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1

C.'I,IMATE C:ONTROI, SYSTlr M AVCR

METHOD FOR OPTIMIXIVO LINICIH:Y

CONSI/MPTIOIS OF A VEIBCLE

BACK(fROI)ND

1. Teclm&cal I'&eld

The present uivention relates to a climate control systein
and method for optimizing energy consumption in a vehicle

io
2. Background Art
Automat&c cl&mate control is increasingly prevalent &n

veluclcs today In son&c veh&cles. a driver merely chooses a

temperature setting, and a control system operates a climate
control system to achieve the desired temperature. The cli-

mate control system may control the funct&ons of a fan e.g..
nn/ofl'and fan speed and allaircondilioningsystcm Such a

climate control system may also control the position and
movement ofvarious mr d amp era. or air flow doors. to control
movement of a&r thmugh an evaporator core or a heater core, o

tlic reiirculntion ofair tfm&ugh the velucle, the intake of'resh
air, or some combination thereof.

The air cond&tioning system uses an air cond&t&oning com-
pressor and a condenser to effecniate cooluig of a passenger
cabin ol'hc &chicle A cooling f u& is disposed adjacent ihc "-'ondcnscrto fu&tlmr etlivtuato cooling. Onc limitation of
such systems &s that operation of the a&r conditioning com-

pressor &iu(For the coohng fi&n uses a relatively lar e amount
ol'elmrgy

"o
Moreover, sonw. automatic climate control systems 11&olll-

tor a temperature and hum&dity level of the velucle cab&n to
determine &f a defo ing operation of the w&ndslueld is des&r-

abli Wigan it is dctcnuinixf that an autonmtic defogging
operation is desired, the air conditioning system &s typically „

operated to provide a supply ofrelatively dry air to the wind-
slueld to qu&ckly efl'ect the defogging operat&on

In thc case of a conventional vehicle. where the engine

mechanically drives the compressor, the increased luad on the
en &ne reduces effic&ency and increases fuel consumption. Co

Opporttu&ilies lor cw&trolling climate control systems lo

unprovc I'uel econon&y are bmitcd becmise thc cwnprissor

power consumption depmids upon the speed of the engine.
Further, hot air m&xing done to aclueve a des&red target dis-

cluirge temperature often results in s&gnificant energy waste, ss

In the case of a hybrid electrtc vehicle HIEV). opemtion of
m& electric compressor md a coolmg I'an oflcn necessitates
startuig the enguie to ensure that the battery is not over-
dischamed. One of the benefits of an I IBV is the fuel mvings
achieved by drtving the velucle usia elecirtc motor power. &o

wlule maxinuz&n the tune the engine &s shut dov,n. Thus,
inetficienl operation of tlm climate control system cnn offset
some of the benefits gaiued by drtving an HEV Accordingly.
a oined exists for a system and method for vehicle climate
control thai strikes a balance bctwiun mcc&ing thc comfort ss

requ&rements o I'1 ein cia occupants and muu m&zu&g the overall
power consumed by the climate control system.

BRfliF Df',SCRIP'I ION OF THI'1 DRAIVINC(S
so

Ff(f. I is a simphfied, exemplary schematic diagram illus-
&rat&rig a systcnl for opllnllzlflg w&erngy col&a&Imp&loll hi a
velucle in accorrL&nce &vith an embod&ment of the present
appl&cat&on:

FICi. 2 is a simplifie, exmmplary schematic diavrmn illus- r
tm&ting n refrtgerat&on cycle of a vehicle a&r condition&ng
system:

FKi. 3 is a simplified, exemplary block diagram illustrating
a climate control system in accorcL&nce &vith an embodiment
of the present appl&cat&on:

FKi. 4 is a simplified. exemplary front plan view of a

control head illustrated schemaiicafly ui I'ICi. 3:
FIC&. 5 is n simphfied, exemplary tlowchari depicting a

ml.tlxidology according to an embwtimcm of tlm pre&em

&lppl&Callo&1:

FIO. 6 is a simphfied, exemplary tlo&vchari depicting a

methodolo y according u& an alternate enibodiment ol'he
present application:

FICi. 7 is a simplified, cxmnplary lookup table utilized by
the systwn in accordance &lith thc embodiment depicted in
FIC&. 6: and

FKi. 8 is anotlmr simplified. exemplary lookup table uti-
l&zed by the system ui accorihince with the embodimenl
depicted in FKI. 6

Dk. I kILI)D DL'5('RIP fK)N

In general. control of cabin temperature. as well as tem-

pemture and defogging ofa windshield, within an automobile
&s accompli shed us&ng venous actuators to adjust the tempems-
nire and flow ofair supplied to the cabin of the vehicle. FICi.

