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[57] ABSTRACT

A cabinet for housing tclccommunications cquipmcnt in
outdoor locations includes an cnclosurc for containing thc
telecommunicahons equipment. A subrack is mounted
within Ihe enclosure. A duct directs ambient air irom outside
the cabinet to the subrack The duct includes an inlet
disposed in a loiver portion of the cabinet and a suhrack inlet
plenum disposed immcdiatcly bclo&v thc subrack. A subrack
exit plenum is disposed above thc clcctronic subrack for
exhausting air heated by thc clcctronics cquipmcnt. A fan
draws ambient air into the inlet through the duct into the
subrack inlet plenum, through Ihe electronic subrack into the
subrack exit plenum, and out of the enclosure through the
subrack exhaust plenum. A heater is provided for heating
inlet air when ambient temperatures are low. 'I'he fan and
hcatcr are controlled by a thermal controller. At low ambient
tcmpcraturcs, thc air flow is maintained constant by thc fans
and power Io the healer is vamed to maintain the subracl
ink) temperature constant. At moderate temperatures, the
heating element is turned off and the fan speed is varied up
to the maximum fan speed At high temperatures, the fans
operate at full speed to maintain maximum air liow

15 Claims, 7 Drawing Sheets

"Intelligent climate control in outdoor cellular radio liases,'*
Larsson, T., 1995, pp. 393—393.
"Cabinet for radio—electronic equipment," Baryshnikov et
al, Jan. 19&)Z, alxstract
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COOLING AIR TEMPERATURE
COOLING SYSTEM CONTROL ALGORITHM

60

UJ 50

40

30

20

10

CC p

(0 -10

— -20
pp -30

"-4o
-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

OUTSIDE AMBIENT AIR TEMPERATURE, C

100

00

80
pp

70 u

60

50

4p p
30 cc

20

10 z
0



U.S. Patent Aug. 15, 2000 Sheet 7 of 7 6,104,003

C)
C7

o&

l5
UJ
UJ
Q.

O to
IQ

tL

C)
C)

( 9o ) M013 HIV BNI1000



ELECTRONICS CABIIIIET COOLING
SYSTEM

The present applicauon is a divisional applicauon of U.S.
application Ser. No Llqr169,3(iZ, filed Oct 9, 1998, pending

FIELD OF THE INVENTION

Thc prcscnt invention rclatcs generally to cabinets for
electronic equipment and, more parucularly, lo a telecom-
municanons cabinet for housing telecommunications equip-
meni in outdoor locauons.

BACKGROUND OF THE INVENTION

cabinets is such that the air-condihoner is required io run
even al low ambient cot»I&lions, sometimes as low as O'.
Some units usc variable spccd-condcnscr blowers andior a
flooded condcnscr design to rcducc thc heat loss through thc
condenser and alloiv the air-conditioner to run at very low
temperatures. Other units use a loiv-ambient vent tn cool the
cabinet with oulsi&1e air when Ihe temperalure is loo low to
run Ihe air conditioner. These soluuons increase ihe coal and
size of the cooling system In addition, for small cabinets

10
dcsigncd for locations with scvcrc space limitations, using
an air conditioner is a significant size penalty Air condi-
tioners are also a source of noise which may preclude their
use in noise sensifive environments.

SUMMARY OF THE INVENTION

Tclccommumcations cquipmcnt is typically dcsigncd for is
indoor tcmperaturc controlled cnvironmcnts, but is often
deployed in outdoor locauons. When lelecommunrcauons
equipmenl is deployed in ouldoor locanons, a cabrnel is
typically used to provide environmental pnitection and
control thermal conditions within the design limits of the zo

tclccommunications cquipmcnt.
There are essentially two main approaches to housin ~

telecommunications equipmenl in outdoor cabinets—sealed
cabme&s and vennlated cabine&s. Ventilated cabmets use
natural or forced convection to draw ambient air through the
caiiinet to cool the equipment inside. Natural convection is
only feasible for low density heat dissipation. At modcratc
and high power dcnsitics, forced ventilation is rcquircd.

