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A method for controlling a climate control system is dis-
closed. In one example. the climate control system includes
adtusIing mi air nuxing valve slate and adtusiing a displace-
Incilt Uf II coinpiessor Ill Iiwponsc io an cncrgv convcis1011
device load. The method may provide iniproved climate
control m a vehicle cabin during high energy comersion
device load conditions.
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VEHICLE CLIlVL(TE ('ONTROL METHOD

CROSS REFERENCE TO RELATED
APE I,I('Al'ION

1'he present application is a divisional of U S patent
application Ser No. 14/943.858. entitled "VEHICLE CLI-
MA'I ll CON'll(OI MIII IIOI)," filed Nov. 17, 2015. U S.
patent application Ser No 14/943.858 is a divisional appli-

1(lcanon of U.S. patent application Ser. No. 13/421,565
entitled "VEHICLE CLIlVLATE CONTROI METHOD.**

lilcd on Mar. 15. 2012, now U.S. Pai No. 9.242,531. Thc
entire contents of each of the above-referenced applications
arc hereby incorporatixl by reli:rcncc ul their entirety for all
pllfposcs

till!I.D

'lhe present description relates to a metlxld for operating
a vehicle climate control cystem. The method may be
Irdrttculally usi:Iul for uianBgulg lhc I:nvlronnlcnl ol
vehicle cabin when the vehicle ic operated at high loads.

BACKCIROUND AND SUMIvLXRY

Climate control systems have long been pnlvided in
1 chiclcs to unprovc dover comfort dunng dnvul . A dover
may sclixl a desired cabin tempcralurc vld a conlrol panel.
'I'he climate control system heats and/or cools air in the so

cabin to provide the dover selected desired cabin tempera-
ture In one example, cabin air is heated by passing air over
a heat exchanger that containc heated engine coolant and
distributing the air in the vehicle cabin. Cabin air may also
be cooled by passulg Blr over an evaporator and directing lc
cooled mr to thc cabul. Air amund the evaporator ls cooled
when hquid coolant changes to a gas m Ihc evaporalor
thereby absorbing heat from the surrounding air. I'he gas in
the evaporator is then compressed to a liquid and heat in the
liquid is released to an area outside the cabin. do

The air that is cooled or heated may be drawn fmm
outside ol'he vchiclc or from ulsldc (he veluclc. Air from
outside Ihc cabin ls often directed to Ihc evaporator or thc
hcdl exchanger bi:cd(is(: lhc oulsulc Bu rcplBccs stBlc ciibul
air Nevertheless. during very warm ambient temperature
days, it may be desirable to recirculate air ivithin the cabin
to provide lower cabin temperatures ac compared with v ben
air from outside the cabin is circulated in the cabin.

Cllnuite control syslmns Improve occupant comfor! bul
thc)'ldv also rixlili:c vchlclc pi:ifolnlancc sulcc B pill(lou of
ouipul Irom au engine and/or molor Is used lo operate the
climate control system As a result. vehicle perfilrmance
nlay be reduced when a clunate control system i ~ activated.
One cvay to mitigate a reduction in vehicle perfomlance due
to a climate control system is to deactivate or reduce output 11

from the climate control system durm lugh load conditions.
For example. when a dover demmld a lugh level of torque
front d nxuor or i:nghlix Bn alt condllloncl conlprcssol nlav
be tenlporarily deactivated in response to the high level of
torque requested by the driver. I iowever. cabin comfort may (o
be reduced during hi h load conditions cince air conditioner
output is reduced. Thus, there may be competing requlre-
nicnls bc(wc(:n uli:rcasulg vi:hlclc whci:I 1(lnilli: Bnd provld-
hlg conllolt lilt B if(vcr ul lhc vchlclc cabal.

lhc inventors herein have recognized Ihc above-mcn- sc
tinned disadvantages and have developed a method filr
controlling a vehicle climate systein, comprising: adjusting

,723 B2

dn Bu nuxulg valve smile (Iud il ciunpl'issor ul ri:sponsi'. Io (I

energy conversion dci ice load greater than a tlucshold.
By adjusting an air mixing valve and a compressor in

response to a energy conversion device load greater than B

threshold, it may be possible to reduce a load on a cliinate
control system and extend die tinle that cabin air can be
cooled. For example, during a humid day, 40/o ol'l air
conditioner load may result from dehumidifying air passulg
over an ei aporator mther than cooling the air. Consequently,
the cooling capability of an evaporator may be extended
v hen the air mixing valve is adjusted to recirculate a higher
percentage of air in a vehicle cabin

In onc cxamplc, ml air mu ulg door ul Ihe vcluclc heatulg
ventilation and air condluoning /HVAC) system Is cinsect
when an en ine torque production request is yester than a
threshold so that a percentage of air circulating in a vehicle
cabin and over an ecaporator is increased. In other words, a
higher percentage of air that is already in the cabin is
circulated over an evaporator. In another example. the air
mixing dour ls closed when mlginc ultake mamfold vaculun
is grcalcr than a Ilu(ahold so Ihal a pcrccnlagc ol air
el(i:ulatulg ul d vchlclc cdbul iuld ovig iln i:vBpoldlilr Is
increased In these ways. reduction m air conditioner com-
pressor output may be made less noticeable to a driver
Without such operation reduction in air conditioner com-
pressor output may be readily sensed by cabin occupants as
an iucrcasc In Icmperalurc dnd humidity

Thc present descnpuon mdy provide scvcral advimtages.
Spccilically, lhc approach nuiy uuprovc mr condilionulg
system response In addition, the approach may simpiif)
system design since a complex system nlodel may be
unnecessary. Further. the approach may reduce the possibil-
ity of introducing phase oscillations that may be caused by
long system delays.

Thc above advantages and other advantages, and lbalures
of thc prcsmll description will bc res(fly apparent from thc
followmg f)etailed Description when taken alone or in
colulcctlon w'1th thc BccoinpBnvlng dl'Bwulgs

It should be understood that the sununary above is pro-
vided to introduce in simplified form a selection of concepts
that are further described in the detailed description. It is not
meant to identify key or essential features of Ihc clmmcxt
subicct matter. thc scope ol'which ls dclined uniquely by Ihe
claims that follow the detailed description Iiurthennore. the
claimed subject matter is not linuted to inlplenlentations that
solve any disadvantages noted above or in any part of this
disclosure.