I schematically shows mi cxmnplary system 10 for environ-
mental mmiagement of a veh&cle &n accordance vnth an
embodunent of the present application. The velficle may
11&chicle &I he&ltlllg. velllllatlllg &&lid »ll cond&t&onin (IIVAC)
system. generally indicated at 20. 11&e HVAC system 20 can
include lhc amu&gcmcnt of airflwv doors. including panel-
defrosm 11oor-panel, and outs&de recirculnted a&r nciuators or
doors 22, 24, and 28, respectively.

The doors may bc part of m& mr dislributiwi system fi&r

directing the tiow of cond&t&oned air to various locat&ons
witlun a passenger cabin 29 of tlm vehicle, such as to thc
svindshicld. floor, or instrument panel ms is commonly knolvn.
The doors 22. 24 and 28 may be drtven by vacuum motors (not
shown) betwixn tlmir various vacuum, partial vacuum and no
vaculuu positions in a conventional fmsluon as indicated ui
FICi. 1, or may be driven by an electric servo motor. A tem-

pcraturc control blend door 26 may a Iso provided. and may bc
driven by an electrtc servo motor (not shown). The tempera-
mre contml blend door Z6 provides for hot air mixing done to
obtain a desired &a&get discharge air iempcralurc, which
retlects the temperature of a&r as it ex&ts the IIVAC system 20
into the passenger cabin 29

The I IVAC system 20 may also uiclude a variable speed fi n
system (also referred to herein as an HVAC blower) 30
including a blower wfiiml 32 fllr generating airflow. The
HVAC system 20 may further include a heatin system,
shown in FIO. I as a heater core 34, and an air conditioning
system 35, includ&ng mi evaporator core 36 and a compressor
37. The compressor 37 may be an electrtc compressor rather
than one thnl is mcchm&icnlly driven by an w&gine This cm&

pmvide greater control of the opemt&on of the I IVAC sysiem
20, in that electric

corn

pres aors can be confik&ared for vari able
spccd operation, unlike their nmclumiwil countcrparts whose.

speed &s iuextrtcably hnked w&th ihe speed of the engine. The
air conditioning system 35 may include other various com-

ponents knov n to w&e of'ordinary skdl in the art. some of
which are described below in greater deta&l w&th respect to
FKi. 2.

The heater core 34 and the evapomstor core 36 respectively
heat and cool the airtiow genemted by the fan system 30. The
gcncratcd nirflo&v may bc distributed through an airtlow dis-
trtbut&on system and associated ductuig 38. The IIVAC sys-
tem Z0 may control the temperature. the direction of the
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airflow& mid the ratio of french air to recirculated air TheHVAC'ystem

20 may further include a lov;-pressure cycle sv;itch 39
that communicates with the compressor 37. The low-pressure
siv itch 39 may bc operable to deactivate the compressor 37
under certain conditions. In addition, the compressor 37 cnn 1

be deactivated when the evapomtor core temperature drops
below a predeternuned value: this helps to prevent freezuig of
the evaporator core 36.

FICi 2 depicts a suuplili&sk cxempl uy schematic r&presvn-

tation of a refn emition cycle 40 of the air conditionuig sys- ui

tern 35. As seen therein, working flui, such as a refrigerant,
cycles fluough a fluid conduit 42 ui the direction generally
shown by arrows 44. The air conditiomng system 35 may
include a condenser 46 in fluid communication with thc com-
pressor 37 The compressor 37 may be driivn by an electric
nlo tot (no I sllov&11). Tile \vorkhlg tluui luilv cuter tile c &illlprc-

ssor 3

as n low-pressure ass. Thc compressor 37 compresses
Illa &volklllg fluid hli'ulllg lt alto it ill Il.plessilrc gas Thc
compressed gas heats as it is pressurized. The working tluid
may then enter the comlmiser 46 to dissipate heat. Thc con- o

denser 46 may include a plurahty of fuss (not shown) or the
like for transferring heat to ambient air. An engine cooling fan
48 may also be provided to etTectuate the exchange ol heat. As
heat dissipates, the ivorking fluid condenses into a hquid.