Conventional cabinet ventilation systems use one or more
30

fans to draiv enough air into the cabinet to maintain the
temperature below maximum equipment limits and to return
thc hcatcd air to thc outside cnvironmcnt. At low
tcmpcraturcs, thc fans arc turned off by a thermostat. In
cxtrcmcly cold climates, an clcctric hcatcr is used to main-

35
t;nn the cabinet temperature within minimum equrpmenl
temperatures.

A draivback to the use of ventilated cabinets is that the
control of the fans and hcatcr is normally limited to onioff'peration.This method of operation can lead to abrupt ap
changes in temperature and create hot spots in the cabinet.
In some cases, lhe equipmenl specfiicalains limit the
alloived rate of change in cooling air temperature to between
(I I and I 0''er minute Ordinarily, this rate of change
cannot be guaranteed with conventional ventilated cal»nets

Scaled cabinets provide an altcrnalivc to vcnlilatcd cabi-
nets for housing tclccommunications cquipmcnl in outdoor
locations. Scaled cabinets provide maximum protection
from airborne contaminants, but require special attennon to
the task of removing heal dissipated by the equipment. A sn
variety of methods are used for removing the heat dissipated
by the telecommunications equipment At moderate power
densitics, circulation fans, air-Io-air heat cxchangcrs, or heat
pipes may bc used. At high power densities, or for instal-
lations where the ambient tcmpcralurc may cxcecd the ss
equipmenl limit, an air-conditioner may be required. In
extremely cold weather, eleclnc healers are often required to
maintain the minimum equipment temperature. All of these
methods for thermal conditinning have certain disadvan-
tages or limitations. 60

Heat exchangcrs and heat pipes rcquirc a rclativcly large
difference bctwcen thc ambient tcmpcraturc and the equip-
ment coolmg air temperature in order to properly transfer
heal, thereby restncung lhe use of such an approach to
cooler ambient environmen&s The use of air-conditioners to es
control temperature within sealed cabinets also presents
difiiculties 'I'he heat load from the equipment in some sealed

I'he present invention is a telecommunications equipment
cabinet particularly adapted for use in outdonr locations. The
cabinet composes an enclosure having an electronics sub-
racl for conlaimng Ihe telecommunications equipment. The
cnclosurc includes an inlet opening in a lower portion of thc
cabinet for drawin cool ambient air into the cabinet. An
exhaust outlet for exhausting heated air is disposed in an
upper portion of the cabinet In the preferred embodiment,
the cabinet includes a segregated air rouung system lo direct
air from Ihe inlet, through lhe subrack, and oul of. the
cabinet. Thc scgrcgatcd air routing system includes a duct
that extends from thc air inlet to a subrack plenum disposed
directly below the electronics subrack An exhaust plenum is
disposed immediately above the subrack and communicates
with the exhaust outlet.

One or more fans draw cool ambient air into the cabinet
The cool ambient air tloivs through the inlet to the sulirack
plenum. A healer in the inlet duct heats Ihe air at low ambient
temperatures. The air is then pulled through lhe electronics
in thc subrack whcrc thc air picks up heat dissipated by thc
cquipmcnt. From thc subrack, thc hcatcd air cntcrs thc
exhaust plenum and is expelled through the exhaust outlet
The air flow is confined by the duct work in the cabinet for
more efiective, control of coohng air flow rale and lempera-
tu ti:.

I'he cooling system includes a thermal controller for
monitoring the temperature within the cabinet and for cofi-
trolling the operation of. the fan(s) and the heater. The
thermal controller is typically a microprocessor-based con-
troller that receives as input thc sulirack inlet air
tcmpcraturc, the subrack exit air tcmpcraturc, subrack equip-
ment temperature, and outdoor ambient air temperature. At
low ambient temperatures (low temperature mode), the
conlroller of. Ihe preferred embodiment causes the fans to
operate at reduced capacity lo maintain a nearly conslant ur
flow through thc subrack. The poivcr to thc healing clcmcnt
is varied to maintain the subrack inlet tcmpcraturc constant
over a predetermined temperature range up to a first prede-
termined temperature. In moderate temperatures, the power
to Ihe heating element is turned off and the air flow is
increased non-linearly as the temperature increases so as to
maintain thc tempcraturc at thc subrack exit constant. At
high temperatures, thc fans opcratc at full capacity.