BRII!Ii DiiSCRIPI ION Oli TIII: DRAWIN(1)

The advantages described herein v, ill be more fidly under-
stood by reading an example of an embodiment. referred to
hcrcin as the Dclailcd Description, when taken alone or with
rcfcrcncc lo thc drawings, whore:

l(I(i I is a schematic diagrmn of a vehicle air condition-
ing BVSIcnu

l(I(i 2 is a schematic dis rani of the energy comersion
device of FI(l. I (chere the energy conversion device is an
en ine:

FI(IS. 3-5 are sunulatcd operating scxtucnccs ol'nterest
when llm method of FIG. 6 is execu(oct in thc systems shown
in III(ig. I and 2; and

l(I(i 6 is a vehicle climate control method

DETAILED DESCRIPTION

I'he present description is related to controlling an air
cmlditioning system of a vehicle. In one non-limiting
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CxdltlplC. iliC Bll'olldltlolllllg SVS1CIii Illilv bc Coliligilled ilS

illustrated in FICI. I Further. a portion of a climate conrrol
system may bc coupled to im cnguic ol d velucle as illus-
trated in Iii(i 2 Iii(IS 3-5 show signals of interest during
clinuiie control system operation. Thc climate control sys-
tem may be operated according to the metlxid of Iii(i. 6

Referring now to FICi. 1. air conditioning system 100
includes an evaporator 8 for cooling vehicle cabin air Air is
passed over evaporator 8 via fan 50 and directed around

1 I iiehicle cabin 2. Climate controller 26 operates Ihn 50
according to operator settings as weil as climate sensors.
Tcmpcraiure semor 4 provides mi uidicauon ol thc tcmpcra-
ture of evaporator 8 to climate controller 26. (.abiil tenl-
peraiurc smisor 30 provides an indication of cabui tempera-
ture to climate controller 26. Similarly, huinidity sensor 32
provides climate controller 26 an indication of cabin humid-
ity Sun load sensor 34 provides an indication of cabin
heating from sun light to climate controller 26. C'limate
coiitiollcr also rccc1vcs opclii1or lllpills frolll opcrBiol llltcl- sa
face 28 and supphes desired evaporator temperanire and
dculdl cvdpordior tcmpcldulrc to cllclgv'olivcrsioii dcvlcc
controller 12.

Operator interface 28 allows an operator to select a
desired cabin tempemture, fan speed. and distribution path
for conditioned cabin air (e.g., conditioned fresh Bir or
conditioned recirculated air). Opemstor interface 28 may
include dials aud push bu11ons io select climate settings In
some examples, operator uiicrlacc 28 may BCCCTB inpu1s via
a touch sensitive display so

Refrigerant is supphed to evapomtor 8 via evaporator
valve 20 after being pumped into condenser 16 Gompressor
18 receives refrigerant gas from evapomtor 8 and pressur-
izes the refrigerant. Heat is extmscted from the pressurized
reirigcranl so thai the refrigermit is liquefied al condenser is
16. Thc liquelied refngerant cxpmxls alter passm through
evaporator valve 20 cnusing ihe temperature ol evaporator 8
to be reduced

('ompressor 18 includes a clutch 24. a displacement
control valve 22. piston 80, and swash plate 82. Piston 80 do

pressurizes refri emnt in air conditioniiig system which
flows from air coudiuouer compressor 18 io condenser 16.
Swash plate 82 adjusts thc stroke ol piston 80 to adjust thc
prcssure at which rclhgcrant is ouipui from mr conditioner
compressor 18 based on oil flow through variable displace-
ment control valve 22. ('Iutch 24 may be selectively engaged
and disenga ed to supply air conditioner compressor 18 with
rotational ener y fmm ener y conversion device 10. In one
cxiunple, cncrgy conversion device 10 is im enguie supply-
ing rotational cncrgy to compressor 18 and wheels 60 via o

transmission 70. Iu other cxmnples. cncrgy conversion
device 10 is an electrical motor supplying rotational energy
to air conditioner conipressor 18 and wheels 60 via trans-
mission 70. Rotational ener y may be supplied to air con-
ditioner compressor 18 from energy conversion device 10 ss
i is belt 42. In onc cxamplc, belt 42 mccharucally couples
shafl 40 to climate conuol compressor 18 via cluich 24.
Shall 40 may be an miguic crattkshafl, dmiature slmft. or
other shaft.

In this v ay, the system of I'l(i I provides mtational ie
energy to a climate control compressor to cool the cabin of
a vehicle. Specifically, the air conditioner compressor pro-
s ides a negative torque to load ihe energy conversion device
and compress thc rcfngcrani so thai ihc rclngemnt can be
subscxtucntly cxpaudcd in order to cool ihc velucle cabin. Ss
'I'he aniount of negative torque provided to the energy
conversion device by the air conditioner coinpressor can be

diiluS1lllg Vlii ilie CliuCll dill Bll ilCiudtor Or ValVC illai Bdtusls
the variable displacement pump

Referriilg to I I(i 2. one exantple of an eilergy corn ersion
device is shown ln particular, ener y corn ersion device 10
is an internal combustion engine. comprisin a plurality of
cylinders. one cylinder of which is shown in FICI. 1. is
controlled by clectroiuc cncrgy conversion device controller
12. Engine 10 includes combustion chamber 230 and cvl-
inder walls 232 with piston 236 positioned therein and
cminected to shaft 40 ivhich is a crankshaft ('ombustion
chaniber Z30 is shoivn communicating with intake manifold
244 and exhaust manifold 248 via respective intake valve
252 and exhaust valve 254. Each intake and exhaust valve
may bc operated by dn uitakc cern 251 Bnd an exhaust csun
253 Altcrnauvely, onc or morc ol'he intake and exhaust
valves niay be operated by an electroniechanically coi1-
trolled valve coil and armature assembly 'I'he position of
intake cant Z51 may be determined by intake cern sensor
255 The position of exhaust cern 253 may be determined by
exhaust cern sensor 257.

Fuel inlcctor 266 is shown posiuoucd io uiject I'ucl

directly into cyhndcr 230, which is known io those sktlicxI
in the ait as direct injection. Alternatively. fuel may be
intected to an intake port, ivbich is ktlown to those skifled in
the art as port injection. I 'uel injector 266 delivers liquid fuel
in proportion to the pulse width of signal FPW from energy
conversion device controller 12 Fuel is delivered to hiel
iutector 266 by a fuel system fnot shown) includuig a fuel
tank, fuel pump. Bnd Ihcl rm1 fixit shown 3 Fuel uit actor 266
is supplied operating current from driver 268 which
responds to energy conversion device controller 12. In
addition, intake niani fold 244 is shown conimunicating ivith
optional electronic tiuottle 262 iihich adlusts a position of
throttle plate 264 to control air fkiiv fmm air intake 242 to
intake mmufold 244. In onc cxamplc, a low pressure direct
iutcction system may be used. where fuel pressure cmi be
raised to approxundicly 20-30 bar. Altcroaiivcly, a lugh
pressure, dual stage, hiel system may be used to generate
higher fuel pressures

Distributorless ignition system 288 provides an i nition
spark to combustion chaniber 230 via spark plug 292 in
rcsponsc to cncrgy conversion device controller 12. I Iruvcr-
sal Exlrdust Gas Oxygen fUEGO) smisor 226 is shown
coupled io exhaust manifold 248 upstream of catalytic
converter 270 Alteniatively. a nvo-state exhaust gas oxygen
sensor may be substitmed for III.CIO sensor 226

Converter 270 can include nniitiple catalyst bricl s, in one
example. In another example, multiple emission control
dcviccs, each with muluplc bricks, can be used. Convcrier
270 cdn bc a three-v:dy type catalyst in one example.