Tlm liquid working tluid may tlmn enter an expansion "

device 50. as is known ui the att, which is ui tluid commuiu-
cation with the condenser 46. As the v;orking flmd moves
through the cxpansnm device 50. the pressure drops causing
the working ihiid to evaporate into n cooler. )ow-pressure as.
The cvnporator core 36 niay bc provided in fluid conununi- io

cation with the expansion device 50 and the compressor 37.
Upon reaching the evaporator 36, the working fluid absorbs
hmit thereby cooling thc mnbicnt air proximaie to tlm evapo-
rator. The I IVAC blov er 30 may be provided to hinher elfec-
tunte thc cooling mid force the cooled air into, for example, "»

flic passenger cabin 29 of the vehicle flirough the ducting 38
The worlong fluid, now a cold, lov,-pressure gas. may then
rc-enter the cmnpressor 37 and the cycle repents.

As dcscribcd in niorc dentil bel&iw, operatimt of thc IIVAC
system 20 may be controlled by a climate control system 52, ao

FICi. 3 shows an exemplary block diagmm of the climate
control system 52, includuig an electronic controller 54. The
controller 54 can generate signals to control the HVAC'ys-
tem 20 according to a variety of input~. The controller 54 may
receive uiputs from a number ofchmate control devices either a.

directly or indirectly from, for example, another control mod-
ule electrically coupled to the controller, such as a velucle
system control/powertrain control module (Vg(71'CJM) 56.
As an ex unple, the controller 54 may receiiv. inpugs I'rom n

passenger cabui temperature sensor 58. an ambient tempem- o

ture sensor 60, an engine coolant temperature sensor 62. an
evapomtor temperature sensor 64, a lnunidlty sensor 66. a
velucle speed sensor 68. a solar load sensor 70. and a dis-
charge air tmnpcmturc sensor 72 The sensors 58-72 may
respectively provide signals that are representntlve of interior 1

cabin temperature, ambient (outside) air tmnperature, engine
coolmit tcmperaturc (FCT), evaporator temperature. relative
hunudity of the passenger mtbui. vehicle specxi. solar energy

including direction and angle of sunlight entering the vehicle,
and disclvirgc air temperature (i i.. the Iimpcraturc of thc air 01

being discharged from the HVAC system 20 into the vehicle
cabin).

In addition to receiving inputs from the sensors 58-72, tile
controller 54 mny also receive inputs from a vehicle occupant
vin an input device 74 The input device 74 may bc a control i
head as commonly used in velucle instrument panels and
illustrated in F)IJ. 4. As explained more fully below, the input

device 74 may allow a vehicle occupant to set a desired
passenger cabin temperature. Ond the I IVAC system 20 may
operate automatically to achieve and maintain the occupant
set temperature I'urtlmr, the input device 74 may allow a

velucle occupant to manually control the I)VAC functions,
and in some cases. override an automatic operation of the
I IVAC system 20. The controller 54 may contml operatn111 of
the compressor 37 and tile engine coo)in fnn 48, as v,ell as
the doors 22-28 to regulate the lempcrature and flow of air,
and ultimately to maintaui the comfort of driver mid passen-
gers in the velucle. In addition, the controller 54 may be
pmgmsmmcxl with on algoritlun to elTect automatic de logging
of the vehicle windslueld.

FKJ. 4 illustrates in granter detail an exemplary control
head 74, schematimdly ahois n in FIC). 3 The control head 74
can act as an input device for vehicle occupants, allowing
nianual selection of various climate control fiuictions. A

mode ac)actor switch 76 allows an occupant to choose ~here
airflow will be directed. 1he mode selector switch 76 may
include an automatic (AIJTO) setting 78, which allows thc
climate control system to regulate passenger cabin tempera-
mre as 11 ell as control various climate contml functions auto-
matically based upon environmental conditions and/or
velflcle operating clmractenstics. One or more temperature
sc)cctor switches 80 can provide air temperature control of
the passenger cabin in both the manual and automatic modes.
The tempemture selector switches 80 may include a dover
temperature selector switch alxl a passen er lemperature
selector switch for dual-zone temperature control. In the auto-
lnallc luotlc, lht.'Iclrlpclilhlrc selector switclms 80 may bc
used by nn occup uit to select a desired cabin temperature,
which can be displayed by a display panel 82. Tile climate
couinll sv'stt.'lu 52 may then operate to achieve mid maintain
the occupant set Iempemsture automatically. The display panel
82 may furtlmr display current cabin tempemturc, currmit
outside ambient tcmpcrahirc, or the like

The climate control head 74 may include a fan selector
switch 84 for providing mi off mamial and automatic speed
control of the HVAR blov er 30 A recirculation switch 86
alloivs for full recirculation ofcabin air, all fresh air, or some
combinarion thereof Furl)mr, nn A/C switch 88 allows mi

occupant to manually select air conditioning. lite control
head 74 is just one example of a contml head that can be used
in accordance with embodiments of thc present application.
Other control heads, including other analog or digital contml
heads may also be uscxI.

