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(57) ABSTRACT

A method lor automatically controlhng the climate in a

plurality of climate control zones nf a cabin of an automobile
comprising at least a driver zone and a passenger zone
having a temperature sensor located in a dnver sirle zone anil
at least one conditioned air outlet vent in each of thc zones,
thc method comprisin, oiitainin various values indicative
of internal and external climate, determining outlet tempera-
tures and mass liow rates of at least one of a dover zone
outlet and at least one of a passen er zone outlet based at
least on the above obtained values and on other factors
relating to the design of the automobile, inclurling a zone air
crossover inllucnce factor, providing conditioncrl air to thc
cabin from at least onc of thc driver zone outlets and at least
one of the passenger zone outlets at the determined outlet
temperatures aml mass liow rates.
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DUAL ZONE AUTOMATIC CLIMATE
CONTROL ALGORITHM UTILIZING HEAT

laLUX ANALYSIS

CROSS-RL'I LRENCL'O RLI.AI'LD VATI.NT
AVVI.I(:ATI(3NS

The invention is related to the inventions disclosed in U.S.
Pat. No. 5,832,990 and U S Vat. NO 5,99S,889, the ceo»-

tents of which arc incorporated by refcrcncc herein in their
lc

entirety.

BACKGROUND OF THE INVENTION

An example of a climate control system of thc prior art is
seen in FIG. 1. Thc system comprises an electronic micro- 3

processor controller 26 which receives a temperature signal
from an intenor air temperature sensor 28. It also receives
signals from a soilar heat sensor 30 and an ambient air
temperature sensor 32 The controller 26 will develop a

voltage, as shown at 34, for controlling the speed of the zo
bloivcr 36 as air is passccl by thc blower over an evaporator
38 and a hcatcr core 40. In a conventional fashion, thc air
flow that passes over the heater core 40 can be controllecl by
a bleml cloor 42, the opening of which is controllecl by an air
mix controller 44 The processor 26 in a convenhonal
fashion will activate the blencl door as inclicated schemati-
cally at 46.

Air is distnbutccl to the upper control panel arcs as shown
at 48 or to the lower tloor area of the vehicle as shown at 50,
depending upon the posinon of door 52, which is under the
control of an air mode controller 54. 'I'he controller 26
activates the air mnde controller 54 as shoivn at 56

Thc vchiclc operator may sct the dcsircd tcmperaturc with
a convennonal control head, the output of which is clistnb-
uted to the controller as an input. 33

Intake air mass flow is also determined by the electronic
controller 26, as indicatccl by control line 60.

Thc clcctronic controller may be onc of a variety of
known digital microprocessors (e, an S-bit, single-chip so
microcomputer). It includes a read-only memory (ROM) in
which the heat flux control equanon ts stored. It has the usual
random-access memory registers (RAM) that receive infor-
mation from the sensors before it is looked upby the central
processor unit (('VU) and used by the (.'VU logic to act upon
thc stored equation in ROM to produce an output for thc
clrivcr circuits. In known fashion, the processor monitors thc
sensor information dunng successive control loops as it
performs sequennally the process steps.

The interior heat content for an automonve vehicle is
affected by a number of variables including but not hmited
to the sun load heat flux (kW/m ), the effective glass area
capable of transmitting a solar heat load, thc heat cncratcd
by passcngcrs and electronic dcviccs within thc vehicle
passenger compartment, thc amliient tcmpcraturc of thc air ss
surrounding the vehicle, the mass air flow rate (enthalpy rate
per degree), the average outlet temperature of the air con-
ditionin system, and the heat transfer coeflicient for heat
transfer benveen the passenger compartment and the aml»-
cnt air. An automotive tempcraturc control system shoulcl cu
take the thnmodynamic interaction of these variables into
account in an attempt to maintain a tar et interior tcmpcra-
ture in the most effecuve way.

U.S. Pat No. 5,832,990, which was awarcled to the
preseni inventor, is an example of an automatic climate as
control system for vehicles that responcl to the above men-
tinned variables, inclucling airflow. The '990 patent teaches

an automanc interior temperature control system for an
automotive vehicle capable of controlhng heat flux in
response to changes in (but not hmited to) ambient
temperature, outlet temperature, sun load and air flow by
taking into account the relationship between these four
variables in accordance with thermodynamic principles
whcrcin an adjustment in heat flux corrects an interior
tcmpcraturc error. U.S. Pat. Nos. 6,272,871 and (3,272,873
are examples of poor art air condinomng systems, the
content of which is incorporated herein by reference.

SUMMARY OF THE INVENTION

There is a desire to automatically control the temperature
in two zones iniude a vehicle while an adlustment in heat
flux corrects an interior temperature error Some climate
control algorithms calculate tive separate outlet tempera-
tures that are based on empirically determinecl factors or
gains applied to various sensor inputs that dcpcnd on expen-
sive tnal and error vehicle lcvcl testing. These algorithms do
not take into account heat flow considerations, or at best
minimize the heat flow consideranons due to the absence of
the direct influence of system airtlow in the calculation
method. This omission creates error and considerable com-
promise in the task of achieving an appropriate climate for
each zone, particularly when the target zone tcmpcraturcs
chffcr.

This is a problem bccausc in a typical opcratin
cnvironmcnt, for cxamplc, cithcr morc or kss cooling is
rcquircd dcpcnding upon whcthcr the vchiclc is unshaded or
shacled The previous dual zone chmate control systems
attempt to adjust the outlet temperatures to achieve a target
interinr temperature ivithout taking mto account the effect of
air flow in the control of total heat load They are clesignecl
to afluct adjustmcnt in the tcmpnaturc of thc system outlet,
but they do not provide a quantifiablc and significant change
in thc total heat flux itself as thc system attempts to achicvc
a target interior temperaiure.

Thc present inventor has discoverccl a dual zone auto-
mattc climate control algorithm unlizing a heat flux analysis
that overcomes the cleficiencies in the poor art. The present
inventor has cliscovered a set of control equanons lor a dual
zone (by way of example and not by limitatinn left-right)
using energy balance considerations for the thermal influ-
cncc in thc vehicle cabin. Thc factor of airflow is included
chrcctly in the calculations of thc two outlet tempcraturcs.
This considerably simplifies the clcvclopmcnt process and
often inherently corrects errors that are generated by
neglecting the direct mfluence of airflow. A logic system
utilizing the equations addresses thermal balance of two
zones that may have a single interior temperature sensor (for
low cost reasons) to ones with multiple interior sensors.
Further, thc present invention can proviclc for a single
airflow source for the system, liut is not limitccl to such a
clesign In such a scenano, a pnmary zone and a secondary
zone is defined for the purpose of control pnority. The
pnmary zone can be used to overn the transient (overall
cabin temperature correction) and set up the total system
airflow Thc secondary zone can bc provided with a stalii-
lization cnhanccnient lo ic that may provide increases to thc
system airflow, only when thc full colcl or full hot outlet
temperatures are not sulhcient for that zone s temperature
achievement. In adchnon, the secondary zone can be pro-
vided with transient enhancement logic, which creates a

temporary outlet temperature overshoot that clepends on the
rate of this zone's tcmpcrature tar ct adlustmcnt

In one embndiment of the present invention, there is a
method fnr automatically controlhng the climate in a plu-



U8 6,782,945 B1

ral&ly of. climate control zones oi. a cabin of an automobile
comprising at least a hrst zone and a second zone having a
temperature sensor located in the first zone and a cond&-

tioned air outlet vent in each nf the zones, the method
comprising, obtaining a tar ct temperature value for thc hrst
zone and the second zone; obtainin a first zone tcmpcraturc
value estimate from the sensor &n the Iirst zone; obtaimng an
ambient a&r temperature value, obta&mng a sun load heat fiux
value for at least one of the first zone and the second zone,
obtaining a hrst Tone ga&n factnr value based at least on the
first zone temperature value estimate; automatically deter-
mining the outlet tcmperaturcs and thc mass fiov rates of the
first zone outlet anti the scconrl zone outlet based at least on
the above obta&ned values and on a conduckonlconvect&on
heat transfer coeificient between the cab&n and the ambient
air, an effective glass area fnr snlar load transmission, a zone
air crossover in tluence factor, and predetermined constraints
on the relationship of the outlet temperatures and air tlow,
wherein the zone air crossover influenc factor is a factor
based on blending of thc air in thc cabin; anti provirling
comhtioned air to the cab&n from the Iirst zone outlet anil the
seconil zone outlet at outlet temperatures and mass flow
rates correlating to the rleterminerl outlet temperatures and
mass flo)v rates

In another embodiment of the present invention there is a
method wherein thc zone air crossover infiucncc factor is
variable and dcpcnrls on an air distribution mode.

In another cmborhmcnt of the prcscnt invention thc
method lurther includes calculat&ng an error term and sub-
traclmg it from Lhe second zone outlet temperature ki
estabhsh a new second zone outlet temperature, the error
tenn comprising a value baserl on the first Tone target
temperature value, the first zone temperature value est&mate,
thc mass air fiow rate of thc second zone outlet, and a scconrl
zone gain factor value based at least on thc first zone
temperature value esnmate, wherein the condiuoned a&r

prov&&led to the second zone is at the new second zone outlet
temperature

In another embodiment of the present invention, there is
a method )vherein the first zone gain factnr value and the
second zone gain factor value are approximately equal when
the first zone tcmpcraturc cstimatc is bctwcen about 20'.
and about 2g'.

In another embodiment of the present invenkon, there is
a method where&n the Iirst zone gmn factor value aml the
second zone ga&n factor value vary inversely &n relation ki
changing tirst zone temperature estimates between at least
the range from about 10''o about 20' and between at
least the range from about 2S'z to about 35'h

In another cmborlimcnt of thc present invention, thcrc is
a method whcrcin thc first zone gain factor value decreases
w&th &ncreas&ng lirst zone temperature esnmates below about
20'. anil increases w&th increas&ng (irst zone temperature
estimates abnve about 2)t'2

In another embodiment of the present invention, the
method further includes calculating an overset value to be
added to thc seconrl zone outlet tcmperaturc value, the
ovcrsct value comprising a value based on thc second zone
tar ct ten&peraturc value, thc conduction/convection heat
transfer coeflicient between the cab&n and the amb&ent a&r,

and the mass a&r flow rate, as ad)usted by a value that sets
the strength of the overshoot

In another embod&ment of the present invent&on, there is
a method wherein the mass flow rate of the condiuoned a&r

provided to the first Tone is about the same as the mass flow
rate of the cnnditioned a&r provided to the sew&nd zone.

lvl'=I I&+(IIG)li R)— &G I(D')I ()+R'ox)—
I I I &

— v,,pli pzlrw )I
(I —Tli

whcrc:

pp

'I'nO=I'irst zone outlet temperature,
'I'np=gecnnd Tone outlet temperature,
'I'(iT(li)=l'irst znne target temperature,
'I'(iT(P)=Second zone tar et temperature,
Ge=(iain factor,
RMd=l'irst Tone temperature estimate from sensor,

quo)=First zone sun load heat flux,

qun)=Second zone sun load heat flux,
GL=Effcctivc glass arcs for solar loarl transmission,
T„=Ambient tcmpcraturc,
GA=Mass air fioiv rate,
K=Conduct&on or convection heat transier coelfic&ent

between the cab&n and the ambient a&r,

R=Zone crossover &nfluence (actor,
ToPa=The second zone's true outlet temperature,

(L&vaporator Temperature rflbpafi ileater Air Outlet
'I'emperature,

In another embod&ment of the present &nvenuon, the
method that further includes calculating a minimum mass air
flow rate based on the conduct&on/convection heat transfer
coefficient bet)veen the cabin and the ambient a&r, the second
zone target temperature value, thc ambient air tcmpcraturc
value, thc sun load heat flux value for thc second zone, thc
el(ective glass area Rir solar load Iransm&ss&on, and a capac-
ity temperature value selected from a group cons&st&ng of a

constant cooling device temperature and a constant heating
in device temperature, and wherein the mass a&r flow rate of the

conditioned air delivered to the cab&n is baserl on the
calculated minimum mass air flow rate.

In another embodiment of the present invenuon, there &s

a method wherein the mass a&r fiow rate of the a&r delivered
to the cabin is limited to a predetermined max&mum mass air
flow rate above a variable mass flow rate based nn prede-
tcrmincrl constraints.

In another embod&ment of the present &nvenuon, the
variable mass fiow rate is based on predetermined con-
stramts is substantially cnrrelated to various blower
voltages, the maximum mass air tlow rate is substantially
correlated to the bin)ver volt&i e, and wherein the maximum
mass air flow rate is limiterl to an cquiva(cnt blower voltage
that is no greater than about 2 volts above thc equivalent
voltage of. the mass air fiow rate based on predetermmed
constraints.

In another embodiment of the present inventinn, there is
a method wherein thc conditioncrl air providcrl to the cabin
from thc first zone outlet and thc scconrl zone outlet at outlet
temperatures and mass flow rates is equal to the determmed
outlet temperatures and mass flow rates, respecuvely.

In another embodiment of the present inventinn, there is
a method for automatically controllin thc climate in a

ss plurality of climate control zones of a cabin of an automobile
comprising at least a first zone and a second zone having a
temperature sensor located in a IirsL zone and an comhuoned
air outlet vent &n each of Ihe zones, the method compnsing
at least utilizing an algorithm relating to at least the equa-

ap nona

ToD=(TGT&D)+(Go.(l'GT(D)—Rka)+R (TGT(D) — T„)— Va &

GZ')I

GX-R Topol,(&-R)

and
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lhe method compnsing, automaucaliy delerminin ~ ToD,
'I'op, and GA by solving the above equations with predeter-
mined constraints on the relationship of 'IQD, Ibp, and GA,
and providin conditioned air to the cabin frnm the tirst zone
outlet and the second zone outlet at outlet mmpcraturcs anti
mass flow rates correlating to thc dctcrminctl outlet tem-
peratures and mass flow rates.