I'he cabinet of the present invention is able to cool the
clcctronics in compliance with cquipmcnt rcquircmcnts for
coolin air temperature and rate of tcmpcraturc change
without thc burdens of size, complexity, power
consumpuon, and norse of: an air-conditioned cabmet. Pro-
tection from air-borne conlaminanls is provided by fillers
disposed in the inlet duct

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a perspecfive view of. Ihe lelecommunicanons
cabinet of the present invention with the enclosure shown in
hidden lines



FIG. Z is a secuon view of the telecommunicauons
caiiinet.

I'IG 3 is a front elevation view of the telecommun &cat&ons

caiiinet.
I'IG 4 is a block d&agram nf the control system for the

tclccommunication cabinet.
FIG. 5 is a graph illustrating thc thcorctical and practical

thermal cnvclopcs for thc tclccommunications cabinet over
a range of ambient temperatures.

&c
FIG. 6 Ls a graph illustrating the operation of the thermal

control system Ior the telecommunications cabinet over a

range of ambient temperatures.
I'IG 7 is a graph illustrating the fan operation of one

embodiment.

I)L'I'Allddl) l)LS('I(IPI1ON

An elec&rome equipment cabinet 10 includes vai&ous
electronics housed within a suitable enclosure ZU bavin ~ a

top 22, a bottom 24, an&i sides 26 I or purposes of zp
illustration, the electronic equipment cabinet IU w&11 be
described as housing tclccomn&unications clcctronics 34
such as that rcquircd for a cellular tclcphonc base station.
Such clcctronic cquipmcnt caiiincts 10 typically include
both power electronics 32 and commumcations electronics
34. The power electronics 32 are typically separated from
the communications electronics 34 by a suitable power
distribution box 30 so as to reduce the hazards associated
with servicing the communications electronics 34 'I'he com-
munications clcctronics 34 typically include a variety of «,
communication circuit modules 42. Thc circuit modules 42
typically take the form of removable circuit cards disposed
in a vertical onentauon and supported by an electronics
suiirack 40 within the cabinet enclosure 20 'I'he particular
details of the configuration and operation of the power
electronics 32 and communications electronics 34 are well
known to those slollcd in thc art and arc not discussccl
further hcrcin except as to assist in undcrstandin thc prcscnt
invenhon.

V&'hen operating, the communications electronics 34 ac
within the electronic equipment cabinet 10 shoultl be cooled
to help prevent malfunctions or damage; this is particularly
true for electronic equipment cabinets 10 in locations that
are not in tcmpcraturc controlled cnvironmcnts, such as
outcloor cnvironmcnts. Thc clcctronic cquipmcnt cabinet 10 as
of thc present invention includes a coolin system 50 to cool
the commun&canons electronics 34. The, cooling system 5U

provides a flow of cooling air across the communicauons
electronics 34. In general, the airflow is in via one or more
inlet vents 52, through a inlet duct 56 to a subrack inlet so
plenum 70, through thc electronics subrack 40 to an subrack
exhaust plenum 72, and out onc or morc exhaust vents 74.
At Least onc fan 80, and prcfcrably a plurality fans 80, are
disposed downstream from the electronics subracl 40 aml
pull external air along this airflow path. ss

In one embodiment, the inlet vent 52 is disposed alon ~ the
bottom of the enclosure 20 ami is guarded by a mlet gnll 54
sized to keep out lar er nesting and stinging insects and the
like flquivalently, the inlet vent 52 may he disposed along
the sides 26 of the enclosure 20 near the bnttom 24 'I'he inlet
duct 56 connects to thc inlet vent 52 and includes a lower
portion and an upper portion. Thc lower portion prcfcrably
includes a Iilter 58 and a heanng chamber 6U. The tilter 58
helps remove airborne libera and further helps control the
ingress of insects The heaung chamber 6U mcludes one or es
more heatin elements 62 I'he heating element 62 is used to
preheat the cooling air entering from the outside ivhen it is