Turmng nov'o FICJ. 5. a simphfied, exemplary flow dia-

gmm depicting a method 100 for ophmizing energy con-
sumption ol'he climate control system 52 when the air cmi-

ditioning system 35 is being operated is illustmsted. The
metlxidology of FIIJ. 5 may provide for collstant monitoring
of the cher I consiunptlon of thc engine cooling lan 48 nnd
the electnc compressor 37. as well as the disclmrge air tem-
pcraturc into tlm passenger cabin 29 To this end. the pre~ant
application contemplates that at least two power cur& as nuiy
be generated and mapped to one or more lookup tables,
nmncly mi engine cooling fan power curve as a functionol'oohng

fau speed (not shown) and an electnc compressor
power curve as a huiction of compressor speed (not shown).
Once a target discharge air tcmpcrature is achicvcd. a totnl
eneiccy consumption value of the climate control system 52

may be calculatcsf IJsing tlm lookup tnbles, the strategy
employed by the methodology of I'ICi. 5 can deternune
whether lowenng compressor speed and ulcrcilsll'lg cllglllc
cooling fnn spccd &vill result in n )ower total energy consump-
tion by the chmate control system without slgniTicantly
affecting the target discharge air temperature.
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5
As shov, n in FICi. 5, shwcral vehicle operating cluimcteris-

tics corresponding to the climate control system 52 may be
measured at step 102. Iior example. o first compressor power
value ((.P,), a lima engine cmiling I'an power value (FP,). a

lirst discharge air tcinpcraturc value (DAT,), arid chin'i."lit

value le speed ( 1'S) may be mess urctt (- I
1

illay correspond to
a current amount of power beuig consumed by the electric
compressor 37, while I'P, inay correspond to the mnount of
power beinv cmisumcd by the engine cooling fan 48 at thc

1(1
some time. Similarly. DAT, corresponds to the current tem-

perature of the air being discharged into the passenger cabin
29 from on oirllow dhior bv the HVAC blower 30

Once the vehicle operating cliaracteristics are meosurhsf.

the system moy determine v;bather the vehicle is in motion ot

step 104. I'or exmnpfe. the system may conclude that the
vehicle is moving ifVS is greater than 0 mph II'the vehicle is

wit moving, there may be an opportunity to increase cooling
fan speed in an effort to reduce total power consumption.
Accordingly, the system may next determine if the enguie o

coolutg lan 48 is operating at its maxunum rathxf power (FP-

,„„,), as provided at step IU6. If FP, is not at its maximum,
then more cooling power can be added by increasin the
engine cooling fon speed. As previously discussed. the cool-
ing fan power curve as a function ofmioling fan speed and the "

compressor povver curve as a fiuiction of compressor speed
moy be mapped to one or more lookup tables. Tlms, for the
sake of simplicity, it can be assumed that a reference nude to
an increase or decrease in coolin fan power refers to an
incri:esse or decrease. in cooling fan spccd. and vice verwi, so

respectively. I,ikewise, a reference made to an increase or
decrease in compressor power may also refer to an increase or
dccrcmse m compressor sphvd, imd vice vcrwi, rcspectivelv

Therefore, il FP, is less than O'P„„,. the engine cooluig fan
power may bc incrcoshxf by a predetemiincd mnount (A,), as "»

shown at step 108 In tlus rcgmd. cooling lian speed is
uicreased by an unount that correspoiuis to an increase in
cooling fmi power of Ai Ai may bc dctcmiined in onc of
sei eral ways without deporting from the scope ol'the present
application. As one example. A, may be determined accord- sn

ing to one or morc lookup tables, ond may bc affected by imc
or more environmental conditions. such as the ambient out-
side temperature. 1his is becmise the cmiling impact of the
engine coolinv fan 48 may bc more sensitive at big)tcr tem-
peratures. Additional lookup tables for determining Ai iuos s.

be necessary for different vehicle spehxfs becmise the amount
of ur tlouuig through the condenser vance. As another
example, A, may be a constant value selected in accordance
with design criteria and/or other vehicle and systeni
restraints. construnts and spemficauons. lite exemplary o

methodology of FICf. 5 may be performed several times each
second and. thus, optunal cooing firn power moy be detcr-
illiilcfl thfoUgll Bll 1tci'Btrvc pl'ocess.