In another embodiment of the present invention, there is
a method tvherein

Ge (TGT(D)-Raid)lon

is subtracted from the calculated value nf 'IbP, tvherein(ie's

a gain factor less than or equal to Ge
In another cmbodimcnt of thc present invention, there is

a method wherein Gc anti Gc'rc approximately equal when
lhe lirst zone temperature estimate is between about 20'.
and about 2g'.

In another embodiment of the present invennon, there is
a method tvherein Ge and ()e'ary inversely in relation to
changing tirst zone temperature estimates between at least
thc range from about 10' to about 20'. and bctwccn at
least the range from about 2g'h lo about 35'h

In another embodiment of the present invention, there is
a method wherein Ge decreases with increasing first zone
temperature eshmates below about 20'. aml increases with
increasing first zone temperature estimates above about 2S'

In another cmbodimcnt of thc present invention, there is
a nicthotl whcrcin

Overset [)+K,'Gn]

is added to the value of ToP, where

0 s )=K(IGI)()')— is n.

where X is a cahbrauon value, anti where

PS I=t S I+V l IGI(P)— I \ IJ,

where Y is a mulhpher that is arbitranly set to allow the FSel
equation to be utilized in an algorithm that obtains the unity
value of I'Set by a loop routine

In another embodiment of the present invention, the
method further includes calculating a minimum mass air
flow rate from thc equation:

G 1=K',TGT(P)— Te— V,(P) Gl)K))lcepee tp Temperate e — TGT(P'))

where Capacity Temperature ts a value selected from a

group consisting of a constant cooling device temperature
and a constant heahng device temperature, anil wherein the
mass air flow rate of the conditioned air delivered to the
ca(tin is based on the calculated minimum mass air flow rate.

In another cmbodimcnt of thc present invention, there is
a method whcrcin thc mass air flow rate of thc air dclivercd
lo the cabin is limited to a predetermined maximum mass air
flow rale above a variable mass flow rate based on prede-
termined constraints

In another embodiment of the present invention, there is
a method wherein the vanable mass flow rate based on
prctlctcrminctl constraints is substantially correlated to vari-
ous blower voltages, the maximum mass air flov rate is
substantially o)rrelated to the blower voltage, and wherein
the maximum mass air flow rate is limited to an equivalent
blower voltage that is no greater than about 2 volas above the
equivalent voltage of the mass air tlow rate based on
predetemtined constraints.

In another embodiment of lhe present invenhon, there ts
a method wherein the constraints mclude human cnnstraint
factors that mndify thermodynamic constraint factors in the
relationship ot'ir flow and the outlet temperatures, and
whcrmn the niethod further includes rcpcatedly addrcssin
thc constraints in response to incrcmcntal changes in vari-
ables in the equations lo el(eel a change that will result in a

motlilicalion of the outlet temperatures.
In another embodiment of the present inventinn, there is

ic a method wherein the conditioned air provided to the cabin
from the first zone outlet and the second zone outlet at outlet
tcmpcraturcs and niass flow rates is equal to thc dctcrmincd
outlet temperatures and mass flow rates, rcspcctivciy.

In another embodiment of lhe present invenhon, there ts
an automatic climate control apparatus for automatically
controlling the climate in a plurality of climate control zones
of a cabin of an automobile composing at least a first zone
and a second znne, comprising, an air blower adapted to
blow conditioned air into thc cabin; an air outlet vent in thc

zo first zone in fluid comniunication with thc air blower; an air
outlet vent in the secoml zone in fluid communication with
the atr blower, an air tx)cling device anil an air heating
device in tluid communication with the air blower, the first
zone vent, and the second zone vent; a temperature sensor
located in the first zone adapted to provide a temperature
value estimate of the first zone; an clcctronic processor
tlcvicc comprising a processor and a memory, whcrcin lhc
memory is;stapled to store a plurality of equations, the
plurality of equations inchiding equanons for the air outlet

to temperatures and mass flow rates of the first zone outlet and
the second zone outlet, the equations heing based on vari-
ables including, a target temperature value for the first zone
and thc second zone; a first zone tcmpcrature value cstimam;
an ambient air teniperaturc value; a sun load heat flux value

ss lor al least one of. )he lirst zone aml the second zone; a lirst
zone gain factor value based at least on lhe lira( zone
temperature vahie esnmale; a conduction)convecuon heal
transfer cneflicient between the cabin and the ambient air; an
efFective glass area for solar load transmission; and a zone

to air crossover influcncc factor, whcrcin the zone air crossover
influcncc factor is a factor based on thc blending of thc air
in lhe cabin, wherein the electronic processor ts adapted to
aulomancally control anil adjust lhe mass tlow rale and the
temperature of the air being blown from the vents based on
the equations as constrained by predetermined constraints o)1

the relationship of the outlet temperatures and air flow
In another enibodinicnt of thc present invention, thc

apparatus inciudcs a dcvicc adapted to vary thc amount of air
entering the cabin that has passed through or arouml the mr

n heattng device.
In another embodiment of the present invenuon, the

apparatus it)eludes an autotnobile havmg an automatic cli-
mate control system

In another embodiment of thc prcscnt invention, lhc
s apparatus is adapted so that the contlitioned air provided to

the cabin from the lirsl zone outlet aml the second zone
outlet at outlet temperatures aml mass flow rates is equal to
the determined outlet temperatures and mass flow rates,
respectively.

Io In another embodiment of the present invention, there is
a tlcvicc for controllin at least onc component of a climate
control systeni that controls thc climate in a plurality of
chmale control zones of a cabin of an automobile compos-
ing al leasl a first zone aml a second zone, comprising, a

es tlevice atiapled to receive a signal represennng the mass flow
rate nf conditioned air heing blown into the cabin; a device
adapterl to output a signal to control the heating and cooling
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of &nr be&ng blown into the cab&n; a dev&ce adapted to output
a signal to control the mass flow rate of air being blmvn into
the cabin; a device adapted tn receive a signal representative
of a sensed temperature inside the cabin; a device stonng an
algorithn& based on at least a plurality of equations, thc
plurality of equations including equations for air outlet
temperatures and mass liow rates of. lira& zone outlet and
seconil zone outlet, the equat&ons be&ng based on var&shies
including, a target temperature value for the first zone and
the second zone; a first zone temperature value estimate; an ic
ambient air temperature value; a sun load heat flux value for
at least one of thc first zone anil thc second zone; a first zone
gain t'actor value based at least on the first zone tcmpcrature
value eshmate, a conducnon,'convection heat transfer coef-
Iicient between the cabin and ihe amb&ent air, an effect&ve
glass area for solar load transmission; and a zone a&r

crossover intluence factor, wherein the zone air crnssnver
influence factor is a factor based on the blending of the a&r

in thc cabin; and a rlcvice storing a plurality of predetcr-
mincd constraints on the relationship of Lhc first zone anil zc

seconil rx&ne outlet temperatures and a&r (low, wherein the
control device is adapted Lo au&orna»cally output a s&gnal to
control and adlust the mass flow rate and the temperature of
the air J&eing blown from the vents hase&i on the equations as
constrained by the predetermine&1 constraints on the rela-
tionship of thc outlet tcmpcratures and air flows.

In another cmbodimcnt of thc present invention, there is
a method for automancally conirolhng the chmate in a

plurahty of climate control zones oi: a cabin of an automobile
comprising at least a hrst zone and a second zone having a &c

temperature sensor located in the first zone and a tempera-
ture sensor located in the second zone and an conditinned a&r

outlet vent in each of thc zones, thc method comprisin,
obtaining a target tcmpcraturc value for Lhc first zone anil thc
seconil zone; obtaining temperature value estimates for the ss
lirst rx&ne anil Lhe seco&ul zone from the Jirsi zone tempera-
ture sensor anil Lhe second zone temperature sensor respec-
tively; obtaining an ambient air temperature value; ni&tarn&ng

a sun load heat flux value for at least one of the first zone and
the second zone; obtainin at least one of a gain factor value ac
based thc first zone tcmpcraturc value cstimatc and a gain
factor value based on the second zone temperature value
eshmate, auiomahcally determin&n ~ the outlet temperatures
and the mass liow rates oi the first zone outlet and the seco&ul
zone outlet based at least on the above obtained values and
on a conduction lconvectinn heat transfer coefFicient between
thc cabin anil thc ambient air, an cflcciive glass arcs for solar
load transmission, a zone air crossover influcncc factor, anil
predetermined constrainas on the relauonsh&p of the outlet
temperatures a&ul air liow, wherein the zone a&r crossover O

&nfluence factor is a factor based on ihe bien&ling of the a&r

in the cabin; anti, providing conditioned air to the cai&in from
the first zone outlet and the seconrl zone outlet at outlet
temperatures anil mass flow rams corrclatin to Lhc dcter-
mincrl outlet tcmpcratures arxl mass flow rates. 5

In another embodiment of ihe present invenhon, there is
a method where&n the zone air crossover inliuence factor is
var&able and depends on an a&r d&s&rd&ution motte.

In another embodiment of the present invention, there is
a method ivherein the mass flow rate nf the conditioned a&r le
providerl to thc first zone is about the same as thc mass flow
rate of the conditioncrl air providcrl Lo Lhc scconrl zone.

In another emboihment of the present invention, the
method further includes calculahng a m&nimum mass a&r

liow rate based on the conduction&convection heat transfer es
coefficient between the cabin and the ambient air, the second
zone target temperature value, the ambient air temperature

value, the sun load heat flux value for the second zone, the
efFective glass area for solar load transm&ssion, and a capac-
ity temperature value selected from a group consisting nf a
constant cooling device temperature and a constant heating
dcvicc temperature, wherein thc mass air flow ram of thc
conditioned air dclivcrcd to thc cabin is based on thc
calculated m&nimum mass air flow rais.

In another embodiment of ihe present invennon, there &s

a method wherein the mass air tlow rate of the air rielivereri
to the cabin is limited to a predetermined max&mum mass air
flow rate above a variable mass flow rate based nn prede-
tcrmincrl constraints.

In another embodiment of thc prcscnt invention, thcrc is
a method where&n Lhe varuible mass liow rate based on
predetermineri cons&ra&nis &s substant&ally correlated Lo van-
ous blower vnltages, the maximum mass air flow rate is
substantially correlated to the blower voltage, and wherein
the max&mum mass air flow rate is limited to an equivalent
blower voltage that is no rester than about 2 volts above thc
cquivalcnt voitage of the mass air flow rate based on
predeterm&ned mnstrasnts.

In another embodiment of ihe present invennon, there &s

a method wherein the conditioned air provided to the cabin
from the first zone outlet and the second zone outlet at outlet
temperatures and mass Liow rates is equal to the determine&i
outlet temperatures and mass flow rates, rcspcctivcly.

In another embodiment of thc prcscnt invention, thcrc is
a method for automat&cally controlhng Lhe climate &n a

plurality oi chmaie conirol zones of a cabin oi. an automob&le
compris&ng at least a hrst rane and a second vane and having
a temperature sensor located in the first zone and a tem-
perature sensor lncated in the second zone and an air outlet
vent in each of thc zones, thc method compnsing at least
utilizin an algorithm relating to at least the equations:

Ivl)=JIGII I))+lo,
)

(7GI(I))-RVKI)+V (7GI(l))-Ifll-I„& Ill )I
G.&I &-R &aPai (& —R)

anti

rl P=JI II&I tP)+(Grl ) (7GI(ln& —R&IP)+K

i&Io l (P)
— I,)— I I )

Gl )I

where:
'I'nD=I'irst zone outlet temperature,
ToP=Seconri zone outlet temperature,
FGT(JJ)=J'irst zone target temperature,
TGT(PJ=Second zone target tcmpcraturc,

Ge(o)—-Gain factor based on a Iirst zone temperature value
estimate,

Ge(&—-Ga&n factor based on a second zone temperature
value estimate,

RMd=i'irst zone temperature estimate from sensor,
RMp=Second zone temperature estimate from sensor,

q,lo)-first znne sun load heat tlux,
qRP)=Second zone sun load heat flux,
GL=Eflbctivc glass arcs for solar loarl transmission,
T„=Ambient tcmpcraturc,
GA o)=Mass air flovv rate of thc first zone,io)
GA P)=Mass air flow rate of thc second zone,LP)

KgConduct&on or convection heat transier coeific&ent
between ihe cab&n and the ambient a&r,

R=Zone crossover &nfluence Jactor,
ToPa=The seconrl zoneb true outlet temperature,

(L&vaporator Temperature sflbpae Jleater Air Outlet
'I'emperature,
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ToDa=The iirst zone*a true outlet temperature,
(Evaporator Temperature ~TGDa~Heater Atr Outlet

Tcmpcraturc,
thc method comprising:

automatically determining TnD anti Top, and (IA hy
solving the above equatinns with predetermined rxrn-
straints on thc relationship of ToD, ToP, GA,oi and
GArm, and

providing conditioncrl air to thc cabin from thc first zone
outlet and thc second zone outlet at outlet temperatures
and mass flow rates correlating Io thc dctcrmincd outkt
temperatures and mass flow rates.