cold so that the;nr entenng the subrack inlet plenum 7U is
above the minimum cooling air temperature speciiied for the
cquipmcnt. Preferably, thc power density of thc heating
clcmcnt 62 is limited, such as in thc range of 6 watts pcr
square inch of heater surface area or less, to minimize
rariiant heating of the electronics subrack 40 and other
equipment wiihin the radiation Iield of the heaun ~ element
62 and to avoid reaching flammability limits of adjacent
components and,'or foreign ob)ects entramerl in the airflow
The heating element 62 is preferably an electric resistance
hcatcr and is controlled by thc thermal controller 100 as
morc fully described below. Prcfcrably, thc power for thc
heating element 6Z is regulated by a tnac 64 bavin ~ on&oif

zero crossing detection so as Lo minimize electromagnetic
interference on any associated A(: power lines. 'I'he upper
pnrtion of the inlet duct 56 connects to the subrack inlet
plenum 70 The subrack inlet plenum 70 is a generally open
area, preferably disposed below thc clcctronics subrack 40,
which is dcsigncd to distribute thc air being supplied to thc
electronics subracl 4U.

Air from the subrack inlet plenum 70 Ilov s through thc
clcctronics subrack 40 so as to cool thc communications
electronics 34 therein. Typically, but not necessanly, the
airflow is vertically through the electronics subracl 40,
between the spaced apart circuit cards liecause the cooling
system 50 of the present invention may not be equipped with
humidity control, and to protect from other contamination, it
may bc advisable to employ conformal coatings, protcctivc
(but thermally conductive) barriers, scalants, or thc like to
keep airborne con&am&nun(s and moisture from direc& contact
with the commun&canons electromcs components.

A&r from the, electronics subrack 40 exiL« from the subracl
into the subrack exhaust plenum 72. The subrack exhaust
plenum 72 is a generally open area which collec&s the airflow
frnm the electronics subrack 40 and channels it to the fans
&0. 'I'he fans &0 pull the air through the electrnniccs suhrack
40 and exhaust thc same to the outside through thc exhaust
vents 74. Vihilc only one fan 80 is rcquircd, it is prcfcrrcd
that a pluralitv of fans SU be used to reduce overall size and
provide redundancy in case of Ian failure The capaciiy and
number of fans 80 should vary depending on the desired
capacity of the coolin 'vstem 50 hach fan &0 should be
variable speed over a &vide range of speeds. hach fan &0

should be equipped v ith a backdraft damper to prcvcnt
recirculation of cooling air through any fans 80 that arc not
in usc. To provide a redundant backup, it is prcfcrrcd that
one fan SU be held in reserve In the event &hat the optional
Lan speed sensors imhcate that one of the main lans 80 is not
operating properly, such as ivhen the detected spec&I is 75rfl
or less than the desired speed, the reserve fan &0 may be
substituted for thc malfunctioning fan &0.

A thermal controller 100 controls the operation of the
heating element 62 and the fans &0 'I'he thermal controller
100 includes suitable control clcctronics, a plurality of
tcmpcraturc sensors 112,114,116,118, and optional fan spccd
sensors 120 lor each fan SU. The temperature sensors
112,114,116,118 typically include a pair of subracl inlet
temperature sensors 11Z, one pnmary and one backup, a

subrack outlet temperature sensor 114, a subracl equipment
temperature sensor 116 an&i an ambient air temperature
sensor 118. Thc subrack inlet tcmpcraturc sensors 112
should bc located in thc center of thc subrack inlet plenum
7U, downstream from the heaung element 62 if present. The
subrack outlet temperature sensor 114 should be located in
the center of the subrack exhaust plenum 72. The subracl
equipment temperature sensor 116 should be mounted to a

dummy circuit card (not shown) in the electronic subrack 40



having the same thermal mass as an operational circuit cartl.
fhe ambient air temperature sensor 118 should be located on
a suitable exterior surface of the enclnsure 20, such as tn an
external cavity near the inlet vent 52.