Energy conversion dcvicc controller 12 is shown in FIG.
I as a conventional microcomputer including micropnices-
sor iuiit 202, input/output ports 204. read-only memory 206,
random access memory 208. keep alive memory 210, and a
conventional data bus. Energy conversion device controller
12 m shown receiving venous signals Ibom sensors coupicxi
to energy conversion device 10, ui addiuon to those signals
previously discussed. uicluduig. miginc coolant tcmperaturc
(E(71'3 from teniperature sensor 212 coupled to cooling,
sleeve 214: a position sensor 284 coupled to an accelerator
pedal 280 for sensin force applied by foot 282; a measure-
ment of en ine manifold pressure (MAP) from pressure
smisor 222 coupled to intake manifold 244, mi enguie
position sensor from a Hall eflbct sensor 218 sensing posi-
tion of slmlt 40: a measurement ol air mass enicrui ihe
engine from sensor 220; and a measurenient of throttle
position from sensor 258. IIaronietric pressure may also be
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smised (sensor not shown) lbr processing by cncrgy con-
version device controller 12 In a preferred aspect of the
present descnption. engine position sensor 218 produces a
predeterniined nmnber of equally spaced pulses every revo-
lution of the cmsnkshafi from wlfich engine speed (RPM) can
be determined.

In some embodiments. thc cnginc mdy be coupled tu an
cfccxnc motor/baucry system in B hybnd vchiclc. The hybnd
vehicle may have a parallel configuration, series configura-
tion. or variation or combinations thereof. Iiurther. in some Ic

embodiments. other engine configuration may be
eniployed. for example a diesel engine.

During opemstlon. each cylinder within the engine rypi-
cdllv'iuh:rgiics a folir stroke cvclc: lhc cvch: ulcllidcs thc
intake suol e, compression stroke, expansion stroke, and
exhaust stroke During the intake stroke, generally. the
exhaust valve 254 closes and intake valve 252 opens Air is
intmduced into combustion chamber 230 via intake maiu-
fold 244. and piston 236 moves to the bottom ofthe cylinder
so as to increase the volume within combustion chamber lo
230. Thc position at which piston 236 is near tlm bottom of
thc cvlhxlcr Biul at tlic cild ol lls stroke (c.g. v hcn coinblls-
tion chamber 230 is at its largest volume) is typically
referred to by those of skill in the art as bottimt dead center
(BDG). 1)uring the compression stroke. intake valve 252 and
exhaust valve 254 are closed. piston 236 moves roward the
cylinder head so as to compress the air within combusrion
clrdmber 230. Thc point at wluch piston 236 is at thc eixl of
ils stroke and closest to thc cyluidcr head (e.g. when
combustion clmntber 230 is at its sinallest volume) is io
typically referred to by those of skill in the art as top dead
center fl D('). In a process hereinafter referred to as mjtx-
tion, fuel is introduced into the combustion chamber In a
process hereinafier referred to as ignition, the injected fuel
is igruled by known ignition means such as spark plug 292, ii
resultuig ui combustiou Dunng thc expansion stroke. the
expanding gases push piston 236 back lo BDC. Shaft 40
converts piston movement into a rotational torque of the
rotary shaft. Iiinally. during the exhaust stroke. the exhaust
valve 254 opens to release the combusted air-fuel mixture to do

exhaust marufold 248 and the piston returns to TDC. Note
Ihal Ihc above is shown mcrcly Bs Bn example, and lhal
intake;md exhaust valve opcnuig tmd/or closing tinungs
indv vary. Such rls to provide positive oi iu:gBlivc valve
overlap, late intake valve closmg. or various other exantples.

Referring now to 11(i 3, a simulated operating sequence
according to the method of FIG. 6 is shown. The sequence
of FIG. 3 may be provided by the system shown in FICiS. I
and 2 executing thc method ol'FIG. 6 via uistrucnons sturcd
in non-uansitory memory. FICi. 3 uicludes vcifical markers c

To-Ti llml indicute limes ol parliculsr inlcrcsl duruig the
sequence

1hc first plot from the top of I 1(i 3 is a plot of energy
conversion device load ver~us time. Ener y conversion
device load increases in the direction of the Y axis arrow. 11

Energy corn craton dcvicc load may bc ui Ihe fiimt of a load
demand lrom a device or controller. Altcrnalively, energy
corn craton device load may be measured via mi mr sensor
when the energy corn ersion device is an internal combus-
tion engine or via a current sensor when the energy conver- io
sion device is an electric motor. The X axis represents time
and time increases from the left side of the figure to the nght
side of'he figurc. Douixl lute 302 represents B tlucslxild
cncrgy corn craton dcvicc load above wluch adjuslmcnls are
made lo rixlirect output ol'hc cncrgy conversion device. Si

1hc second plot front the top of 11(i. 3 is a plot of
compressor clutch state versus time 'I'he coinpressor clutch

is closed or activated when the compressor trace is al B

higher level as indicated at time 'I;, I'he conipressor clutch
is open or deactivated ivhen the conipressor trace is at a
lower level as indicated at time 'I'4. Rotational energy inay
be transferred to the compressor when the compressor clutch
is closed. The X axis represents time and time increases from
lhc lcfi sale of thc ligure Io Ihc nght side ol'hc figurc.

Thc third plot fiom thc Iop of FIG. 3 is a plot of air mixuig
valve position versus time. The air mixing valve is substan-
tially open to allov, fresh air into the vehicle cabin when the
air mixing valve position is at a hi her level as mdicated at
time T„. The air mixin valve is closed when the air mixing
valve is at a lolver level as indicated between time T., and
time Td. It should bc no(cd that in some examples. the air
mixing valve may nol bc completely closed to completely
prevent fresh air from entering the cabin when the air mixing,
valve is shown in a closed position. Iior example, a small
percentage of air being circulated in the cabin via the fan
may be fresh air (e.g.. less than 25%4 of air pumped by the
fan). The X axis represents tinie and time increases from the
left side of thc figurc Io the right side of the ligurc.

Thc Riurlh plot lbom the top of FIG. 3 is a plot of cabin
htunidity versus time I ltunidity increases in the direction of
the Y axis arroiv Cabin humidity may be sensed or inferred
The X axis represents time and time increases from the left
side of the figure to the right side of the fi ure Dotted line
304 represents a threshold cabin humidity level above wlfich
adluslmcnm arc made lo climate control system. In some
cxiunplcs, a change ul cabui lnimidity cxcccduig a threshold
level may be the basis for adjustnients to the climate contml
system In still other examples, adjustments to the climate
control system may be provided in response to exceeding a
cabin lnimidity level tlueshold and exceedin a level of
change in cabin humidity.

Thc third plot fiom thc Iop of FIG. 3 is a plot of air mixuig
valve position versus lime. Thc air mixing valve 65 is
substantially open Io allow fresh air into thc vcluclc cabin
when the air mixing valve position is at a higher level as
indicated at time To The air mixing valve 65 is closed when
the air mixing valve is at a lower level as indicated between
time T., and time Td. It should be noted that in some
cxiunplcs, Ihe air nuxing Salve 65 may nol bc completely
closed lo complctcly preienl fresh air from cntenng thc
cabin when the air nuxing valve is shown in a closed
position. Iior example, a small percentage of air being,
circulated in the cabin via the fan may be fresh air (e g, less
than 25% of air pumped by the fan). The X axis represents
time and time increases from the left side of the figure to the
right sale of thc ligurc.