In another embodiment of the present invention, there is
a method ivherein the conrhtionerl air provided to the calim
from the tirst zone outlet anal the second Tone outlet at outlet
temperatures and mass flow rates is equal to the determined
outlet teniperaturcs anti mass flow rates, rcspcctivcly

In another cmhodimcnt of thc present invention, there is
a method wherein GAroi is equal to or about equal Lo GArpi.

In another embodiment of the present invennon, there is
a methnd wherem Ge,oa is equal to or about equal to Ge,&.

In another embodiment of the present invention, the
method further includes calculating a minimum mass air
flow rate from thc equation:

G it, it K(T'GT(PI-Ta— q(P'i GZKIl(cataae ir Temperature-
TGT(P'/I

where Capacity Temperature is a value selected from a

group consisting of a constant cooling device temperature
and a constant heating device temperature, and wherein the
mass air tlnw rate of the conditionerl air delivered to the
cabin is based on the calculated minimum mass air flow rate.

In another cmbotlimcnt nf thc present invention, thcrc is
a methotl wherein the mass air flow rate of thc air dclivcrctl
to the cabin is limiteel to a predetermined maximum mass air
flow rate above a venable mass flow rate haseil on prede-
termineil constraints.

In another embodiment of the present invention, there is
a method wherem the variable mass floiv rate leased on
prcdctcrmincd constraints is substantially correlated to vari-
ous blown voltages, thc maximum mass air flow rate is
substanLuilly correlated Lo the blower voltage, and wherein
Lhe maximum mass air flow rate w limited to an equivalent
blower voltage that is no greater than about 2 volts above the
equivalent vnltage of the mass air flow rate based on
predetermined constraints

In another cmbotlimcnt nf thc present invention, thcrc is
an automatic climate control apparatus for automatically
controlling the climate in a plurality of climate control zones
of a cabin of an automobile comprising at least a iirst zone
and a seconil zone, compnsing. an air blower adapted to
blow conditinned air into the cabin; an air nutlet vent in the
first Tone in fluid communication with the air blower; an air
outlet vent in thc scconrl zone in fluid communication with
the air lilowcr, an air cooling device and an air hcanng
device in fluid communication with the air blower, the iirst
zone veni, and the second zone vent; a temperature sensor
located in Lhe lirst zone adapted to provide a temperature
value estimate of the first znne; an electronic processor
device comprising a processor and a memory, ivherein the
memory is adaptctl to store a plurality of equations, thc
plurality of equations includin equations for thc air outkt
temperatures and mass tlow rates of Lhe lirst zone outlet and
the secoml zone outlet, Lhe equations being baseil on van-
ables including. a target temperature value for the first zone
and the second zone; a first zone temperature value estimate,
an ambient air temperature value; a sun lnad heat flux value

Rir at least one of Ihe first zone ami the second zone; a iirst
zone gain factnr value based at least on the first zone
temperature value estimate; a conduction/convection heat
transfer coeflicient between the cabin and the ambient air; an
cft'cctivc glass area for solar load transmission; and a zone
air crossover influenc factor, wherein thc zone air crossover
influence factor is a factor based on the blending of the mr
in Ihe cabin, wherein the electronic processor is adapted Lo

automaticaily contrnl and adjust the mass flow rate and the
ic temperature of the air heing hloivn from the vents haserl on

the equatinns as cnnstrained hy predetermined constraints on
thc relationship nf thc outlet tcmpcraturcs and air flow.

In another embodiment of thc prcscnt invention, thcrc is
a method wherein Lhe lira( zone is a driver zone aml the
secoml zone is the passenger zone.

In annther embodiment of the present invention, there is
an apparatus wherein the hrst zone is a driver zone anti the
second Tone is the passenger znne.

BRIEF DESCRIPTION OF THE DRAWINGS

I'hese and nther features, aspects, and advantages of the
present inventinn will become more apparent from the
foflowin description, appcndcd claims, and accompanying
cxcmplary embodiments shown in thc drawings, which arc
bnefly described below.

I'IG I schematically illustrates an overall vehicle instal-
lation nt' climate cnntrnl system nf the prior art which can
bc adapted for practice with the present invention.

FIG 2 schematically iflustrates the stabilized condition
that is obtained when air flow changes as Lhe Larger cabin
temperature is maintained during calibration of the system

FIG. 3 schcmaticafly iflustratcs a tlual zone cabin.
FIG 4 schemaucally shows generalized energy balance

constrainls for a climate conlrol system and an empirical
relationship that indicates cnnstraints imposed hy human
factors.

FIG 5 schcmaticafly iflustratcs an cxampk of error ain
factor values.

Io
I'IG (a is a logic flniv chart illustrating prncess steps to

implement an embodiment of the present inventinn

FIG. 7 is a lngic flow chart illustrating process a(cps to
implement an embodiment of the present invention.

DETAILED DES(:RIPTION OF THE
PREFERRED EMBODIMENTS

Thc climate cnntrol system of the prcscnt invention for
the cabin of an automobile (such as but not limited to a car,

n an SUV, a minivan, a stauon wagon, a pickup truck, etc.)
allows an occupanL or a plurahty of occupants to select Ihe
desired temperature to be maintained inside the cabin. I'or
example, the present inventinn can permit the driver to
identify a cabin temperature value (c g. 72'.) that Ihc driver

s finds comfortable, and thc climate control system of Ihc
automobile arilusts venous components of the system to
maintain or at least stnve to achieve the set temperature
(target temperature), in at leasL Ihe dnver side of Lhe cabin,
whde maintaining or striving to maintain a separate tem-

I c perature nr the same temperature in another part of the cabin
Climate control systems include but arc not limited to
systems that utilize air conrlitioning systems and heater
systems. However, it Ls no(eel that the present invenuon can
be useii for any system Ihat has an el(act on cabin tempera-

es ture. The present invenuon can be uuhzed with a climate
contrnl system of the prior art as seen in lrlG I anti
described aliove, ivith modifications to the system for a dual
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zone climate control system. For exampleFor example, there
could be a separate bien&i door (or mix door) Ior the driver
zone anil a scparatc door for thc passen er zone to vary the
outlet teniperaturc of thc air being blown into the respcctivc
zones of the cabin I'urther by way of example and not by
ivay of limitation, there could bc a separate heat transfer
dcvicc 327 for thc driver zone and the passcngcr zone, which
could include by way of cxamplc, a scparatc evaporator and
heater core. Further by way oi example and not by
limitation, other coniigu rations coulil include separate heater
cores, evaporator cores, blowers and combinations of single
and dual components I urther, heat exchangers that limit
internal fluid flow, as opposcrl to diverting airflow, may bc
applied.

The desired temperature, set by the rlriver for example, is
the target tcmpcraturc or stabilized or cabin avcragc tem-
pcraturc of the cabin of thc automobile. The temperature of
the cabin is determined by a single sensor or a plurality of
sensors that are located in the cabin of the automobile.
Dunn ~ design of the automobile, ihe placement of the zo
sensor sensors tends to vary rlepenrling on the model of the
automobile. I&or example, in the case of a single sensor,
rlcsigners somctimcs place thc sensor on thc dash hoard or
on the ceiling of the automobile or on a ccntcr console of thc
automobile. Typically, the sensor location is determined
based on manufactumng constraints or aesthetic design con-
strmnts of the inta«or of the automobile. For example, a
sensor that is located on the dash board exactly in the center
of the automobile may be aesthetically unpleasing to a
prospective buyer of thc automobile. Thus, it is often the io

case that the tcmpcraturc sensor is locamd in places where
less than accurate reading will be produced, or the sensor is
placed in a loca«on where the temperature senseil by the
sensor legs the actual temperature or the temperature per-
ceived by the vehicle occupants I or example, if the sensor &s

is placed underneath the seat and conditioned air is being
blown into thc cabin through vents in the top of thc
rlashboard, and the tar ct tcmpcraturc was changed, thc
occupants of the car would sense a change in the temperature
signiiicantly poor in ume to the sensor underneath the seat zo
sensing the chan e. To remedy this, empincal testing is
performed m the cabin of a given automobile class, such as
by ivay of example and not by way of limitation, a Nissan
Xtcrra, to dctcrminc thc error that is prcscnt in a system after
a change in tar ct tcmpcraturc. Throu h cxtcnsivc empirical zs
testing that optionally takes into account human factor
constraints, an error gain funcuon can be determined to
compensate for the discrepancy between the sensed tem-
perature and the target temperature Thus, through empirical
testin, a gain function can be obtained for a given auto- so
mobile class to provirlc a highly satisfactorily automobile
cliniatc control system for a user. It is noted that thc
empirical testing woulrl probably bc ncccssarily pcrformcrl
for each dilferent class of car. Thus, Ii&r example, empincal
testmg results for the Nissan Xterra may not be applicable
for a Nissan Maxima; thus, empirical testing will probably
be necessary for the Maxima I lowever, it is possible that the
prcscnt invention can bc practiced, by using thc same or
similar results from onc class of car for another class of car
thus eliminating or reducing thc empirical msting ncccssity. to

Thc control systems of thc prcscnt invention can include
but is not limitcrl to a series of vents that channel or cxpcl
comhtione&I air into an automobile cabin. (It is noted that
comhtione&I air includes but is not lim«ed to both cool air
which would be obtained, by way of example only and not as

by ivay of limitation, from an air conditioning system, and
heated air which, for example, woulrl be obtained by passing

air through or over a heater core, ami wouM also include air
at the ambient temperature as welL) These vents can have
vent outlets that are located in a variety of locations in thc
cabin. For cxaniplc, automobiles often have vent outlets on
the top of the dashboard, in the rlashboard roughly at the
level of the user's chest, and below the dashboard roughly
at the level of the user's knees or on the floor. The vent
outlets are aLso sometimes located in door panels, in ceilings
and in the rear of the cabin as &veil 'I'he present invention
can be practiced ivith vent outlets anvivhere in the cabin

'I'he primary method of altering or ma in taming the climate
in the cabin of an automobile in the preferred embodiment
of thc present invention is by varying or maintaining an
outlet temperature of the conditioned air blown into thc
cabin, where outlet tcmperaturc can bc dciincd as, by way of
example only but not by way of limitation, the temperature
of the air as measured at the vent outlet(s). A second method
of varying or controllin the climate in the cabin of an
automobile is by varying the velocity, or more appropriately,
thc mass flow, of thc conditioned air being blown into thc
cabin. This can bc accomplishcrl, for example, by adjusting
thc voltage of thc electrical current being supplied to an
electnc motor connected to a fan. Thus, Ior example, by
increasing the blower voltage, the velocity or mass flow of
the air being blown from the vent would increase. I'urther by
way of example, by decreasing the voltage, the velocity or
mass flow rate of the air being blown into thc cabin would
bc rcduccd.

I'or economic reasons, the automobile climate control
system of thc preferred embodiment of the prcscnt invention
pnmamly operates v ith a blower that moves air in about thc
same quantity throughout the cabin That im by way of
example, the quanuiy of. the air being blown out the outlet
on the dnver's side of. Ihe automobile is the same or
approximately the same amount of air being blown out the
outlet on the passenger's side of the automobile. It is noted
that thc present inventor rccognizcs that minor dift'crcnccs in
mass flow rate l&etwccn the zones are almost always prcscnt
in a climate control system. By way of example and not by
way of limits«on, in the case of a plurality of blowers, one
blower may operate to move a higher quanuty of air, due to,
say, manufacturing tolerances, than another, even though
they are set at the same speed (to deliver the same quantity
of air) Further by way of example and not by limitation, thc
air floiv passages to thc zones can bc configurcrl dift'ercntly,
and thcrc can bc obstructions or a greater dcgrcc of obstruc-
tion in the air flow to the zones (this could be the case in the
situation where the driver zone mix door is positioned to
direct more air around the heater core than the passenger
zone mix door) Ilowever, it is noted that in certain cases, as
will bc scen below, this blower spccrl is ditfcrcnt from onc
side of thc car to thc other. Further, it is noted that thc prcscnt
invention can be practiced in a system whcrc thc mass flow
rate of the air being blown out the outleus on the driver's side
is different from that of the passenger'aside Such a situation
would he present in the case of a system utilizing indepen-
dently controlled blowers, so that the blower(s) of the driver
zone would intentionally operate at a spccd ditfcrcnt than
those of the passcngcr zone.

'I'he present invention provides a climate control system
for an automobile that operates by varying thc outlet tcm-
pcraturc of thc air bein blown into thc cabin Thc value of
this outlet temperature is based on a vanety of functions.
That is, the outlet temperature of a preferred embodiment of
the present invenhon is not simply the target temperature.
Instead, the outlet temperature of the present mvention is a
temperature that will produce a sensed intenor temperature,
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and is a function of, by way of example and not by way of
limitation, the ambient temperature, the sun load, and atr
flotv Thus, the outlet temperature is often a dynamic tem-
perature that varies in response to varying conrlitions tn
rcsponsc to varying functions to achieve or maintain a
Llcsircd target tcmpcrature. In addition, thc outlet tcmpcra-
ture ts dynamic to meet the driver*s anti passenger's expec-
tations. That is, their expectations as to what lhe climate
inside the automobile should feel like is taken into account.
'I'hus, the outlet temperature is further influenced hy prede- ic
termined human factor constraints

Il is noted that lhe outlei temperature can be both an
it)slat)Larieitus temperature. as well ds dil averdge
temperature, depemhng on the types of sensors uhlizeri to
detemiine the temperature It is further noted that it is not
necessary to measure the outlet temperature in real time, as
enipirical testing can bc pcrformcrl Io obtain accurate esti-
mates of thc outlet tcmpcraturc for a given sefling. By way
of example aml not by way oi. limitation, an oullet lempera-
lure can be estimated based on empirical testing at a given
blend door position based on lhe evaporator temperature aml
the heater core temperature, the combination of the two
creating the outlet temperature 'I'his information can lie
stored in an onboard computer, and thus looked up. Thus, thc
outlet tcmpcraturcs can bc substituted with variables rcprc- -''

senung Ihe posiuon or sening of one or more of the
components used to vary the outlet temperature in the
automobile.