The thermal controller 100 controls the airflow through
the cooling system 50, anil the power of the heating element
62, to maintain the temperature of the cooling air supplied
to the electronics suhrack 40 within suitable thermal limits
fhere are preferably at least three main nperational mndes
for thc thermal controller 100—low tcmpcraturc, moderate
tcmpcraturc, and high tcmpcraturc. Thc operational mode is
chosen based on lhe subrack inlet temperature as indicated
by the subrack inlet air temperature sensor 112. For instance,
the low temperature mode may apply when lhe subrack inlet
temperature is less than IS':, the moderate temperature
mode may apply when the suhracl inlet temperature is
between 15' and 35'., and thc high tcmpcraturc mode
may apply when thc subrack inlet mmpcraturc is above33'.

In the lotv temperature mode, the fans 80 generate a
constant airtlotv, such as 33'7r of capacity, while the heating
element 62 is enabled preferably the heating element 62 is
powered just enough to maintain thc tcmpcraturc of thc air
bein supplied to thc electronics subrack 40 just above the
mimmum coohng air temperature limit. In this mode, the
subrack mlet temperature sensor 112 provides the pnmary
feedback to the thermal controller 100

In the moderate temperature mode, the beating element 62
is ofl; hut the fans 80 are enabled. preferably, the number in
and spccd of thc fans 80 arc varied so as to maintain the
tcmpcraturc of thc air exiting thc electronics subrack 40 just
below the maximum temperature limit. In order to efficiently
control the airflow, il is preferred that the thermal controller
100 be able lo intlependenily control the speed of each fan
80 In this mode, the suhrack inlet temperature sensor 112
provides the primary input tn the thermal controller 100 The
subrack outlet tempcraturc sensor 114 is used to detect
cxccssivc tempcraturcs in thc subrack exhaust plenum and to
gencratc an alarm

In the high temperature mode, the healing element 62 is
olf, anti lhe fans 80 operate at full capacity.

In addition, the thermal controller I UU should optronally
be able tn operate in a cold start mode (:old start mode is
applicable tvhen power is first supplierl to the cnmmuntca-
tions electronics 34 and thc tcmpcraturc of thc commumca-
tions clcctronics 34, as indicated by thc subrack cquipmcnt
tcmpcraturc sensor 116, is below thc allowed minimum
temperature. In this mode, the communications electronics
34 is turned off unul lhe electronics subrack 40 can be
preheated to within specihcation limits lfuring start-up, the
fans 80 operate to produce a rerluced airflow, such as 20'7o,
while thc heating clcmcnt 62 is engaged. Prcfcrably, the
heated air u ithin thc inlet duct 56 is heated by thc hcatin
clcmcnt 62 to a tcmpcraturc at or near its maximum allowcll ss
temperature, such as 45'. Heated air from lhe inlet duct 56
ts thereby pulled through the electronics subrack 4U, heatin ~

the compnnents within the electronics suhrack 40 Once the
electronics suhrack 40 reaches the allowed minimum
tcmpcraturc, thc communications electronics 34 arc turncll „n
on.

Thc functiomng of thc prcscnt invention may best be
described in the context of: coohn ~ communicanons elec-
tromcs 34 having specilied maximum and minimum incom-
ing coohng air temperatures, maximum cooling air tempera- es
ture rise across the communications electronics 34, and a
maximum cooling air exhaust temperature frnm the com-

municalions electromcs 34. Further, the communications
electronics 34 may have a limnauon on the maximum rate
of change in tcmpcraturc for thc incoming cooling air. For
purposes nf illustration, thc following values will bc uscrh

t» ommg ool ng nn tempeintuie
'Xnsx mum cool n a i temps atuie i se
ai max num mi tlom
Maximum exhaust tcmpciatuic
Maximum tate of tcmpciatuic change

+ 'C to(S'C
iu c

'

D S
' inun

I IG 5 shotvs the allotved theoretical thermal envelope for
such a system as bounded hy the maximum exhaust tem-
perature (Tex) anni the minimum incoming cooling ur
temperature (Tm). This theoretical thermal envelope ts nar-
rowed in practice to allow for system mmpcraturc and
control tnlcranccs. Thc practical thermal cnvclopc is
hnunded by the maximum practical exhaust temperature
(Ti:xp) and thc minimum practical incoming cooling air
tcmpcraturc (Tinp). Because it is assumed that the cooling
system 50 of the prcscnt invention uses ambient outdoor air
to cool lhe commumcanons electronics 34, the thermal
envelopes are additionally bounded on their lower side by
the actual ambient air temperature ( I'amfi)