At time To. thc cncrgy corn craton dcvicc load is low Bs

are thc cabin humidity mid lhc cabin temperature. The
cmnpressor clutch is engs ed and the conipressor is oper-
ating. I he air iuix ala v,'live Is open so liat,'1 highci'moutlt
of air reaching the climate control system fan is fresh air
(e ., greater than 25%4 of air delivered to the cabin).

At lime To micrgy conversion dcwcc load has uicrcasod
to a level cxccedutg tlucshold level 302. Thcrcforc, thc
compressor clutch is opened and Ihc mr mixing valve is
repositioned in response to the energy conversion device
load exceeding the threshold level. Additional torque may be
provided to velficle wheels when the compressor clutch is
opened. Tlnis, additional torque is available fmm the ener y
coiivcrsion device Io nicrd lodds other Ifulil lhc cliintilc
control system. Further, ui some cxrunples, Ihc output of a
chmalc control systmu fdn may bc dccrcascd when Ihc
ener y conversion device torque exceeds threshold level
302 Reducing fan speed can reduce current consumption
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and may cxtcnd thc tunouut of time cabin mr may bc cooled
via the evapnrator 'I'he cabin temperature and lnnnidity are
at lower levels when the compressor clutch is deactivated

Alternatively. this same behavior can be triggered at lov
propulsive torques when it is desirable to enhance intel e
manifold vacuum levels tmsnsiently to provide vacuum to
actuators such as a pneumatic brake booster. Lowering
cnginc load by disengaging thc mr conilitioner compressor
or heat pump is an effective way of providing intake
nianifold vacuum fiir a brake booster or fiir an aspinstor in

pmviding vacuum for a brake booster
At time T„ the energy conversion device load is reduced

to n level less than threshold level 302. As a result, the
compressor clutch is closed or reactivated and the mr nuxing
s alve is opened to allow Iycsh air into the vchiclc cabin. Thc
air mixin valve is opened at a first rate indicated at 310 'I he
firrt nate may be a higher rate mixing valve closing. mate so
that cabin air may be quickly replaced by fresh conditioned
air. The cabin temperature and humidity begin to decrease
after the compressor is reactivated by closing the clutch. Of io
course. if the operator has recircula1ion mode already
sclccted, no behavior change in the mr conditioning system
is noticeable

At time I i. the energy conversion device Inad increases to
exceed threshold level 3112 The compressor clutch is opened
or deactivated nnd the air mixing valve is closed to reduce
the amount of fresh air entering the cabin. Cabin humidity
and u:mpcraturc incrcnsc wlulc the compressor clutch is
opcntxf.

llenveen time 'I', and time 'fw cabin Innnidity and tens- so

perature gradually increase as cooling of cabin air via the
evaporator decreases I iowever, closing the air mixing valve
increases the amount of time the evaporator can cool cabin
air since the evaporator is doing less v,orl extracting water
s apor Irom;ur ui the cabin as compared 1o il 1hc evapora1or is
were remos ing water vapor I'rom fresh mr.

At time Tw cabin humidity exceeds tlucshold lcvcl 304
and cabin temperature continues to increase. In tlus
example, the cabin temperature stays below the cabin teni-
perature tltreshold 304. The compressor is not reactivated so
because energy conversion device load remains above
tlucshold 302, but thc air mixuig valve is reopened to
provide mi additional nmount ol''rcsh mr to the cabin In
some examples, thc mr mixuig valve may bc reopened when
a chmige in cabin huniidity exceeds a tftreshold level.
Opening the air niixing valve may remove stale lfigher
huniidity air from the cabin. Further, the air mixiiig valve
may be opened nt a reduced rate as indicated at 312 so timt
cabm air is grmlually rcplaccd by ambmnt air. Note that the
mr mixuig salve w opmied Ihster at 310 than at 312. o

At time Ts. energy conversion device load is dccreascd 1O

less than threshold level 302 ('onsequently, the compressor
clutch is closed to openste the compressor. I he air mixiilg
valve remains in the open position so that cabin air is
refreshed xvith conditioned fresh air. The cabin tempermue ss
and luunidity bcgui to decrcasc aller thc compressor clutch
is cngagixl thereby activatuig thc compressor.

Ai tune Tw cucrgy conversion device load is again
increased to a level greater than the threshold level 302.
'I'herefore, the compressor clutch is deactivated and the air (o
mixing valve is closed. The cabin humidity and temperature
start to increase after the compressor is deactivated by
opeiung thc compressor clutch.

Relhrung now to FIG 4, another simulated operating
scqumice accorduig to thc method of FIG. 6 is shown. The ss
sequence of I'l(i. 4 niay be provided by the system slxiwn
in I'I(ig I and 2 executing the method of liq(i 6 via

iustnictions stored m non-transitory memory. FIG. 4
includes vertical markers 'peri s that indicate times of par-
ticular interest during the sequence I'l(i 4 includes the
sante plots as FI(i 3 'I herefore. an explanation of the plots
is omitted for the sake of brevity. An energy conversion
device load tlueshold is indicated by dotted hne 402. A cabin
humidity tlus:ahold lcvcl is indicated by dotted linc 404. A
cabui tcmpcraturc tlus ahold level is tndtcatcxf by doued lute
41)6

At tmie Ta, the energy conversion device load is low and
so are the cabin hiunidity and the cabin tempensture The
compressor clutch is engaged fe.g.. closed) and the com-
pressor is operating. The air mixing valve is open so that a
lllgllCr illllouill Of Bll iCtiCllllig llii: i:lllllati: Coll(col svstciti fall
is fresh air (c.g., grcatcr tlmn 2606 ol'ir dclivcred to thc
cabini

At time T,, energy conversion device load lies increased
to a level exceeding threshold level 402. Therefore, the
compressor clutch is opened and the air mixing valve is
repositioned in response to the energy conversion device
loiul excccding thc tlucshold lcvcl. Additional torque may be
provnlcd to vchiclc whccls by the energy conversion device
when the compressor clutch is opened since the load on the
ener y conversion device is lowered In in some examples,
the nutput of a climate control system fan may be decreased
when the energy conversion device torque exceeds threshold
level 402. Reducing fan speed can reduce current consump-
tion and may cxtcnd thc amount of time cabui air may bc
cooled via thc evaporator. Thc cabin tmnpcrature and humid-
ity are at losver levels ivhen the conipressor clutch is
deactivated

At time 'I'z, the energy conversion device load is reduced
to a level less than tltreshoid level 402. As a result, the
compressor ciutch is closed or reactivated nnd the air mixin
valve is opened to allow Ibesh mr into the vcluclc cabui. The
air mixuig valve is opcncil at a Iirst rute indicated at 410. The
Iirst rotc may be a lughcr mixuig valve closuig rule so 1hat
cabin air may be quickly replaced by fresh conditioned air
The cabin temperature and lnunidity begin to decrease after
the compressor is reactivated by closing the clutch.