The control equation taught in the *990 patent provides a
teaching of an algorithm to calculate thc avcragc outkt tc

tcmperaturc of thc air leaving Ihc outlet of thc air vents of
a climate control system The control equation is a suitable
foumlauon for the present invenuon because il inherently
manages intenor temperature without the necessity for mak-
ing complex and tedious gain adjustments, and is derived 35

from the stabilized interior temperature of an automobile.
The equation for thc outlet tempcralurc in a system embody-
in thc teachin s of thc '990 paknt reacts to changes in air
flow to keep the intenor temperature at a target value. By
altemng air flow, changes are made automaucally m the way do

that the heat control equation behaves. 'I'hus, on a hot, sunny
day, if the air flow should be rlecreased, the outlet tempera-
ture tvill become colder in order to keep the target intenor
tcmperaturc at thc dcsircrl Icvcl.

The '990 patent also teaches human factor constrain(s that
can be used in an automanc climate control system for an
automobile. These teachings are applicable to the present
invention and are incorporated herein in their entirety A
prcfcrrcrl embodiment of the present invention utilizes some

3
or all of thc human factor constraints taught in thc '990
pdlf:rll.

In conjunction with the teachings of the '990 patent, tt is
seen that in a climate control system for a vehicle, where the
cabin heat flux (e g energy vs. time, with or tvithout a
Llircction component) relationship is constant, thc stabilizcrl
cncrgy balance relationship for thc vehicle cabin can bc
expressed as follows.

O=GA (TGT-T„i+K (TGT-T„)-q, &L

ivith,
T„=the average outlet temperature,
TG'I'=the stabilized room or cabin average temperature,
q,=the sun load heat flux,
Gi,=the effective glass area for solar load transmission,
T„=the ambient temperature (exterior),

GA=the mass air flow rale (enthalpy rate,'degree),
K=the conduction or convection heat transfer coeff)eject

(including area) bctwcen thc room and ambicnc
By solving equation (I) for T, a basic climam control

equation for the stabilized condiuon that allows I'or the
calculation of the outlet temperature required to provide a

given target cabin temperature is as follows.

T„=ter ct+(l)GA) IK (tcr ct-3'.)-q, GL I (3)

'I'he above equation, plotted at 22 in I'IG 2, uses heat
transfer constants K and Gl. as the primary calibration
values.

Thc interaction between air flow tuning and thc interior
tcmpcraturc is taken into account in a prcfcrred cmbodimcnt
in Ibis proportional control of the heat flux It does this by
combining all of lhe variables automancally. Once adlusl-
ments are made to the heat flow term, the heat flux rela-
tionship of the invention accounts automatically for varia-
tions in all of thc other factors. Thus, thc control equation
used in practicing thc invention inherently manages interior
tcmpcraturc without the necessity for making complex and
tethous gain adluslments when airflow is not present in the
control equanon.

'I'he equation for the outlet temperature in a system
emliorlying the present invention will react to changes in air
flow to kccp thc interior tcmpcraturc at a target value. By
altering air flow, changes are made automatically in thc way
that thc heat control equation bchavcs. Thus, on a hot, sunny
clay, for example, if. the air flow should be decreaseti, the
outlet temperature w)11 become cokier in order to keep the
target interior temperature at the desired level

If the air flow is changed during calibration to produce the
Lhvcrgcncc indicated at 24 in thc plot of FIG. 2, thc stabilized
room tcmpcraturc condition will bc maintained. This is
indicated by the intersection of linc 22 with thc target room
temperature hne al point "A'* anil the corresponding inter-
section point after an air flow calibrauon change, as shown
at point "B'*.

In I'IG 2, the heat flux control equation plotterl with the
hcavy line 22 will intcrscct thc 25 degrcc room tcmpcraturc
linc at an outict teniperaturc of about 42 degrees. Thc
corresponding outlet tcmperaturc following air flow adjust-
ment is about 37 degrees, as shown in FIG. 2.

Il is noleri that FIG. 2 shows a situauon where no error
exists between the interior temperature and the target tem-
perature. I'hat is, if the interior temperature equals the target
temperature, the outlet temperature is calculate&i directly
from equation (2). Thc inipact of an error on equation (2) is
Lhscusscd bcloiv.

For a cond)non with a different sun load and target
temperature, the change in the outlet temperature is calcu-
lated

hv'T„=ATGTc(KAT( T-GL Aq,l tl)GA)

AT„=(ATGT) I I+K' I )-A ), ) GL'G I ) (3)

II is noleri that equalions (I)—(3) are applicable to single
zone climate control systems In a single zone climate
control, the cabin is regarded as one mass of uniform
tcmpcraturc air. Conditioned air at thc same avcra e outlet
tcmpcraturc is dclivcrcd to both sirlcs of thc vehicle and
there is linle or no nel heal transfer between lhe zones. That
is, Ihe air is at approximately the same temperature. Thus,
the equation (2) is applicable to the enure cabin or it can be
apphed to each zone in individual equations bearing half the
total system airtlow (GA), half the lass area (Gl.) anti half
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the surface ior conducnon (K). It is noted that halving will
arithmetically cancel and Ihe outlet temperature of equation
2 is not affcctcd by this conceptualization.

In a traditional vchiclc climam control system, thc con-
ditioned air delivered to the cabin is the same air delivered
nn both sides nf the cabin. That is, byway of example, a vent
in the driver's zone of the cabin nearest Io the door would
output air having an outlet temperature Ihe same as or about
thc same as a vent on thc passenger's zone of thc cabin that
is nearest to thc passenger's door. Further by way of

io
example, this ivould be the case with a vent positioned near
the center nf the cabin but still m the rlriver*s zxifle and a vent
positioned near to the center but in the passenger's zone.
This would almi be the case in situanons where, say, there
are morc vents on onc side of the cabin than thc other side
of thc caiiin, or in thc case where thc vents arc not cvcnly '-'paced

(by ivay of example to accommodate a steering
wheel or a glove box) and/or situatinns where the vents are
not evenly spaced and more vents are located on one side of
the compartment than the other side of the compartment. In
thc dual zone climate control system according to thc zo

preseni invention, it is possible to deliver conditioned mr at
dilferent outlet temperatures into each zone.

Vehicle geometry can play a role in the extent of mixing
that ivill occur between the two zones, resulting in a cross-
over influence In a dual zone automobile climate control
system thc outlet tcmpcrature of thc conditioned air being
blown from a vent in the rlrivcr's zone could be diflbrcnt
than the outlet temperature of the comlnioned air bein ~

blown from a vent in the passenger's zone. Thus, in such a

situation, the air on one side of the cabin would be at a io

temperature that is different than the temperature of the air
nn the other side of the cabin, thus providing the capability
of accommodatin both thc driver's and thc passcngcr*s
rlcsircs with respect to cabin climam. Air masses of rliffcrcnt
temperatures have an eilect on one another in regard to ss
temperature That is, the air masses exert a cross over
influence on one or the other because the air is generally free
to move from one side of the cabin tn the nther Indeed, m
such situations, air can be blown from one side of the calim
to thc other. For cxamplc, if a vent ncarcr to thc ccntcr of the Io

cabin but still in the rlrivcr's zone is directed towarrls the
passenger's zone of the automobile, air at the outlet tem-
perature of. the dover's zone would be blown into the
passenger's side of the compartment. Soll, even in the case
where, fnr example, air from the driver's zone outlets is
tieing blnwn away from the passenger's znne of the cabin
and in thc case whcrc air frnm thc passcngcr's zone outlet is
bein blown aivay from thc driver's zone of the cabin, air
will soll cross from one side of the cabin to the other. For
example, this is seen in the case of an automobile that has o

a center console which often plays a prominent role in
separating the air masses in the case nf air that is being
blown out of floor vents The larger in general, or the higher
(c.g, mcasurcrl from thc floor) spccifically the center
console, less of a cross over influcncc will be prcscnt. s
Further by way of example aml not by limitahon, seat
geometry plays a role, as well as ceiling geometry. Cetttn ~

geometry, in the case of, say, a center console attached to the
ronf ivhich could include lighting, a compass, temperature
gauges, a video monitor, etc, plays a role as well In sum, ro
air will move from onc sirlc of the cabin to thc other, and thc
amount of air is dependent on thc vehicle eomctry which is
generally lixed. FICe 3 conceptually shows the mixing that
occurs between zones. The present invennon provnles an
algorithm to account for this phenomenon. es

As noted above, the present invention utilizes the same
blower speed for both the rlriver and passenger zones nf the

automobile. Thus, in determining the crossoiver influence of
air from nne zone nf the cabin tn the other zone nf the cabin,
an assumption can be made that the air flow intn the two
zones are equal As can be seen from the above discussion
conccrmng cabin interior comctry, this crossover cfl'cct will
bc variable depcndin on the model of thc automoliilc and
inrleed even perhaps some of the selected additional features
of Ihe same mortal as well. Still, the crossover influence can
be determined through empirical testing of a given automo-
bde design. I'hus, it is expedient to identify a factnr that can
be inputted intn equation (2) to account for the crossover
influence. It is noted that usually thc crossover influence,
while almost aiways present, is often minimal. Noncthclcss,
it is something that can be taken into account, as will be seen
below

As with traditional climate cnntrol systems, a preferred
emlinrliment allnsvs the driver tn input a desired blower
speed. I'or example, the driver cnuld be provirled with, say,
a four position switch svhich, dcpcnding on what position is
sclcctcd, would provide a diffcrcnt blower speed, thus
providing a dilferent mass flow rate into the cabin. In such
a situation, the human factor constraints used to constrain
the control equations could be nverndden baserl nn this
inputted blniver speed in the case where the blower speed is
different than the bloiver speed identified by the results of
thc human factor tests. In such a situation, thc control system
would then identify a ncw outlet tcmpcrature based on this
new mass flow rate. This outlet temperature would be
calculated rlirectly from the control equanons. Thus, in such
a situation, the general value of (IA would be controlled by
the user. It is nnted that ivhile the user can have control over
the blnwer speed by adjusting the setting on the switch, the
user may not have total control over thc speed. That is, hc
or shc will have control over an approximate or gcncral
blower speed, aml the controller would make minor adtust-
ments to Ihe blower speed, adtustments predetermined
through empirical human factor tests.

It is noted that while the terminology here utilizes the
phrases "driver znne'* and 'passen er zone,** the phrases
"hrst zone" and "seconrl zone*'ould bc used rcspcctivcly or
visa-versa. That is, thc driver zone and thc passcngcr zone
simply represent. zones in ihe automobile, and are used here
kir convenience and clarity.

As noted above, the mass flow rate of air being blown mto
the cabin is the function of nnt only the blower speerl, but
also the obstructinns tn the air being conditioned and blown
into thc cabin. For example, in a scenario when thc mix door
is located at thc full closerl position, thcrc is less of an
obstruction Io the airflow than when the door is placed on the
lull cold condinon. Thus, Ihere is less of a pressure drop in
the air flow channels in Ihe full cokl posinon, anil air will
tlow at a higher mass tlow rate into the cabin at the full colrl
positinn than the full hot position even though the blower
spccrl is thc sante in both instances. It is notcrl that empirical
testing can bc perfornicrl on a given model automobile to
determine how the posiuon of., for example, the mix door
changes the mass flow rate. Therefore, a preferred embodi-
ment of the present invention could also include a controller
that stores empirically determined mass tlow rates based on
both varying blower speed as inputted by the driver as well
as varying obstructions in the airflow. These values could
then bc utilized in thc control equations for thc mass flow
rale

For the sake of simplicity, it is assumed that the airflow
into Ihe two zones are equal. Thus, Ihe true average outlet
temperature into either zone will rlepend on an empirically
determined factor that is a blend of the outlet temperatures
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of &he vents in the dover's zone of the cabin (ToD) and the
passenger*s zone of the cabin ('I'op) The factor "R** is
designed fnr this effect and between 0 and 0 S, and generally
hut not always and certainly not by limitation between 0 OS

and 0.2, and often about O.l. Application of this factor in
equation form in relation to thc two zones as scen in FIG. 3
results in:

Dri cr'4 Tu c A cruse Outlet Tcmr=(1-R) TaD+R ToP (4)

and

I'4.) uc 'I K Z 0 n I T mn=(1 —R) n I'+tl'I I) ( )

The aim nf the driver*s side control equation (4) is to
calculate ToD, which may hc altcrcd to account for thc
passcngcr's tempcraturc influcncc. This is done by thc
following algebraic steps that begin using equation (2) with
the driver's target temperature and sun load specilied TGT
(D) and qu» respecnvely

(I-R) TOD+R TOP=TGT(D)+(I)Gal [)r (TGT(D)-T,)-)i
&

GLJ

Thus,

ToD=[TGT(D)+(K'Ga) (TGT(DI-T )-7,)
I ra.,'rz&)-77 (Iooly(i-R)

As noted above, there is often an error associated with the
temperature scnscrl by a tcmpcraturc sensor in lhc automo-
bile. That is, thcrc is a diff):rcnce bclwccn thc target room
&emperalure and lhe actual cabin &empera&ure, where the
actual cabin temperature is a temperature measured by the
sensor. Through empimcal les&in ~ associated with a given
vehicle design, an error term can be identified that will
provide a cnnsistent heat flux gain for proportional cnrrec-
tions. This error term can bc added lo equation (R) along
with a function based on thc dflfcrcncc bctwccn thedrivers'one

room temperature estimate aml the drivers'ar et
temperature The error correction term uses the driver's zone
room &emperature estimate (RMd) and an error gain (Ge).
'I'he equation becomes:

ToD=[TGT(L'iI+(Gc (TGT(D)-R&rr)+K.ITGT(D)— T,l— c).c ) GL),
Gcl —R ToPT() —R')

However, through tesnng, il has been determmed that a
value of ToP in the above equation should be constrained to
a value equal to or greater than the evaporator temperature
but less than or equal to the heater air outlet temperature.
'I'hus, Top is substituted by a new variable, Tops, and the
above equation bccomcs

I 0 [7GI(D)+(G (IGI(D) R1& I)+I I/G7(DPI 1 ) I )
GI )

where
ToPa=The passenger zone's true outlet temperature,

(Evaporator Temperature ~Tops~Heater A&r Outlet
Temperature

It is noted that in the cvcnt that ToP falls within thc spccificd
range (equal to or greater than the evaporator temperature
but less than or equal to the heater mr outlet temperature,
ToPa=ToP.