As a lcsUlt hlf tlm increase in cooling fan power. a second
coollllg fiu1 Phihvcf voile ts obtoluhxf (FPS), where I'Ps Lxfuols 1

FP, plus 6 ~. Next, at step 11U, a second compressor poster
value (CPC) is measured corresponding to thc amount ol'oiver

being consumed by the electnc compressor 37 once
Fpi is obtained. It moy next bc detemiinedtv bather increasing
thc cngmc cooluig Imi pOwCr by A, resulted in a reduction in 01

the amount of compressor pov,er being consiuned. Often.
adding cooling power by increasing the engine cooling fon
speed can allohv the electric compressor speed to be reduced
without substantially affecting the discliarge air temperature.
At step 112. it may bc detcnnined uhetlmr the compressor r
poiver wos reduced by an amoiuit @eater than 0 „. In other
words, as provided in Fltb 5, is Cpi (IP &Ai'!

Should it be determined that compressor power chilisUlflp-

tion v,as reduced by an amount greater titan the additional
posver. Ao being consumed by the engine cooling fan os a

result of increasing thc cooling fan sphvd, then it may be
concluded tltot the increase 111 cool111g fon power resulted ui o

net overall reduction in power consumption by the climate
control system As previously discussed, the less pouer con-
sumed by the chmate control system. tire fess the draui is on
a vehicle's Ivottcry Preserving batteD'harge fon minunize
the mnount of time the engine is on. thereby iniproving fiiel

economy. Accordingly, if it is determined that the electnc
cmnprcssor power consumption was rcduchsl by more thmi
0 o then the engine cooling fan power may be maintained at
FPC, as provided by swp 114. On tlm other lumd, if increasing
the coolutg Gm power by A, did mit result in a reduction of
compressor power more than A o then the cooling fon speed
niay be sct to its initial spccd measured at step 102, where
coolui fon power is equal to FP,, as providhsf ot step 116.
This is because increasing the cooling fan speed did not result
in a iwt overall pohvcr savings fiir the climate control system.

Returning to step 104, if it is detennuied that the velucle is

moving, the method may proceed to step 118. Likewise. the
method may proceed to step 118 should 11 be deternuned at
step IU6 that the engine cooling fan 48 is operating at its
maximum mtcd power. FP„„„. In otlmr worhht thc methodol-

ogy may proceed to step 118 if either the vehicle is movin or
the engine cooling fan speed cannot be increased miy further.
At step 118. the power being supphcd to the en ine cooluig
fan 48 may be reduced by a predetemuned amount (Ac),
priwiding thL BLvhind cooling fmi power vahm, FPC Again, A,
mav be determined ui much the smne uay ms Ac Once the
cooling fon power has been reduced. the power beuig con-
sumed by the clcctric coutprcssor 37 is mcmsured again hi

pmvide the second compressor power value. or CP„at step
120. Likhsvisc at step 120, thc discharge air temperature is
remcasurcd to provide a second disclrorge air temperature
value (DAT,) Thus, input corresponduig to the unpact that
reducing tlm engine cooling fan spccd hos on comprhssor
speed mid discharge air temperotwe can bc obtained

The method may then procehvf to step 122 where it may be
dcmnnincd ulictlmr the dischorgeair tcmperamre increased
by more than a predetermined amount (X). If it is deternuned
that the discharge oir temperature did increase by an amount
greater than X. then thc engine wailing lan power niay be sct
or returned to the first cooling fan power value, lip o os pro-
v idsed at step 116. Although optimizing total power consump-
tion by the clunate control system in the air conditiomng
mode is pon of the stmtegy illustrated in Fl(I. 5. the unpoct on
passenger coml'ort is to be minimized Il'lm discharge air
temperature increases too unfelt passenger comfort may be
compromised. Accordingly, the predetermuied amount X
mav be ony nominal nmount, such as 2'.. 4', or the like.
Alternatively or additionally. X may vary based upon the
oil1hilllotlc tl:1'IipctuhlfL scttllig 1llpU1 by Bli h)ccUpoflt. Ill aitv

event sltoufd reducing the coohng lan power result in a sul-
ficimit increase in the discharge air tempemture, the cooling
fan power nioy bc returned to its original value, FP,

