﬁ tﬁéldopg‘?%‘?i oh®B a‘t:%‘é Pan 2wv 25
Appl i cat RbAStrPhécemeinconnents maageNent) syst8msuth0'sithGanpsbepused to

i d thereb rotect highly expensive electronic devices. 30 The
2‘33!?82”%%? ﬁaﬁ&%&yﬁéﬁt‘: s%lfgnscga(?ﬁ? 193 thn?be hagved heprentovedt fiat the
el ectronitsgdeyhees 4onQherOvVanlaat Q¥fr@k§hﬁ9t89§dQH1 %ﬁe%%%%%ﬁf%gat'

the_coolin system has failed or is Inadequate. vant ageous
ale}@s c%%g%% usBatt oviest r uetdan opénadantt o AHubdowgeodBly, the

provision of spray 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
assoclated with inadequate cooling.
15
The sensors (T1,12,T3,F1,F2,P1) ensure that the
forced air cooling module 300 functions effectively ﬁo
adequately cool 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 ﬁmnagement systems (10’,10) can be
used to monitor and thereby protect highly expensive

electronic devices.

30 The enviromment management systems (106',10) can be
used To ensure that the electronic devices d¢ 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 fo shutdown
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the electronic devices to prevent themfromoverheating in use.
Advant ageously, the environment nenagenent system 5 may automatically
shut down 't he operation of the electronic devices to prevent then1from
overheating in wuse. It will be appreciated that the ability to

si mul t anegusl e raneter of t ooling air
(ie tenperatu%égegressure §¥{Q§§ ggh yg@ gél3§GWUHfH¥?y?vgﬁgﬁggﬁpgsence)
provi des Jaddité¢ onal redundancy should one of the sensors measuring a
particul ar parameter fail. It will be appreciated that 15 the nultiple

sensors conpl enent each ot her because they neasure nultiple paraneters of

the air sinul tapesusiyeouddyant ageoushy, rBgkaHse LS EH?HtongyﬁﬂgﬁnEter
is nonitored in the disclosed enbodi nents, overheatlna 0 20 e

el ect Poni®® MevidELmHy. Bl hor e Expedivent . tRor  exanpliteon f blfe fahefails,

I n ratu f the cabi net, (14’
2as?ggtl(rl%loé)&rcﬁ{bllv%cgr %E%ééaug’g t reé‘g%ggd%tg?mt he" A'r W er?ttlﬁiag cd |net

(14') or wasing (100) is also monitored, the CCU (28,28'") 25 can detect
that the fan has failed and raise an alert. This all ows evasive action
and prevents damage to expensive el ectronic devices. Addltlonally,

because there 1its puQYiRSi Op Of gﬂy&eéggﬂéﬁettﬁgg extﬂesegégfgh i
p055|ble to determine if there is localised overheating wthi'n partlcular

part $Vof SitHe gty moniber casirag thad0one2 Tyie Wil | pdeamppar eaf t hat
vari ous QﬁﬂﬁrchQ'%ﬁcagkgns(le 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 is

monitored in the disclosed embodiments, overheating of

20 the electronic devices may be more expedient. For
example, if 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

(147) 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 (147) or casing (100).
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and adaptations of the invention will be apparent to the person skilled
inthe art after reading the foregoing disclosure without departing from
the spirit and scope of 5 the invention and it is intended that all such
nodi fications and adaptations cone within the scope of the appended
claims. 28 cl aitmg, il sten1f r_an electronic
devi ce, conprising an é?rggggggﬂgeg% gag%%gu %f%%%?ﬁ%”smhereln
the air |%ﬁﬁ9ﬁﬁﬁﬂ@ﬁ%0ﬂﬁr¢®@s1nu£qnmdnuw1ﬂucbe ap@dyaﬂﬂtﬁbcﬁh§pray
bars in t] co tion mnth t he duct; and a secondary air
novi ng U|%£é%w %%g?%%galr a§§cd¥%“?fo%%@ﬂ%?gfFBﬁ1ﬂW§ﬁﬁ@¥@@y duct
t hr ough Uaadm@sqﬁanwﬂﬂﬁqu@fdépéayl@@r§romhgﬁg| &Qt“%%dtégéﬁ Pr ay bar s
spray. colg air.onto a plurality of electronic deV|ces 2. An enV|ronnent
managemern sys%%%??%%o%n @ikct tbni dsdeviseenthe enviaonnent nenagenent

system @@RRIE; SR ond C§ﬁ5”9mﬂﬁy air |ntak e g and an ajr
exhaust openi ng, tﬁglca5|ng ca 1%?%“%? h6GsSing” A pt 8 gﬁV%ySCBPeeﬁﬁEtronlc
devi ces, ttRe agbeotdedhicd adend ces capabl e of generating heat; a primary air
novi ng unit for noving air at a first flow rate through the air intake

opening, into the casing and out through the air exhaust opening; an air
cooling nodule conprising a primary duct, a
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plurality of spray bars in fluid comunication with the primry duct and
a secondary air noving unit for noving air, at a second flowrate, from
the primary duct through to the plurality of spray bars, the air cooling
nodul e being nmounted within the casing such that, in use, the spray bars
direct air onto the el ectronic devices; . at |east one exhaust sensor for
detecting one or nore paraneters of air after the air has been
sprayed onto the electronic devices; and 29 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

control | er beihg respoasiiechnchhemgnagenehiBr 8yskapalrs - an generate an
at .one or _nore .of the signals deviate froma

alert in t

predeflnegﬁggﬁﬁgn 5. RV 1&vi CORMEE LRnAgeRdrt Copdiam aodalai meantad cl ai m
2, conpri gingione oasmnge whéaken sens of Sr f@o deleelddide t herpResQL . nore
paranet ers of ghe air ﬁéﬁfre the air passes the one or nore electronic
devi ces. 4. An envit tr‘ranagenent system substantially as herein

descri bed wi t harefleraideyt @ft hgprageamanyi Mgr1 df AWeBERun2 cafs BEL Q?%Of
nmanagi ng Lthe environ el ectronic device of claim1l or 2,

conpri si ng ?hgr%FgﬁgngPCtﬁn9pag air past the electronic device; detecting

one or nore paraneterdeof the ahtvehyeruthe &dr passes thﬁL eI%Etrinc
devi ce; ngnléorlqgtthe d tected one_or nore araneters of the air; and
generatlng ARl ertCWnERTGne OroT bR d?r%%%ﬁﬂepgﬁﬁédt%é@@ﬁﬁtéxs phet he

air devi gpbsrdrdayacf spray bars;
wherein, in use, the spray bars spray cold air onto a

plurality of electronic devices.

2. An environment management system for an
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 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 alr cooling module comprising a primary duct, a
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 cooling module
being mounted within the casing such that, 1in use, the
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
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predefined parameter range. 6. A nethod of managing the environment of an
el ectronic device of aimb5, further conprising the step of detecting
one or nore paraneters of the air before the air passes the electronic

device. 30
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
generate an alert in the event that one or more of the

signals deviate from a predefined range.

3. An environment management system as claimed in
claim z, 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.

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

drawings.

5. A method of managing the environment of an
electronic device of claim 1 or 2, comprising the steps of
moving air past the electronic device; detecting one or
more parameters of the air after the air passes the
electronic device; monitoring the detected one or more
parameters of the alr; and generating an alert when one or
mcre of the detected parameters of the air deviates from a

predefined parameter range.

6. A method of managing the environment of an
electronic device of Claim 5, further comprising the step
of detecting one or more parameters of the air before the

air passes the electronic device.
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