At time T,. the energy conversion device load increases to
cxcixd threshold lcvcl 402. The compressor clutch is opened
or deactivated and the mr mixuig valve is closcxf to reduce
thc amount of fresh mr cnteung thc cabin. Cabin humidity
and temperature increase v bile the compressor clutch is
opened.

Between time Ts and time Ts, cabin humidity and tem-
perature radually increase as cooling of cabin air via the
evaporator decreases. How ever. closuig tlm air nuxing valve
iiiCicasCB tllC illllollllt Of tlltli: Illc Cvaporator CBii Cool Cabill
air sincs: 1he evaporator is doing less work extractuig water
vapor from air in the cabin as compared to if the evaporator
were removing w ster vapor front fresh air

At time Ts. cabin tempemsture exceeds tltreshold level 404
and cabin temperature continues to increase. In this
cxiunplc, the cabin hunudity level stays below thc cabin
humidity threshold 404. The compressor is not reacuvatod
bixausc cncrgy comcrsion device load rmnains above
threshold 402; however. the air mixing valve is reopened to
pmvide an additional amount of fresh air to the cabin In
some example~. the air mixing valve may be reopened when
a change in cabin tempemsture exceeds a tltreshoid level.
Opcnuig thc air mixuig salve may reduce condensauon in
the cabin and rcmosc stale lugher humidity air fmm the
cabui. Further, thc mr nuxing valve may bc opened at a
reduced rate as indicated at 412 so that cabin air is gradually
replaced by ambient air. Note that the air niixing valve is
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opcnlxl laster at 410 than at 412. In oiler examples, the mr
mixin valve may be held in a closed position until the load
on the ener y conversion device is less than a threshold or
until a desired level of vacuum in a vacuum systmn Is
achieved.

At time T„energy conversion device load is decreased to
less tluul tlueshoid Icvcl 402. Consequently, tlm compressor
chltch Is closed to opcrdtc lhc conlplcssom Thc Blr nuxlng
valve remains In the open position so that cabin air ls
refreshed v ith conditioned fresh air 'I'he cabin temperature la
and lnunidity begin to decrease after the compressor clutch
is engaged thereby activatin the compressor.

At time T„energy conversion device load is again
increased to a lcvcl greater titan the tlucshold level 402.
Therefore, thc compressor clutch is deactivated and thc mr
mixin valve Is closed 'I'he cabin lnlmidity and temperature
stan to increase after the compressor is deactivated by
openina the compressor clutch

Referring now to FICi 5, another cimuLlted operating
sequence accordin to the method of Fl(.i. 6 is shown. The lo
scqumlce of FIG. 5 may bc providcxI by thc system shown
in FIGS. I and 2 cxixuting the method ol FIG. 6 via
instructions stored m non-transitory memory 111(i 5
includes vertical nlarkers I'Url'1 tlmt indicate times of par-
ticular interest during the sequence 11(i. 5 includes the
same plots as FICi. 5 with the exception of compressor
displacement replaces compressor clutch state. Therefore. Bn

exp 1 mist ion of ann liar plots Is onuued lilr thc sake oi'brevity.
An mlcrgy conversion device load tlueshold Is mdtcatcxl by
dotted line 502 A cabin hmnidity threshold level is indicated Io

by dotted line 504 A cabin temperature threshold level Is
indicated by dotted line 506.

The second plot from the top of FI(.i. 5 represents com-
pressor displacement versus time, ( 'omprescor displacement
incrcdscs ul the direction of thc Y axis arrovl. Time Incrcascs li
in thc direction of thc X axis arrow. Thc compressor output
incrcdscs as thc compressor displacement increases.

At time 'I „, the energy conversion device load i ~ low and
so are the cabin lnunidity and the cabin teinperature. The
conlpressor displacement is at a high level so compressor do

output is at a high level. The air mixing valve is open so that
lugher amount of air rcaclung the chmatc control syslmn

f m is Ibcsh air (c g., grcatcr thml 25% of mr dchv crcd to thc
cabin).

At time 'I,, energy conversion device load has increased
to a level exceedmg thieshold level 502 'I'herefore. the
compressor displacement ic reduced to lower compressor
output and compressor negative torque in response to the
cncrgy conversion device load excccdulg die tlucslxild
lci cl. Additional torque may be providix! to vcluclc wheels o

by thc energy conversion device when tlm compressor
dispiacentent is reduced or the compressor clutch is opened
since the load on the energy comersion device is lowered.
The compressor displacement is shown being reduced at a
gradual rate so as to increase the amount of time the 11

evaporator can oiol cabin air In onecxamplc, thc compres-
sor displacement reduction rate may bc reduccxl el a rate liat
is dcpcndcnt on the energy conversion torque demand For
example. as the rate of energy conversion torque denland
increases. the rate of compressor displacement may be io
reduced. In some examples, the output of a climate control
system fan may be decreased when the ener y conversion
device torque cxcceds tlueshold level 502. Rcduculg fan
speed can rcducc current consumption mid may extend the
amount of tune cabin mr may bc cooled via thc evaporator. si
'I'he cabin temperature and hmnidity are at lower levels
when the compressor clutch is deactivated. In some

cxiunplcs, the air nnxing 1 ah e may bc closed every time thc
air conditioner clutch is conunanded off or if its displace-
ment is reducixk

At time 'I'I, the energy conversion device load is reduced
to a lcvcl less titan threshold lelel 502. Conscqucntly, thc
cmnpressor displacement is increased and the air mixing
valve is opened to allow fresh air into the velucle cabin. The
air mixing valve is opened at a first rate Indicated at 510. 'I he
first rate may be a hi her mixing valve closing mote so that
cabul air nuiy bc quickly replaced by fresh conditioned air.
The cabin temperature and hunlidity begin to decrease after
thc conlplcssilr iIHpldccnlcnt Is tuel'cdscd.

At time Tl, the energy conversion device load increases to
cxccmd tlucshold lcvcl 502. The compressor ihsplaccmcnt is
decreased and the air mixing valve is closed to reduce the
amount of fresh air entering the cabin Cabin lnlmidity and
temperature increase ivhile the conlpressor dispLScement is
reduced.

Between time Ts and nme Td, cabui humidity and tem-
perature radually increase as coolin of cabin air via the
cvilpordtor dcclcdscs. Thc conlpl'cssor iIHplaccnlcnt Is

gradually reduced rather than in a step wise manner. The air
nuxulg valve Is closcxl ki nlclctisc lhc dnloUnt of nnlc thc
evaporator cml cool cabin air since the evapomltor is doing
less work extracting water vapor Ibom air ui thc cabul as
compared to if the evaporator ivere removing water vapor
from fresh air.

At time I'd. cabin lninlidity level exceeds threshold level
504 and cabin temperature contulues to increase. In tlfis
cxiunplc, the cabin tcmpcrature lcvcl stays below the cabin
temperature threshold 506. The compressor displacement is
not uicrcascd bccausc energy conversion dcvicc load
remains above threshold 502; however. the air mixing valve
ls rcopcncd to provide Iln ilddltlonal BUICUU( oi hcsh Bil to
the cabin In some examples, the air mixing valve nmy be
reopened when a change in cabin humidity exceeds a
threshold level. Opening the air nuxing valve may reduce
condensation in the cabin and remove stale higher Inunidity
air from the cabul. Further, thc mr mixuig valve may be
opened at a reduced rate as indicated at 512 so that cabin air
is gradually replaced by mnbicnt air. Note that thc air mixulg
valve is opmlcd faster at 510 than at 512.