On the other h md. should it be determined that the dis-
charge oir temperature did not increase by an amount greater
than X it may then be deti:rmincd at sth71 124 whether the
electnc compressor power consumption increased by more
than A, as a result of the reduction in cooling fan power. In

other words. it may be deternnned u bather CPS-CP, &/to. If it

is determined that the amount of pov. er beillg chillsllflled by
the electric compressor 37, as a result of reducing thc cooling
fon power. increased by an amount ymter thon A„ then the
method may proceed to step 116 where the cooling fon power
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is sct to the first mioling fml power value. FP, TBL milson for
this is tlmt althouJvt pow er consumption by the cooling fan 48
was reduced by Ai. such a reduction may result ul an increase
in tlm powvr consiuned by the electric compressor 07 by morc
than A, in order to aclueve or othe&wise maintain the auto- 1

matic cabin tempemture setting value. 'I'in&a, the result would
be a nel gain ui overall po~er consumpuon, v,hich ls to be
avoided. It; hov, ever, &t is deternuned tliat redumng the cool-
ing Ian power by Ai docs not result in a compressor power
increase by more thmi A,. a nel overall reduction ln power ui

consunlptlon by the climate control system may be reahzed.
In this instance. &Im reduction of cooling fan power by A, may
be m untauled. as provided at step 124.

It should bc noted that the methodology depicted in FICi. 5

may be continually and repeatedly perfouned by tile climute
contml system 52 in order to systematically implement a total
power consumption strategy To this end, each loop through
Ihe method 100 may occur several limes per seco&ul, e.g.
every 100 ms, 500 ms. or the like. The frequency with which
the method 100 is performed niay difli:r I'rom what is otlmr- n

wise provided herein without dep suing from the scope of the
present application

Turmng now to I'IG. 6. a simpldied. exemplary flow dia-
gram depicting an alternate method 2UU for managing power
consiunption of the climate control system 52 is ilfustratcxf
The strategy employed &n FIG. 6 may define or othenvlse
determine variable evaporator core temperatures based upon
occupant clinuue comml settulgs and one or more environ-
mental conditions. The variable evaporator core temperatures
arc c»lculable and calibratable based upon specific design in

rcqulrcnlcnls iul401 spec&i&ca&lolls. BY varying cvapoliltor
core temperatures, electric compressor speed may be opti-
mi»cd to provide th( ncccsvan coolin capacities while
aclnevlng energ~ savings. Further, method 200 may operate
to minimize unnecessary hot air mixing that pmvidcs the "»

target discharge air tmnperaturc (so as to lessen tlmmnomltof'oolingenergy needed to overcome the uruiecessary hot air
mixing) I'hus, thc methodology employed in FICi. 6 can
liken i ac pr&widc fuel economy op & iincniti on w bile main tain u

certain level ofpassmiger cnmfort. Sn

As shov n in Fgi. 6. a passenger act cabin tmnperature (T, )

may be recco ed at step 202. The passenever set temperature,
Tw, correspnnds to an nccupant desired automatic tempem-
turL set thlg connuunlc'ULd to the controller 54 via thc coliirol
head 74. At step 204, a plumlity of velucle operatuig charac- Ss

teristics, which can include nne or more enviiorunental con-
ditions. may be measured I'or example, the plurality of
velucle operating characteristics may include the measure-
mcnt of ambietil oukvule tetnp (T„„,b). interior cabin temper»-
ture (T,.„,). solar load (SL). and the relative Inunid&ty (Ri I). u

Next, at step 206, an in itml target evaporator core temperature

(T,„wo) may be determined. T,„,„, may be dctemlined as n

functionofcooiln demimdaccordingtoalook-uptable.such
as table 90 depicted in FIG( 7, where cuoling demand can bc
i%ISLA upoll T I, T,. ( I&nd SL s

Referring bristly to FICi. 7, a cooling demand value
between 0 and 25& may be obtained. w herc 0 represents n

maximum cooling demmld value and 255 represents a muu-
mum cooling dmnmld value. For example, a cooling demand
value of 0 n)ay corrcsPond to relntivcly high T„„w, T,. ( Slid sc

SL values, wlgle a cooling demand value of 255 may corre-
spond to rclntively low 'I,„„, T,.„b and Sl. values. Various
other combinations of T.„„. T,.„and SL nmy result &n some
intermediate cooling demand value benveen 0 and 2 5 S. Once
cooling demand is obtained. T...„, may be dctcnnincd. as (
shown &n 11G.7. The table 90 off'ICi. 7 may be populated with
calibrated values as a result of extensive testing.