A similar equauon ex&su& for the passenger's zone, pro-
viding &hal a room temperature estimate is available for that
zone (RMp), which could be obtained, by way of example,
from a temperature sensor placed in the passenger Tone.
With subscript changes for the passenger, this equatinn is

Topaz( T(p)+(Gc (T& T(p)-RM)i)+K (TGT(p')-T,))- D)„) Gl u
Ga —R 7anoi'I, I TI) (7).

where
'I'oDa=The driver zone's true nut[et temperature

(Evaporator Tcmperaturc ~TODa~Hcatcr Air Outlet
Ti:mperaturc).

In an embodiment of &he present invention having a

plurality of cabin temperature senso)rs, equauons (6) and (7)
can be solved by iteration in a computer controller on boarcl

in the automobile The value of R will depenrl on the air
distribution mode (for example, whether air is blowing from
thc floor vents, the dashboard vents, or a combination of lhc
two), and is dctemiincd through empirical testing. In a
preferred embodiment of. the present invenuon, the climate
control system can be adapted to sense lhe air distnbution
mode and to select the appropriate value of R The value of
Ge will depend on the value nf the room temperature
estimates in order to provide flexibility to the transient
rcsponsc calibration.

zn In a preferred embodiment of thc prcscnt invention, thc
computer controller penodically updates values lor the
above aml below equanons with data that is oh&aine&i via real
time measurements or stored measurements, or both, anti
determines new temperatures and mass flow rates. 'I'his is
aLso done when the driver or passenger changes his or her
target temperature.

It is noted that a potential exists for values of onc or morc
of the vanables of equauons (6) and (7), as well as the other
equations presented herein, to be absent or not available. In

ic such a situation, a preferred embodiment of the invention
can utilize another variable or the last recorded value of the
missing variable That is, if a variable must he obtained to
utilize thc equations, thc variable can bc obtained by usin
a substitute. By &vay of cxamplc and not by limitation, in a

zs prelerred embodiment of the present invention, the au&o-

mattc control sys&em unlizes the dmver*s zone &urge& tem-
perature for both &he dmver's zone and the passenger zone
until the passenger inputs a desired temperature Again by
way of example and not by limitation, if the dover inputs a

4n target tcmpcraturc of 72'. and thc passcngcr docs not input
a target temperature, thc control system will usc 72'. for
both the dover's side and &he passenger zone equations.
Further by way of example, if the passenger later inputs a

temperature of, say, 75'. while lhe dover does nol chan e
his or her temperature setting, the control system will utilize7S''s the target temperature for the passenger anti72''s

thc target temperature for thc driver. As noted above, thc
prcscnt invention can bc practiced by utilizing such logic not
only for the target temperatures, but also lor other variables

n when a value is only avaihible lor one side of the au&omo-
bile It is further noted that Ihe values of Ge in equations (6)
and (7) can be equal to each other, as seen in the equations,
or equation (Ci) can have a value of Ge for the driver zone
tcmpcraturc sensor and equation (7) can have a value of Gc

1 for thc passcngcr zone tcmpcraturc sensor
Il is further noied the& Ihe present invention can be

practiced by purposely canceling oul some of the terms or
diminishing their impact on the equations. For example, the
present invention could be practiced by utilizing a value of

Ic Ge equal to [ I'hus, equations (6) and (7) coul&i be practiced
by ignoring thc gain function.

Additionaliy, thc present invention can bc practiced by
ulihzing lhe equations lo determine an outlet temperature,
and then adding or subtracting a value or a sane& of values

cs or venable vahies from the determined outlet temperature,
the resulting temperature heing used to set the actual outlet
temperature of the air being blown into the cabin Thus, the
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outlet temperatures anti mass flow rates of con&htioned air
proviclecl to Ihe cabin from al least one of the driver zone
outlets and at [cast onc of thc passcngcr zone outlets need
only bc corrclatcd to the determined outlet temperatures ancl
mass flow rates, respectively. However, in a preferred
embodiment, a value equal to or about equal to the outlet
temperature determined from the equations is used to set the
actual outlet temperature.

Thc human factor constraints of a prefcrrcd embodiment
of the present invention will now bc briefl discussecl in an

lo
exemplary manner. As can be seen from the control
equations, outlet temperature ToD and I'op is a function of
a number of.vanables, incluchng the ambient temperature as
well as the mass flow rate. In one embodiment of the present
invention, empirical testing is pcrformcd to dctcrmine the
most subjectively comfortable mass flow rate and out[a( '-'emperaturecombinations to achieve a given specified target
temperature I'or example, if a target temperature is inputted
as 70'. and the ambient temperature is 50'., there will be
a vanely of outlet temperatures anci mass flow rates that will
mcct the tar ct tempcraturc of thc cabin. Howcvcr, there will zc

be a more limited number of outlet temperatures aml mass
flow rates that will be iound to be comfortable to the driver
and)or the passenger ancl usually only one temperature and
one mass floiv rate that is most comfortable to the driver or
the passenger I%us, through empirical testing, this one most
conifortablc tcmperaturc ancl mass flow rate can bc dcter-
minccl. For example, rcfcrrin to FIG. 4, which shows an
example of Ihe relationship oi. air flow and outlet lempera-
ture that is denved from personal preferences and human
factors, in the case ivhere the clesired target temperature is ic
25' and Ihe ambient temperature is 15'.', empirical
testin has shown for some moclels of automobiles that an
outlet tcmpcraturc of approximately 43'. Lvith an airflow
rate, for cxamplc, of 40% of thc system's maximum capacity
would be most comfortable. (Note that this is just an ss
example and empincal results may and probably will vary)
Thus, il is seen that control equations for TGD and ToP can
be used with constraints basecl on empirical human factor
results In the preferred embodiment of the present
invention, these human factor constraints are stored in a qc

controller on boarcl thc automobile and periodically looked
up to rx)nstrain the control equauons. Thus, there is a

predetermined relationship between the outlet temperatures
and Ihe airtlow.

A preferred embodiment of the present invention utilizes
a single sensor in the cabm which is located in the driver*s
zone. This is done based on thc presumption of thc clcsir-
ability of thc driver's zone tcmperaturc ac(ting being domi-
nant. That is, lhe system reacts to the dnver's zone tem-
perature setting more Lhan lhe passen er's temperature O

senmg. It is noted that the present invention could be
practiced utihzing passenger*s side dominance or some
other form nf dominance However, since the preferred
enibodimcnt relics on driver zone dominance, fomiulanon
of thc algorithm begins with a control equation for the s
dnver*s zone

In this embodiment, the passenger does not have a room
temperature sensor available in the passenger zone. Because
a preferred emiiodiment of the present invention relies on
driver's side dominance, equation ((i) can be used to for- &c

mulate an algorithm to practice thc present invention.
Howcvcr, a ncw equation should bc identificd as a control
equahon for Ihe outlet temperature lor ihe passenger lhal
utilizes the driver's zone sensor. Thw equation is obtained by
utilizing equauon (3) as lhe basis ior the passen er's outlet vs

temperature estimate in conjunction with parameters from
the driver*s zone, as seen in the following equation

TnP-TnD=[TGT(P)-TGT(D)ILL+K)GL)-[q,tP)-q,(D)JGC'Gn (SI

gubstituting equation (5), the equation for the passenger's
true average outlet temperature, for 'Ihp in equation (LL)

yields

Il-R) TnP+R TnD-TnD=[TGT(1 )-TGT(D)J tl+RDGR)-[q (P)-
q,(17)I &71 1&x

or, solving for ToP:

TnP=TnD&j[TGT(P)— TGT(D)] (I+DOG)b[q,(P) — q,(Di] GL 'G ll/
(I —R) (q)

Thus, equation (9) above is a control equ anon of the outlet
temperature for the passenger in this embodiment of the
present invention of a driver's side dominant dual zone
climate control system

In thc preferred embodiment of an implcmcntation of thc
prcscnt invention, equations (6) and (9) arc solved by
iteration in a computer controller on board the automobile.
However, since equation (9) does not contain an error
correction term, as does equanon (6), the error correction
(transient response) in this embodiment of the present inven-
tion is dominated by the driver*s side control equation
Whflc this is sometimes a neutral fact, and somctimcs cvcn
dcsirablc, this fact can in some mstanccs be clisruptivc to thc
passenger's comfi)rt when the dnver is making chan es to
the target temperature (TGT(D)) when the cabin temperature
is stable or nearly stable. In such situanons, it is convenient
to subtract the error tern) from the value of Top as well
These situations have been determined through empirical
testing, and typically occur, but are not limited to, a pcr-
ccivcd "comfort zone'hat spans from about 20'. to about25'. It is noted that this zone is dctermincd through
testing, aml thus may be expanded or contracted or moved
depencfing on the results of. Lhe testing. Thus, other embodi-
ments of the present invention could have ranges that are
wider or narroiver in whole or in part than the lust mentioned
range Indeed, dcpcndin on thc results of thc testing, thc
prcscnt invention could be practiced by subtracting thc error
term from thc value of ToP in a comfort zone cxtcnding from
below about O'. to about 50'. and any range of
temperatures in between in 0.1' increments. Therefore, an
equation for the passenger side outlet temperature that takes
into account the error term can be formulatecl as

7vP (C'vwt'nu al In» 1=7vP— &': (D17(D)—Rt&d)lon (nl)

where 'Ihp is obtained from equation (9), ancl only equa-
tion (')) is used to calculate the passenger outlet temperature
for cabin teniperaturcs outside the dcfincd comfortable zone.

Hosvevcr, in another cmbodimcnt of thc prcscnt
invention, a separate error gain can be icienulied, preferably
through empincal testing, for the passenger's zone that is
separate from the error gam of the driver's zone. Thus,
equation (ffl) becomes

TnP)Ga v)=rnP=G * (TGT'(D)-Ran)XGvt

where Ge's delined as lhe passen er's removal gain,
determined preferably through empincal testing

'I'he error gains of a preferred embodiment of the present
invention are not constants, a[thou h other embodiments of
thc prcscnt invention can utilize constant error gains. FIG. 5
shows an example. of. customized error gain values that
address the subjecnve nature of rapidly warming or rapidly
cooling a vehicle ca[un. The values of FIG. 5 are determined
preferably through empirical testing, and can vary depencl-
ing on the hmnan factor constraints and/or the make of the



21
U8 6,782,945 B1

22
veh&cle. From FIG. 5, &t is seen that the gain values vary
depending on the est&mated room temperature It is noted
that the present invention &s nnt limited tn the values
presented in l&IG 5, since these values can and prnbably will
bc diffcrcnt dcpcnding on thc results of the empirical tcstin .

By using scparatc variable error gains, transient tcmpcra-
ture performance &n a cabin can be controlled so that the
passenger has a sensauon of comfort. Thus, the present
invention utilizes a heat flux scheme to deliver heat that is
in proportion Io the temperature errnr.

IIue to the dominance of the driver's zone in the preferred
en&bodimcnt of thc prcscnt invention, there will bc situations
ivhcrc the passenger makes a change to his or hcr target
temperature an&1 the algonthm does not provide a response
that &s perceive&1 qu&ckly enough or perce&ved to be substan-
tial enou h by the passenger The present inventor has
determined that a preferred embodiment of a climate control
system for an automobile can have the ability to react
ag rcssively to a change in thc target tcmpcraturc. For
example and not by limitation, if the passcngcr had previ-
ously sel the interior cab&n temperauire to 75'. and he or
she changes this setnng to be 65'., it would be tlesirable
for the climate control system to react in a manner that
provides the sensation to the passenger that the (&5'(
temperature has been attained or quickly will be attained.
This coukl bc accomplishcll, for example, cithcr by varying
the blower speed of thc climate control system or by
lowenng the outlet temperature on the passenger's s&rie, or
a comb&nation of the two, for a sulfic&ent period of time to
provide the passenger with the sensation that the control
system is quickly and sufficiently reacting to his or her
desires

Thus, a preferred cmbodimcnt of thc present invention
includes a temporary outlet tcmpcraturc overshoot equation
to provide a sumulus quickly to the passenger that will be
interpreted by the passenger that a change has mdeed taken
place &n the cab&n climate. Th&s &s preferably accomplished
by an equation that, when implemented into a control
algorithm in a climate control system, will provide an
overshoot or unllcrshoot outlet tcmpcraturc that will tem-
porarily incrcasc or dccrcasc thc outlet tcmpcraturc in com-
pel&son to what &t would normally be w&&bout this feature. By
way of example and not by lim&tation, thw feature could
temporanly pos&non the passenger's m&x door to ach&eve the
appropriate overshnot or undershnot.