At time Ts, energy conversion device load Is decreased to
less than threshold level 502. ('Onsequently. the compressor
displacement is increased to raise compressor output. The air
mixing I alve remains in the open position so that cabin air
is rcfrcshcd with conditioned fresh air. Thc cabul tempera-
ture and humuhty begul to decrease al'tcr thc compressor
dlsplaccmcnt ls ulcrcascd thereby clcvaung compressor out-
put

At tmle Ts, energy conversion device load is again
increased to a level rester than the threshold level 502.
Therefore, the compressor displacement is decreased to
lower compressor output. Thc cabin humidity and tcmpcm-
tUrc stilt( to uiclcdsc direr thc ciinlprcssor ls ilixictlvdtcd by
opcnhlg thc conlplcssol clU(ch

l bus, an operating state of a clinlate control compressor
may be adjusted in response to energy conversion device
torque while an air mixing valve state may be adjusted in
response to energy conversion device state, cabin humidity,
change ul cabul humidity, change In cabin tcmpcrature, and
cabul tcmperaturc.

Rcfi:rring now to FIG. 6, d method Ihr operating a clinune
cmltrol system is shown I'he method of I'l(i 6 is executable
via instnictions stored in the system of I'I(iS I and 2 The
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instrucuons may bc stored u& a non-transitory medium. Thc
method of lil(i 6 may pmvide the sequences shown in
l&l(ig. 5-5.

At 6U2, method 600 detern&ined vehicle open&ting condi-
tions. &Zehicle opemting conditions may include but are not
limited to cabin temperature. cabin humidity. ener 5 con-
&era&on de& Icc torque, and energy convcrs&on device torque
dcnliuld. Method 600 procccds to 604 aficr vehlch: opelatiilg
conditions are determined

At 604, n&ethod 600 judges whether or not energy con- ic
version device load is greater than a threslx&ld load The
energy conversion device load may be determined via a load
con&n&and such as a demand torque or via monitonng a
paIanictci such as cngulc au ch&Irgc i&r nlo&01 cia&cut. If thc
miergy conversion device load is greater than a tlucslx&ld I

load. the ans&ver is yes and method 600 proceeds to 606.
Othe&&vise, the ans&ver is no and method 600 pn&ceeds to
624

At 624. method 600 adjusts a position of an air mixing
valve and compressor output to provide desired cabin con- &o

ditions jc.g. des&red tempcraturc and hunudity). In one
cxiunplc, con&pre&so& illsplaccnlcnt is hlcrcascd to prov«lc
additional cooling to cabin air. In another example, a con&-

pressor clutch may be engaged to increase compressor
output. Additionally, the compressor clutch may be cycled
on and off to meet cabin cooling demand. The air mixing
valve is also opened to provide more than 25% of air
miiering thc climate control system fm& lrom outside thc
cabin jc.g.. fresh air) Method 600 proceeds to ex«aficr thc
compressor state and air niixing valve state are adjusted &o

At 6U6. method 6(H) adjusts the air mixing valve state to
reduce the mnount of fresh air bn&ught into the cabin In one
example. the position of the air mixin. valve may be
adjusted to close the air mixing valve such that less than
25% of mr reaclung the clunatc control system fan is fresh &I

mr. In other cxamplcs, thc air mixing valve is adlusted so
that less ihan 5% of air reaching the chmatc control system
fan is fresh air fe g. air drawn fmm outside the cabin) In
still other examples, the air mixing valve i ~ closed to the
extent possible given actuator linkages and stops limiting the ao

closing amount of the air mixing valve. Method 600 pro-
ceeds to 608 aller the state of the air mixuig valve Is
ad(usted.

At 608. method 600 ludges whether or not tlm chmatc
control con&pressor Includes a clutch In one example. a
location in controller n&einory may contain a variable that
indicated the type of compressor (e, a compressor with a
clutch or a compressor without a clutch). If method 600
judges the compressor has a clutch, thc answer Is yes and
method 600 proceeds to 612. II'ethod 600 judges the c

compressor docs not have a clutclb thc answer is no and
n&ethod 6UU proceeds to 610

In some examples, where the compressor includes both a
clutch and variable displacement (e.g., swash pLate). method
600 proceeds to 612 when energy conversion device load is &s

grcatcr than a second threshold lcvcl. II energy conversion
dcvicc load Is between thc threshold of 604 and the scmond
tine&hold. nu:thod 600 procccds to 610.

At 612. method 6UU opens the compressor clutch to
reduce the climate contml load on the energy conversion io
device. The load or torque decrease from opening the
compressor clutch may be provided to vehicle wheels.
Method 600 procccds to 614 after the compressor clutch Is
opencvh

At 610, method 600 rcduccs compressor output. In one ss
example, compressor output is reduced via reducing con&-

pressor displacement by adlusting a position of a swash

plate. Thc rcducuon in compressor output may bc based on
an amount of energy conversion device load that is greater
than a tluishold cncrgy conversion device load. For
exaniple, if an energy conversion device threshold k&ad is
250 N-m and thc energy corn ersion device load or demand
is at 255 N-m, the compressor displacen&ent may be reduce
to provide 5 N-m less of negative torque. Method 600
pmceeds to 614 after compressor output Is reduced.

At 614. method 600 judges whether or not output of a fan
directing air over an evaporator Is grcuter than a tlucshold
amount. If so, the answer is yes and method 600 proceeds to
616 Il'ot, the miswcr Is no and method 600 proceeds to
618 The threshold fan output may be in cubic meters per
nunutc. and thc threshold lbn amount may vary fi&r opcratu&g
conditions. 1&or exan&pie, at a hrst ambient air tempen&ture
and a first ambient hun&idity level, the fan output threshold
may be a first amount At a second ambient air ten&perature
and second ambient luimidity level„ the fan output threshold
may bc a second amount. Thc second fan output threshold
amount may be greater tl&an the hrst fan output threshold
amount when thc second ambient tcmpcrature and the
second ambient humidity are greater than the first ambient
temperature and the first ambient humidity

At 616, method 600 reduces fan output lian output may
be reduced via lo&ving current supplied to the fan. In one
example. the avera e amount of current supplied to the fan
may be reduced via pulse width modulating a vol«i c
applied to thc lhn. Method 600 proceeds to exit aller fan
output is reduced

At 618, method 60U judges &vhether or not a difFerence in
cabin humidity mid mubient hunudity is less than a thresh-
old. If the humidity difl'erence is less than a threshold level,
the answer is yes and metlu&d 600 proceeds to 622. Other-
w&sc, tlm ans&acr is no m&d method 600 proceeds to 620. In
other cxamplcs. method 600 judges whcthcr or not a change
and/or cabin humid&ty Ic& cl &s grcatcr than threshold values.
If so, the answer is yes and method 60U proceeds to 622
Otherwise, the answer is no and method 600 pmceeds to
620 Diflerent tlueslmlds for cabin humidity and chan e in
cabin humidity may be provided. For example. a change in
hum&d&ty tlucshold nuiy be 15% whereas a humid&ty thresh-
old may bc 75% relau&e humidity.