It should be noted tluit T„,, may provide a target evapo-
ntor core temperature base point representative of the target
temperature in a dry air setting. The method may then proceed
to step 208 wherein a dcw point tcmpcmture (T„„,) may be
deternuned according to the following exemplary equation:

bat 7„„2 RIII

2 — &IT„„,&„RA)

lvh&&2.

I„
2&1;,„2.. RR& = 'In(RII!

b+T,,

2 = 1727

b = 117 7':

(ES 11

I'„„nny account for how nmch inunidity is prcscnt in the
passenger cabin 29. It may then be deternuned w.hether the
initial target evapontor core temperature, 1... „ is greater
than the dew point temperature. T»„,, at step 210 Il'T,„„„, is
greater than T„,, then the target evaporator core tempemture

(T„, ) niay be set opud lo the dew point temperature. T»,,„„as
pmvided at step 212. Setting T„, „„equal to T„,„cmt ad) ust l or

the impact of relative humidity on passenger comfort. Alter-
natively, i I'it is dctcnnin( d thar T„„,, is not grcnter Ihan T»,„,
then the target evaporator core temperature, T„„e, may be set
to the initial target evapomtor core tenipemtur(e, T„,, as
pmvided at step 214

Once the target evapontor core teniperature, T,„„„, is set to
either the dew pnint temperature. T„„„or the initial target
emporalor core temperature. T,.„,, the nleihodology nuiy
proceed to step 216. At step 216. a fogging probability may be
dctcrmined. Tlm fogging probability may bc dctcnnined by
one or more knov;n methods lmderstood by those skilled in
the art For example, fogging pmbnbifity may be determined
according to nmtluids disclosed in II.S Pat. No. 5.5 f6,041,
entitled Method And I'ontrol System For ('ontrolling An
Automotive HVAC'ystem T(1 prevent Fogging. which is
hereby uicorporated by reference ul its entirety.

Detenuining the fogging probability at step 216 may pro-
duce a lhgg&ng probability value (Y). At step 218. It may be
deternuned whether there exists a risk that a velucle Yi ind-
sldeld will fog based upon the fogging probability value. Y.

Slxiuld lt be determined that a risk ol fogging does not exist,
the method may proceed to step 220 wherein the target

evapor-

atorr ccrc lamp, T,,„„. is maintained If, hoi& ever, il is deler-
mnled that a risk ofw&ndslueld fogging does exist based upon
the fogging piobability value, Y, then a second target evapo-
mtnr core tempen&timc (T,„„„s) may bc dctcmtincxf at step
222. To tlus end. the current target evaporator core tempemso

lure, T,„„, may bc r&duccd by n predetermined mnount

(AT„,, ), whercul AT„,, can bc determined bin&cd upon a

lookup table. such as table 92 depicted in i1(1 8. In this
regnrd, the fogging pmbability value. Y, nny corrcspond v, idi

AT&„„e to determine the second target evaporator core tem-
peratiire. T„„s. Next. the target evaporator core tempemture,
T„,, may bc~set equal to T„,„s at step 224, mid the climate
control system 52 &s operated accordulgly.

Again, the methodology 2UU of Flti. 6 may provide a

control stmtegy that defines variable evapoui tor temperatures
based on occupant settings and various envirnnmental condi-
uons, such as mnb&ent outside Icinperaturc. cabin lempem-
ture, solar load. mid relative luunidity By varying the evapo-
mtor tempemiture, electnc compressor speed may be
op&Oui»ed to prov&dc Ihe nevessary cooling cnpacit&cs result-
nlg 1&1 cnclgv''ivnlgs
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Additionally or alternatively, the control stmtegy provided

by method 200 may operate to avoid and/or minimize m&y

unnecessary lait a&r mixing typ&cally present in convent&onnl

chmate control systems to provide the desired target dis-

charge air tcn&peraturc As a rcsulL tlm methodology 200 may
provide a strategy for fuel economy optimization while mim-

mizing the effect on passenger comfoit.
It should be noted that the n&ed&ods of'KIS 5 and 6 as

describcd hcrcin arc exemplary only, and that thc functions or
steps of the methods could be undertaken other than in the
order descnbed and/or sunultaneously as may be des&red,

permitted and/or possible
While the best mode for carrying out the invention has been

described in detail. those familiar witl& the art to which this
invent&on relates will recognize various ultan&a1&ve desi ns
and cmbodinwnts for practicing the imvntion as doiined by
the fillknving claims.