In a preferred embodiment, equations for the temporary
passcngcr outlet tcmpcraturc overshoot arc best formulated
to bc calculated periodically in a timing loop. In a prefcrrcd
embod&ment, the general overshoot equauon for the desired
overreact&on margin to the passenger's target temperature
change is.

0 S I=a(IG&I(l')— ts n.

where X is a calibration value that acts thc strength of thc
overshoot, and is llctcrmincd based on empirical testing
d&reeled towards human factor cond&uons, and FSet &s the
t&me damped value of the passen er's target temperature,
which can be determined from the equation

ts I=ts I+&(IGI(PI—t\ I)

where Y is a multiplier that is arbitrarily sct to allow thc FSct
equanon to be uulized in an algorithm that obtams the un&ty
value of FSet in a ume penod that w&ll preferably max&mixe
the passenger's comfort, as de&arm&ned through emp&ncal
testing I'or example, if the Y value is () I, the FSet equation
will reach unity in approximately 10() loops 'Il&e calculated

overshoot or umlershool value &s added to the equanon lor
Top as I.olh&ws.

I Pole('+0 rs II&+I IIAI

It &s noted that the OverSet value can be either pos&nve or
nc ativc, depending on whether an addition or subtraction to
ToP ts desired.

Thus, as the OverSet term is grruiually reduced over t&me,

the ToP'radually approaches ToP, and eventually, ToP
becnmes equal to 'I'op, and the nvershoot adjustments are

lc
effectively no longer utilized in controlling the climate By
separating thc ovcradjustmcnt from thc basic control
equation, the driver's zone is kept from ovcrrcacting to thc
&nfluence of the overshoot temperature.

The possibd&ty ex&sts lhat in a climate control system
I

&mplemennng the algowthms described above, the passenger
can reach the limit of the air mix control I or example, if a

strong sun load exists only on the passenger, the full colrl air
setting may not bc enough to deliver comfort to thc
passenger, with a low blower speed that is sufflcicnt for thc

zc
shaded driver. (It is noted that in thc prefcrrcd cmbodimcnt,
the dnver sets the blower speed Ior the enure cab&n.) Thus,
a preferred embodiment of the present invenhon includes an
algnrithm to calculate a minimum airflow that will satisfy
the passenger when the full cold position has been reached
on thc passenger side. This al onthm is also applicable to
thc full hot condition as well. Thc following equation for a
mass airflow rate has been developed to compcnsatc for such
a scenario:

GA=& (TGT(P)-T&GB(P) GL,/Y(C&paar& Tcwpcrc&crc-
TGT(P)) (I a)

where (:apacity Temperature, in the preferrerl embodiment,
is mthcr a temperature about equal to or equal to thc constant
cooling device ten&pcraturc (c g., in thc prcferrcd

ss embodiment, the constant evaporator temperature ol the
evaporator of the air comliuoner system) or a temperature
about equal lo or equal lo the constant heanng dev&ce a&r out
temperature (e.g, in the preferred embodiment, the constant
heater core air outlet temperature), depending on whether

qc thc air conditioner or heater is operating, the prcfcrrcd
cmbodimcnt, these values arc prcdctcrmincd values and not
values obtained by sensors, thus avoiding undesirable
blower flucluanon w&th a&r cond&tioner system cycling and
eng&ne coolant temperature changes

'I'hus, the climate control system of the present invention
can be configured to identify situations where &t &s necessary
to incrcasc airflow on thc passcngcr sillc from that sct by thc
dnvcr. By using equation (12), thc mimmum airflow value
GA can be calculated. However, &t is noted that the present

o invention preferably incluiles an algorithm that hm&ts the
airflow calculated from equahon (12) to a value no grea&er
than a predetem&ined amount above the driver*s zone air
flow. 13y ivay of example only and not by hmitation, the
passenger's airflow can bc limited to an equivalent blower

s voltage that is no grcatcr than, say 2() volts above thc
dnver's system m&nimum blower speed in the present a&r

mode
In a preferred embothment, this min&mum blower voha e

applies in parallel with other minimum adjustments I'or
I c example, should the sun load minimum blower speed adjust-

mcnt cxcccd thc adjustmcnt dctermincd by equation (12),
this adjustment would not be applied. If equation (12)
presented a m&nimum blower voltage greater than the sun
load ad)us&ment, equation (12) would elfecnvely set the

cs min&mum blower speed.
In a preferred embodiment of the present invention, the

climate control system utilizes an algorithm or a plurality of
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al orithms relaung to at least one or more or all of the
equations presented herein In a preferred embodiment of the
present invention, an algorithm relates to an equation when
it utilizes the equation or a permutation of the equation or a
matheniatically equivalent equation or an equation that
contains thc variables of thc equation as well as adrlinonal
varuibles. By way of example, an algonthm that relies on,
for example, equation (6), could utilize the equation, or
could utilize a manipulated equation where, say, GA is on
the left side of the equality and Tof) is on the right side of
the equality, etc I'urther hy way of example, an algonlhm
that relics on equation (7) could utilize the equation as seen
above, or an equation with additional tcmis (by way of
example, a term for internal heal generauon by, say, the
occupang). Thus, these equations represent mmimums.

It is noted that in practicing the preferred embodiments of
the present invention, empirical testing is relied on to olitain
the values nf various variables (e g R) ilowever, it is noted
that the prcscnt invention can be practiced by utilizing
computational fluirl rlynamics based on mathematical mod-
els of lhe intenor of a given cabin anil the air flow in the
cabm, with or without lhe use of a computer, to obtain one
or more than one of the variables Indeed, any practical
method that can be used tn obtain satisfactory values for
these variables can be used to practice the present invention.

It is a ain noted that at least some of thc above discussed
variables are dependent on thc vehicle desi n, and that these
vamablev may be diferent depemhng on which vehicle in
which the control system is implemented. These vanables
can be determined through empirical testing, calibration, or
tuning, nr through other types of testing, calibration, or
tuning. In a preferred embodiment, these variables are
rlctcrmincrl and then trcatcd as constants, and arc not
cxpccterl to change unless thc structure or components of thc
automobile are changed.

It is also noted that the present invenuon can be used to
automancally determine outlet temperatures anil the mass
floiv rates hy incorporating the present invention info a
device, such as hy way of example and not hy way of
limitation, a computer or a processor that will dctcrminc the
outlet tcmpcraturcs anil thc mass flow rates without thc need
of a human to determine the outlet temperatures and the
mass flow rates. Basicafly, lhe present invention can be
pracuced with any type of logic circuit or logic device that
can use the present invention to determine outlet tempera-
tures and mass flow rates

Thc teachings of the prcscnt invention can bc utilized with
a variety of control systems and controllers as would bc
apparent to one of ordinary sf ill in lhe arl, including the
systems taught in the *990 patent, as would be uulized
exactly as taught or modified by one of orrlinary skill in the
art to practice the dual zone climate control system of the
present invention, and are incorporaterl herein by reference
in their cntircty. Below is a rliscussion of how those tcach-
in s coulrl bc used to implcmcnl thc present invention in a
preferreil embodiment.

FIG. 6 shows a flow diagram that illustrates the control
steps for carrying oul a control process of lhe present
invention. The subjective requirements discussed above are
contained in functions that are usually unique fnr each
vehicle. Thc target interior tcmpcraturc and lhc relationship
of air flow anti outkt tempcralurc can lic contained in thcsc
functions. The air tlow that is desired is initializeil at 66 in
FIG. 6. An inquiry is musie at 68 as lo whether the initial-
izauon of flow is completed If it is not completed, the
process ivill proceed to actinn hlnck 70, where the air tlow
is estimated If it is completed, the process will proceed

directly lo action block 74, where the intenor temperature
and ambient temperature values, and the sun loarl, will be
estimated or measured aod, using the estimaterlimeasured
values, the desired target interior temperatures as a function
of thc tcmpcrature setting(s), thc ambient tcmpcraturc, and
thc sun load, is calculated at 76. Ncw tar ct values arc then
computed. The routine then proceeds lo acuon blocl 78
where the outlet temperature for the lirst anil second zone
(e g. driver and passenger zone) is computed using the heat

io flux equation, which is stored in a ROM I'his is followed by
the execution nf the air blending cnntrol logic routine that
occurs in, by way of example, a microprocessor, at block 80.

A rcfincd air flow estimate GAn is then cstimatcd at 82 to
determine the new air flow. This air flow esnmate w based
on such factors ag by way of example and not by wav of
limitation, hmnan factor cnnstraints and air restriction
effects. 'I'he airflow refinement may mclude blower speed
minimum considerations related to sun load and other sub-
jcctivc considerations including constrainin thc lilowcr

zo spccd to thc outlet tcmperaturc Further, thc air blendin
action may create, diflerences in the airtlow that can be
accounted for in lhe logic. An adlusterl air flow then is
computed at 84, based on the refined airfloiv estimate GAn
An inquiry then is made at 86 to determme whether the
difference between the new air flow and the old air flow is
less than a liniit that is prcdetcrmincd by calibration. If il is
not less than that liniit, thc routine then will bc rcpcamd as
the function flow returns to action block 74 The routine will
repeat itself until lhe diflerence between the old air flow anti

io the neiv air flow is less than a certain limit At that time, the
logic will then calculate an air distribution logic and a
blower speed logic, as shown at blocks 88 anti 90, respec-
livi;li'hc

routine of FIG. 7 can be used to control thc climate
zs in the situation descnbed above where an occupant of, say,

the second zone, for example, a passenger (or, in other
embodiments, an occupant of the Iirsl zone) reaches the limit
of the air mix control (e g. a strong sun load exists only on
the passenger and the full cold air setting is not ennugh to

to rlchvcr comfort to thc passcngcr.) At block 92, thc hcatcr
andior evaporator capacity tempcraturc is mcasurcd or esti-
mated. At action block 94, the intenor temperature value(s),
ambient temperature value, anil the sun load will be esti-
mated or measureri and, using that esumated intenor tem-
perature value(s), the desired target outlet temperatures) as
a function of the temperature setting(s), the ambient
tcmpcraturc, and thc sun load, is calculatcrl at 98.

At block 100, the target outlet tempcraturc(s) is dctcr-
mined based on either the capacity temperature or the

o subjective temperature. The subjecuve temperature
ilerived from the statistical understanding of customer
requirements In the case ivhere the system temperature
hmits (capacitv) are exceeded bv the customer requirements,
thc hc ster or evaporator tempcraturcs arc applicrl in place of

s thc subicctivc requirements. For cxamplc, if thc subjcctivc
outlet temperature requirement was 70'. but the heater is
only 65'., the 65'. would be used in lhe calculation. The
"passboosl'ogic (see blocl 106) is a provision to aid in
ensuring that a minimum hloiver speed is provided to a given

ro zone dependent nn the capacity temperature limits of the
evaporator and the heater. Using the tar ct outlet lcmpcra-
turc dctcrmined at block 100 in combination with equation
12, the mass airflow rate GA requirement is delermineri at
blocl 102. It ts noted that lhe acuons of blocks 98 and 100

as can be accomphsherl both through the use of equations lo
calculate or iterate a value of the target intenor temperature
and/or the nutlet temperature, a look up table, alone nr in
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combinauon with fuzzy logic, can be used to obtam these
values. If the embodiment of the present invention includes
an algorithm that limits the airflow to a value no greater than
a predetermined amount above the first zone (e g driver
zone) air flow, an airflow hmit adjustmcnt is made at block
104. Further, this section can also provide values when thc
division at block 102 is indeterminate. At 106, a passboost
logic routine is executed to ensure that a minimum blower
speed is provided to a given zone rlependent on the capacity
temperature limits of the evaporatnr and the heater identified io

above If the logic routine dnes not identify a minimum
bioivcr specrl, room tempcraturc error correction logic will
bc utiiizcrl at block 108 to arliust thc outlet tempcraturc and
blower speed to increase or decrease ihe room temperature
io ihe target temperature quickly. The rouune will then
proceed to block 110 where the air blend logic will lie
calculated, followed by the calculation of the air distriliut ion
logic at block 112 and the calculation of the blower speed
lo ic at block 1114. In thc cvcnt that a minimum blower
speed is neerlcrl at 106, control bloclw 108, 110 and 112 will zo

be bypassed anil the rouune will proceed directly to control
block 107 where ihe special airflow minimum limit wdl be
set. After this, the logic will then calculate the blower speed
logic at 114. It is further noterl that the routine of Fl(i 7 can
alloiv for an arlditional specification nf air tlow and outlet
temperature. After interior tcmpcraturc is cstimatcd, the
routine will procccrl to compute thc dcsircd interior tem-
perature by taking into account ambient air temperature,
temperature ac(tin, aml the sun load. The computation oi.
the desired steady state outlet temperature can then lie io

computed, after which the routine can prnceed to compute
interior temperature error gain for air flow An intenor
tcmperaturc error gain for outlet temperatures can then bc
calculated, which can bc use(i to calculate ihc current rlcsircrl
ouilei iemperature. 35

It is noted that the present invention can be practiced with
a vanety of air conditiomn ~ systems and system
components, such as that taught in I/8 Pat No 6,272,873.