At 620, method 600 ludgcs whether or not cabin tem-
perature change anil'or cabin temperature level are greater
than threshold values. If so, the answer Is yes and method
600 proceeds to 622. Otherwise. the answer is no and
method 600 proceeds to exit. Difl'erent thresholds for cabin
tcmpcrature and change in cabui tempcraturc may bc pro-
vided For example, a change ui tcmperaturc threshold may
bc 7'. whereas Ihc temperature tlucshold may bc 28'.

At 622, method 6UU adjusts the state of the air mixing
valve. In one exan&pie. the air mixing valve is at least
partially closed so that the percent of fresh air Introduced to
the cabin is less than a tlueshold percent of air flowing
tluough thc cl&matc conuol fan to thc evaporator. For
cxiunplc, lbesh mr entcruig a lan having output of 100 cub&c

fcct per nunutc /CFM) may be lim&tcd to 20 CFM or 20%
of flow through the fan. 'I'hus, the air niixing valve Is closed
to a position that provides less than a tl&reshold amount of air
entering a fan. The air n&ixing valve position may be a
predetermined valve position. In some examples. the air
nuxing valve may bc complctcly closed. In other cximiples,
the air nuxing valve may bc closed to an extent that physmal
stops witlun thc air nnxing val& c ullow. Method 600 pro-
ceeds to exit after the position of the air mixing valve is
ad(usted
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Titus, the method ol'IG. 6 provides for conlrollulg a

vehicle climate system, comprising; adjustin an air mixing
1 Blvc stdlc illul d cotuprcssol ul rcspt111sc k1 Bn cucrgy
conversion device load greater than a threshold. In this v ay,
1 chicle cabin air may bc conditioned for a longer time period
afier output of a compressor is reduced 'I'he method
includes where the air mixin valve state and the compressor
are adjusted contemponsneously and further comprising
adjusting the air mixing valve state and compressor in

111
response lo a vacuum level ul a vacuum syslcm llxit is less
than a threshold vacuum. The method also includes where
Ihe mlcrgy conversion device load is requeslcd al least in
part by a driver, aild where output ot a energy conversion
device is adjustixl in rcsponsc lo lhc energy conversion
device load. In one exanlple, the energy conversion device
is an electric motor. In another exiunpl. the energy conver-
sion device is an mternal combustion engine 'I he method
includes where cabin air ls circulated via the air mixing
Valve where air circulated via Ihe lan Is compltsu! ol air IO

conlprised of less than a threshold percenta e of ibesh after
adluslulg Ihc mixing valve anile. Thc method further
includes lvhere output of the air conditioner is decreased in
response to the energy conversion device load

1'he method of 11(i 6 also provides filr controlhng a
vehicle climate system, comprising: adjustin an air mixing
valve to a first air mixing valve state and a compressor to a
flist coluprcssor slate ln rcspolisc It1 il cnclgy collvclsiou
dcvicc load greater than a tlucshold: dnd adlustulg thc mr
mixin valve to a second air nlixing valve state iil response sc
Io 'ill envimnmental condition of a vehicle cabin v bile the
compressor is in the first state. 'I'he method includes where
the first air mixing valve state comprises an air mixing valve
position that pmvides for circulation of air in the cabin via
a Ibn where thc Blr tlowing though thc fan is compltsu! of ls
lt:ss lhdn il lhrcshokl pclcculagc ol fresh ilu driiwll flola
outside thc cabul. Thc method includes whcrc Ihe tlucslxlld
percentage is less than 25% 'lite method also includes
where the tirst compressor state provides a lolver cmnpres-
sor output than before the compressor is adjusted in response do

to the energy conversion device load. In other words, the
compressor output ls rcduccd in rcsponsc to the energy
corn craton dcvlcc load excccdulg a threshold.

In some examples, thc method includes whcrc the envi-
roilmental condition is an amount of hunlidity in the vehicle
cabin. I'urther, the method includes where the environmental
condition is a temperature in the vehicle cabin. The method
further comprises adjusting the compressor to a second
coluprcssor slate ul rcspotlsc 10 B rcdUclloli ul lhc cucrgy
corn craton device load. For example, the compressor output o

may bc ulcrcascd when cncrbw conversion dcvwc load is
decreased after the energy corn ersion device load exceeded
a threshold 'I'he nlethod includes ivhere the compressor is an
air conditioner compressor, and where the second compres-
sor state provides a higher compressor output than the tirst 11

coulpliwsor slate
In another cxamplc, thc method of FIG. 6 provules for

conlrollulg a vcluclc clunale system, composing: adjusting
an air mixing valve state, a fan state. and a comprewsor state
in response to a vehicle operating condition: and increasing tc
vehicle vvheel torque in response to the vehicle operating
condition. The method includes where adjusting the com-
pressor slate reduces an output of thc compressor and where
thc vchlcic opcl'ruing condlnon Is Bn ulnskc nlillufbkl prcs-
sUIt: grcdlcr lhiul a lhrcshokl or Bvdclulnl lcvcl 111 11 vBcuunl Ss

system less than a threshold level I'or exainple. if a vacuunl
threshold level is 5 In-I lg and vacuuin level in a vacuunl

system is 6 In-Hg, thc air mixulg valve may be closed in
response the vacuum bein less than the threshold level

In another example. the nlethod includes adjusting the fan
state to reduce output of the fan. 'I'he method also includes
v here adjusting the mixing valve state reduces a percentage
of fresh air circulatin in a vehicle cabin. The method also
includes whcrc adlusung the compressor ~late gmdually
reduces B ctuuprcssol UUtpUI over tune.

Note that there is no driver or operator conlmand to close
the air mixing valve in the sequences shown in lil(ig 3-5
1'hus, the control actions may be performed without driver
or operator input. Further, the nlethod of FIG. 6 controls the
fan, compressor state. Bnd air mixing valve state without a
direct operator input jc.g., changing a paramctcr or inpul
such as a mixulg vdhc recirculation button lhal has a sole
function of adjusting, a state of a climate control device) to
control the states of the respective devices lior exmnple. the
method of lil(i 6 nlay close the air mixing valve in response
to the energy conversion device when there is no opemstor
input to the climate control system to adjust the state of the
conlprcssol; dlr Iulxlug villvc, iuld fiul Iu B cBsc Mhclc lhc
operator docs change an input of the climate control system,
the climate control system may follolv the openstor com-
mand

As will be appreciated by one of ordinary skill m the art,
routines described in FIG, 6 may represent one or more of
any number of processingstrategies such as event-driven,
inlcrnipl-driven, multi-iaslong. multi-llucadulg, and thc
like As such, venous steps or functions illustrated nmy bc
perfornled in the sequence illustrated, in parallel, or in soine
cases omitted I ikelvise, the order of pmcessing is not
necessarily required to achieve the objects. features, and
advantages described herein. but is pmvided for ease of
illustration and description. Although not explicitly illus-
trated, onc ol'ordinary skill in the art will rccogmzc that one
or morc of the illus(ra(cd steps or funcuons may bc rcpcal-
cdly pcrfilnned dcpcnding on lhc particular strategy bculg
used.