The objective of. the thermal controller IUU m lo control
the temperature and flow of the air in the subracl inlet
plenum 70 and the subrack exhaust plenum 72 within the
practical thermal envelnpe, thereby maintaining the tem-
perature of thc electronics subrack 40 within spccihcation
limits. In nrder to do so, thc thermal controller 100 may
funcnon as shown in FIG. 6 At low outside temperatures,
such as below 15''o lhe thermal controller 10U operates in
low temperature mode and causes the fans 80 to operate at
a reduced flow rate of about 33%, and the heating element
62 is supplied with power according to line "I leater Vower**

Note that thc heating t,lcmcnt 62 may bc disabled above10'.
for rcasnns dcscribcll below. Above 3S'., thc thermal

conlroller IUU operates in high temperature mode, disabling
power lo the heating element 62 and running lhe lans 80 at
full capacity. Between 15'. anil 35'., lhe thermal
controller 100 operates in moderate temperature mode,
disabling the heating element 62 and varying the flow rate of
the fans 80 accorlling to line nAir Flow". As shown, thc
airflow rate may vary non-linearly with tcmpcraturc in thc
mollcratc tcmpmaturc mode

In onc cmbodimcnt utilizing thrcc main fans 80, only
sclcctcd fans 80 arc used at louver flow rates, with other fans
SU being activated for higher airflow rates. This method of
operation is shown in FIG. 7. For instance, in lhe low
temperature mode, lwo fans SU are operated at half speed
anil the third is ofl'he reason for using two fans 80 is that
control of fan speed is limited to SO'7o —10(foyt hy fan manu-
facturer design constraints. In thc modcratc tcmpcraturc
mollc, two fans 80 arc used with increasing spccds at thc
lower airflow rates, and the thirtl fan SU is activated at the
higher airflow rates. In order lo facilitate a smooth airflow
transition from lwo lo three fans SU, lhe speed of lhe first two
fans 80 is reduced when the third fan 80 is tunied nn After
the third fan 80 is activated, all three fans 80 are ramped up
in spccd if additional airflow is rcquircd. If thc ambient
tcmpcraturc is begins dropping, thc invcrsc proccdurc is
usetl to transition from three fans SU to two. Thus, in this
embodiment, ihe airflow throu h the electronics subrack 40
iloes not change dramatically when the number operating
fans 80 changes to prnvide increased or decreased airflnw
through the cooling system 50 I'he transition from two fans



to three fans occurs al a Iirsl pre-determined air flow rate
when demand for air flow is increasing 'I'he transition from
three fans to tive fans occurs at a second air flow rate when
the demand for air tloiv is decreasing 'I'he hrst air flow rate
and second air flow rate arc ditfcrcnt (scc FIG. 7) to prcvcnt
the fans from jittcring.

By varying the opera«on of the heaung element 62 aml
the fans 00 as shown in I I G 6, nperation may be maintained
within the thermal envelope In arlrlition, power consump-
tion is substantially rcduccd. While thc ambient tcmpcrature
is lower than T, „, thc heating clcmcnt 62 is cngagcd and a
small flow of air iy inriuced. However, the heating element
62 need nol be tully engaged; il is only necessary that the
subrack inlet temperature be al or Lust above the T„,, Thus,
heater power varies inversely with 'I'„„,a and stoprs com-
pletely when the 'I'„„u, is at nr above I;,. Further, in the
modcratc tcmpcraturc mode, thc subrack inlet tcmpcraturc
need only bc sufficicnt to kccp thc subrack outlet tempera-
ture at or below T„„„. In order lo mamtain the subracl exit
air temperature below its maximum, air flow will increase as
subrack inlet temperature maes.