Whal is claimed
1. A climate control method for a vehicle comprising:
increasing cooling fan pnw cr by a prcdetennined amount

when the velncle &s not mov&ng and the cooling fan
power is not at &ts n&aximum: and

setting cooling fan speed based at least in part upon
~bather compressor power &s reduced by un amount
yester than the predetermined amount as a result of
increasing the cooling iiu& poiver

2. 'Ihe method of claun 1. further composing:
compnring thc cooling fnn power to a maxinnnn mulling

fan power value to detect when Q&e cooling Ian &s mit
operat&ng at max&mutn power.

3 Thc method ol'elm m I, I'iulhcr comprising sensing a lira&

compressor po~er value and a first coolu&g lan power value
prior to increasing the cooling fan power by thc predeter-
nlineil &in&i&UOL

4. The method of cl um 3, ~herein the step of settu&g the
cooling fan speed comprises:

sensing u seem&d compressor power vulue aller increasing
the cooling fan power by the predetermined amount: and

setting tlm cooling Im& speed based upon wlmther the sec-
ond compressor po&ver value &s less than the first com-
pressor po&ver value by an mnount greater than the pre-
deternuned amount

5. The method of claim 4, &&herein a second cooling fan
power value is obtained by increasing the first cooling fan
po~er value by the predetermined m&ount.

6. 'I he method of clam& 5. wherein setting the cooling fan
speed comprises

1

1 (1

nuiintui ning the cooling fan specil nssociated w ith the som
ond cooling fm& power value &&hen thc compressor
power is reduced by an amount grcatcr thun the prede-
temlined amoutlt

7 I'he method of claim 5, wlmrein setting the cooling fm&

spccd ciunpnscs.
setting thc cooling fan speed so that cooling fan power

equals the first coohng Ian power value w km& tlm com-
pressor power is not rcduccd by m& amount greater tlmn
the predetcnnincdi mnount.

0 Tlm method of claim I, ivhercin the predetennincd
amount is based at leasi in pau upon a lookup table

9 A climate control nwthod fi&r a vehicle con&prising:
reducing cooling I&an power by a predetermined mnount

wlmn tho vehicle is movi ng or the cooling fan power is at
its nlaxnnuln: anil

setting cooling fan speed based at least in part upon a
determination w bather discharge air temperature
increased m&d whether compressor power is incrcascd
by an mnount grmiter than the prcxietenn&ned amount m
a result of reducing the cooling fnn power

10 The method of claim 9. further comprising
sensing a first compressor power &slue, a lira& cooling fan

power 1 slue, and a lirst discharge air tcmpcrature value.
11 The method of claim 10, whcrmn the dctem&ination

whether the compressor power is mcreased by an umount
grmucr tfran the predctcrmined mnoimt comprises.

scnsu&g a second cmnpressor power value after ra/acing
the cook ng fan power by thc prcdeti:rmined imiounu nnd

comparu& the dilTerence bet&veen the second compressor

power i slue;md the lirst compressor power value to the
predetenn&ned amount.

12. 11&e method ofclaitn 11. wlmrchl ni sccruxi coolhlg filll

power value &s obtau&ed by u&creasu&g the first coolu&g fm&

pn&ver value by the predetem&u&ed amount.
13 The method ofc lain& 12, wherein setting the cooling fm&

speed comprises:

maintaining tl&e cooling fm& speed associated w ith tl&e sew
ond coolu&g fm pc~sr value when the discharge a&r

temperature is not increased and the compressor power
is incrmised by an ann&un& less than thc predetermined
aiuounL

14. Themethodofclaim12.&vhereinsettm thecooling fan
spcixl c(1&Opuses.

sett&ng the cooling fan speed so that coolin fan power
equals the first cooling fan power value wlmn thc dis-
charge air temperature &s u&creascedI or thc compressor
power is increased by an amount greater than the prcsie-
tennincd amount