I'his concludes the description The reading of it by those
skilled in the art would bring to mind many alterations and
modifications lvithout departing from the spirit and the
scope of thc dcscripuon. For cxamplc, 13, 14, IS, 166, I'g.
BIO, and I'12 cn ines opcratulg in natural gas, gasoline.
dicscl, or alternative I'ucl configurations could usc thc pres-
ent description to advantage.

'I'he invention claimed is:
I A method for controlling a velficle clunate system,

colllprlsulg:
adjusting an mr mixulg valve state and adlusting a dis-

placement ol a compressor, Ihc compressor rcccivulg
rotational energy Ibom;m energy conversion device, in
response to an energy conversion device klad,

where adjusting the air mixing valve state mcludes adjust-
ing the air mixing valve to a more open state. and where
a rate at which the air mixmg valve state is adjusted to
thc morc open state is based on thc displacement ol'hc
coluprcssol;

whcrc adlusting Ihc ihsplacmncnt ol'lm compressor com-
prises. in response to an increase in the ener y conver-
sinn device load, contmllably reducing the displace-
ment of the compressor via a variable displacement
control vaive at a ~vaduai rate so as to increase an
mnount of lime an evaporator can cool cabul air, Ihc
gradual rale composing reducing thc disphmement of
thc ctuuprcssol glddUallv rather lhall ltl d step wise
manner so tltat the displacement of the compressor is
reduced to progressively lower displacement amounts
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tluoughout a pcnod ol'ime witlun wluch lhc energy
cont t:I'soon dt:vlcc lodtl ls git:dier lhan a lhtcsholtl
energy conversion device load, where the gradual mote

is slower than a step wise rate. the step wise mote

resulting from reducing the displacement of the conl-
pressor in the step wise manner.

2. The method ol'clmm 1, whcrc ihe air nuxing valve state
and the displacement of the compressor are adjusted con-
temporaneously, and further comprising adjusting the air
niixinc valve state and the displacement of the compressor
in response to a vacuum level that is less than a tftreshojd
vacuunl level.

3. Thc nu:thod ol'laun 1, where thc cncrgy conversion
dcvicc load is rcttucstcd al least m part by a drner. and
where output of the energy conversion device is adjusted in
response to the energy conversion device load

4 'I'he method of claim l. where the energy conversion
device is an electnc motor.

5. The method of claim 1. where the ener~ conversion
device is an uilernal combustion engine mid whcrc load is
indicated by intake manifold pressure.

6 The method ofclaim 1, where cabin air is circulated via
an air mixing valve with less than a threshold percentage of
fresh air after adjusting the air mixing valve state

7. The method of claim 1, where output of an air condi-,s
tioner is decreased in response to the energy conversion
ilt:VICC loiltl.

8. A method ibr controlluig a velucle clunalc system,
conlprbslnfg

adjusting an air mixing valve state and adjusting a dis-
placement of a conipressor, the coinpressor receiving
rotational energy from an energy conversion device, in
response to an ener y conversion device load,

w herc adjusting thc air nuxing valve stale includes adjusl-
ing Ihc;or mixing valve lo a morc open stale, and where
a rate at which the air mixing valve state is adjusted to
the more open state is faster when the displacenient of
the compressor is higher and slower when compressor
dispLacement is lower,

where adjusting the displacement of the compressor corn- «I
prlscs, ul rcsponsc lo an ulclcdsc ul dlc cnt:rgv conver-
sion device load, controllably reducing lhc displacc-
nient of the compressor via a variable displacenlent
control valve at a gradual rate so as to increase an
amount of time an evaporator can cool cabin air, the
gradual rate comprising reducing the displacemenr of
the compressor gradually rather than in a step wise
manner so that Ihc displaccmcnl of lhc compressor is
rtxluced lo progressively lower displacement mnounls
lluoughoul a pcnod ol lime willnn wluch lhc cncrgy
conversion device load is greater than a threshold
energy conversion device load, where the gradual mote

is slower than a step wise rate. the step w:ise mote

resulting from reducing the displacement of the com-
prcwot ui lhc step wist: nianncl;

where a rale ol'cducuon of Ihe displacement withui a
portion of thc pcnod ol'une is dcpmidcnt on Ihc energy
conversion device load during the portion of the period
of time. and

whcrc tuljusling thc displacement ol'he compressor
adlusts an output of the compressor.

9 Thc method ol'lami 8, where an nir mixing valve Is

closed each time the conipressor is comnlanded oif.
10. A method for controlluig a vehicle chmatesystem,

coulprlshlg'djusting
an air mixing valve state and adjusting a dis-

placement ol a compressor, Ihc compressor rcccivuig
rotational energy ibom;m energy conversion device, in
response to an energy conversion device load. where
the air mixing valve state is adjusted to a more closed
position responsive to the energy conversion device
load exceedin a threshold load„ then

adjusting the air mixing valve state to a more open
position whdc lhe energy conversion device load suit
cxccuds the lluesholtl load rcspousivc to a cdbui humid-
ity level of a vehicle exceeding a threshold humidity
level,

where adjusting the displacement of the compressor com-
prises, in response to an increase in the energy conver-
sion device load. controllably reducing the displace-
ment ol'hc compressor via a vanablc displacement
control valveal a gradual rale so as lo uicrcasc an
mnount of lime an evaporator can cool cabui air, Ihe
gradual mote comprising reducing the displacement of
the compressor gradually rather than in a step wise
manner so that the displacement of the compressor is
reduced to progressively lower displacement amounts
lhroilgholit a pcrltitl of unit: within which lhc I:ncrgy
conversion des ice load Is greater than a threshold
energy conversion tlcvice load. where thc gmdual rate
is slower than a step tvise mote, the step wise rate
resulting frnm reducing the displacement of the com-
pressor in the step wise manner, and

where a first rate of reduction of the displacement of the
compressor within a lirsl portion of the penod of time
is grcalcr titan a second rate ol'eduction of thc dis-
phiccnicnl ol lhc ctuuprcwot w 1lhul a sct:ontl pot litin ol
the perind of time. the hrst portion of the period of time
occurring before the second portion of the period of
time.

11. The method of claim 10. where the energy conversion
device load Increases morc rapidly w itluu the first poruon of
thc penod of time Ihdn willun Ihc second portion ol Ihc
pcnod of tune.

12 The method ofclaim l. Ivhere the rate at which the air
nuxing valve state is adjusted to the more open state is faster
v hen the dispiacement of the compressor is hi her and
slower when the displacement of the compressor is lower.

13. Thc method of claim 10, whcrc a rale at which lhe air
nuxing valve slate is ddl usted lo Ihc morc open state is bascxj
ou Ihc displaccmcnl of Ihc compressor.

14. The method of claim 13, v here the rate at which the
air nlixing valve state is adjusted to the more open state is
faster vvhen the displacement of the compressor is higher
and slovver when the displacement of the compressor is
low er
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