In addition, it should be noted that the variation in fan
airfloiv may nccll to bc higher than that indicakd by air flow
in FIG. 6 when thc comparison of thc subrack exhaust
temperature sensor 114 anti the subrack mlel temperature
sensor(s) 112 imhcates that the temperature nse across the
electronics subrack 40 is more than the allowed temperature
rise. I urther, the heating element 62 power and the fan 00
airflow may have to vary from the ideal represented in I'IG

ic
6 to accommodate thc restriction on maximum rate of
chan e in suiirack inkt tcmpcraturc. For instance, thc heat-
ing element 62 may be supplied with less power than
indicated when lhe ambient temperature, is nsing raprrily in
the morning after a cold night

33
Thc prcscnt invention may, of course, bc carried out in

other spi,cific ways than those hcrcin sct forth without
departm ~ from the spiml anti essential characterisucs of the
invention. The present embodiments are, therefore, to be
consiiiered in all respects as illustrative aml nof resfmclive,
and all changes coming within the meaning anil equivalency
range of the appended claims are intended to be embraced
therein.

What is claimed is:
1. A method for controlling Ihe temperature in an outdoor

telecommunications cabinet having an eleclromc subrack
comprising:

a) maintaining a nearly constant air flow thmugh said
subrack at ambient tcmpcraturcs below a first tcmpera-
turc; n

b) healing said air flow al ambient temperatures below
said first temperature so as to maintain the temperature
at an inlet to the subrack constant over a first range of
ambient tcmpcraturcs up to said hrst tcmpcraturc;

c) maintaimng a nearly constant air flow throu h said
subrack at temperatures above sa«1 Iirsf lemperalure
and below a second temperature;

d) shutting oft'aid heating clement at ambient tcmpera-
turcs above said first tcmpcrature;

e) varying lhe air flow through said subrack al ambient
tcmpcratures above said second tcmpcraturc so as to
maintain Ihe temperature of the air flow al said outlet
relatively constant over a second range of ambient
temperatures above sa«i seconri temperature.

2 I'he methnd of claim I wherein said air floiv is varied
non-linearly above said second tcmpcraturc.

3 The method of claim I ivherein sairl air flow and
heating clement arc controllcll so as to maintain thc rate of
change of the temperature at the inlet to the subrack within
approximately 05'. pcr minute.

4 A method lor controlling lhe temperalure in an outdoor
telecommunications cabinet having an electronic sulirack
comprising.

a) maintainin a nearly constant air flow through said
subrack at ambient temperatures below a Iirst tempera-
ture;

b) heating said;nr flow al ambient temperatures below
said first tcmpcrature so as to maintain thc tcmpcraturc
at an inlet to the subrack constant over a Iirsl range of
amfiient temperatures up to said first temperature;

c) varying the air tlow through said subrack at ambient
tcmpcratures above a second tcmpcraturc so as to
maintain Ihe temperature of the air flow al said outlet
rclativcly constant over a scconrl range of ambient
temperatures above sa«i seconri temperature.

5 The method of claim 4 ivherein sairl air flow and
heating element are controlled so ay to maintain lhe rale of
change of the temperature at the inlet to the subrack within
approximately 05'. pcr minute.

6 I'he method of claim I wherein varying, the air flow
comprises thc step of controlling a variable speed fan.

7 The method of claim 1 wherein varying the air flow
comprises thc step of controlling a plurality of variable
speeii fans.

0 I'he method of claim 7 ivherein contrnlling a variable
speeii fan comprises the step of linearly increasin ~ Ihe speed
of Iwo fans unhl they reach maximum velocily.

9 I'he method of claim 0 further composing the steps of
decreasing the speed of the tive fans and starting a third fan
subsequent to the first two fans reaching maximum velocity

10. The method of claim 9 further comprising thc step of
linearly increasing thc spccll of all thrcc fans.

11. The meihod of claim 1 iurther compnsing the step of
seniung Ihe external ambient Lemperalure.

12. I'he method of claim I further cnmprising the step of
sensing the temperature of the air passing through an
exhaust port.

13. The method of claim 1 further comprising thc step of
scnsin thc tcmpcrature sensor at thc clcctronic subrack.

14. The method of claim 1 further compnsing the step of
ihrecung external air through a duct to the electronic sub-
rack.

15. I'he method of claim I further cnmprising the step of
directing air from the electronic subrack to an exhaust port