Given the disclosure of the present inventinn, one versed
in thc art would apprcciatc that there may bc other embodi- Lo

ments and morlifications within thc scope and spirit of the
present invenuon. Accordingly, all modifications auainable
by one versed in the art from the present disclosure within
ihe mope and spint of the presen«nvenuon are to be
included as further embodiments of the present invention.
'I'he smpe of the present inventinn accnrdingly is tn lie
rlctined as sct forth in thc appended claims.

What is claimcrl is:
1. A method for automaucally controlling the climate in a

plurahty of climate control zones of a cabin of an automobile o

composing at least a lirst zone and a seconil zone having a
temperature sensor located in the first nme anil a cond&-

tinned air outlet vent m each of the znnes, the method
coniprising:

obtaining a tar eL temperature value fiir the lira( zone and
ihe seconal zone,

obtaining a first zone temperature value estimate frnm the
sensor in thc first zone;

obtainine an ambient air tcmpcraturc value;
so

obtaining a sun loarl heat flux value for at least one of thc
Iirsi zone aml ihe secoml zone,

obtaining a Iirst zone gain Lector value based ai least on
ihe IirsL zone temperature value esumate,

automatically determining the outlet temperatures and es
mass tlow rates of the first zone nutlet and the second
zone outlet based at least on the above obtained values

and on a conduction/convecuon heaL transfer coeifi-
cient between ihe cabin anil ambient air, an elfecuve
glass area for solar load transmission, a zone air cross-
over influence lactor, and preiletermined constraints on
the relationship of. Lhe outlet temperatures anti air flow,
wherein the mne air crossover influence factor is a

factor based on Iilending of air in the cabin; and
provirfing condiuoned air io the cabin Irom the Iirst zone

outlet and the second zone outlet at outlet temperatures
and mass flniv rates correlating to the determmed outlet
temperatures and mass Aow rates

2 Thc method nf claim 1, wherein the zone air crossover
influcncc factor is variable anil dcpcnds on an air distribu-
tion mode.

3 The method of. claim 1, further including calculaung an
error term and subtracting it from the second zone outlet
temperature to establish a new second zone outlet
temperature, the errnr term comprising a value based on the
first zone target teniperaturc value, thc first zone tcmpcraturc
value estimate, thc mass air flow rate of thc sccoml zone
outlet, anrf a secoml zone gain factor value based at least on
the first zone temperature value esumaie, wherein the con-
ditioned air provided to the second mne is at the new secnnrl
mne outlet temperature

4 The method of claim 3, wherein the first mne gain
factor value and the second zone gain factor value arc
approximately equal ivhcn thc first zone tcmpcraturc esti-
mate is between about 20'. aml about 28'.

5 The method of claim 4, wherein the lirst zone gain
factor value and the second zone ain factor value vary
inversely in relation to changing first zone temperature
estimates betiveen at least the range from about lfl' to
about 20', and bctwccn at least thc range from about28'.

to about 35'.
6 The method of claim 5, wherein ihe lirst zone gain

Lictor value decreases with increasing lirst zone temperature
esumates below about 20'. aml increases with increasing
first zone temperature estimates above about 28'

7 I'he method of claim I, further including calculating an
ovcrsct value to bc arldcrl to thc second zone nutlei tcm-
pcrature vaiuc, thc overact value comprising a value based
on the second zone target temperature value, ihe conductioni
convection heal iransler coeflicient between the cabin anti
the ambient air, anti ihe mass air flow rate, as tnltusted by a

value that sets the strength of the overshoot
8 I'he inethod of claim I, ivherein the mass Aow rate of

thc conditioned air provided to thc first zone is about thc
same as the mass Aow rate of thc conditioned air provided
to the second zone.

9 The method of claim 8, further including calculating a

minimum mass air flow rate based on the conducuon/
convectinn heat transfer coefficient between the cabin anil
the ambient air, the second mne target temperature value,
thc ambient air tcmperaturc value, thc sun load heat flux
value for thc secnnd zone, the cifcctivc glass arcs for solar
load transmisiuon, and a capacity temperature value selected
from a group consisun ~ of. a constant cooling device tem-
perature and a constant heatmg device temperature, anti
wherem the mass air flow rate of the conditioned air deliv-
ered tn the cabin is based on the calculated minimum mass
air Aow rate.

10. Thc method of claim 9, whcrcin thc mass air fiow rate
of the air delivered io the cabm is limited to a predetermined
maximum mass air flow rate above a vanable mass flow rate
baseil on predetermined constraints.

11. The method of claim 10, wherein the variable mass
flow rate based on predetermined constraints is substantially
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correlated to venous blower voltages, lhe maximum mass
air flow rate ts substantially correlaterl to the blower voltage,
and wherein the maximum mass air flow rate is limited to an
equivalent blower voltage that is no greater than about 2
volts above the cqutva]cnt voltage of thc mass air flow rate
based on prcdctcrmincd constraints.

1Z. The method of claim 1, wherein the conditioned air
provitletl lo the cabin Irom the Iirsl zone outlet and the
second zone outlet at outlet temperatures and Inass flow
rates is equal to the determined outlet temperatures and mass
florv rates, respectively

13. Thc method of claim 1, wherein the first zone is a
driver zone and thc second zone is the passenger zone.

14. A method for aulomancally controflmg the climate in
a plurality of climate control zones of a cabin of an auto-
mobile comprising at least a first zone and a second zone
having a temperature sensor Iocaterl in a first zone and an
conditioned air outlet vent in each of the zones, the method
comprising at least utilizing an algorithm relating to at ]cast
equations

ToD=[TGT(f'iI+(G r (TGT(D)-RII0+8 tTGT(D)— T,)— ri t ) GI)l
Gvl —R ToPo].'(I —Ri

and

ToP=Tonei]TGTIPI-TED)J(1+I('GII-let
) elt I

I I iris)l(1 —R)

where.
ToD=I tirst zone outlet temperature,
ToP=S second zone outlet tcmpcraturc,
TGT(D)=First zone target temperature,
TG'I'(P)=Second zone target temperature,
Ge=Gain factor,
RMd=Firsl zone temperature estimate from sensor,

qno) ——I'irst zone sun load heat flux,

qop)-—Selx)nd zone sun lorn] heat flux,

GI,=E(fective glass area for solar load transmission,
T,=Anibicnt tempcraturc,
GA=Mass air flow rate,
K=('onduction or convection heat transfer coeflicient

betrveen the cabm and ambient air,
R=Zone crossover influcncc factor,
ToPa=Thc second zone's true outlet temperature,

(Evaporator Tcmpcraturc=-ToPas-Heater Air Outlet
Temperature),

lhe method compnsing.
aulomaticafly determining ToD, ToP, and GA by solvin ~

the aliove equations with predetermined constraints on
the relationship of TOD, Top, and (IA; and

providing conditioned air to the cabin from the first zone
outlet and thc second zone outlet at outlet temperatures
and mass flow rates correlating lo thc dctcrmincd out]ct
temperatures and mass flow rates.

15. The method of claim 14, wherein

Ge ((r)7(D) —RVII)inn

is subtracted from the calculamd value of ToP, whereinGc's

a gain factor less than or equal to Ge.
16. The method of claim 15, wherein Ge and Ge're

approximately equal when the Iirst zone temperature esu-
male is between about 20'. and about 28'.

17. The method of claim 16, wherein Ge and (ie'ary
inversely in relation to changing first zone temperature

estimates between al least the range Irom about 10'. to
about 20' and between at least the range from about 7&'

to about 35'.
18 The method of claim 17, rvherein (le decreases with

increasing first zone tcmpcrature cstimatcs below about20'.

and incrcascs with increasing tirst zone tcmpcraturc
esnmales above about 28'.

]9. The melhorl of chiim 14, wherein

lo OverSet II+TGGvt]

is added to the value of Top, where

0 erset=x(TGT(P)— ISe't),

where X is a calibrahon value, and where

I Se I-Pse I+I'TGI'(Pi—I SeI I.

where Y is a muluplier that is arbitranly set to allow the FSet
equation to be uuhzed m an algorithm that obtains the unity
value of FSet by a loop routine

20. The method of claim 14, further including calculating
a minimum mass air flow rate from thc equation:

Ga=k'(IGI(Pi— Io—v,(l ) I7 IR)l((: p mtv I mp I — lrii(P))

where Capacity 'I'emperature is a value selected from a

group consisting of a constant cooling dcvicc tcmpcraturc
and a constant heating dcvicc temperature, and wherein thc
mass air flow rate of the conditioned air delivereti to the
cabin is based on ihe calculi ted mimmu m mass air flow rate.

21. The method of. claim ZO, wherein the mass air flow
rate of the air delivered to the cabin is Iimiterl to a prede-
termined maximum mass air flow rate above a variable mass
flow rate based on prcrlctermincd constraints.

22. Thc method of claini 21, whcrcin thc variable mass
flow rale based on predetermined constraints is substantially
correlalerl lo various blower volta es, the maximum mass
air flow rale is subslantuifly correlated to the blower voltage,
and wherein the maximmn mass air flow rate is limiterl to an
equivalent blorver voltage that is no greater than about 2
volts above an equivalent voltage of thc mass air flow rate
based on predctemiincd constraints.

23. The method of claim 14, wherein the comhuoned mr
provided to Ihe cabin Irom the Iirst zone outlet anti the
secoml zone oullel at outlet temperatures and mass flow
rates is equal to the determined outlet temperatures and mass
flow rates, respectively

24. An automobile having an automatic climate control
system according to claim 23.

25. The method of claim 14, wherein the constraints
include human constraml factors that modify thermody-
namic constraint factors in the relanonship of air flow anti
the outlet temperatures, and wherein the method further
includes repeatedly addressin the constraints in response to

rs incrcmcntal changes in variables in thc equations to cflccl a
change that will result in a modification of thc outlet
temperatures.

26. The method of. claim 14, wherein lhe Iirst zone is a
dnver zone aml lhe secontl zone is the passenger zone.

27. An automatic climate control apparatus for automati-
cally controlling climate in a plurality of climate control
zones of a cabin of an autoniobilc comprising at ]cast a first
zone and a second zone, coniprising:

an air blower adapted lo blow condiuoned air into the
ca(7111

an air outlet vent in the first zone in fluid communication
with the air blorver;
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an air outlet vent in the seconri zone m Iluitl commum-

cation with the air blower;
an air coohng device anil an air heating device in fluid

communication with the air blower, the first zone vent,
and the secoml zone vent;

a temperature sensor lncaterl in the first zone adapted to
provide a temperature value estimate of the first zone,

an electronic processor rlcvicc comprising a processor and
a memory, wherein thc memory is adapted to store a
plurality of equations, the plurality of equations includ-
ing equations for the air outlet temperatures and mass
flow rates of the first zone outlet and the second zone
outlet, the equanons being based on vaaables incluri-
ing:
a tar ct tcmpcraturc value for thc first zone and the

I
second vane,

a first vane temperature value estimate;
an ambient air temperature value;
a sun load heat flux value for at least one of the Iirst

zone aml the second zone,
a first znne gain factor value baserl at least on the brat

zone temperature value estimate;
a conduction/convection heat transfer coeflicient

between thc cabin and thc ambient air;
an cffcctive glass area for solar load transmission; and
a zone air crossover influence factor, wherein the zone

air crossover influence factor is a factor based on
blendin of air in the cabin; wherein

the electronic processor is iulapted to automatically con-
trol anti adiust mass flow rate and temperature of the air

in
being blown from the vents baserl on the equations as
constrained by predetermined constraints on the rela-
tionship of thc outlet tcmpcratures and air flow.

28. Thc apparatus of claim 27, further including a device
adapted to vary thc amount of air cntcring thc cabin that has

35
passed through or around the air heanng device.

29. The apparatus of claim 27, wherem the conditioned air
provided to the cabin frnm the first zone outlet and the
second zone outlet at outlet temperatures and mass flow
rates is equal to the dctcrmincd outlet tcmpcratures and mass

Icflow rates, rcspcctivcly.
30. Thc apparatus of claim 27, wherein the first zone is a

dnver zone and the second zone is the passenger zone.
31. A climate control device for controlling at least one

component of a climate control system that controls chmate
in a plurality of climate control znnes nf a cabin of an
autoniobilc compnsing at least a first zone anil a second
zone, comprisin:

a device adapted to receive a signal representing mass
flow rate of conrlitioncrl air lacing blown into thc cabin,

a device adapted to output a signal to cnntrnl heating and
coolin of air heing blown into the cabin;

a device adapted to output a signaI to control the mass
tlow rate of air heing blown intn the calvin;

a device adapted to receive a signal representauve of a
sensed temperature inside the cabin;

a device storing an algorithm based on at least a plurality
of equations, the plurality of equanons includmg equa-
tions for air outlet temperatures anil mass flniv rates of
first zone outlet and secnnd zone outlet, the equations re
lacing liascd on variables including:
a target tempcraturc value for thc first zone and thc

secoml zone,
a Iirst zone temperature value emimate;
an ambient air temperature value; es
a sun load heat flux value fnr at least one of the brat

zone and the seconrl vane;

a Iirst zone gmn factor value based at least on the first
zone temperature value estimate;

a conduction convection heat transfer coefficient
lietween the cabin and ambient air;

an eflcctive glass area for solar loarl transmission; and
a zone air crossover influenc factor, wherein thc zone

air crossover influence factor is a factor based on
blending of air in Ihe cabin, and

a device stonng a plurality of predetermined constraints
on a relatinnship of the tirst zone and second zone
outlet temperatures and air floiv; wherein
thc control device is adaptcrl to automatically output a

signal to control and adjust thc mass flow ram and
temperature of air being blown from thc vents based
on Ihe equanons as constrained by the predetermmed
constraints on the relationship of the outlet tempera-
tures and air flows.

32 I'he apparatus of claim 31, ivherein the hrst zone is a
dnvcr zone and thr second zone is thc passcngcr zone.

33. A method for automatically controlling climate in a

plurality of cliniatc control zones of a cabin of an automoiiilc
compriiung at least a Iirst zone and a second zone having a

temperature sensor located in the Iirst i«ine and a tempera-
ture sensor located in the second mne and an conditioned air
outlet vent in each of the zones, the method comprising:

obtaining a target temperature value for the first vane anil
thc second zone;

obtaining tcmperaturc value cstimatcs for the first zone
and thc second zone from thc first zone tempcraturc
sensor and Ihe, seconil zone temperature sensor respec-
uvely;

obtaining an ambient air temperature value,
obtaining a sun load heat flux value for at least one of the

Iirst zone and the second zone,
obtaining at icast one of a gain factor value bascrl the first

zone temperature value estimate aml a gain factor value
bast«l on the second zone temperature value estimate,

automatically determining outlet temperatures aml mass
flow rates of. Ihe Iirst zone outlet and the secoml zone
outlet based at least on the above obtained values and
on a conductioniconvection heat transfer coefficient
between the cabin and ambient air, an effective glass
arcs for soiar load transmission, a zone air crossover
influence factor, and prcrlctcrmincrl constraints on a
relationship of the outlet tcmpcraturcs and air flow;
wherein the mne air crossover influence factor is a

factor based on bleniling of. air in the cabin, aml,
proviriing condiuoned air to the cabin from the first zone

outlet and the second zone outlet at outlet temperatures
anti mass fiow rates correlating to the determineri outlet
temperatures and mass flow rates

34. The method of claim 33, ivherein the mne air cross-
over influence factor is variable and dcpcnrls on an air
rhstribution mode.

35. The method of claim 33, wherein the mass flow rate
of the conditioned mr provided to the Iirst zone is about the
same as the mass flow rate of. Ihe conriiuoned air prov«led
to the second vane

36 The method of claim 35, further including calculating
a minimum mass air flow rate bascrl on thc conduction,'onvection

heat transfer coefficient bctwccn thc cabin and
the ambient air, ihe secoml zone target temperature value,
the ambient air temperature value, the sun load heat flux
value fiir the seconrl zone, the elfecuve glass area for solar
load transmission, and a capacity temperature value selecterl
from a group consisting of a constant cooling device tem-
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perature anal a constant heating device temperature, wherein
the mass air floiv rate of the cnnditioned air delivered to the
cabin is based on the calculated minimum mass air flnw rate.

37. The method of claim 36, wherein the mass air flow
rate of thc air dclivcrcrl to thc cabin is limited to a prcdc-
tcrminerl maximum mass air flow rate above a variable mass
flow rate based on predetermined constramts.

35. The method of claim 37, wherein the venable mass
floiv rate baserl on predeterminecl constraints is substantially
correlated to various blower voltages, the maximum mass
air flow rate is suhstantiafly correlated tn the 1)lower voltage,
and wherein the maximum mass air flow rate is limited to an
equivalent blower voltage that is no grcatcr than about 2
vohs above the equivalent voltage of the mass air fiow rate
based on predetermined conatrmnts.

39. The method of claim 33, wherein the cnnditioned air
provided to the cabin frnm the first zone outlet and the
second zone outlet at outlet temperatures and mass flow
rates is equal to the dctcrmincd outlet temperatures and mass
flow rates, rcspcctivcly.

40. The method of claim 35, wherein the (irst zone is a
dnver zone and the second zone is the passenger zone.

41. A method for autnmatically contrnfling climate in a

plurality of climate control zones of a cabin of an autnmnl)ile
comprisin at least a firs vane and a secnnrl zone and having
a tcniperaturc sensor locatcrl in thc first zone anti a tem-
pcraturc sensor located in thc sccorul zone and an air out(ct
vent m each of the zones, the method compnsing at least
utilizing an algomthm relating to ai least equations:

llol)=izlr f(l))+III
I I (IGI(l))—Rfllj+a'(IGI(l)) — 1'I — q ro) Grl

and

ToP=[1'GT(PI+(Gr, )(TGT(P)-R)IPI+K(TGT(P)-T.i-q„»GL)l
Gzlo)-R Tonal(il-R)

where.
ToD=First zone outlet temperature,
ToP=Second zone outlet temperature,
TG'I'(lj)=lrirst mne target temperature,
TGT(P)=Second zone target tcmpcraturc,

Germ)—-Gain factor basecl on a Iirat zone temperature value
estimate,

Gc,pj——Gain factor bascrl on a second zone tcmpcraturc
value cstimatc,

RMd=Firat zone temperature esumate Irom sensor,
RMp=Secnnd zone temperature estimate from sensor,

quo)=First zone sun load heat flux,

q„p)-—Second zone aun lorul heat flux,
GL=Eflbctivc glass arcs for solar load transmission,
T,=Ambient temperature,

GA,o) ——Mass air flow rate of the first Tr)ne,

GA,p) ——Mass air flow rate of the second zone,
K=(:onduction or convection heat transfer cnefficient

llctwcen thc cabin and ambient air,
R=tonc crossover influenc factor,
ToPa=Thc second zone's true outlet tcmpcraturc,

(Evaporator TcmperaturcfiToPafiHeatcr Air Outlet
Temperature),

ToDa=The Iirst zone's true outlet temperature,
(Evaporator TemperaturefiToDafiHeater Air Outlet
'I'emperature),

the methnd comprising

automatically determimng ToD and ToP, anal GA by
solving the above equations with predetermined con-
straints on a relationship of I'olj, 'Ihp, GAIG) and
GA,»t and

providing conditioner( air to thc cabin from thc first zone
outlet and thc second zone outlet at outlet temperatures
anal mass flow rates correlating to the determinecl outlet
temperatures arul mass flow rates.

42. The method of claim 41, wherein the coiuhuoned mr
provided to the cabin from the hrst zone outlet and the
second zone outlet at outlet temperatures and mass tlow
rates is equal to the determined outlet tcmpcraturcs arul mass
flow rates, respcctivciy.

43. Thc method of claim 42, wherein GA,G) is equal to or
about equal to GA(p).

44. The method of chnm 42, wherein Ge,» is equal to or
about equal to Ge,pj

45 The method of claim 43, further including calculating
a minimum mass air flow rate from thc equation:

zo

Gram )=K'(TGT(P)— 1o —q,(P) GLIKI,'(C)Pac tr TemPerarore-
ror(pi)

whcrc Capacity Tcmpcraturc is a value sclcctcd from a

group consisung of. a constant cooling device temperature
anal a constant heaun ~ device temperature, and wherein the
mass air flow rate of the condiuoned air delivered to the
cabin is based on the calculated mmimum mass air flnw rate

46 'I'he methnd of claim 45, ivherein the mass air flow
rate of thc air dclivercrl to thc cabin is limited to a prcdc-
tcrmincd maxiniuni mass air flow rate above a variable mass
flow rate based on predetermined m)natratnta.

47. The method of. claim 45, wherein the venable mass
flow rate basecl on predetermined constraints ia substantially
correlated to varinus ()lower voltages, the maximum mass
air flow rate is substantially correlated to the blower voltage,
and whcrcin thc maxinium mass air flow rate is limited to an
cquivalcnt blower volta c that is no grcatcr than at)out 2
volta above the equivalent voltage of the mass air flow rate
based on predetermined constraints.

45. The method of claim 41, wherein the lirst zone ia a
dnver anne and the semnd zone is the passenger zone

49 An automatic climate cnntrnl apparatus fnr automati-
cally controfling climate in a plurality of climate control
zones of a cabin of an automobile comprisin at least a first
zone and a second zone, comprising.

an air blower adapted to blow condiuoned air into the
cabin,

an air outlet vent in the first zone in fluicl communication

n
with the air bloiver;

an air nutlet vent in the second zone in fluid communi-
cation with the air bloiver;

an air cooling device and an air heating device in tluid
communication ivith the air blower, the first mne vent,
and the seen)id zone vent;

a temperature sensor located in the first mne adapted to
provide a temperature value estimate of the first zone;

an electronic processor device compnsing a proceaaoir anal
a memory, ivherein the memory is adapterl to store a

plurality of equations, the plurality of equations includ-
ing equations for thc air outlet tcmpcraturcs and mass
flow rates of thc first zone outlet and thc second zone
outlet, the equauons bemg baaed on vamablea includ-
ing:

es a target temperature value for the Iirst zone and the
second zone;

a first zone temperature value estimate;
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an ambient air temperature value;
a sun los&i heat flux value for at least one nf the hrst

zone and the second zone;
a first zone gam factor value based at least on the hrst

zone tcmpcraturc value estimate;
a conduction convection heat transfer cocfflcicnt

between the cabin and ambient arr;
an eilecuve glass area Ior solar load transmission; and
a zone air crossover influence factor, wherein the zone

air crossover influence factor is a factor based on
blending of a)r in the cabin; wherein

the electronic processor is tulapted to automatically con-
trol aml adlust the mass flow rate and the temperature
of the air being blown from the vents basetl on the
equations as ronstra)ned by predetermined constraints
on the relationsh)p of the outlet temperatures and air
f1oiv.

50. Thc apparatus of claim 49, wherein the first zone is a
dnver zone anil the seconri zone is the passenger zone.

5L A method for automaucally controllmg the climate in
a plurality of climate control zones of a cabin of an auto-
mobile comprising at least a first zone and a second zone
having a temperature sensor Incaterl in a first zone and an
conrlitioned air outlet vent in each of thc zones, the mcthorl
comprising at ]cast utilizing an algorithm relating to at least
el it a I iotas

I o=]7GI(I))+(G (IGI/to)-Kill)+I'.IIG7(1)t— 7,1— (,, )Gt),
G:1 —R TqP]; (I —R')

and

7v/'=I I)+$ IGII (PI — IGI(I))] (I+In&In) — Iq,t )
— q,tq)]

GI )rln)t(1 — /I)

where.
ToD=J irsl zone outlet temperature,
ToP=Sccond zone outlet tempcraturc,
TGT(D)=F)rst zone target temperature,
TG'I'(P)=Second zone target temperature,
Ge=Gain factor,
RMd=F)rst zone temperature estimate from sensor,

qnn) ——I'irst zone sun lnad heat flux,

qnp)-—Second zone sun loml heat flux,

GI,=Effective glass area fnr solar load transmissinn,
T,=Anibicnt tempcraturc,
GA=Mass air flow rate,
K=('onduction or convection heat transfer coeflicient

bet)veen the cairn anti ambient air,
R=Zone crossover influence factor,

the method comprising.
automatically determining TGJZ VoP, and GA hy solving

the al)ove equations with predetermined constraints on
the relationship of ToD, ToP, and GA; and

providing conditioned mr lo the cabin from the first zone
outlet and thc second zone outlet at outlet tcmpcraturcs
anti mam flow rates correlating to the determineri outlet
temperatures and mass flow rates.

52. A method Ior automaucally controlhng climate in a

plurality of climate control zones of a cabin of an autnmohile
comprising at least a first zone and a second zone aml bavin
a temperature sensor located in the first zone and a tem-
perature sensor located in thc second zone and an air outlet

ln vent in each of. the zones, lhe method compnsing at least
utilizin an algorithm relating to at ]cast equations:

7 I)=[R"I(I)!+(Grtm (I& /(l)1 R'tn/1+k IIGI(0) I ) q,t )G/q
&m)q)—R I I ]'t,l —/n

altcl

TqP=ITGT(P'(Geq.) I TGTI P)-Rk//)I+K I TGTI P'I- T, )- q I,.) &'7)':1),.)-RTql)]'(I—R')
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where:

ToD=F)rsl zone outlet temperature,
ToP=Sccond zone outlet tcmpcrature,
I'GT(D)=l'irst zone target temperature,

TGT(P]=Secoml zone target temperature,

Gcto,——Gain factor based on a first zone tcmpcraturc value
estimate,

Ge»—-Gain factor based on a seconri zone temperature
value estimate,

RM&I=First zone tempcraturc estimate from sensor,
RMp=Second zone temperature esumate from sensor,

33 q In) First 7nne sun load heal tlux,

qnn)=SCCOnd ZOnC Sun IOad hCat fluX,

GL=ER'ect)ve glass area for solar lorul transmission,
T,=Ambient tcmpcraturc,

GA,o)—-Mass air flow raie of the first zone,
qo

(IA/p) ——Mass air floiv rate of the second zone,
Ki Conduction or convection heat transft:r cocfficicnt

bctwccn the cabin and ambient air,
R=Zone crossover influence factor,

qs thc method comprising:

automatically determimng ToD and ToP, anti GA by
solving the above equations with predetermined con-
straints on a relationship of I'oD, 'Ihp, GA/o) and
GA,»i and

providing conditioned mr lo the cabin from the first zone
outlet and the second zone outlet at outlet temperatures
and mass flow rates correlating to the determine&I outlet
temperatures and mass flow rates.


